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TOSHI SA MI CROCOMPUTER PERI PHE:_RAL LS I 

"--'T:..y .... p'-'e'--l--=.P-=a:.:.r-=t~s -=n",a::,:_::,;e"--,--,P""a::..:c""k,",a""g,,,e=­
! RTC 

---------- - --- -- ------ -----
F u n c t i o~ __ 

Real Ti_e Clock 
4blt MPX d~ta bus 
Counts second,minute,hour,day, 

month.year,day of the week. 
Low powf'r consumption. 

TC8250P ...-LJ.l..U'l~ Battery charge con t ro 1 

. .TIL _ ~ =ES=--_""Moo..P 

_ .. ...J ___ .. _~ 

OK OK. _~_Q.K. __ _ 
~ _______ ~J:C8?_50~ ____ ~Q.IP)Jl ____ : ______________________ _ 

CRTC CRT Controller LSI 

I TC8505AF ..,LMF!'.H ___ ....! 
~ ____ ~~T~C~8~5~0~5~A~P_~~0~IP40 

HDC 

I TMPZ80C47P , DIP48 

MC68B45 function compatible CMOS 
version. fmax 6MHz. ~_9JL _L91L_~_OK _0 

_____ .___()JS __ ~_QJL _____ OIS __ 
Hard Disk Controller 

Z8000 CPU bus compatIble 
ST506 type disk interfacE' 
10Mbps disk I/O transfer or: OK OK 

'--_---'_-'-( T664 7 J_....L ________ _ _ L __________ . __ ~ ______ _ 

FDC Floppy Disk Controller 
uPD765AC function compatIble CMOS~ ________ ~ ___ _ 

TC8565F i MFP44 vE'rsion __ <lIS..... OK ,OK 

~ ____ ~_~T~C~8~5~6~5~P_.~P~4~0~~ ____ ___ ___ ~_QL_-,-~_L.. OK __ 
CPC Co_bination Peripheral Controller 

DART lch + Baud Generdtor • 
P,lrallel Interface (8bit.t'-- _______ '-___ "-__ ~ ______ ~ 

~ TC8576AF i MFP44 I DART + PaI'allel I/O PI'ogr'ammable. OK OK OK 
L-T"'C""8:e.;5::..7"'7"'A.."P'---_LI ..-'0""I",P,:-4",0"--_LI -,U",'A.."R",T,,:--,+ J.'aI'al ~Outpu_t_. ___________ ~ OK OK ____ Ql< ____ , 

'--__ -L_T"'C"'8:e.;5"-.7:...;8"'A.."P'--_L OIP40 UART + Piirallel Input. _______ ~_OJ<_-"--QI< __ ._QI< __ _ 
FDMC i Floppy Disk Mechanis_ Controller 

Customized 4bit CPU foI' floppy 
'-_____ -l _____ ......L_-'d~i s",,'k~d,,-r i ve cont::.~~L'_______ ___ _ ___ _ _ _____ ~. ______ ._~ ______ _ 
~T'_"C""8""6:.o:0"'0"'F ____ .l..I_M'-'.FP44 I 5.25 inC]L.JJ2[)_·______________ .. Q!S.. __ +_91L __ Q_I<_ 

TC8601F _LME!'.§..L 3.5 inch FDD~tthl)IO~_~rl_tr'.£_flIC~~ __ ~ ___ ~~~ 
i TC8602F _--LI--,-,M~F"-P",,-4.!..4_......L-,3"-.:...:. 5"-,i,-,-n,-"c~h~F-",0-",0_. ______________ Ql\~_QL_L._()K _ __.: 

LCO/ I LCD / CRT Controller LSI 
CRTC I Dr i ves 640 x 400 dot Mt x. LCD. 

Capability to control CRT VIDEU 
FP100 Software compatiblE' with 6845 OK OK 86/2Q 

type CRTC __________________ , __ 
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Precautions for Handling 

The CMOS LSI gates have extr(~mely thin oxide films. If a Il.igh voltage is 
applied to this gate electrode (input of CMOS LSI), the oxide film 
directly under the gate can be irreversibly damagf'd. 

On the CMOS LSI, in order to protect the CMOS gates from high voltc1ge, 
diodes and resistors have been insPI·ted into all illPut. tl'rminals. 

However, t.he effect of the protective circuits on untoreseen high 
volt.ages may lIot bp sufficient in some casps. Care must therefore be 
taken in handling CMOS LSI. 

(1) Transportation and st.orage 

Since t.he input and out.put term Ilia I s of CMOS LSI devices are of very high 
impedance, they are susceptible to stati.c charge. Therefore, in 
transporting and stor.ing the CMOS LSIs, it is necessary to us(~ conductive 
mats, metallic boxes, aluminium foil covered boxes, etc. 

As CMOS LSls are shipped in a conduct.ive case or inserted ill a conductive 
mat, it is important. not t.o remove them from their protecti.vp environment 
unnecessari ly. In particular, it. is necessary to avoid use of plastic or 
vinyl containers t.hat. are suscept.ible to st.atic electricity. 

(2) Assembly 

When the CMOS LSI circuits are mounted on a printed circlli t board. t.hey 
are taken out of conductive containf)rS; it is thereforp necessary t.o 
ground e 1 ec tr ic appara tus, work bench and worker to prot ()c t the c i rcu i ts 
from st.atic electricity. 

It. is adviBable to ground the work bench by covering its surfHce with H 
met.allic plate or aluminum foil and to ground the work hench and worker 
using resistors of about IMohm in order to protect him and the circuits 
from elect.ric shock from electrical equipmpnt. 

It is simple and easy to gr'ound through a meta II ic ring, met.all ic watch 
strap, etc. Tn dddiUon, it is also advisable t.o avoid the use of 
working clothes made of synthet ic fiber if at all possibl e. 

As leakage from plectric apparatus is ulldesirablf) for safety, it is 
necessary to check electric apparatus at reguldr illlervals to assure that 
there is no leakage. 

When lead wires are shaped in instal ling LS[, it is recommpr:df~d to use a 
pin setter or ot.her tools to avoid stress being applied to thpir bases. 

It is advisable that t.he assembled printed circuit huard be stored or 
transported aft.er t.heir t.erminals have been shorted or the entire circuit 
board is wrapped with an aluminum foil. 
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(3) Reco .. ended Methods for Soldering 

a. Soldering Iron 

The Soldering should be performed at 2600 C for not more than 10 sec, or 
at 3500 C for not more than 3 sec. 

It has been confirmed that there is no problem with the reliability of 
the CMOS LSI when thermal stress is applied at 2600 C for 10 sec. It is 
recommended to use a class A iron having insulation resistance of more 
than 10Mohm. 

b. Reflow 

1) Temperature at leads should be 260 0 C and apply for not more than 10 
sec. 

2) Ambient temperature of package surface should be 2400 C Max and apply 
for not more than 10 sec. 

3) Refer to the figure below of examples of profile of recommended 
temperature. 

60second 

4) Precautions on Heating Method 

lu~~~_! Time (second) 
~e than 10sec. 

Not more than 30sec. 

When the package is exposed to high temperature for a long period of 
time, reliability of the device may be affected. 

So it is necessary to complete soldering within a short period of 
time. 
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When an infrared rays heater is used, 
infrared rays to the package surface, 
temperature increase. 

avoid direct irradiation of 
since it may cause partial 

When vapor phase solder is used, soldering time should not be more 
than 30 sec. 

(4) Cleaning 

After the LSI has been soldered on a printed circuit board, it is cleaned 
to remove flux in many cases. For this cleaning, an accelerated cleaning 
method Ilsing a cleaning agent for removing flux or ultrasonic waves is 
often used. 

To prevent the package material or marking of the CMOS LSI from being 
influenced, this solvent must be carefully selected. 
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INTEGRATED CIRCUIT 
TOSHIBA TECHNICAL DATA 

TC8250P 

TC8250P/AP 

TC8250AP 

REAL '1.' I ME CLOCK 

1. IlIiTRODUCTION 

The TC8250P or TC8250AP is a single 
chip C-MOS LSI for real time clock. 
which is composed as a peripheral LSI 
of a microcomputer. 

The RTC has a 32768Hz X'tal 
oscillation circuit, counter group 
for clocking, control circuit for 
read/write from CPU. and battery 
backup termInal. The package is a 16 
pin DIP, and a non-power interruptIon 
type clock system can be realized 
with I/O ports. X'tal and battery. 

The input terminals for the CPU have 
pull-down registers in the TC8250P. 
The TC8250AP has no pull-down 
registers. 

2. FEATURES 

a Low Power Consumption 
o 32,768Hz X'tal OSClllation Circuit 
~ Counts Seconds, Minutes, and Hours 
a Counts Days of the Week, Date. 

Month, and Year. 
o Automatic Leap Year Compensation 
a Battery Back-up function with Low 

Voltage Detector 
a Battery Charge Control Terminal 

(VCHG) 
a Signal output (2048Hz -- 1Hz, 1 

minute, 10 minutes. programmable) 
a Write Protect Key for sure 

operation 
a 4 bit Multiplexed Bus 
a 16-pin DIP 

.',1 I , ~ 'l'C·UT 

A! ~ t, " l 4 kji" 

H. !J~, " I\! V('rlr; 

I~ N' I " V".'.' 

PIN ASSIGNMENT (Top View) 

CS~~-1E 1 I---g VDD 
~ I BuS I 

W/R 0 I I 

CLOCK 
I CDU~TER 

U~IT i+-'O--~~ 0 XT 
W 8pF 

TEST~TEST 

~TOUT 

BLOCK DIAGRAM (TC8250P) 
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TOSHIBA INTEGRATED CIRCUIT 
TC8250P/AP TECHNICAL DATA 

3. Description of Pin Function 

o VDD +5V Volt supply. 

o GND Ground 

o VSSC -3V to VDD terminal supplies for clock logic. 

o VCHG The battery charging terminal. 
terminal of the battery via the 
transistor is cut off, when the 
VDD) is below battery voltage. 

Connect this terminal to the minus 
current limit resister. A built-in 
system supply voltage (supplied to 

o 4KHz (Signal output) 
4KHz signal obtained by dividing a clock from the X'tal (32768Hz) is 
outputted by the 5V circuit Duty: 50% - 50% 

o TOUT (Signal output) 
The terminal for outputting 2KHz to 1Hz, 1 minute and 10 minutes 
outputs by the internal program. 

o CS (Chip select) 
When thts signal is High, Read or Write operation (by W/R terminal) 
is executed for address pointed to by the internal address latch. 

o W/R (Read/Write control) 

CS W/R ADO to AD3 
o x Hi-Z, input mode 

o Counter -> Data Bus 
1 1 Data Bus -> Counter 

When both CS and W/R are High, the write operation to the clock chip 
is executed. When cs is High and W/R is Low, the read operation from 
the clock chip is executed. 

o ALE (Address latch enable) 
When this signal is placed at High level, contents of ADO to AD3 are 
taken into the internal address latch of the clock chip. 

o ADO to AD3 (Address data bus) 
The bidirectional data bus (4 bits) is used to exchange data and 
addre3s with CPU side. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TC8250P/AP 

4. Systea Configuration 

The RTC can be used in two connecting method of VCHG. Shown in system 
configuration (1) is a case in which a private battery is provided to the 
RTC with +5V used as the common terminal. System Configuration (2) shows 
a case in which GND side is used commonly and 5 to 3V is applied 
depending upon availability of main power. 
Two kinds of connecting methods are selected according to the 
configuration of the entire system. Both system configurations are as 
follows. 

System Configuration (1) 

When no device is backed up besides RTC, the control circuit for back-up 
can be omitted. 

As 3V from the battery is fixedly supplied to the clock counter unit, 
the accuracy of clocking operation can be improved. 

r:--'-' OUT 
PC4 VDD 

OUT f'D~ PC5 w/R XT 

PC6 
OUT XT ALE 

I/O 
ADO PCD TEST f-

PCI 
I/O 

TOUT ADl 
~+ .~ I/o 

PC2 AD2 4kHz -
I/O R 

PC3 AD3 VCHG 

c-- GND Vssc 1 

• 

System Configuration (1) 
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TOSHIBA INTEGRATED CIRCUIT 
TC8250P/AP TECHNICAL DATA 

System Configuration (2) 

The RTC can be connected in parallel to such back up devices as C-RAM, 
etc, 

(Note) When the VCHG level is lower than VSSC, the battery backup function 
by VCHG is active, (System Configuration (1)) 

When the VCHG terminal is connected to VlJD, VSSC and GNIl must be 
connected, (System Configuration (2)) 

} 

b 

~ 

0 

"" 
::. 
'"', 
~ 

8'1(' kup 
C1 r('U 1 t 

l 

1---------

-

.., 

~S 

W/H 

ALi'. 

AUO 

All] 

AD2 

AJ),l 

ON!) 

, --~, / T r) ,H (,M 'v' Dr) 
---T---~TlI~ 

I I I 

T t 
, 

~ ! 
I 
i 

VDl) 

f x' t.a 1 

XT 101---+ 
Xi' - -- ! 

I 
T}:f'T ---1 

TOUT 

i 
4kHz I 

I 

I 

Vr:;HO e--
I 

V",~C II I 

i l i 

I I 

! 

I 

i I + -L I I"at., 
I I 

I : 

I I 

~ 

System Configuration (2) 
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TOSHIBA INTEGRATED CIRCUIT 
TC8250P/AP TECHNICAL DATA 

5. Functional Description 

5.1 Data I/O Method 

There are J6 kinds of addresses inside the RTC. which are controlled by 
the 4 bit address line. These addresses are shown In the following 
table. 

---_. __ ._---_.-
i Content of i : 
Lill!rs.latrh l Hex.l __ n__ Write Data I Read D~L~_~: ___ Remar~ __ 

A3A2A1AO 1 _~i D2 I /)1 1 DO iD31D2i D1 I DO 1 ______ ' 
L-Q. 0 0 0 0 ~...i.WJ......£0JJ....lls_E~:_..S._=_Ls.:. __ L.5. __ ._~ ___ L-,,!.~g..:. __ . .QJ.gLL...J 

000 140(s) 120(s) 110(s) i 01<- 1 < ,< ; 10 Hecs. digit 
1-- ( *) ...L I --L I ___ --.-l 

00 0 2 8(m)1 4(m~J1 l(m)l<ni<·!~~ __ L_..Lmi.!l~ __ <ligH_j ° 0 1 LL..~J..iQ.ll!!_U£Q.l!JU pOem) 1 0 I < -I <. I <- UQ._.!IIins. digi.L...J 
o 1 0 0 4 8 (h) .L..iUll.l....£.Lhll 1 (h) 1 <. I <- L~::..._L~.::.__ 1 1 hour d i &!:t:._! 

i 0101 j 5 140J..!lll£Q.(JllIIO(h)1 01 0: <- I <..::..._1_1L!!oursdigit..--J 
~,_0..l.J ... ..Q.----.L..6 1 8(d) i 4(d) 1 2(d) 1 l(d)~_=_L~-=---j_.~ ____ .L...l_~ digit I 

I 0 11 1 ~7 I 140(d)j20J..!il.L!.0(d)1 01 01 < -,--~....L.10 di!X.L~1g!-L-J 
1-..1 0 ° ° !:l _...LllIDL100L2(M)1....u~-1 <- j <.:....L <. 1 1 month. digit 

o 0 9 1 LIlLO! IIO(M)i<'-!<'-1 LV i <- 1 10 months digit 1 
1 (**) I (oU) I 1 1 1(**): 

~--=-.::!......",---,=,---~--"A~LJ!.ffiLtiYl.l.....£.Ln! I ( V) 1 < - 1 < - 1 < - ! <­1 0 1 0 L_J~ar digiL......J 
10 years digit 1 ° R !80(V)140(Y)120(Y)110(V)i<-i<-i <-! <-

L--____ ~ ____ ...L ___ ~ ___ ~_,_~ __ IL-~ __ ~ _____ J-~(_*_**~) ________ ~I 
~-,,-~..:<...-,,---,----,C,,-· --, ___ -. -.l.. W2 'WI WO 1 0 1<·- 1 ~- Day of the week 1 I 1 0 

1 1 0 
1 1 1 
1 

( *) 
(**) 
(**"" ) 
(****) 
(*****) 

0 
1 

° 
D T3 1 T2 I T1 1 TO 1<-1<-1 <- i <- TOUT Control 
E X3 1 X2 1 Xl i XO .....L._ I i KEV (****) ......J 
F 11 <-- sec. reset> I I I busy I Xhusy I Status ( *****) 

- is ignored at write operation. 
Leap-year control bit. 
Day of the week is a numeral 0 to 6. 
PROTECTION KEV 
Internal state check bit 

[Note] The meaning of abbreviated letter in the above table are as below. 

(s): second 
(d): day 

(m): minute 
(M): month 

- 37-
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TC8250P/AP 

5.2 WRITE operation 

At first. data on ADO to AD3 is set into address latch by ALE strobe. 
When both CS and W/R are High. data on ADO to AD3 is written to a 
internal register (counter) pointed to by the address latch. 
In this case. "5" must have been written into "PROTECT KEY" (address 
OE 16 ) in advance. 

The means of PROTECT KEY will be as follows: 
KEY 5 All registers are writable. 
KEY ~ 5 : No writable except PROTECT KEY. 

Further. System Configuration (1). if GND-VSSC > 0.5. it is regarded as 
the power failure state and the content of PROTECT KEY is automatically 
reset. 

5.3 READ operation 

Set register address to read out in the same manner as in WRITE 
operation. Then, when CS is put at High level at W/R=Low. the register 
content is outputted to ADO to A03. 

5.4 Usage 

It is necessary to control READ/WRITE operation so that it does not 
compete with the counting operation of the clock counter. To sense the 
counting operation of RTC from the host machine side. status is used. 
Status is read out by setting 15 (OF 16 ) in the address register. Low 
order 2 bits of the content of the status register shown in the following 
figure are significant. 

03 02 01 DO 
busy Xbusy 

busy busy denotes the sectional pulse itself. which synchronizes 
with one second clock in RTC. The relation between this pulse 
and the internal pulse is illustrated in Fig. 5.1. 

busy 

one sec. pulse 

Ca lendar' pro-
cess pulse 

ll/W Inhlblt 
sectIon 

fE--
91/lb8C. 91/1S8C. 

Fig. 5.1 Relation between Internal Pulse and Busy 
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TOSHIBA INTEGRATED CIRCUIT 
TC8250P/AP 

Xbusy 

TECHNICAL DATA 

Xbusy is able to read output of F.F. which is set by the busy 
signal and reset by the status read strobe treading edge. It's 
internal circuit and waveform timing are shown in Fig. 5.2. 

xbusy busy 
St ro be 

I negat1v8 
pU]H8 

U)W ],p,vf,l I 
]J Ii busy t:; 1 ~~nu 1 

from cloCk 

S 

Fig. 5.2{al Xbus~ Circuit 

_b_u8_y ______ ~r_l~ ________________ __Jr_l~ ________________ __Jr_l~ ______ _ 

Read 

xbusy va) ue 
-------"= 

Read 
1 o 

xbusy 

Fig. 5.2(b) Timing of Xbusy 

From Xbusy value it can be seen if there is one second count between the 
read timing of this time and that of the last time. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TC8250P/AP 

(1) When it is clear that a series of counter reads or writes completes 
within 91 usee [for instance. read of second only, write of hour only 
(tille difference correction) J. the "busy" f lag is used. 
The program flow in this case is shown in Fig. 5.3. 

DATA 

READ 

WRITE 

11lis period 
pul se be 
91 psec. 

Fig. 5.3 Program Flow (1) 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TC8250P/AP 

(2) When a series of counter reads requires more than 91 usec. the "xbusy" 
f lag is used. This is such an occasion, for instance, where time data 
such as year, month. day, day of wl"ek. hour. min .. sec .. a['e all taken 
in. At this time, if clock count pulses are inserte>d durlng read, data 
befo['e and afte[' the pulse insertion may become wrong. The way of 
checking "xbusy" flag to detection the clock count pulse is effective. As 
the clock count is occu['ed once per second. even if the first t['ial is 
not good, next trial is surely successful. (Note ~ It is assumed that a 
time for a se[,les of ['eads is sufficiently sho['te[' than one second.) The 
program flow at this time is shown in Fig. 5.4. 

START 

]';0 

YES 

A series of 

reads (\f 

counter group 

NO 

i , 

e 
Fig. 5.4 Program Flow (2) 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TC8250P/AP 

(3) Use of Second Reset 

WRITE operation of ADR~"OF16" resets the second counter to zero. When the 
second counter is above 30, carry to the minutes counter is generated. In 
the inside of RTC "busy" signal is once ON to perform the same process as 
in the normal second carry. This can be used as the beginning of a 
series of counter write operations like the initializing sequence of the 
c lock counter. The program f low in this case is shown in Fig. 5.5. 

Prepare data to be 
set in clock 

A se ries of da ta wri te 

Fig. 5.5 Prograa Flo. (3) 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TC8250P/AP 

5.5 Leap-year control 

The year counter (address OA I6 • OB I6 ) is a 00 to 99 year counter by 
decimal (BCD) 2 digits. 
A leap-year is designated by values of L1 and LO at the high order of the 
ten-month digit counter. 

L1 LO Leap-year 
0 0 Year when the remainder of the year counter is O. 
0 1 Year when the remainder of the year counter is 1. 
1 0 Year when the remainder of the year counter is 2. 
1 1 Year when the remainder of the year counter is 3. 

That is. when the 2 digi t year counter is treated as low order 2 digi ts 
of A.D .• L1;LO;0 is set. 

Note) At present. the leap-years are defined to be those years out of A.D. 
years that can be divided by 4. except those years that can be 
divided by 100 but cannot be divided by 400. Therefore. there are 
leap-year every 4 years during the period from 1901 to 2099. 

In this connection. when a year number of Showa is set. years with the 
remainder of Showa of 3 [the 55th (1980). 59th (1984) ... year of Showa] 
are the leap-years and therefore. L1=1. LO=l are set. In the leap-year. 
29th February is indicated following 28th February. In the other year. 
1st March is indicated. Further. when the year is the leap-year. 01=1 is 
read if the ten-month digit is read. 

5.6 TOUT signal prograa 

It is possible to program TOUT signal according to the value to be set in 
address 00 16 , 

Set Value 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

13 
14 
15 

TOUT Output 
1 Hz pulse 
2 Hz pulse 
4 Hz pulse 
8 Hz pulse 

16 Hz pulse 
32 Hz pulse 
64 Hz pulse 

128 Hz pulse 
256 Hz pulse 
512 Hz pulse 

1024 Hz pulse 
2048 Hz pulse 

1 min. pulse 

10 mins.pulse 
TOUT;VDD fixed 
TOUT;VSS fixed 

- 43--

Duty ratio 
50% 

Pulse width 30.5us 
positi ve pul se 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TC8250P/AP 

6. ELECTRICAL CHARACTERISTICS 

6.1 ABSOLUTE MAXIMUM RATINGS 

I ITEM UNITS j 
~y Voltag~11-. ____ -L~=~~~ _________ ~~~~~ ____ ~ __ ~V __ ~ 
I Supply Vol tage .'-!( 2=-)'---__ ..L...:.-'=--'-"""-: V 
IInput Voltage V 
;Operating Temperature °c 

6.2 D.C. CHARACTERISTICS 
(Ta=-40~850C, VDD=+5V, VDD--VSSC=+3V) 

1 i I RATINGS 
L--- PARAMETER 1 SYMBOL I TEST CONDITION MIN. 1 MAX. I U:'<JTL 
i Inpu t Low Vo 1 tage I VU~_.J. _________ --'c- -0 . 3 ---LJ!._. 8 __ ' _~ 
IInput~..YQ!1-~----1 VIH 1 2.0 IVDD+0.3 V 
1 Input Low Current ~.~IL,,--~~V-",-JL=Ov --1 _ uA 
1 Input High Current (1) I IIHl VIH-'VDD 0.15 0.5 mA 
L-(ADO to 3) 1 I (note) 
IInput High Current (2) 1 IIH2 I VIH=VDD 0.45 O.ll mA 
I (CS, W/R, ALE) 1 I (note) 
IOutput Low Current(l)-l IIOL1-ll VOL=0.4V 0.75 mA 
1 (ADO to 3) 1 
iOutput Low Current(2)-1 ilOL2-11 VOL=O.4V 0.45 mA 
1~ __ ~(T~0~u~t~,~4~k~H=z~) ____ ~ _____ ~1 ____________ ~~I-----~----~----~ 
IOutput Low Current-2 ! IOL-21 VOL=0.4V,Ta~250Ci 0.75 mA 
L--(Room Temp.) 
10utput High Current-l lOH-ll VOH~4.6V -0.2 mA 
1~_~(a~l~l~o~u~t~p~u~t~) _______ ~ __ ~1 -----------n~I.-------L--
IOutput High Current- 2 IOH--21 VOH=4. 6V, Ta=250C I -0.35 mA 
L-( Room Temp.) I I 
iSupply Currer~t~(~lL) ____ ~i~I~DD,,--~1 ______________ ~ ______ ~ __ ~ __ ~ __ =m~A __ ~ 
iSupply Current (2)-1 iISSC-11 fo=32768Hz 40 uA 
~ ________________ ~i ____ ~I~C~g~=~1~OLp~F ______ ~ __ . ____ ~ ______ ~ ____ ~ 
ISupply Current (2)-2 IIS5C-21 fo=32768Hz 20 uA 
L ____________________ ~I ____ ~I~CAg_=~10~p~F~,~T~a~==2~5_°C~~ _____ ~ ____ ~ __ __ 
ITest Terminal Pull-up 1 Rpulll 4 6 kohm 
~I __ ~R~e~s~is~t~a~n~c~e~ ______ ~ ____ ~1 ____________ ~ ____________ ~_~ 
I Clock Secti on Operating 1 Vc min I VDD .. VSSC 1 .8 V 
I Minimum Voltage I 

Note) The maximum IIH (Input High Current) is IuA on the TC8250AP. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TC8250P/AP 

6.3 AC CHARACTERISTIC 

(1) WRITE Mode 
(VDD=5V:t5%. VDD-VSSC=3V. Ta=250C) 

PARAMETER I SYMBOL I TEST CONDITIONS MIN. I 
IAddress Setul2 Time I tAS I 0 I 
IAddress Write Pulse Width I tAW I 0.4 I 
IAddress Hold Time I tAH I 0.1 I 
IOata Setul2 Time I tOS I 0 I 
IWrite Pulse Width I tWW I 1 I 
IData Hold Time I tOH I 0 I 

N/R _____ --11 \'---~/ 

AD(1~AD3 

(ADDRl£SS/JJATA) 

os 

Ie INTERNAL ADDHESS 

Te INTERNAL DATA 

tAil tAW AH tDS tww IlH 

--+---\' 

ADDRESS DATA 
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TYP·I MAX. I UNIT 
I I us 
I I us 
I I us 
I I us 
I I us 
I I us 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TC8250P/AP 

(2) READ Mode 
(VDD~5V~5%, VDD-VSSC~3V, Ta~250C) 

PARAMETER I SYMBOL ! TEST CONDITIONS MIN. I TYP·I MAX. I 
IAddress Setul,'! Time tAS 0 I I 
IAddress Wrj te Pulse Widthl tAW 0.4 I ! 
IAddress Hold Time tAH 0.1 I ! 
IRead Access Time tRA I 0.7 I 
~ad Delay Time tDD ! 0.3 I 
IRead Inhibit Time tRI 0.1 ! ! 

Note) ALE and READ input become active at level, not at edge. 

ADO'~AD3 

(A1J))t{I':[;;j/DATA) 

tRI 

tAS tAW tAll tRA tRA tDD 

DATA 

·1 
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DATA INVALID 

UNIT 
us 
us 
us 
us 
us 
us 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

Relation between Current Consu.ption and VDD-VSSC 

o 

o 
(J 

JUO 

, 98 

8u 

50 

40 

3J 

10 

o 

Vun 5V 

ONI) uv 

Te,-lt C]rCU"lt 

1 2 3 6 

VDD - Vssc [vJ 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

Relation between Current Consuaption and External CG 

I 

I 
I 

nNJl --()V 

:.1 L.-I ----ji--- --+ ___ ----+-_~ _____ +_______-+____--_+_--_+_ 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

ICHG - VCHG CHARACTBRISTIC 

1 I 
I 

1 

LJ) 1 . .') 
I 

:(,f) 

V li I ;, "i 

Vj11 i- V .~\' 

T~' ! 1'1 t ",; 1 

r---~ 
I V; I, 

1 

VnlJ -- '1Ci1CJ [V] 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

Supply Voltage Dependence of Oscillation Frequency 

,> 
n 

to ,..., OJ 
;:;; :> 

L..J '" .,," 

~ 
;: 

<J 'I 
r-~ 
c 

C '" OJ m 
~ ~ 

j..O c 
0 " OJ 

~ ~ 

'" -:).' 
~ Q 

>, ~ 
c 

c ~ 
Gl Gl 
:J j..O 

C1 x 
m ~ 
~ 

Cy >, 

'" C 
0 'd 
rl Q) 

'" N 
d ~ 

~ "C 

~ ~ 
d 

0 
~ C 
0 '" 1-' 

if) 

100 

90 

80 

70 

60 

50 

40 

~\O 

20 

10 

0 

-10 

-20 

- 30 

-40 

-50 

-60 

o 

External 
Co 

OPEN 

5pF 

10pF' 

20pF' 

33pF' 

1 

'~1inge by ;luctua­
tlon of p~Od.uct 

2 3 

VDD - VSSC [V] 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

Te.perature Characteristic of Oscillation Frequency 
(Standardized by externally mounted CG=10pF. VDD-VSSC 

:::0 

[ V"'C' GNl). v l1j)-V~~:'l' L, U ~ 

10 / VCHO VUlJ 

0 

r--, 
:>i -10 
P< 
P< 
LJ 

-,,0 
'H 
<l 

-30 

" 0 

;:; -40 
u 

'" [V lJD- V :'"C rl 

'"' -50 VDD--GJIJ )) 
'" Q 

e, 
-60 u 

c: 
'" :l 
tY -70 

'" '-

"'" c: --80 
0 
rl 

+-' -90 
" rl 
rl 
rl 
u -100 
ro 
0 

-llO 

-120 
-10 J 10 20 30 1U 

Temperature Tel °c 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TC8250P/AP 

7. PACKAGE OUTLINE 

l6PIN DIP(Plastic Package) 

16 9 

[::::::]J~ Unit in mm 

1 8 

~.I -~ 19.9 MAX :z = - ~ ~ 

-----........ 1 ~ 

7.62 ± 0.25 

0.5 ± 0.15 I 

>,' i,< 2.54 ± 0.25 
7' I" 

1.4± 0.15 ' 
~~ 
0.2- 0:05 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TC8505AP/F 

TC8505.AP/F 

(Cathode Ray Tube Display Contro 1 1 er) 

INTRODUCTION 

The TC8505AP/F CRT Controller is a single-chip CMOS LSI developed for 
the purpose of interfacing with a raster scan type CRT display, and is 
used on MPU, CRT, terminal units, etc. 

The TC8505AP/F is a higher speed version of TC8505P/F with same function. 
The CLOCK frequency is 6MHz maximum, therefore the higher resolution CRT 
display can be constructed easily by the TC8505AP/F. 

The key-board function, read, write, cursor control, and edit are all 
controlled by a processor. The CRTC generates display timing and refresh 
memory address output. The any type of the (l'T displ ay can be real ized by 
optimiSing the CRTC with well balanced haedware/software. 

FEATURES 

o Silicon-gate CMOS Construction 

o Single +5V Power Supply 

o 40 pin DIP and 44 pin miniFP 

o 6 MHz High-Speed Display Operation 

o TTL compatible Inputs and Outputs 

o Full Static Function 

o Programmable Number of Display Characters, Number of Rasters per Line, 
Display Position, Horizontal and Vertical Timing, etc. 

o Programmable Cursor Position, Format and Blinking 

o No Line Buffer is Required for Refreshing the Screen. 

o Output of 14-bit Refresh Memory Address (Max. 16K words accessible) 

o Three Selectable Scan Modes of Interlace, Non-interlaced Sync, and 
Interlace & Video. 

o Programmable Display Start Address (applicable to paging. scrolling, etc.) 

o Built-in Light Pen Detecting Function 

o Functionally Compatible with MOTROLA MC6845 and HITACHI HD46505S. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TC8505AP/F 

PIN CONFIGURATION 

TC8505AP PIN PI N 

NO 10 PIN NAME NO 10 PIN NAME 

1 G GND 2 I I CLOCK 

2 I 'RESET 22 I R /W 

3 I LPSTB 23 I E 

4 0 RMAO 24 I RS 

5 0 RMAI 25 I ~CS 

6 0 RMA2 26 10 DB 7 

7 0 RMA3 27 10 DB6 

8 0 RMA4 28 10 DB5 

9 0 RMA5 29 10 DB4 

10 0 RMA6 30 10 DB3 

II 0 RMA7 3 I 10 DB2 

12 0 RMA8 32 10 DB I 

13 0 RMA9 33 10 DBO 

14 0 RMAIO 34 0 SLA4 

15 0 RMA II 35 0 SLA3 

16 0 RMAI2 36 0 SLA2 

17 0 RMAI3 37 0 SLAI 

18 0 DISPE 38 0 SLAO 

19 0 CURDISP 39 0 HSYN 

20 V (VCC) 40 0 VSYN 

PIN PIN 

TC8505AF NO 10 PIN NAME NO 10 PIN NAME 

I 0 RMAI 23 NC 

2 0 RMA2 24 10 DB 7 

33 32 31 30 19 16 27 26 15 24 13 
3 0 RMA3 25 10 DB6 

~ ~ ~ Q P P 0 R ~ ~ p "I I:, I I II 

C'[ rl ~: I I" 

4 0 RMA4 26 10 DB5 

5 0 RMA5 27 10 DB4 

6 0 RMA6 28 10 DB3 

7 0 RMA7 29 10 DB2 

34 T 11 
35 

8 0 RMA8 30 10 DB I 

9 NC 3 I 10 DBO 
36 10 0 RMA9 32 0 SLA4 
37 
38 16 

II 0 RMA10 33 0 SLA3 

39 12 0 RMAII 34 0 SLA2 

40 13 0 RMA12 35 0 SLAJ 
41 15 14 0 RMAI3 36 0 SLAO 
41 14 
43 13 

15 0 DISPE 37 0 HSYN 

44 11 16 0 CURDISP 38 0 VSYN 

• 17 V (VCC) 39 V (VCC) 

18 I CLOCK 40 G GND 

19 I R/W 41 I /RESET 

20 I E 42 I LPSTB 

21 I RS 43 0 RMAO 

22 I /CS 44 NC 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TC8505AP/F 

FUNCTIONAL DESCRIPTION OF TERMINALS 

o DBO - DB7 (Data Bus) Input/Output 
The bidirectional data bus for exchanging data with CPU. 

o R/W (Read/Write) Input 
When "High", CRTC data is transferred to CPU, whi Ie data is transferred 
f rom CPU to CRTC when "Low". 

o E (Enable) Input 
CRTC enables the data bus and signal exchange with CPU at the edge from 
"High" to "Low". Clock signal from CPU is generally used. 

o RS (Register Select) Input 
The address register is selected when "Low", and the data register is 
selected when "High". 

o /CS (Chip Select) Input 
When "Low", CRTC is selected to enable read/write by CPU. 

o CLOCK (Clock) Input 
This terminal is used for synchronizing signals for all operations except 
for interface with CPU. Generally, an external dot counter is used and 
which give character rate in a character display CRT. 

o /RESET (Reset) schmitt Trigger Input 
CRTC reset signal input. All counters of CRTC are initialized and 
display operation is stopped but the contents of the control register 
remain without being affected. 

* CAUTIONS: 
1) When "LPSTB" is at "High", the reset operation is not carried 

out. (At this time, the test mode results.) 
2) After "/RESET" has been "Low", RMAO to RMA13 and SLAO to SLA4 

go "Low" at the falling edge of "CLOCK" signal. Therefore, 
"/RESET" must be kept at "Low" I eve 1 for at I east one cyc I e of 
"CLOCK" signa I. 

3) Immediately after "/RESET" is released, CRTC resumes the 
display operation. However, "DISPE" is not output until the 
first "VSIN"(Vertical Sync) is output. 

o LPSTB (Light Pen Strobe) Schmitt Trigger Input 
When this input transi ts from "Low" to "High", the refresh address are 
latched in the light pen register. The latch of the refresh address is 
executed synchronizing with "CLOCK" signal. 

o VSYN (Vertical Sync) Output 
Vertical synchronizing signal is given to CRT. 

o HSYN (Horizontal Sync) Output 
Horizontal synchronizing signal is given to CRT. 

o DISPE (Display Enable) Output 
When at "High" level, it indicators that the CRT is under the display. 

o RMAO - RMA13 (Refresh Memory Addr.ess) Output 
Memory address to refresh the CRT screen is provided. The refresh memory 
with pages of data stored within a 16K block is accessible. 

o SLAO - SLA4 (Scan Line Address) Output 
Scan line address is output to a character generator, etc. 

o CURDISP (Cursor Display Signal) Output 
Effective cursor address for displaying the cursor is output to an 
external display unit. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

SLAo--SLA4 RlvtAO--RM.J..} 3 

Iv''// 1\.' 

SYNC 
h,I:~GI STER 

J NTERLACFJ & SKE'Ji' 

RF!G I STFR 

SCJ~N LINB, 
ADIJHESS Fu~GlSTER 

CURSOR STAR I 
RflST?~R EEGISTER 

CURS0P EN]) 

RJ\STE::.H REJlSTJi.:.-q 

f:TilRT AIJ})IU<~SS 

hrJJ1S'TEl"i. 

CL;"HSuR ALlJld~;SS 

R1<.GJ GTE}--( 

Rr:OJ 3T FR 

CRTC Internal Block Diagram 

- 56-

TC8505AP/F 

DISPE 

CURDISF' 

r-jLPSTB 



r:;:t--:I --,---1.=.---------,---.- ADr'rtE8S bUS 
~-- I ' ;;' DATh BUt: 
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C 1, " 

\-__ ... .::l:.·"t,II I'UC 

I 
I ~~' ~41~~--r--------. 

b~? 
o LIGHT I·EN 

i 

~------ .HSYN .VS~:t\ 

.LtS'";} 

Flg.1 CHT Controller System Configuration Example 

DESCRIPTION OF CRTC DISPLAY SYSTEM 

TC8505AP/F 

The CRT Controller providps required ~;jgnal to a raster scan type CHT 
display circuli. On sllch a display as this. the electron beam starts from 
the upper Ipft cornrr. crosses the screen. dnd returns back. This 
movement of the electron beam Is called a horizontal scan. The electron 
bram gradually moves dowll ill the vertical direction for every horizontal 
scan to the bottom of the "creen_ When the electron beam has r('ached the 
IJOt tom of the screen. one frame is displayed by many horizontal scans and 
one vertical scan. 

'Iwo scanning I inp svstf~ms of illtcrlnce and non- interlace are used in CRTs. 
Jll thp non intprlace scan modI' (Fig.2). one frame is displayed In one 
fIeld In Fig 2. the solid line rcprrsents the scan l.ine while the dotted 
lim~ indicates the rctrac(' line. When number of pictures per second is 
lncrcaspd, filckpr lIf 1hp frame is rpduced. Normally. the refreshing rate 
of 50 or 60 frame/scI' is used to minimize the beat between CRT and supply 
fl'equf'ncy. 

- EVEN FIELD 

----- ODD FIELD 

VER~lC.4L SCAt·.j PEnrOD 

I 

I - !-,--
I ' I __ :::J:'j J V El''T ICt.L RETRACP: 

j LIU. Fr:r,lCD 

1;:= , 
HOlilZC·l;Hl 
8 Lt, I u:uL 

HORIZO~TAL REThJ.CE 
Ll!\E }'ERI (.], 

Fig.2 Raster Scan System 
(Non Intf'rlace) 
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Flg.3 Raster Scan System 
(Interlace) 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

The interlace scan mode is used for TV. and 
density and high resolution. One picture 
fields (two times of the vertical scan). The 
starts from the upper left corner. The second 
from the upper center. As shown in Fig.3. 
single frame. 

TC8505AP/F 

monitors which require high 
(one frame) is made by two 
first field (the even field) 
field (the odd field) starts 

two fields interlace into 

The frames must be constantly repeated to display characters on the CRT 
screen. Display data is stored In the refresh memory through the control 
of the data processing circuit by MPU. Ttds data is usually written in 
ASCII codes and cannot be displayed directly as a character. Therefore. 
the character generator ROM is generally used to convert ASCII codes into 
a dot pattern for every character. 
MPU interfaces with CRTC through an 8-bit data bus by performing write or 
read into 19 registers. 

1 
2 
3 
4 
5 
6 

1 LINE 7 
14 SCAN LINES 8 

9 
10 
II 

12 
13 
14 

1ST SCAN LINE 

2ND SCAN LINE 

1 CHARACTER 

i234567~ 

1[, R + ~II 
- II'~ 1+ 

j 0""",,,,,,, D"'''''' 

] em ,PAC> 

J 1 1+ II I 

I 

~~ J ~I 
I 

Flg.4 Character Display on Screen and Video Signal 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TC8505AP/F 

A common method of generating characters is to create a dot matrix by x dots 
(columns) and y dots (rows). Each character consists of dots in predetermined 
arrangement. More detailed characters can be constructed by increasing number 
of x and y dots. The dot matrix of 5x7 or 7x9 is general. These constructions 
make possible to construct many variations using Chinese, Japanese, or arabic 
letters instead of the alphabet. Since a space is required between characters 
as shown in Fig.4, a block of characters becomes larger than a block usually 
occupied by characters. Timing and level of video signal are also shown in 
this figure. 

Fig.1 shows an example of general CRT controller system configuration. The 
CRTC provides refresh memory addresses (RMAO-13), scan line addresses (SLAO-4) 
and video timing signals (HSYN, VSYN, DISPE). In addition, the CRTC has such 
functions as the cursor register providing CURDISP by comparing with refresh 
addresses, light pen register by catching refresh addresses by the light pen 
strobe (LPSTB), etc. 

All timings of CRTC are derived from CLOCK input. This clock is character rate 
at the character display terminal. Display speed or dot clock is supplied to 
CLOCK input by the external circuit. This external circuit also produces 
timing to control the shift register, latch, and MUX (multiplexer). 
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0) 
o 
I 

I<egister Name 

O! 11 0 0 0 0 0 RO I Total Horizontal !Charac! Nht I Write f I I I 
~ j_.,_~aracter~_-..-lter .-----.-L~ L_-.l_l_.L_.,,~ 

01]1 0 0 ~ 01 R1 I Horizontal Display ICharac·1 Nhd Write i I I I 1 
L-.~-LI__ 1 Characters -.lter _,L __ .--l ___ -.L~ ,.1_1 I 
! 01 J i 0 0 0 0 i R2 1 Horizontal Sync ICharac' I Nhsp I Write iii I i I 
L ill Pas i tj on __ -.l!~,_,~_i. __ -.L.....~~_-L_....L_,..L_..J._,J 
i 01 II 0001 R3 I Sync Pulse Width IRaster,1 Nvw I Write IVw3iVw21Vwl1VwOlllw3111w21Hw11HwOl 

I 

'Li!.U1-JL..Q ° 0 R4 Total Vertical Lines I Line Nvt Wri~ . .....L.L~,.J, __ l..._.J. __ .L __ l __ ":"',--.-J 
10 1 11 0 0 0 R5! Toldl a(Ull~Uas~~,!: __ .,:l<aster Nadj Wrl~..K_L,LL){"L._-, ___ l..,_.~, . ...L.~ 
L 0 I 11 0 0 0~2ert leal 12l.s.ElilX..~' i:~.~Lllle Nvd WriteJ"LL,J.._.l-L..L....J.---.J.---.J 
i 0 I 11 0 ° 1 1 I R7 I Vert ical Sypr i Line Nvsp Wri te 1 X I j I 

,_~ 1 ,J_.L._ 1..J __ j-----.l_~ 
1--..--l,JIT,ite L!:2lL~Qj Dll DO I X L1LLY..J......LJ 

I 0 i 11 0 0,0 1 R9 i Scan Lin~L,."\ddfc'''''" I Rast.er I Nr ..J..J!Ll~.L.1LL1LLJ<",L...1,-.-l_,.J ____ L--.J 
ULlL ° ° 1 ° Ino I Cursor Star ,):\astpr I I<aster I "lcst~ri te..l....LL,!l_L!'...L_J I L_..L---.J 
I 0 I 11 0 1 0 1 1 R1J,Lf!-.lLsor EncL,J:(..<!.ste!:~,_..J. I<aster 1 Ncend 1 Write I X I X I X j I ~..L......L __ J 

10111 0 ] 0 ° 1<121 Start Address.J1!l I I I</W I X I X I -L I !1. 1 
l,OI 11 0 ° i R131 ~tal't Address (I.) 1 -=--L~!L..L_~i ~---.L __ I~~ 
L.Q.L1J 0 l.J.!..LID.±l..Cursor Address (II) 1 I R/W I X i X~L......l._~" _.LI_",l 
LQLll 0 1] 1 1...Bl!U ell r s a r Add re s S ,Cr.J I i I</LL,--"----.J __ i _L_..L._., ..L...J 
I 01 11 1 0 0 () ° I 1<16j Light yen Addre~llilJL I I<ead X i U 1 JL I I 
~LLQ () ° 11<]71 Light Pen Address (L)I '--.1 I<ead I. __ I __ I_-.l ,.L..j 

* Raster ~ Horizontal Scan Line 
* Caution Write a value of designat.ed value minlls 1 ('1) into each of RO, R2, 1<4 and R7 

registers, respectively. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TC8505AP/F 

Address Register (AR) 
This is a 5-bit address register to give addresses of the control 
registers. When both RS and ICS are "Low", the address register is 
se 1 ected. When ICS is "Low" and RS is "High", the control register 
pointed by the address register is selected. 

Control Registers (RO-RI3) 
Shown in Fig.5 is a general display area on a CRT monitor which composed 
of according to the contents of the timing registers. The registers for 
horizontal scan (RO-R3) are programmed with character used as the unit. 
These timings are shown in Fig.6. The difference between (RO) and (Rl) 
means the horizontal blanking period. The beam returns to the left end of 
the screen within this period. Though this retrace line period is 
determined by the specification of horizontal scan for respective 
monitors, it is generally positioned at the center of the blank period of 
horizontal scan. The registers for vertical scan (R3-R9) are programmed 
with using raster or line as units. These timings are shown in Fig.7. 

Total Horizontal Characters (RO) 
This is an 8-bit register defining the horizontal sync frequency by 
specifying the horizontal scan period with the total number of characters 
per line. A value of total horizontal number of characters minus 1 (-1) 
is written into this register. In case of the interlace mode it is 
necessary to determine charactp.rs so that total horizontal number of 
characters is an even number. 
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Fig.5 CRT Screen Construction Diagram 
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TOSHIBA INTEGRATED CIRCUIT 
TC8505AP/F TECHNICAL DATA 

, 

DISPE II--~~~~~~~~~~~~;~~----t--------------------------------~;-------)~,-----------:- HORIZONTAL SCANNING PERIOD 1 ) J. 

Flg.6 Horizontal Scanning Timing Chart 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TC8505AP/F 

Horizontal Display Characters (R1) 
This is a 8~bit register determining number of display characters per 
line. A value less than Ilumber of total horizontal characters should be 
set. 

Horizontal Sync Position (R2) 
This is a 8 bit register controlling position of horizontal sync signal 
(HSYN). The horizontal sync position defines the horizontal sync delay 
period and horizontal scan delay period. When this set value is 
increased, the tUsplay on the CRT is shifted to the left. When it is 
decreased, the display is shifted to the right. Total of set values of 
(R1), (R2) iind (J{3) should be so programmed smaller than a value of (RO). 

Sync Pulse Width (R3) 
This is a g bit regisU,r determining pulse wldth of the hodzontal sync 
(nSYN) and vertical sync (VSYN). Pulse width of the vertical sync is set 
up by high order 4 bits. When "0" is set, 16 rasters are resulted. Low 
order 4 bits set up pulse width of the vertical sync In 1 to 14 
characters. When "0" is set, no horizontal sync is generated. 

Total Vertical Lines (R4) 
This is a 7-bit register providing number of lines required for 
determining the vertical scanning cycle. A value of total number of 
vertical lines minus 1 ( 1) should be written into this register. 

Total Adjust Rasters (R5) 
In order to adjust vertical scan frequency to just 50Hz or 60Hz, it is 
necessary to add mumber of rasters that cannot be specified by the number 
of total vertical character lines register (R4). This Is a 5-bit register 
for determining this number of raster to be added. 

Vertical Display Lines (R6) 
This is a7-bit register specifying number of character lines that are 
displayed on the screen. A number less than total vertical lines should 
be programpd. 

Vertical Sync Position (R7) 
This is a 7 bit register determining the position of vertical sync signal 
by number of lines. the number to be programed is one less than the 
number to be set. When a number set in this register is increased, the 
display position on the screen is shifted upward and when it is decreased, 
the position is shifted downward. A number equal to or smaller than total 
number of vertical lines should be set up. 

Interlace & Skew (R8) 
This is a register for select a scan line mode and specifying delay (skew) 
of DISPE and CURDISP outputs. Bits 6 and 7 of this register specify DISPE 
output delay (skew) while Bits 4 and 5 specify CURDISP output delay (skew) 
in 2 characters starting from O. If 3 is programed, that signal is not 
output. A scan mode is selected by Bit 0 and Bit 1 (V, S). Scan modes 
corresponding to contents of bits are shown in Table 2. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

I Bit 1 ! Bit 0 i Scan 1 in€' mode 
L-Y_--L __ ~ __ .l ____________________ ------.J 
! X I 0 ! Non interlace mode 
! 0 f Interlace Sync mode 
L __ l __ ~ _____ LI!l.u~ r 1 ilce __ 2~1l~_& ___ \l1.Q£'_<!._Ill{)~_j 

Table 2 Interlace Mode Register (R8) 

LINl' 
ADJJhESS 

o ------------

J --E)--0--G---E)--G--

2 -----B-----

3---40'" 

4 ----e-----

° 
6 -----G-----

7 ---------€t----

(a) NQFMAL SYNC 

(NON-INTERLACE) 

J ---0-- -8--8-- {j--(+­
--8--0--0-8-0- --

. ---0--~-------
--- --- 0--- ------ ~ 

3 ------0------
----- -- -0---------- :; 

" -------- G- -------­
-------- --0--------- 4 

C, ------ -- ---0-- - ----
- ----- --8-------- c 

6 --------0-------
-- ------0--- ----- 6 

'7 -- ---- --- --0-------­
------- -0- - ----- 7 

EV.t',I\ ~ 11::'...-1 

(b) INTE.hLACE Syt;C 

Fig,8 Interlace Control 

~ T.N H 

A;'jlhL, 

TC8505AP/F 

--0-00-0-0--' 

° -- -----{)- ------:, 
" ------------0-----­
-------0-------- 5 

,- -----------{j---- ---­
-- -- - .. - - 0-,- - - -- - - 7 

0-------- - -
----------------- 1 

;;:; -- ----------_._---
--- - --- ----------- 3 

4 - -------------------
-----------------~ 

6 --------.-~.-

- - 7 

(c) J NTERLp.CE SYNC & VIDl'jO 

In the normal sync (non interlace) mode, only one time field is valid as 
illustrated in Fig,2 and Fig,8, One frame is refreshed by the vertical 
sync signal frequency. 
In two jnterlace modes, the field js divided into the even fjeld and odd 
field which appeal' a I tern<lte I y as shown in Fig.3 and Fig.8. 
In the interlace sync mode, the same one Is drawn in two fields as 
illustrated in Fig.8(b) and it is eelsy to I edd sentences_ 
In the jnterlace !;ync & video mode, a character is displayed by the 
alternate scanrllng lines of the even and odd fields as il lustI'clted in 
Fig.8(c) and the frequency band given to CRT monitor can be thus doubled_ 

Scan Line Address (R9) 
This is a 5-bit regJster defining scan lIne times per character row 
including line space, and maximum scan line addl'esses is decided. 
(Specified Value)--1 should be programmed for thp non interlace mode amI 
(Specified Va lue)--2 for the inter lace sync & video mode. Fur'ther, in case 
of the interlace sync & video mode, the sum of scan lines of the even 
field and those of the odd field is number of scan lines per 1 ine as 
illustrated in Fig.8. 

Cursor Start Raster (RIO), Cursor End Raster (RlII 
These registers are for control ling the range of scan lInes displaying the 
cursor in the character block and the display state of the cursor as shown 
in Fig. 9. (R10) specifies the cursor dispJ ay start raster by low order 4 
bits and the cursor display modI' by Bit 5 and Hi t 6 as shown in Table 3_ 
(Rl1) is a 5-bit register specifying the last raster of cursor display. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

Bit 6 ! Bit 5 I Cut'sor display mode 
13 LJ'_-L - J 
0 I 0 I Does not blink I 
0 ! I The cursor is not displayed I 

I 0 I B I inks in 16 field time I 
I I Blinks in 32 field time ~ 

Table 3 CIIt'sor Display Mode Registet' (R10) 

SCAN LINE 
ADDRESS 

o 
1 

2 
3 
4, 

5 
6 

7 

8 
9 

10 
11 

I 
I 
I 

I 
I 

1 

i 

I I 
I 
I 
I 

I 

i 

I I 

~. 

I 
I 

CURSOR START ADDRESS=8 
CURSOR END ADDRESS=8 

Start Address (R12), (R13) 

SCAN LINE 
ADDRESS 

o 
1 
2 
3 
4, 

b 
6 
7 

8 
9 

10 
11 

-+c-
I 
I I 

: I I 

I I 
I 
1 
;;: 

-+ 

I 
1 
I 
I , 

L 
: 

I I 
, 

'" 
-

I 

CURSOR START ADDRESS=8 
CURSOR END ADDRESS= 9 

Fig. 9 Cursor Control 

SCAN LINE 
ADDRESS 

o ,.k 
]~ 

1 

A 
~ 

XX 
;t,~ 
,~ 

;t,;t, 
I I 

2 
3 
4, 

5 
6 
7 

8+-;H-H-++-

i~ IIII1111 

TC8505AP/F 

CURSOR START ADDRESS= 1 
CURSOR END ADDRESS= 6 

These are total 11 bits registers controlling an address value that is 
first output of CRTC after the vertical blank period. Low order addresses 
of RMAO to RMA7 are set by 8 bi ts of (R13) and high order addresses of 
RAM8 to RAM13 by 6 bits of (R12). According to the contents of this start 
address register, that portion of the refresh RAM, which is displayed on 
the CRT screen, is determined and thus, the scroll ing for each chat'acter, 
line or page can be easily realized. 

Cursor Address (R14), (R15) 
These are t ota I 14 bi ts regi sters determi ning the refresh RAM address of 
the cursor display position. These are possible to read from CPU. Low 
order addresses of RMAO to RMA7 are spt by 8 bits of (R15), and high order 
addresses of RMA8 to RMA13 by 6 bits of (R14). 

Light Pen Address (HIB). (R17) 
These are total 14 bits registers catching refresh address that is output 
by the CRTC at the riSing edge of pulse to LPSTB input, and is used 
exc]mdvely for read from CPU. Low order addresses of RMAO to RMA7 are 
held by 8 bits of (R17) and high order addresses of RMA8 to RMA13 by 6 
bits of (RJ6). Since the light pen pulse is asynchronous with the refresh 
address timing, they are synchronized in the CRTC. It is therefore 
necessary to correct delay time shown in Fig. 10 and delay time of the 
entire light pen detection circuit, that is, delay of refresh address 
output, delay involved after light emission by CRT until light detection 
and pulse generation by the light-pen, etc. by software. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TC8505AP/F 

ELECTRICAL CHARACTERISTICS 

Absolute Naxi.u. Ratings 

ITEM SYMBOL RATING UNIT 
Supply Voltage VCC -0.5 + 7.0 V 

Storage Temperature Tstg 

-0.5 to Vcc ~ 0.5 V 
-40 to + 85 °c 
-65 to + 125 °e 

Input Voltage VIN 
Operating Temperature Topr 

DC CHARACTERISTICS 
VCC 5V .:!: 10'\;, Ta ~ -40 to + 85 0 C 

PARAMETER SYMBOL TEST CONDITION I MIN. MAX. UNIT 
Input Low Voltage VIL I 0 0.8 V 
Input High Voltage VIH I 2.2 Vcc V 
Output Low Voltage VOL IOL ~ 2.2mA I 0.4 V 
Output High Voltage VOH IOH ~ -l.lmA IVcc-0.41 V 
Output Float Leak Current IFL VOUT~ Ov to Vccl -10 I +10 uA 
Input Leak Current IlL VIN ~ Ov to Vccl -10 I +10 uA 
Suppl;y: Current Icc I I 10 rnA 

AC CHARACTERISTICS 

1. CRT Control Signal Ti.ing 
Vcc 5V .:!: 10%, Vss ~ OV, Ta ~-40 to + 85 0 C 

PARAMETER I SYMBOL I CONDITION MIN. MAX. UNIT 
Clock C;y:cle Time I tc;y:ccl 160 nS 
"High" Clock Pulse Width I PWCH I 70 nS 
"Low" Clock Pulse Width I PWCL I 70 nS 
Clock Rise/Fall Time I PWCL I 20 nS 
Memor;y: Address Dela;y: Time I tRMADI 110 nS 
Scanning Line Address Dela:\:: Time I tSLADI 110 nS 
DISPE Dela;y: Time I tDTD I 110 nS 
CURDISP Dela:\:: Time I tCDD I 110 nS 
Horizontal S;y:nc Dela;y: Time I tHSD I 100 nS 
Vertical S:\::nc Dela:\:: Time I tVSD I 110 nS 
Light Pen Strobe Pulse Width I PWLPHI 40 nS 
Light Pen Strobe Disable Time I tLPD11 50 nS 

I tLPD21 0 nS 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TC8505AP/F 

2. BUSS TIMING CHARACTERISTICS 
Vcc~5V ~ 10%, Vss~OV, Ta~-40 to + 85 0 C 

MPU READ TIMING 

PARAMETER SYMBOL TEST CONDITION MIN. MAX. UNIT 
I Enable Cycle Time tCYCE 250 nS 

"High" Enable Width PWEH 120 nS 
"Low" Enable Width PWEL 120 nS 
Enable Rise/Fall Time tEr,tEfl 20 nS 
Address Set-up Time tAS I 20 nS 
Data Delay Time tDDR I 100 nS 
Data Holding Time tDH I 10 nS 
Address Holding Time tAH 10 nS 
Data Access Time ....L_tACC 120 nS 

MPU WRITE TIMING 

L- PARAMETER SYMBOL TEST CONDITION MIN. MAX. UNIT 
I Enable Cycle Time tCYCE 250 nS 
I "High" Enable Width PWEH 120 nS 
I "Low" Enable Width PWEL 120 nS 
I Enable Rise/Fall Time tEr,tEfl 20 nS 
I Address Set-up Time tAS I 20 nS 
I Data Delay Time tDDR 60 nS 
I Data Holding Time tDH 10 nS 
I Address Holding Time tAH 10 nS 

Loading Condition in External Terminal 

2V 

5100 

OUTPUT T ERMINJIL o---<t--~ 

6lill 

Input Waveform for AC TEST 

26V---....... 
22V 2.2V 

MEASUREMENT POI NT 

08V 
04V---..J 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TC8505AP/F 

TCYCE 

CLOCK -1 PWCH r\ PWCL 1/ 
+-

TF I TR 

RMAQ-13 

TRMAD 

SLAD-4 )1 
TLAD 

DISPE X, 
TDED 

HSYN X 
THSD 

YSYN X 
TYSD 

CUDISP X 
TCDD 

Fig. 10 Output Signal Timing 

CLOCK 

RMAQ-13 

LPSTB 

Fig. 11 Light Pen Strobe Tiaing 

- 68-



TOSHIBA INTEGRATED CIRCUIT 

E 

/CS 

RS 
.,''VI 

E 

RS(ADDRESS) 

/CS 
£VW 

RS (CONTROL) 

DBo--r? 

TECHNICAL DATA 

I--~ __ ~_~~ ___ ~_~ ___ ._ .. Jj~ ______ 

PWEH 

\ PWEL 

II 
- TER 

I- ~~~--

I TAS 

I 
I 

TDDR I 

TACC I 

T E eye 

PWEH 

\ PWEL 

V 
TER 

TAS 

] 

Fig. 12 Bus Tiaing 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

PACKAGE OUTLINE 

DIP 40 PIN (PLASTIC PACKAGE) 

40 21 

il 
20 

Q 51.3 MAX I :: 
." >. ~ 

:z 

'"' 

Q 

V V V M V V V V V V V t tv V V V V V v--j : " 2.54 ± 0.25 O.5± 0.15 , 

l.4± 0.15 
?>,»'..---r'I<C::----­

; 
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TC8505AP/F 

Unit: rnm 

15.24 ± 0.25 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

44 PIN mini FP 

rl 

~ 
rl J 0 

jf\ 

MARK 

035 11tt OBPITCH 

140±Ol 

( 176±03) 

~ 
(06) 

UUUUU JUUUUU 

152±0.3 
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Unit: mm 

180 ±025 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMPZ80C47P 

TMPzaOC47P 

(Hard Disk Co~troI1er) 

1. GENERAL DESCRIPTION 

The TMPZ80C47P is a high efficiency 
hard disk controller (HDC) with the 
built-in DMA function. 
Commands are issued in such a 
manner that when a command list 
called CCW (Channel control Word) 
is provided on a memory and a GO 
signa] is given to HOC, CCW is 
automatically taken in and executed 
by HOC. In addition, since CCW can 
be chained automatically, multiple 
commands can be issued by only one 
time GO signal and complicated 
operations are easily realized. 
The ST506 type interface has been 
adopted as the DISK interface, 
realizing max.10Mbit/sec transfer 
rate by MFM Signal. 
A 16 bit bus compatible with Z8000 
has been adopted at HOST side. 

FEATURES 

o Si--gate CMOS Technology 
o 5V single power supply 
o BuiH--in DMA function 
o Z bus compatible 
o CCW system 
o ST506 interface 
o Built-in ECC auto correction 

function (11bit burst error 
correction) 

o Max. 4 disk drives Connective 
o Max. 16 heads/drive 
o Built-in buffer RAM (256 bytes) 
o 48-pin DIP package 
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ADO 
ADI 
AD2 
AD3 
AD4 

LATE 
NC 

AD5 
AD6 
AD7 
ADS 
GND 
AD9 

ADIO 
ADll 
AD12 
ADl3 

NC 
EARLY 

AD14 
AD15 

DCLOCK 
DOHA 
WGATE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

48 MMUSYNC 
47 AS 
46 OS 
45 CLOQK 
44 WAIT 
43 GND 
42 NC 
41 EOP 
40 R!W 
39 BAO __ 
38 BUSREQ 
37 BAI 
36 VDD 
35 lEO 
34 IN! 
33 ~ 
32 INTACK 
31 NC 
30 g~D 
29 ~_ 
28 RESET 
27 SDATA 
26 SCLOCK 
25 SR!W 

TMPZ80C47P PIN ARRANGEMENT 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMPZ80C47P 

2. PIN DESCRIPTION 

I Pin No. I Name I Input/Output I Contents I 

1---------- 1----------1--------------1-------------------------- ------------1 
I 1-5, 8-111 ADO-AD15 I I/O 1 Multiplex address data bus 1 
113--17,20,1 1 1 1 
1 21 1 1 1 1 
1----------1----------1--------------1--------------------------------------1 
1 48 1 MMUSYNC 1 OUTPUT 1 Sync. signal to MMU (Memory Manage- 1 
1 1 I 1 ment Unit, Z8010, Z80l5) ! 
i----------I----------I--------------I--------------------------------------1 
1 47 I AS/ 1 3-STATE 1 Address strobe 1 
1----------1----------1--------------1--------------------------------------1 
1 46 1 DS/ I I/O I Data strobe 1 
1----------1----------1--------------[------------- --------------------------1 
1 45 1 CLOCK I INPUT 1 Clock at Host Block 1 
1----------1----------1--------------1---------------------------------------1 
1 44 1 WAIT/ 1 INPUT 1 WAIT Input I 
1----------1----------1--------------1--------------------------------------1 
1 41 1 EOP/ 1 INPUT 1 Warning signal for irregular DMA 1 
1 1 I 1 (normally, connected to MMU SUP/) 1 
1---------- -------- --- - 1----------- - -- 1- ------- - ------- - --- ---- - -- -- --- - -- - - ---- - 1 
1 40 R/W 1 I/O 1 Read/Write switching signal 1 
1---------- ----------1--------------1--------------------------------------1 
1 39 BAO/ 1 Output 1 Bus Control daisy chain output 1 
1---------- ----------1--------------1--------------------------------------1 
1 38 BUSREQ/ 1 OPEN DKAIN 1 Bus Control request signal 1 
1---------- ----------1--------------1--------------------------------------1 
I 37 BAI/ 1 INPUT 1 Bus Control daisy chain input 1 
1----------- ----------1--------------1--------------------------------------1 
1 35 lEO 1 OUTPUT 1 Interrupt daisy chain output I 
1---------- ----------1--------------1--------------------------------------1 
1 34 INT/ I OPEN DRAIN 1 Interrupt request signal 1 
1---------- ----------1--------------1---------------------------------------1 
I 33 lEI 1 INPUT 1 Interrupt daisy chain input 
1---------- ----------1-------------- 1--------------------------------------
I 32 INTACK/ 1 INPUT 1 Interrupt acknowledge signal 
1---------- ----------1--------------1---------------------------------------
I 29 GO/ I INPUT I HDC start signal . 
1---------- ----------1--------------1--------------------------------------
I 28 RESET/ I INPUT I RESET signal 
1---------- ----------1--------------1--------------------------------------
I 27 I SDATA I I/O I SERIAL DATA Input/Output 
1---------- 1----------1--------------1---------------------------------------
I 26 1 SCLOCK I OUTPUT I SERIAL DATA CLOCK 
1----------1----------1--------------1 --------------------------------------
I 25 I SR/W I OUTPUT I SERIAL DATA Read/Write 
1----------1----------1--------------1--------------------------------------
I 24 I WGATE I OUTPUT I WRITE GATE Signal 
1----------1----------1--------------1--------------------------------------
I 23 I DDATA I I/O I I/O terminal of Disk MFM data 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMPZ80C47P 

-----------..,.---' 
Pin No. 1 Name 1 Input/Output 1 Contents 1 

i- ~-------I----------I--------------I--------------------------------------1 
22 1 nCLOCK 1 INPUT 1 Disk block main clock. 1 

1 1 1 When reading. input 2 times clock 1 
1 1 1 pulse of transfer rate from VFO. 1 
1 1 1 When writing. input the crystal 1 

1 1 1 1 oscillator. 1 
1----------1----------1--------------1--------------------------------------1 
1 19 1 EARLY 1 OUTPUT 1 Signal for precompensation of Disk 1 
1 1 1 1 data 1 
1----------1----------1--------------1--------------------------------------1 
1 6 1 LATE 1 OUTPUT 1 Signal for precompensation of Disk 1 
1 1 1 1 data 1 
1----------1----------1--------------1--------------------------------------1 
1 36 1 von 1 1 Supply Voltage (+5V) 1 
1----------1----------1--------------1---------------------------------------1 
1 12.30.43 1 GNn 1 1 Ground 1 
1----------1----------1--------------1--------------------------------------1 
1 7. 18. '311 NC 1 1 NO CONNECTION 1 
1_42 ___ 1 ____ 1 1 1 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMPZ80C47P 

3. INTERNAL STRUCTURE AND INTERFACE 

3-1 Internal Blocks 
The TMPZ80C47P consists of 5 functional blocks (CPU block, host block, 
buffer block, disk block and serial block). These blocks are connected 
each other by 16-bit internal bus. 

(1) CPU Block 
A CPU equipped with a 16-bit ALU. Command code is 8 bit wide. This CPU 
has a built-in 2K byte firmware ROM and controls the entire HDC 
operation. 
CPU reads and analyzes CCW, outputs control signals to all blocks, inputs 
status signals, carries out execution of CCW, error detection, etc. 

(2) Host block 
The host block is a block that performs input/output of data to/from a 
host memory through the external bus of HDC. The host block consists of 
the bus control circuit, interrupt control circuit, DMA controller, etc. 
The external bus is compatible with Zilog's Z-bus. 

(3) Buffer block 
This block consists of a 16-bit x 128-word sector buffer RAM and its 
control circuit. 
When used for data input/output between a disk and the host memory, this 
buffer block operates as FIFO and therefore, it is possible that both the 
disk block and the host block operate at the same time. 
As it can be accessed from the CPU block, this block is also used 
for CCW read and STATUS write. 

(4) Disk block 
This block performs data transfer and formatting of disks. This block 
consists of the sequencer for disk track formatting, I6-bit serial­
parallel converter, MFM encoder/decoder, CRC-ECC circuit, etc. 
The disk interface adopted is of ST506 type. 

(5) Serial block 
This is a block that inputs or outputs low speed interface signal as 
serial data. 
This block controls the external shift registers tnrough three control 
lines and inputs/outputs 8 input signals and 32 output signals, thereby 
realizing all disk signals and 32 bit DMA address capability through the 
48-pin DIP. 
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INTEGRATED CIRCUIT 
TOSHIBA 

TECHNICAL DATA 

BLOCK DIAGRAM 

AD15-ADO 
Rill « 
\lAIT 

MMUSYNC HOST, lAS 
IDS BLOCK IBUSREQ 

IBAI 
IBAO 

IINTACK 
liNT 

lEI 
lEO 

IGO 
IRESET PROCESSOR CLOCK 

+5V ,BLOCK 
GND 

DISK, DDATA 
DCLOCK 

BLOCK liGATE 
EARLY 
LATE 

BUFFER 
BLOCK 

.... 
CD ..... 
'" .;;;' 

RAM CD .... 

1 6 blt* 
..... ..... 

4 0 word .c 
'" 
e;; 
'" .... 

SERIAL, CD 
+-' 

SDATA >< 
CD 

BLOCK SCLOC 

SR/II 

FIG1. HDC LSI BLOCK DIAGRAM 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMPZ80C47P 

3-2 Host Interface 
The Host interface supports the daisy· chain type bug control and 
interrupt for the Zilog's Z-bus compatible I6-bit bus. 
Data transfer is carried out by the built-in OMA controller. OMA Address 
is 32 bits (4G byte). 
DMA transfer is carried out for every 8 words (16 bytes) through the 
burst transfer and the bus control is returned to CPU side foe eveey 8 
words transfer. It is possible to connect the HOST inteeface to MMU 
(Z8010, Z8015) using MMUSYNC, a sync signal with MMU. One time (1 word) 
DMA transfee eequires 3 clocks and when MMU is used, eequiees 4 clocks. 
After completion of execution, HDC is enabled to gener'ate an inteerupt 
and supports both vector and non-vector. 

3-3 DISK Interface 
The DISK side interface of the TMPZ80C47P has adopted ST506 type 
inteeface that is a standard interface of Winchestee type drive. 
TMPZ80C47P can conteol up to 4 deives and supports 16 heads and 1023 
cylindees for each deive. Physical sector size is fixed at 256 bytes, but 
since the disk read/write are carried out on logical address (32 bi ts), 
data transfer can be carried out almost in the same manner as in the 
transfer between memories. 
On one CCW, transfer of data in any size (for every 1 word) at max. 64K 
bytes and min. 2 bytes is possible. 
When formatting the disk drive, alternate sector processing is 
automatically carried out in HOC and therefore, a disk can be handled 
externally as a faultless disk. (For details refer to 4-6 Alternate 
Sector Processing.) 
Since HDC has the bui 1 t- in MFM decoder/encoder, sink detection ci rcuit 
and missing c lock circuit, externally it requires a VFO circuit and data 
switching circuit only. 

3-4 SBRIAL Interface 
The SERIAL interface performs serial data input/output through three 
signa 1 1 ines (SR/W, SCLOCK and SDATA). 
The input signals are 8 disk interface signal s and user status signa I 
(ES1, ESO). 
Output signals are total 32 disk interface signals and high order 16 bits 
of DMA address. 
Circuit examples are shown in 3-5. When high order 16 bits of DMA 
address are not used and number of disk drives is restricted to 2 units, 
no high order shift register is required. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TMPZ80C47P 

3-6 Track Format 

--Il I NDEX PULSE rL 

I: l6.666mS NOM. (104l6byte) >1 
REPEATED 32 TlMES(315byte) , 

504US 

GAPl SY~Cl I.D.FILED GAP2 SYNCD DATA FIELD ~AP3 GAP4 

15X4E 13XOO .1 IDI I~I I~ICRCCRC Al 1 2 3 11 2 3XOO 13XOO 
.1 : I fCCECCECCEC( 

Al FS 256DATA I I 2 I 3 I 4 3XOO -336X4E 
, , 
I I , I 

I I 

WRITE UPDATE I , 
I I 

GAPl SYNCl I.D.FILED GAP2 SYNCD DATA FIELD lIAP3 

I5X4E 13XOO 
.1 IDI I~I IDICRCCRC 

Al 1 2 3 11 2 3XOO 13XOO AIIFSI 260XOO 3XOO -336X4E 

-.J FORMAT L 
( SYNCD-SINCI,GAP3-GAP2,GAPI .. PROGRAMABLE) 

FIG 2. Track Format 
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4. FUNCTIONS 

4-1 Functional Description 

Table of HOC Commands 

1 FORMAT 1 Disk drive format command 1 
1-----------1-- -------------------------------------------------------1 
1 READ 1 Command to transfer data from disk to memory. The seek 1 

1 1 operation is included. 1 

1----------1----------------------------------------------------------1 
1 WRITE 1 Command to transfer data from memory to disk. Simi lar 1 

lito READ, the seek operation is included. 1 

1----------1-----·_-----------------------------------------------------1 
I VERIFY 1 Command to compare disk data with memory data. 1 

1 ----------1------ ---------------------------------------------------1 
1 RTZ 1 Command to move the head to Track O. 1 

1- ----- 1----------------------------------------------------------1 
1 SET 1 Command to change CCW's root address 1 
1 -- ------------- 1------ --- -- -- ---- -- ----- ---.------------ - --·--------------------------1 
1 REPORT 1 Command to get error information from HOC 1 

1----------1----------------------------------------------------------1 
1 BOOT ! Special command for Boot 1 

[Features] 

o One FORMAT command can cover the formatting of the entire disk drive. 
o READ/WRITE/VERIFY commands used the physical sector, and seek, 

positioning at cylinder and head,retry, etc. which are all 
automatically carried out by HOC. Further, if the al ternate sector 
processing is performed when formatting the disk drive, the alternate 
sector search is carried out automatically at time of command execution. 

o As disk read/write and DMA transfer are carried out in parallel using a 
buffer, mUlti-sector read (write) can be executed without sector 
interleaving. (However, when disk transfer rate is 5Mbps,system clock 
must be more than 4MHz, and when lOMbps, it must be more than 6MHz.) 

o MuJtiple CCWs can be executed consecutively by indicating next CCW 
address. 
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TMPZ80C47P TECHNICAL DATA 

4-2 For.at of CCW 

CCW consists of 8 words (16 bytes). The basic format is as follows. 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o 

I I I I I I 
o GOI 0 ESI ESI STATUS 0 COMMAND 0 ECI ECI ECI 

I I I 1 I 0 I (4 bit) I I I I 2 I 1 I 0 I 
L_I_I_I_I 1 __ 1 ________ 1_1 __ 1 __ 1_1 
I I 

1 I BAS E I 
1 ______ -----------------------------------______ 1 

I I 
2 I C 0 U N T I 

I I 
I I I 

3 C H A I N IENDI 
1 ______ -----------------------______ 1 __ 1 
I I 

4 I H 0 S T S H I 
I I 
I I 

5 I H 0 S T S L I 
1 ______ . I 

I I 
61 DISKSH I 

I I 
I I 

71 DISKSL I 
1 ______ -----------------------------------______ 1 

GO: GO bit. This bit should be set at "1" when a command is 
issued. After completion of CCW. "0" is written by HOC. Polling 
of this bit allows HOC to operate without interrupt 
interruption. 

STATUS STATUS information (4 bits) that is written by HDC after 
execution of CCW. 

COMMAND Command operation code in 3 bits. 8 commands (READ. WRITE. 
FORMAT. VERIFY. RTZ. SET. REPORT. BOOT) 

BASE: Indicates low order 16 bits of memory address storing the CCW 
parameter 11st. 

(Note) For the parameter list. refer to the explanation in 4-5. 

COUNT 

CHAIN 

END 

HOSTSH 

Basically, indicates number of transfer bytes. 

Indicates CCW's chain address. 

END bit. When this bit is set to "1". it indicates that the 
CCW chain ends ~t that ccw. 

Indicates high order 16 bits of DMA transfer address. 
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TOSHIBA INTEGRATED CIRCUIT 

HOSTSL 

DISKSH 

DISKSL 

ES1,ESO 

EC2,1,O 

TECHNICAL DATA TMPZ80C47P 

Indicates low order 16 bits of DMA transfer address. 

Indicates high order 16 bits of DISK logical address. 

Indicates low order 16 bits of DISK logical address. 

Extra status. After execution of CCW, serial interface signals 
ES1 and ESO are written by HOC. User can define as desired. 

Extra command. This value of CCW is output to EC2, EC1 or ECO 
of the external shift register through output by HOC when CCW 
is executed. This signal is defined by user. 

The 14th, 7th and 3rd bit of the first word of CCW must always be set to O. 
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TMPZ80C47P TECHNICAL DATA 

4-3 Explanation of All CCWs 

4-3-1 FORMAT CCW 

This is a command used to format the hard disk drive. 
It is possible to forllat either the entire disk drive or a part of disk 
drive for every track. 

1 1 1 0 1 X 1 X 1 0 1 0 1 0 1 0 1 0 1 0 1 1 101 0 1 X 1 X 1 X 1 
1---1---1---1---1---1---1---1---1---1---1---1--_1--_1---1---1_--1 

1 BAS E 1 _____________________________________________ 1 

2 C 0 U N T 1 

3 --------------.------------------------------_1 C H A I N 1 

------------------------------------_--------_1 4 H 0 S T S H 1 

__ --I 
5 H 0 S T S L I 

6 DIS K S H 

7 DIS K S L 

COUNT Specifies nUliber of tracks to be formatted. 

HOSTSH 
HOSTSL 

DISKSH 
DISKSL 

[Function] 

Address of main memory storing the format ID information. 

Logical address of a disk of which formatting begins. 

Basically, the formatting is made for every track and therefore, it is 
possible to change the sector interleaving method by track. For the track 
format, refer to 3-6. 

The format ID data (sector interleaving data) shall be made available in 
the format shown in next page and set in memory addressed by HOSTSH and 
HOSTSL 

Here, Cylinder No. is written into "WCYLIND." Normally, however, if 
WCYLIND is left 0, the same cylinder number as the physical cylinder 
number is automaticall y wri tten. "SECTOR" shows Sector No. 

When the sector interleave is common to all tracks, all tracks can be 
formatted at one time with WCYLIND=O, COUNT=number of cylinders x number 
of heads, and DISKSH/SL=O. 
Whenever formatting the tracks, the physical cylinders and logical 
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cylinders must be always match. Only exception is when an alternate 
track for the alternate sector processing is formatted. (For the 
alternate sector process ing. refer to 4-6.) 

ID Data 

10 bit 6 bit 
HOSTSH • SL -- - ,-I __ --'W-'-'C'-'Y.!eL"'-I:.:;ND=---___ '--_""SE"'C::..:T:.,:O;.::;R'----' 

, WCYLIND SECTOR 
, WCYLIND SECTOR 

WCYLIND SECTOR 

WCYLIND 10 bits. max. 1023 cylinders (as 3FF is used for the 
al ternate sector designation). 
SECTOR 6 bit. max. 64 sectors. 
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4-3-2 READ CCW 

This is a command used to transfer data ( COUNT shows the total bytes) 
from the logical address of a disk to the main memory address shown by 
HOST/HOSTSL. 

1 1 1 0 1 X 1 X 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 1 0 1 X 1 X 1 X 1 
1_1_1_1 __ 1 __ 1 __ 1_1_1 __ 1 __ 1 __ 1 __ 1 __ 1 __ 1 __ 1 __ 1 
1 BAS E 1 

1 1 
1 C 0 U N T 1 
1 ________________________ 1 

1 C HAN 1 

1 1 
1 H 0 S T S H 1 

1 1 
1 H 0 S T S L 1 

1 1 
1 D S K S H 1 

1 1 
1 DIS K S L 1 

1 ___ ---__ --------------------------_____ ---1 

COUNT 

HOSTSH 
HOSTSL 

DISKSH 
DISKSL 

[Function] 

Indicates number of read data transfer bytes. When "0" is 
input, number of transfer bytes is regarded to be 64K bytes. 

Read data transfer destination address 

Read data disk logical address 

This command includes the seek operation. As the present head location 
is stored in the register in HDC, HDC calculates a physical address from 
the logical address of this time, compares it with the present location, 
and seeks the head as necessary. The automatic retry function (including 
a recalibration) is available for erroneous reading. (Refer to the retry 
in the explanation of parameters in 4-5.) 
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TMPZ80C47P TECHNICAL DATA 

4-3-3 WRITE CCW 

A command to transfer number of bytes shown by COUNT to the logical 
address of a disk from the main memory address shown by HOSTSH/ HOSTSL. 

1 1 1 0 1 X 1 X 1 0 1 0 1 010 101 0 1 1 1 1 1 0 1 X 1 X 1 X 1 
1---1_--1---1---1---1_--1---1---1---1---1 ___ 1---1---1---1_--1---1 
1 BAS E 1 

1 1 
1 C 0 U N T 1 

1 1 
1 C HAN 1 

I 1 
I H 0 S T S H 1 

I 1 
1 H 0 S T S L 1 

I 1 
1 0 I S K S H I 

I 1 
1 0 I S K S L I 

1 I 

COUNT 

HOSTSH 
HOSTSL 

OISKSH 
OISKSL 

[Function] 

Indicates number of write data transfer bytes. 
When "0" is set. number of transfer bytes is regarded to be 64K 
bytes. 

Write data transfer destination address 

Write data disk logical address 

Basically. the function of this command is nearly the same as READ 
command except the transfer direction. In writing smaller data than the 
physical sector. making a judgment automatically. HOC reads that sector 
in the internal buffer. modifies the write data on the buffer. and writes 
it on the original sector. 
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TOSHIBA TECHNICAL DATA 

4-3-4 VERIFY CCW 

TMPZ80C47P 

This command compares data of number of bytes shown by COUNT from the 
disk logical address shown by DISKSH/DISKSL with data on the main memory 
shown by HOSTSH/HOSTSL. If there are unmatched data, status:2 (DATA 
ERROR) is returned. 

1 1 1 0 1 X 1 X 1 0 1 0 1 0 1 010 1 1 1 0 1 0 1 0 1 X 1 X 1 X 1 
1_1_1 __ 1_1 __ 1_1 __ 1_1 __ 1 __ 1 __ 1 __ 1 __ 1_1_1 __ 1 
1 BAS E 1 

1 1 
1 C 0 U N T 1 

1 _I 
1 C H A I N 1 

1 1 
1 H 0 S T S H 1 
1 _________________ 1 

1 H 0 S T S L 1 
1 ______________ 1 

1 D S K S H 1 
1 _____ 1 

1 DIS K S L 1 

1 1 

[Function] 

This is a command to compare disk data with memory data. This command is 
used to check if data is properly written onto a disk. In addition, in 
finding a defective sector at time of formatting, use of this command is 
more effective rather than use of a method to search ECC error using READ 
command. 
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4-3-5 RTZ CCW 

This command brings the disk drive head to track 0 position . 

TMPZ80C47P 

. -:--.,--_._----------------
1 1 1 0 1 X 1 X 1 0 1 0 1 0 1 0 1 011 1 1 101 0 1 X 1 X 1 X 1 
1 __ 1 ___ 1 ___ 1_1 __ 1_--1_--1--_1 ___ 1 ___ 1 __ 1 ___ 1_--1_1_1_1 
1 BAS E 1 

1--__ --__ ----------------------------------------___ --_1 10000 0 0 0 0 0 0 0 0 0 0 0 0 1 
1 1 
1 C H A I N 1 

1 _____ --------------------------------------___ --__ 1 

1 1 

1 _____ -----------------------------------_------__ ----1 
1 1 

1 ______ -------------------------------------__ --_------1 
1 1 

1 ______ ----------------------------------------_---_--_1 
1 1 

1 ___ --__ ---._-----------------------------------------______ 1 

[Function] 

This command brings the disk drive head to track 0 position. 
At time of power ON, the register contents of the head position in HDC is 
in out of accord with the actual head position, and it is therefore 
necessary to issue RTZ command (to all disk drives). 

At time of normal read/write, the calibration is carried out 
automatically at time of retry if RETRY 2 is set to other than 0 by a 
parameter and therefore, it is not necessary to issue RTZ command. 
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4-3-6 SET CCW 

This CCW is used to change ROOT address of a CCW (the top address where 
the CCW is pos i tioned). 

* : LOCK 

1 1 1 0 1 X 1 X [ 0 I 0 1 0 I 0 1 0 1 1 101 1 1 * 1 X 1 X 1 X 1 
1 __ 1 __ 1 __ 1 __ 1 __ 1 __ 1 ___ 1 __ 1 __ 1_1 __ 1_1 __ 1 __ 1 __ 1 __ 1 

BAS E 1 
1 ____________________________________________________ 1 

1 ROO T H 1 

1 ______ ---------------------------------______ 1 
1 ROO T L 1 

1 1 
1 1 

1 ______ ----------------------------------______ 1 

1 I 

1 ______ --------------------------------______ 1 

1 ! 
1 ______ ----------------------------------______ 1 

1 1 

1 1 

LOCK When "I" is set, change of ROOT address is inhibited on and 
after this CCW. 

ROOTH High order 16 bits of ROOT address. 
ROOTL Low order 16 bits of ROOT address. 

(Note) ROOT address after reset has been set at 0000 FFFO. 

[Function] 

This is a CCW used to change ROOT address of a CCW (the top address where 
that CCW is positioned.) 
If CCWs are erroneously chained, HDC runs away. Root address must be 
changed, ROOT address will become indistinct unless it is reset. 
Therefore, after power ON, issue SET command with LOCK=1. 
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TOSHIBA INTEGRATED CIRCUIT 
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4-3-7 REPORT CCW 

This is a command used to transfer va 1 ues of the register in HDC to a 
main memory shown by HOSTSH!HOSTSL. 

1110lXIXI010101010IIIIIII0IXIXIXI 
1 __ 1 __ 1 __ 1_1 __ 1 __ 1 __ 1 __ 1_1 __ 1 __ 1 __ 1_1_1 __ 1 __ 1 
1 BAS E 1 

1 1 

1 ° ° ° ° ° ° ° ° ° ° ° ° ° ° 1 1 1 
1 C H A I N 1 
1 ____________________________________ 1 

1 H 0 S T S H 1 

1 ______ ---------------------______ 1 
1 H 0 S T S L 1 

1 1 

1 1 

1 1 

1 1 

1 ______ --------------------------------------____ 1 

Data is output in the format shown below. 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 ° 
o 1 1 

I __________________ R_C_O_U_N_T __________________ I 

1 1 E C C H DIE C C C Y L 1 

1 ___________ 1 ___ ---__ ------------------______ 1 
2 1 E C C C N T IECCDIV 1 E C C SEC 1 

1 ______ ----------______ 1 __ --__ 1 ___ ----__ -------__ ------__ 1 
3 1 C Y LIN D 1 

1 _____ -----------------------------------______ 1 

4 1 H E A D 1 

1 ______ -----------------------------------______ 1 
5 1 SEC TOR 1 

1 ______ ------------------------------------_____ --1 
6 1 S C Y L 1 

1 ______ -------------------------------------____ ---_1 
710 ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° 1 1 ______ ----------------------------__ ----__ ----1 
8 1 CPO SOl 

1 ______ ----------------------------------______ 1 
91 CPOSI 1 

1 ______ ----------------------------______ 1 

10 1 CPO S 2 1 

1 ______ -------------------------------____ ----_1 
11 1 CPOS3 1 

1 ______ ---------------------------------------___ --_--1 
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RCOUNT 

ECCHD 
ECCCYL 

ECCSEC 

ECCDV 
ECCNT 

In case of READ/WRITE, indicates number of remaining transfer 
bytes. 
Indicates Head No. of the head that caused ECC error lastly. 
Indicates Cylinder No. of the cylinder that caused ECC error 
lastly. 
Indicates Sector No. of the sector that caused ECC error 
lastly. 
Indicates Drive No. of the drive that caused ECC error lastly. 
Number of ECC errors taken place. 

CYLIND/HEAD/SECTOR Value of the cylinder, head/sector being 
accessed by HDC. 

SCYL 

CPOSn 

[Function] 

Cylinder No. of the cylinder that was (or tried to be) seeked 
lastly. 
Cylinder no. at the position of the nth drive's head. 

REPORT command is a command that is used to output register data in HDC. 
Register data is used for error analysis, etc. This command is 
principally used for detecting any defective sector or a place at where 
an error was caused at time of the formatting. 
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4-3-8 BOOT CCW 

This is a special CCW and is only executed after reset. This command 
transfers a cylinder, a head or a sector data at address 0000 FFOO 
unconditionally, and executes a CCW from ROOT address (0000 FFFO). 

I ALL 1 OR ALL a I 
1 _______________________________________________________________ 1 

I 1 

1 _____ ----------------------------------------------------------1 
1 1 
1 _________________ 1 

I 1 

1_--____ -------------------------------------------------__ --___ 1 
1 1 

1 ___ --__ ----------------------------------------------------____ I 

1 1 

1 ______ --------------------------------------------------_______ 1 
1 1 

1 ______ -----------------------------------------------------____ I 
1 1 

1 __ --___ ---------------------------------------------------_____ 1 

[Function] 

This is a special CCW and is valid time only after reset. This command 
reads out 0 cyl inder, a track or a sector data at address 0000 FFOO and 
executes a CCW from ROOT address (0000 FFFO). 

If a CCW to transfer a BOOT program to a memory is loaded in a cylinder, 
o track or a sector, a system that is able to start up without BOOT ROM 
can be constructed. 
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4-4 Explanation of STATUS 

TMPZ80C47P 

Results of the execution of CCW are written into the first word of CCW by 
HDC as status data. Status data is in 4 bits and contains 15 data. If 
status data is more than 2. it is regarded as the fatal error and 
execution of CCW is stopped even when there is the chain designation. 

(1) status 0 NO ERROR 
Indicates that CCW has been properly completed. Even when there was a 
retry at time of the disk read/write. if CCW was completed within 
specified number of times. it is regarded to have been properly 
completed. 

(2) status 1: ECC CORRECTED 
Indicates there was ECC corrected data when CCW was being executed. It 
is regarded as the proper completion and if there is the chain 
designation. CCW is continuous I y executed. 

(3) status 2: DATA ERROR 
a) Indicates that data without ECC error (or ECC correctable data) 

could not be read within specified number of retrys during the disk 
read. 

b) When data did not match on VERIFY CCW. 
In both cases. HDC suspends execution of the CCW at that point of 
time and returns this status. 

(4) status 3 ID NOT FOUND 
Indicates that applicable ID (cylinder. sector. head) could not be found 
when read/write executes. (CRC error is also included.) 

(5) status 4: DATA AM NOT FOUND 
Indicates that the data address mark A1F8 pattern which must exist in the 
data field could not be found. 

(6) status 5: FORMAT OVER FLOW 
Indicates that no index signal was received within 3ms after completion 
of the formatting of one track when the formatting was executed. 
Number of sectors of one track is erroneously designated mostly and re­
formatting is necessary in these cases. 

(7) status 6: NOT READY 
indicates there was no disk READY signal when CCW except for SET and 
REPORT commands was executed. The process will ends without execution 
of CCW. However. in case of BOOT CCW. it is waited infinitely till READY 
becomes 1. 

(8) status 7: WRITE PROTECT 
Indicates that it was tried to write into the write inhibit area using 
WRITE command. 
a) When there was a write protect signal. 
b) When it was tried to write in the wri te inhibit area designated by 

the parameter Jist. 
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TECHNICAL DATA 

(9) status 8: CCW ERROR 
Indicates there is violation of the format of CCW. 

TMPZ80C47P 

a) In SEG mode, the transfer was specified just like to stride across 
the segment boundary. 

b) When anyone of BASE, COUNT (except FORMAT), HOSTSL, DISKSL, or 
ROOTL is an odd number. 

c) When SET command is newly issued after LOCK by previous SET command. 
d) BOOT command other than all 0 or all 1. 
e) When a value of BASE is in FFF1 - FFFF. 

(10) status 9 EOP ERROR 
Indicates that HDC accepted EOP/signal during DMA transfer of data. HDC 
stops DMA transfer. 

(11) status A ABORT 
Indicates that GO/signal has been accepted after HDC has been started and 
before completion of execution by HDC. HDC stops the execution at an 
appropriate phase. 

(12) status B WRITE FAULT 
Indicates the possibility that the disk contents have been destructed. 
a) When write fault signal is output from the drive. 
b) When the drive is not ready when execution of CCW was completed. 

(13) status C TRACKO OVER 
Indicates that track 0 isn't detected even when step pulses have been 
output by 1,023 times. 

(14) status D SKCOMP OVER 
Indicates that after transmitting step pulses; HDC had not been accepted 
Seek Complete signal within the specified time. (The specified time is 
approx. 400 ms at CLOCK-I0 MHz and more than 400ms at CLOCK-below 10 
MHz. ) 

(15) status E INDEX OVER 
Indicates that index signal could not been detected under formatting. 

(NOTE) 
HDC has a built-in timer and has been so designed that Hunging up isn't 
caused by abnormality of the disk drive. In the following cases, 
however, no response or runaway may be caused: 
(1) No response 

o When system bus request cannot be taken over infinitely. 
o When no response signal to interrupt request is received 

infinitely. 
o When CCW, PARAMETER, ID data. and REPORT transfer are in the 

illegal address space. 
o When CCWs are erroneously chained. 

(2) Runaway 
o When data transfer address shown by CCW and another CCW overlap 

each other. 
o When CCWs are erroneously chained. 
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4-5 Explanation of Paraaeters 

The parameter list specifies attribute for each disk drive by 8 word data 
from address shown by CCW's BASE. 

I 0 0 0 0 0 0 0 0 I 0 IPX I E I S I I INV 101 100 I 
1 _______________________________ 1 ___ 1 ___ 1 ___ 1 ___ 1 ___ 1 ___ 1 ___ 1 ___ 1 
1 TK I VECTOR I 
1 ______ ----------__ --__ 1 I 

I 0 I BIAS I HEAOC 1 0 i 0 I SECT 1 

1_--1--__ --_----1_-----____ --___ 1 ___ 1 ___ 1 __ -------------------__ 1 
I 0 0 0 0 I RETRY1 I RETRY2 I STEPT I 
1 ___ --__ --______ 1------_-----___ 1 ____ --_----1 __ ---_--_---_--____ 1 
I GAP1 I SYNC 1 GAP2 i 0 0 O! 
1_--__ --______ 1 __ ----_-------___ 1 _________ 1 ______ --1 
1 0 0 0 0 0 0 I R W C C I 
1 ____ --_-----_____ --1 1 
1 0 0 0 0 0 0 1 PCOMPC 1 
1 __ ------____ --__ --1-----___ --------------------_----__ --1 
I 0 0 0 0 I PROT A 1 
I _______________ ! ______________________________________ 1 

PX This parameter makes pre-compensation signals EARLY and 
LATE val id (PX=l). 

E 
S 

I 
NV 
01/00 
TK 

VECTOR 
BIAS 

HEAOC 
SECT 
RETRY1 

RETRY2 

STEP 

Performs the automatic ECC correction (E=1) 
Outputs sync. signal for MMU when S=1. Further. under 
this mode. data transfer having a carry to high order 
address is inhibited. 
Makes HOC interrupt valid (1=1) 
Makes the vector interrupt valid (NV=O) 
Coded disk drive number 
Time constant. A value to decide the timer unit used in 
HOC. Input a value calculated according to the following 
equation: 

CLOCK = F (MHz) 
A value calculated by TK = 1000* F/64 (raise to a unit) 
Output vector value 
Specifies number of alternate tracks (For alternate track 
refer to 4-6.) 
(No. of heads of one drive) - 1 
(No. of sectors of one track) -
A value of retries on the track when read/write is 

executed. 
HOC has been so designed that retry is executed once more 
after recalibration following one retry. This is a value 
of recallbration to be carried out. 
Sets up stepping pulse cycle. 

Cycle T = STEPT*0.25ms 
However. when STEPT=O. it is about 280* (CLOCK cycle). 
making the buffer seek possible. (About 70us at 4 MHz) 

- 95-



,', '", 

INTEGRATED CIRCU IT 
TOSHIBA TECHNicAL DATA TMPzaOC47P ,. 

),' __________________ .L-_________________ - .. -. 

GAPl 
GAP2 
SYNC 

RWCC 

PCOMPC 

PROTA 

Va lue of 
Value of 
Value of 
* Refer 

GAGl in 
GAG2 in 
SYNC in 
to the 

case of formatt ing. 
case of formatting. 
case of formatting. 

track format. 
This parameter sets the disk interface signal RWC to "1" 
at cylinder with a value above this value. (Reduce write 
current) 
Carries out the precompensation at cylinders with a value 
above this value. 
When this vaJue is n. writing to disk addresses lower than 
n*216 is inhibited. 

Functions provided by Parameters 

Precompensation ; PX = 1 
In writing a kind of pattern when data is written onto a disk. a writing 
position and reading position may shift each other for nature of magnetic 
substance. To compensate this shift. a process called the 
precompensation is performed. EARLY dnd LATE signals required for this 
process are output. 

ECC Correction : E = 1 
HDC has the bui J t- in ECC ci rcui t to a 11 ow detection and correction of 
burst error in 11 bits or less. If ECC error occurs when E = 1. EGC 
error correction is automatically carried out using the internal buffer 
data and corrected data is re-transferred. 

Connection of MMU : S ~ 1 
It is possible to connect HOC directly to Z8000 System MMU (Z8010. 
Z80l5). Under this mode. OMA transfer cycle will become 4 clocks. 
Further. such a transfer that a carry is caused on high order 16 bits of 
OMA address by one time transfer is inhibited. 

Interrupt: I. NV 
When I = 1. HDC generates interrupt request. The interrupt protocol is 
in accordance with the Z-bus protocol. When NV = O. the vector interrupt 
is generated and the VECTOR contents are output into the bus. After 
receiving the interrupt acknowledge. HOC performs the postprocess for 
about 100 clocks during when GO signal cannot be accepted. (When used in 
the polling. about 200 clocks after GO bit becomes 0.) 

Retry Function: RETRY 1. RETRY 2 
When RETRY1 or RETRY2 is set. HOC performs retry automatically. The 
retry is performed only when E = 0 and no IO could be found or when EGG 
error occurred and no 10 could be found at E = 1. 
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The flowchart for executing RETRY1/2 is shown below. 

READ/WRITE 

No 

r-----, No 
RETRYl-O? 

Yes 

* DATA ERROR? 

No 

No 

Yes 

ABORT 

* Including alternate sector processing 
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Step Rate : STEPT 
Step rate is programmable and cycle can be set at intervals of 2.5ms 
(STEP*O.25ms). When STEPT=O. the buffer seek mode results. 

Write Protection Function: PROTA 
The function to inhibit write operation into disk drive from logical 
address 0 for every 64K bytes. When PROTA=l. wri te operation into the 
logical addresses 0 through FFFF of a disk is inhibited. 
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4-6 Alternate Sector Process 

TMPZ80C47P 

Whenever the disk drive is used, it is always necessary to take a 
defective sector into consideration. It is a normal practice to search 
defective sectors when formatting and take some measures not to use those 
defective sectors. There are various measures; one measure is that a 
host CPU stores information on defective sectors in a memory and avoids 
to use such sectors, and another measure is to provide alternate sectors 
(tracks). The TMPZ80C47P has the function to perform the al ternate 
sector process automatically and therefore, a host CPU is not burdened. 

If the alternate sector process is performed when Format CCW is executed, 
the alternate sector process is automatically carried out as read/write 
operation and therefore, a disk can be treated as a complete disk from 
the host CPU side. 

The automatic alternate sector processing method is to, 

1) format the entire area of disk drive. 
2) find out defective sectors using such commands as READ, WRITE, 

VERIFY, etc. 
3) reformat a track having defective sectors with defective sector 

format information put in FFFF (non-existing ID No.). 
4) format the Oth cylinder on the side (same head) having defective 

sectors using defective sector's ID. 
5) if there are many defective sectors, use the 1st, 2nd ... cyl inders. 
6) set the same value as the used cylinder as bias. 

Thus, HDC cannot find ID when tried to read/write a defective sector and 
returning to the 0 cylinder, searches that defective sector from the 0 
cylinder to the cylinder that has been set with BIAS. 
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4-7 Exaaple of CCW Execution 

Command issue , HDC starting and execution status are explained using a 
definite example. 

[Example] 
To read 200H bytes from the disk logical address 1234 of Disk Drive 1 at 
address 400H of a memory and write this data into address 4500H of Disk 
Dri ve 2. 

[Creation of Command List] 
First, a list of commands that are desirable to be executed is created at 
CCW's ROOT address. If the list consists of more than two commands, 
commands must be chained successively. In this case, ROOT address is 
FFOOH and CCW will become as shown in Fig. 4-7-1. 
* Execution of CCW always starts from ROOT address. Even when previous 
CCW stopped the execution as errors occurred on the middle of chaining, 
if CCW is started by GO signal, CCW is executed from ROOT address instead 
of next of the chain. 

[Starting HDC] 
When a command list has been created, a GO signal is given to HDC. HDC 
takes in and executes CCW quite independently of a host CPU and 
therefore, after giving the GO signal, the host CPU waits an interrupt 
from HDC while performing other jobs. 

(Taking CCW by HDC) 
When received the GO signal, HDC takes in the first CCW from ROOT address 
by DMA. If no format violation is found on CCW, CCW is analyzed and 
executed. In this case, READ command is first executed. 

(Executing and Chaining by HDC) 
HDC calculates physical address from the disk logical address given by 
CCW, and transfers data to a memory via the internal buffer. 

When CCW has been properly executed, HDC returns the status to the CCW 
and if chain is specified, reads next CCW from the chain address. 

* If the status is more than "2", it is regarded as the fatal error 
and after returning the status, HDC carries out the end process (if I=1, 
the interrupt request is generated.) 

* If the host CPU confirms the proper end while polling GO bit and 
the status, it is possible to use data transferred by CCW before the 
chaining of all CCWs ends and the interrupt request signal is received. 

(Taking Parameters) 
HDC performs read/write according to the disk's attribute shown on the 
parameter list. Since it is useless to read the parameter list every 
time when CCW is taken in, the parameter list should be re-read only when 
CCW's Base is changed from the previous time. In this case, before 
execution of the second CCW, the parameter list must be always read. 

* The above indicates that re-writing of parameters on the list does 
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not necessarily assure change of parameters in actual execution. 

(Ending HOC) 
After performing the chaining and executing CCW with END bit "1", HDC 
begins the end operation. 

HDC returns the status to the last CCW and when 1:1 has been set, 
generates an interrupt signal. In the case of this example, an interrupt 
signal is generated after executing WRITE command. 

[Starting HOST CPU] 
The host CPU knows end of CCW execution by receiving the interrupt signal 
from HDC or by poll ing GO bit of CCW. The host CPU makes a judgment the 
execution has been properly completed or not by checking the status of 
each CCW. 
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v 
FFIO 

1 0 0 0 0 0 0 000 0 1 0 0 0 0 
1 1 1 1 1 1 111 1 1 1 0 000 
o 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
1 1 1 1 1 1 1 1 000 1 0 0 0 0 
o 0 000 0 0 0 0 0 0 0 0 0 0 0 
o 0 000 1 0 0 0 0 0 0 0 0 0 0 
o 0 0 0 0 0 0 0 0 0 000 0 0 0 
000 1 001 000 1 101 0 0 
1 0 0 0 0 0 0 0 001 1 0 0 0 0 
1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 
o 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
o 0 0 0 0 0 000 0 0 0 0 0 0 1 
o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
o 0 000 1 0 0 0 0 0 0 0 0 0 0 
o 0 0 0 0 0 0 000 0 0 0 0 0 0 
o 1 000 101 0 000 0 0 0 0 

1 
1 

1 

1 

1 

" " " " ~-----_____ ---,I " 
FFEO 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0 1 1<-- 1 

FFFO 

001 1 1 1 1 1 0 000 1 000 1 1 
000 1 0 1 1 1 000 1 1 1 1 1 1 1 
o 0 0 001 0 0 0 0 1 0 1 100 1 1 
o 1 1 100 1 100 0 1 0 0 001 1 
o 0 000 000 1 000 0 0 0 0 1 1 
o 0 000 0 0 0 1 0 0 0 0 000 1 1 
00000 0 0 0 0 0 0 0 0 0 001 1 
o 0 0 0 0 0 0 0 0 1 1 0 1 0 0 0 1<---
001 1 1 1 1 100 001 000 1 
000 1 0 1 1 1 000 1 1 111 I 
o 0 0 001 0 0 0 0 101 100 
o 1 1 100 1 100 0 1 0 0 0 0 
o 0 0 0 0 000 1 0 0 0 0 0 0 0 
o 0 0 0 0 0 0 0 1 0 000 000 
o 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

Fig. 4-7-1 CCW and Parameters 
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TMPZ80C47P 

PARAMETER 
COUNT 
CHAIN 
HOSTSH,SL 

200H bytes 
Chain to FF10 
Address 0400H 

DISKSH.SL 1234H 

WRITE Command 
PARAMETER 
COUNT 200H bytes 
CHAIN END 
HOSTSH,SL Address 0400H 

DISKSH,SL 4500H 

DISK2 Vector interrupt 
VECTOR=08H 
BIAS=1.8 heads, 
32 sectors 

No write protect 

DISK1 

Write protect up to 128k 
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5. Electrical Characteristics 

5-1 Absolute Maximum Ratings 

1 ITEM 1 SYMBOL 1 RATING 1 UNIT 1 
1---------------------------1--------1------------------1------1 
1 Supply Voltage Range 1 VDD 1 -0.5 to +7.0 1 V 1 
1---------------------------1--------1------------------1------1 
1 Input Voltage Range 1 VIN 1 -0.5 to +7.0 1 V 1 
1---------------------------1--------1-------------------1------1 
1 Operating Temperature 1 Topr 1 0 to 70 1 Oc 1 
1---------------------------1--------1------------------1------1 
1 Storage Temperature 1 Tstg 1 -65 to +125 1 °c 1 

5-2 DC Characteristics (Ta = 250 C VDD = +5V) 

1 ITEM 1 SYMBOL CONDITION 1 Min. 1 Max. 1 UNIT 1 
1-------------------1-------- --------------1---------1---------1------1 
1 Input Voltage 1 1 VIHc Only CLOCK 1 VDD-0.4 1 VDD+0.3 1 V 1 
1-------------------1-------- --------------1---------1---------1------1 
1 Input Voltage 2 1 VILc Only CLOCK 1 -0.3 1 0.45 1 V 1 
1-------------------1-------- --------------1---------1---------1------1 
I Input Voltage 3 1 VIH Except CLOCK 1 2.2 1 1 V 1 
1-------------------1-------- --------------1---------1---------1------1 
1 Input Voltage 4 1 VIL Except CLOCK 1 1 0.8 1 V 1 
1-------------------1-------- --------------1---------1---------1------1 
1 Output Voltage 1 VOH 1 2.4 1 1 V 1 
1-------------------1-------- --------------1---------1---------1------1 
1 Output Voltage 1 VOL 1 1 0.4 1 V 1 
1-------------------1-------- --------------1---------1---------1------1 
1 Output Current 1 IOH VOH = 2.4 VII -250 1 uA 1 
1-------------------1-------- --------------1---------1---------1------1 
1 Output Current 1 IOL VOL = 0.4 V 1 2.0 limA 1 
1-------------------1--------1--------------1-------------------1------1 
1 Power Consumption 1 IDD 1 10 MHz 1 30 Typ. 1 mA 1 
1 _I 1 _____ 1 1 __ 1 
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5-3 AC Characteristics 
UNIT: (nS) 

I 
i NO. SYMBOL ITEM L...§.MHz 111 10MHz 2) I 
I. __ ~. IMIN l.MAX IMIB....lMAX I 
I 1 I TcC Clock cycl.U~_ I If!.§J. __ l-.lQQl_-.J 

2 I TwCh Clock~e width i!!.IGH) ---..l_'L9..L __ L.3_Ql----.J 
3 I TwC1 LClock pulse width..-l!&~)_.-l. 70 I 40 I J 

L 4 I TfC I Clock faIling time . I 1 101 .--LlQJ 
L.2.lTrC 1 Clock ~li~_. ____ ~l J51 I 101 
~ I TdC(ASf) 1 Clo~Js...Iisp to AS/ fa)l time .L..........I 601 L.iQJ 
1 7 I TdC(A~~}:'....l.ftll ~~S/ rise time ~.J.........ll.QL_J __ 4Q.J 
~...!.Qtlosw) i Clock fall to OS/ fan time(write) I I 80 1 L~Qj 
L_.JL..l....T.dc (OSr LJL Cl.Qck.J".CI)). . .J.2-0Sj rise time J 651 L4.§J 
i 10 1 TdC(OSR.L 1 Clock rise to OS/ fall time (readl.L_.l.~;>.L __ ~_@J 
LLL.LI.dC(AL_Jl..ilddrell_s ITalid._. __ .. ~l.~~. 50J 
L.lL.LTdC(AZ) 1 address inval.id _____ . __ ._. _____ L_ . .L .. 9J2L.-Li9.J 
ULI TdC..illl'!L . ..JL data vaJid ---.-L.......J. 751 ..J........§QJ 
l....li...l.TdC(Bz) 1. data bus invalid J-----L2~L.!QJ 
I 15 1 TsDR(C) I read data setuptime I 201 ----.L. 101 I 
i 1~ I ThDR(DSL...LI_t;ad data hold time 0 1 L~-.J 
1 17 i T~W(C~~t pulse setup time 301 2~-.J 

I 18 I ThW(C) I wait pulse hold time I 101 I ~_J 
l...l.§l_.LTsEOP (Cl EOP / pulse setup time L~ I 201------.J 
UQ...l ThEOP(C) EOPI Pulse hold time 1 101 I 5L-.J 
U~.LJ TdMMU(C) MMUSYNC rise to Clock rise time 1 70 I I I--.J 
1 22 I TdC(MMU) ~lock rise to MMUSYNC fall time ~Ol 1 1 I 
l 23 1 TdE1 (EDt) lEI fall to lEO fall time I 1 100 I I 10Qj 
I 24 I TdEl(EOr) lEI rise to lEO rise time 1 1 1001 ..L1QQJ 
~ TdBl(BOf) BAIl fall to BAQLl?-lJ tIme 1 I 10~..L1.QQJ 
~ TdBl (BOr ) BAIl ri se to BAO/ rj Be time I -L..lQQ1._..L!.QQJ 
1 27 1 TdDSf{V) 12S/ fall_ to VECTOR data valid ~-.-l~--.l __ l~Q.J 
i 28 ! TdOSr(Vil) DSI rise to VECTjlR dat!! inva.lid I OL I 01 1 
l_~"'dDSr(INT) DSI rise to INT/ rise time ..L_-.l1801 --.Ll§.9J 
I 30 i TdIAKlliJUJ INTACKI fall to lEO fall time 1 I 100 I _LL~QJ 

1) TMPZ80C47P 
2) TMPZ80C47P-l0 (Preliminary) 
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CLOCK 

Tl T2 T3 Tl 
I- I I 

~, 1- -
--./ I~ 1\ ,/ 1\ / ~ CD - ® -

@ \1 L--c 
--- , re f.e '@--? ~~ rE-@' 

1 

AS 
- "'\ 

I I J ~ 
DS(WRIT E) ~ 

DS(READ 

®l I i 
I C9: - , 1<E7 

~ I 
I II I 

) 

I 
I I 

ADO-15 

~ 
I 

~ I i J 
~ Addl'ess I '\ 

~ I 
" ----

ADO-15 --< WRITE ~ATA I>--

! ~ ~ 
ADO-15 H READ DATA ~-

I ~ f.: .~ .. '" 

WAIT 
--L> K 

rA ---~ --
I -----> K 
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TO Tl T2 T3 
1-

I~ 
1- I_~ I;--

--./ vi --./ ~ 

CLOCK 

@ @ 
----.. 

MMUSYNC 

'\ 

~ ~ 

lEI / 
@ @.I 

~ l, 
'\ lEO 

BAI / 
--- @ " ~ 
" ~ 

'\ 
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AC Characteristics (2) 
UNIT: (nS) 

I I I I 
NO·1 SYMBOL I ITEM I 6MHz III 10MHz 211 

I IMIN I MAX IMIN I MAX I 
1 TdC(SCf) I Clock fall to SCLOCK rise time I 601 I I 401 
2 TdC(SCr) I Clock rise to SCLOCK fall time I 601 I I 401 
3 TwSR/W1 I SR/W [1ulse width (LOW) I 1001 I 801 I 
4 TdC(SR/W) I Clock fall to SR/W fall time I 1 801 I 401 
5 TwSR/Wh 1 SR/W [1ulse width (HIGH) I 601 I 301 1 
6 TdC (SR/Wr) I Clock rise to SR/W rise time 1 1 801 I 601 
7 TsSD(SC) I SDATA set u[1 time I 501 I 301 1 
8 ThSD(SC) 1 SDATA hold time I 01 I 01 1 
9 TdSC(SD) 1 SDATA valid dela~ time 1 01 I 01 1 

1) TMPZ80C47P 
2) TMPZ80C47P-10 (Preliminary) 
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CLOCK 

SCLOCK 

SR/Ii(READ) 

SR!Ii(IiRITE) 

SDATA(WRITE) 

SDATA(READ) 
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BUS TIMING 

(TO) (TO (T2) 
Tl T2 T3 T2 T3 

CLOCK f\JV\. 

BAI \~ ____________ ~c_ 

INTERRUPT TIMING 

INT \~--------------~I 
lEI =--; \'---

\ / 
lEO \'--__________ ---J/ 

os \ / 
ADO-15 ------------~( VECTOR )>---
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RESET TIMING 

CLOCK 

RESET \'--__ ---11 
ADO-15 --------------~)~-------------------

SCLOCK 

SR/II ________________ ~7 

GO TIMING 

CLOCK 

GO u 
\'----~/ 
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SERIAL I/O TIMING 

CLOCK 

SCLOCK (READ) 

SR/W u 
SDATA 

SCLOCK (WR I TE) 

SR/W ________________________ ~n~ ______ _ 
SDATA _________ 31_~ ~_3_1 ________ __ 
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6.PACKAGE OUTLINE 

DIP48PIN (PLASTIC PACKAGE) 
Un It: mm 
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TC8565P/F 

(Floppy Disk Control1er) 

1 INTRODUCTION 

TC8565P/F is a single chip LSI for Floppy Disk Controller. This LSI has 
circuits and control functions for interfacing a processor to floppy disk 
drives. This LSI has a capability of executing 15 different commands. 
Each of these commands require multiple a-bit bytes to accomplish the 
operation whic~ the processor wishes the FOG to perform. 

2 FEATURES 

o SI-Gate CMOS Single Chip LSI 
o Single +5V Power Supply 
o Low Power Consumption (Max.l0mA at 8M Hz 5V) 
o 40 pin Plastic DIP .44 pin Plastic mini FP 
o Compatible with 8080 System Data & Control Buses 
o Single-phase Clock 8MHz (for Standard Floppy Disk) 

4MHz (for Mini Floppy Disk) 
o FM.MFM Recording Formats (Specified by Command) 
o Multi-sector Data Transfer 
o Multi-track Data Transfer 
o Up to Four Floppy Disk Drives 
o Parallel Seek Operation Up to Four Floppy Disk Drives 
o Programmable Step Rate Time 
oWrite Pre-compensation Control Signal Outputs 
o Compatible with IBM Diskette 1 

(one-side 128.256.512 byte/sector) 
o Compatible with IBM Diskette 2 

(one-side 256 byte/sector) 
o Programmable Data Record Lengths 

(128.256.512.1024.2048.4096 and 8192 byte/sector) 
o Capability of Read/Write to the Middle of the Sector When 

the Record Length is Programmed to 128 Bytes 

16 ] 2 5 
o Including CRC Check Function (X +X +X +1) 
o Programmable Head Load Time and Head Unload Time 
o Data Scanning Function (Detection of Equal.High or Low) 
o DMA/Non-DMA (Interrupt) Data Transfer 
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3 PIN DESCRIPTION 
3.1 PIN CONFIGURATION 

TC8565P Pil Pil 

NO 10 N A M E NO. 10 N A M E 
1 I RST 21 I WCK 
2 I -RD 22 I DW 
3 I -WR 23 I RDT 
4 I -CS 24 0 SYNC 
5 I RS 25 0 WE 
6 10 DO 26 0 MFM 
7 10 Dl 27 0 HS 
8 10 D2 28 0 DSI 
9 10 D3 29 0 DSO 

10 10 D4 30 0 WDT 
II 10 D5 31 0 PSI 
12 10 D6 32 0 PSO 
13 10 D7 33 I FLT/TKO 
14 0 DRQ 34 I WP/2S 
15 1 -DAC 35 I RDY 
16 I TC 36 0 HL 
17 I IDX 37 0 FR/STP 
18 0 INT 38 0 LC/DR 
19 I CLK 39 0 -RW/SK 
20 G VSS 40 V VDD 

TC8565F PIN PIN 

NO 10 N A M E HO. 10 N A M E 

33 32 31 30 29 28 27 26 25 24 2J I NC 23 NC 
2 0 MFM 24 10 DO 
3 0 HS 25 10 D I 
4 0 DSI 26 10 D2 
5 0 DSO 27 10 D3 

34 T 22 
35 21 

6 0 WDT 28 10 D4 
7 0 PSI 29 10 D5 

36 20 8 0 PSO 30 10 D6 
37 19 
36 18 

9 J FLT/TKO 31 10 D7 

39 17 10 I WP/2S 32 0 DRQ 
40 16 II I RDY 33 I -DAC 
41 15 12 NC 34 I TC 
42 14 
43 13 

13 0 HL 35 I IDX 

44 12 14 0 FR/STP 36 0 INT 

• 15 0 LC/DR 37 I CLK 
16 0 -RW/SK 38 G (VSS) 
17 V (VDD) 39 V (VDD) 
18 I RST 40 I WCK 

1 2 J 4 S 6 7 8 9 10 " 19 I -RD 41 I DW 
20 I -WR 42 I RDT 
21 I -CS 43 0 SYNC 
22 I RS 44 0 WE 
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3.2 Description of Pin Function_ 

o RST IReset] Input 
"High level" 011 this pin makes the FDC idle state, and makes outputs on 
the mD side except [WDT], [PSO] and [I'SI] to "Low level ". 

o-IW [Head] Input 
Control signal to transfer data from tlw FDC to the Data-Bus. 

o -WR [Write] Input 
Control sigllal 10 transfer data from the Data-Bus to the FUC. 

o -CS [Chip Se I eet] Input 
"Low level" on this pin selects the FlJC, and allows [-HD] and [-WR] to be 
effective. 

o HS lHegister Select] Input 
"High level" on this pin selects Data Register. "Low level" selects 
Status Register. 

o DO-7 [Data Bus] [nput/Output 
8idirection 8-bit Data 8us. 

o IlRQ lllMA Request] Out.put 
Request signal for DMA transfer. This pin requires to connect pulled up 
resistance. 

o -DAC [UMA Acknowledge] Input 
When data are transferred in DMA mode, "Low active" DMA acknowledge 
sIgnaJ from UMA contl'oJ Jer' Is applied. 

o TC l T(~rmina I Count] Input 
"High active" signal is appl ied to indicate the termination of the data 
transfer. 

o lUX [Index] Input 
"High active" Index signal from FUD is applied to indicate the beginning 
of a disk track. 

oiNT [Interrupt] Output 
"H igh act i ve" interrupt request signal. 

o eLK [Clock] Input 
FIlC's system clock input. 

8MHz for Standard Floppy(data transfer rate is 500kbps) 
4MHz for Mini Floppy (data transfer rate is 250kbps) 
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o WCK l WI' j tee lock] I npu t 
Clock signal to write data. Clock 1S necessary for Hi I read.write 
operations. The rlsing edge of WCK must match witli that of Cl.K. 

Standard floppy MFM mode IMHz 

Min] Floppy 

II llW illata Window] Input 

FM modp 
MFM mode 

FM mode 

500KHz 
500KHz 
2f)OKllz 

Data Wlndow signal is for separating t.he read datd illto "data oit,," alld 
"clock bits". This signal is usually gelwrated by a I'LL circuit.. 

o RIlT [Read Data] Input 
This sIgnal indicates read data from a FIlD. ThIS slgnal contains clock 
bits and datn bits. 

o SYNC lVFO SyncJ Out.put 
Th.is signal indicates t.o the I'LL that data arr~ read out. 

II WF [Wrile Enaole] Output 
This signal indicat.es the wrile timing of the wrlle data. 

o MFM [MFM data] Output 
"H.igh level" or this pin indicates MFM mode. "Low levf~J" H1 modf~. 

() HS [Hf"id Seiecl] Output 
"Low level" of this pin indicates Head 0, and "High Jevel" Head 1. 

o DSl,IlSO [Drive Select 1,0] Output 
!lSI and DSlJ are multlpl(~xed drive sPlect SIgnal },DC selects one of four 
connected disk drives. 

a WilT [Wr I te Da taJ Output 
This signal is for FUll's Write Data including elock hIts ilnd data oits 

o PS1,0 [Preshift] Output 
These signa] indicate the wri te precomppnsat ion informal lOll 1.0 the FlJll in 
MFM mod('. 

PSO PSI MEANING 
L--..b.Q!."... __ -.-L Low Normal J 

Low High Late 
~!lLIL_L Low Early 

a FLT/TKO [Faul t/Track OJ Input 
Sense input. Tn read/writ.e mode, sensing the FOD fault condillon. 
[n Spek mode, s(,lIsing tJll~ Track 0 conditioTl. 

o WP/2S [Wrjt.e Protect/Two Sidp] Input 
Sense input. In I'ead/wr.ite mode, sensing the FIll) Wri te Protpcl status. 
In Seek mode, sensing thp Two Side condition. 
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o RDY [Ready] Input 
This pin senses the FDD ready status signal. 

o HL [Head Load] Output 
This is the control signal of the Head Load of the FDD. 

o FR/STP [Fault Reset/Step] Output 
This signal resets fault status in the FDD in read/write mode. Provides 
the step pulses to move head to the another cylinder in Seek mode. 

o LC/DR [Low Current/Direction] Output 
In the read/write mode. this signal indicates that read/write head is 
inner the forty-third track. In Seek mode. shows direction that the head 
will step. 

o -RW/SK [Read:Write/Seek] Output 
"Low" shows that read/write mode is selected. and "High" shows that Seek 
mode is selected. 

o VDD [DC Power] 
Power supply terminal. 

o VSS [Ground] 
LSI's ground terminal. 
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4 FDC APPLICATION SYSTEM 

4.1 TC8565P/F BLOCK DIAGRAM 

CIl I::t: 
~ ~ 

IQ ~ 

~ REGISTER 

00"'1 < ~ 
E-< IQ 

< 
Q 

WCK 
WOT 

SERIAL WE 
PSO 

INTERFACE PSI 

ORQ CONTOROLLER ROT 
< u OW 
~ 
Q (,!l SYNC 
"- 0 
~ ...:I 
E-< 

...:I 
RS I::t: 0 

~ I::t: E-< 
TC "- E-< I::t: ROY 

Q Z E-< 0 
RST < 0 I::t: ~ Il. WP/2S 

~ u ~ Il. 

I::t: ~ ...:I Z lOX 
u ...:I 

j < 0 FLT/TKO 
~ I::t: 

-CS I::t: E-< 
~ Z 
E-< 0 
Z u 

CLK~ E-< OSO 
I::t: OSl 

VOO~ ~ E-< 0 MFM 
> ~ Il. 

GNO~ Il. -RW/SK 
I::t: E-< HL 
Q ~ HS 

0 LC/OR 
FR/STP 
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4.2 SYSTEM CONFIGURATION. 

MEMORY 

SYSTEM BUS II 
OBO-1 00-1 

HRQ INT -RO 
HACK -WR 
e t s. e t s. 

~ ORQ OW 
r..l ... MFM VFO '-'l 

«: ... u 
0 -OAC SYNC r..l «: 

::s ~ > "'-... TC F 0 C ROT - ~ 

0 Z ~ '-'l 

0 WOT 0 ... 
u CONTROL IN Z -

CONTROL OUT 
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4.3 OPERATION SUMMARY 

4.3.1 FOC's REGISTER and CPU INTERFACE 

FUC has two 8-bit registers accessible by the main system processor. One 
is a Main Status R!~gister. and the other is a Data Register. The Main 
Status Register indicates the status information of the FOC and is always 
accessible. The Oata Register is used for data transfer between the FOC 
and tbe main processor. Command bytes are written into the Data Register 
in order to program the FOC. and also Status bytes are read out of the 
Data Register in order to obtain the result after execution of the 
commands. Main Status Register may be read and is used to facilitate the 
data transfer betw(~en the processor and the FOC. The relationship between 
Maln Status Register and l-RD],[-WR] and [RS] signals is shown below. 

! -cs 1 ! H~_l_l- RU] [-WR] FUNCTION 
H X X X Non Select 

L._L __ 1 L L L Illegal 
~L L L H Read Main Status Register 

L L H L Jllegal 
L ~ L II --.1...--J 11 egaJ 

L_!c. H L H Read from Data Register 
L H H J. Write into Data Register 

Edeh bit in the Main Status Hegister are defined as TABLE 1. 
The RQM and DIO bits in the Main Status Register indicate whether Data 
Register is reaay or not and in which direction data wil I be transferred 
on Oa ta Bus 

FIG.1 Main Status Register Timing 

010 ~ 

RQM 

-WR 

-RD 

A I B I A 

A: (DJ()="!.ow" dnd RQM-o"High") 

B: (RQM~"Low") 

C: (OJO="High" and RQM·o"High") 

u 

The processor may write the data in Data 
Registpr. 
Data Register is not ready. 
In data register. data byte which wi II be 
read out by processor is already prepared. 
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BIT I SYMBOL I NAME ! 
07 I RQM I REQUEST I 

06 

I I for I 
i MASTER I 

DID I DATA I 
I INPUT/I 
I OUTPUT I 

! 

TABLE 1 Main Status Registe~ 

MEANING 
Indicates that Data Register is 
the data to o~ to receive the 
processor. 

ready 
data 

to send 
from the 

Indicates the direction of data transfer between 
Data Register and the processor. 
When DID is a "High", transfer is from Data 
Register to the processor. When 010 is a "Low", 

~ __ -'-___ L-____ L. transfer fro,!! the processor to Data Register. 
05 NOM I Non-DMAI Indicates that the FOC is Non-OMA mode. It is i 

:--_-'-___ .L..I....!m"'o"'d::.:e"----L.....!s"-~.t only during Exeqg.ion-Phase in Non-OMA mode, __ .J 
04 CB I FOC Indicates that FOC is in Execution-Phase of a i 

BUSY read/write command, in Command-Phase, or in! 
I Resul t-Phase _______ . __ .. ___________ . ________ , 

03 03B FDO 3 FDO number 3 is in' the Seek mode. 
BUSY 

02 D2B i FOO 2 FDIl number 2 is in the Seek mode. 
LBUSY 

01 DIB I FDD 1 FDD number 1 is in the Seek moue. 
BUsy I - -

DO DOB FDD 0 I FDD number 0 is in the Seek mode. 
BUSY I 

FOC supports fifteen different commands. Each of commands is inltiated by 
a multi-byte transfer from the processor, and the result after executing 
of the command is a multi-byte transfer to the p~ocessor. Because the 
multi-byte information is interchanged between the FOC and the Processor, 
it is rega~ded that each command consists of fol lowing three phases. 

Commands-Phase 

Execution-Phase 
Result-Phase 

The FDC receives the necessa~y information to perform 
a particular operation from the processor. 
The FDC performs the specified operation . 
After the operation Result Status information or 
other information is sent to the processor. 

In the Command-Phase or the Result-Phase, the processor must read out the 
Main Status Register before each byte of information is written into or 
read out from the Data Register. 

When each byte of the command and the parameter is written into the FDC, 
bit 07 and 06 in the Main Status Register must be in high level and low 
level ,respectivel y. 

Because most of the Commands need multiple bytes, the Main Status 
Register must be read out before each byte is t.ransferred to t.he FVC. In 
the Result-phase, the bit 07 and Il6 in Main Status Register must be both 
in high levels before each byte is read out from the Data Register. 

The reading out of the Main St.atus Register before each byte transfer 
to the FDC is necessary only in the Command·Phase and tbe Result-Phase, 
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but it is not always necessary in the Execution-Phase. 

When the FDC is in Non-DMA mode, the receipt of each data byte (if the 
FDD is now reading out data from the FDD) is indicated by the Interrupt 
signal on the eighteenth pin. 

The generation of the Read signal ([-RD]=O) will not only output the data 
on the data bus but also reset the INT signal. If the processor can not 
deal with interrupts fast enough (within 13us for MFM mode.), then it 
examines the Main Status Regjster, and then bit 7 (RQM) functions just 
like the Interrupt signal. Similarly in the Write command, Write signal 
resets the Interrupt signal. 

If the FDC is in the DMA mode, then the Interrupt signal is not generated 
during the Execution-Phase. When the each data byte is available, the FDC 
generates DRQ(DMA request) si gna 1. Then the DMA controlJ er generates both 
DMA Acknowledge signal and Read signal ([-DAC]=O and [-RD]=O). 

In a Read command, when the DMA acknowledge signal becomes low level, the 
FDC automatically resets the DRQ. In a Write command, [-WR] is 
substituted for [-RD]. If the Execution-Phase is terminated (Terminal 
Count has been inputted), the Interrupt request is generated. This means 
the beginning of the Result-Phase. When the first data byte is read 
during the Resul t-Phase, Interrupt signal is automatically reset. During 
the Result-Phase, all data bytes shown in the COMMAND TABLE must be read. 

For example, the READ DATA COMMAND has seven data bytes in the Resul t­
Phase. All seven data bytes must be read out in order to complete the 
READ DATA COMMAND. This FDC will not accept the next command until all 
these seven dat.a bytes are read out. In the same way, all the data bytes 
of the other commands must be read out during the Resul t-Phase. The FDC 
has five St.atus Registers. The Main Status Register mentioned above can 
always be read out. by t.he processor. The Other four Result Status 
Regist.er (S'I'O,ST1,ST2,ST3) is availabJe only in the Result-Phase, and 
read out. only after the termination of the command . 

The specified command determines how many the Result Status Registers 
will be read. The COMMAND TABLE shows the data bytes that are sent to the 
FDC in the Command-Phase and read out from the FDC in the Resul t-Phase. 
That is, the command code must be sent first, and the other bytes must be 
sent in order. So the Command-Phase and the Result-Phase can not be 
shorten. When the last data byte in the Command-Phase is sent to the FDC, 
the Execution-Phase automatically starts. Similarly, when the last byte 
in the Result-Phase is read out, the command is automatically terminated, 
and then the File is ready for a new command. 
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4.3.2 Po 11 ing Feature of the FDe 

After the SPECIFY COMMAND has been sent to the FDC, the drive select 
signals, the DSl and DSO , are automatically in the polling mode. 
Between the commands (and between the step pulses in the Seek mode), 
the FDC checks the four FDDs looking for a change of the ready signa Is 
from drive units. 

If the Ready signal is changed, then the FDC generates the Interrupt 
signa 1. After the processor has issued the SENSE I NTERRUPT STATUS 
COMMAND, the Result Status Register 0 (STO) is read out, and t.he Not 
Ready bit (NR) in STO shows the present status. Because of the po] ling of 
Ready signal between the Commands, the processor can notice which drives 
are on line or which drives are off line. 
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4.3.3 Track Format (IBM Format) 

INDEX 

Gap4a SYNC lAM GAPI 

'FF" . 00' 'FC' 'FF' SECTOR 
FM I 

x40 x6 xl x26 

. 4E' . 00' 'C2' 'FC' '4£' SECTOR , 
MFM I 

x80 xl2 x3 xl x50 , 

.......... 

..... 
SYNC IDAM C H R N CRC Gap2 SYNC 

'00 . 'FE' 'FF' '00' 
FM 

X6 xl xl xl xl xl x2 x21 x6 

. 00' . AI' 'FE' '4E' . 00' 
MFM 

xl2 x3 xl xl xl xl xl x2 x22 xl2 

Missing Clocks in Address Marks 

FM MFM 
AM 

Data Clock Data Clock 

lAM FC D7 C 2 I 4 

IDAM FE C7 Al OA 

DAM FB C 7 Al OA 

DDAM F 8 C 7 Al OA 
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Gap4b 

SECTOR SECTOR 
2 ... n 

SECTOR SECTOR 
2 ... n 

'" ". ". '. 

. ..... 

DAM 
(DDAM) 

'FB' 
('F8') 
xl 

. AI' 'FS' 
('F8') 

x3 xl 

"""" ...... 

DATA 
C~C 

*1 

(*Il Prograuable 

......... 
...... 

GAP3 
*1 

TC8565P/F 
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4.3.4 MFM rules 

The data bit is written where the each bit will correspond to the center 
of the bit sell with "1". The clock bit is written at the head of the bit 
cell with "0" whose previous bit cell has "0". 

Bit Cell 

MFM 

D : Data Bit 
C : Clock Bit 

FIG.2 MFM Rules 

1111101011101010111010101 

D D CDC CDC C 

I I I I I I 
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5 COMMAND 
5.1 COMMAND TABLE 

(x:Don't care) 
READ DATA COMMAND 

Phase R/W D7 
NT 

I x 
I 
I 

C W I 
I I 
I L 
I I 
L. I 
LE I 
I I 
I I 
I I 
I R R I 
I I 
I I 
I I 

WRITE DATA COMMAND 

Phase R/W I D7 
I MT 
I x 
I 
I 

C W I 
I 
I 
I 
I 

E I 
I 
I 
I 

R R I 
I 
I 
I 

D6 D5 D4 D3 D2 
MFM SK 0 0 1 
x x x x HS 

c 
H 
R 
N 

EOT 
GPL 
DTL 

STO 
STI 
ST2 
c 
H 
R 
N 

D6 D5 04 03 02 
MFM 0 0 0 1 
x x x x HS 

c 
H 
R 
N 

EOT 
GPL 
OTL 

STO 
ST1 
ST2 

C 
H 
R 
N 

D1 
1 
DS1 

01 
0 
OS! 
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DO Remarks 
0 Command code 
DSO 

* ID information of 

* starting sector 
* of command 
* execution 

Data transfer 

* ID information 
* of end sector 
* of command 
* execution 

00 Remarks 
1 Command code 
OSO 

* ID information of 
* starting sector 
* of command 
* execution 

Oata transfer 

* 10 information 
* of end sector 
* of command 
* execution 
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WRITE DELETED DATA COMMAND 

I Phase R/W I 07 06 D5 D4 D3 D2 Dl DO I Remarks 
I I MT MFM 0 0 1 0 0 1 I Command code 
I I x x x x x HS DSl DSO I 
I I C I * ID information of 
I I H I * starting sector 
I C W I R I * of command 
I I N I * execution 
I I EOT I 
I I GPL I 
I I DTL I 
I E I I Data transfer 
I I STO I 
I I STl I 
I I ST2 ~ 
I R R I C I * ID information 
I I H I * of end sector 
I I R I * of command 
L I N I * execution 

READ DELETED DATA COMMAND 

Phase R/W I D7 D6 D5 D4 D3 D2 Dl DO I Remarks 
I MT MFM SK 0 1 1 0 O~ Command code 
I x x x x x HS DSl DSO 
I C * ID information of 
I H * starting sector 

C W I R * of command 
I N * execution 
I EOT 
I GPL 
I DTL 

E I Data transfer 
L STO 
I STl 
I ST2 

R R C * ID information 
H * of end sector 
R * of command 
N * execution 
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READ DIAGNOSTIC COMMAND 

Phase R/W i D7 DB D5 D4 D3 D2 Dl 
I 0 MFM 0 0 0 0 1 
i x x x x x H5 D51 
I C 
L H 

C W I R 
I N 

EOT -------
GPL 

L- i DTL 
E i 

L STO 
I STl 

R R 
H 
R 

L- N 

READ ID COMMAND 

LPhase i R/W I D7 D6 D5 D4 D3 D2 Dl 
! C W ~MFM 0 0 1 0 1 
I I x x x x x HS DSI 
I E I 
I I STO 
I I STI 

I 5T2 
R R I c 

H 
R 
N 
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DO I 
0 I 
DSO I 

I 
J 
I 
I 
~ 

I 
I 

DO 
0 
DSO 

Remarks 
Command code 

* ID information of 
* starting sector 
* of command 
* execution 

Data transfer 

* ID information 
* of end sector 
* of command 
* execution 

Remarks 
Command code 

Data transfer 

* The first correct 
* ID information 
* read out during 
* Execution-Phase 

TC8565P/F 
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FORMAT COMMAND 

Phase I R/W I D7 D6 D5 D4 D3 D2 Dl DO 
I I 0 MFM 0 0 1 1 0 1 

I i x x x x x HS DSI DSO 
C I W I N 

I I SC 
I I GPL 

I D 
E I 

I STO 
I STI 
I ST2 

R R I C 
H .-i 

SCAN EQUAL COMMAND 

Phase R/W I D7 D6 D5 
I MT MFM SK 
I x x x 
I 

I I 
C I W I 

I I 
I I 
I I 
I I 

E I I 
I I 
I I 
I I 

R I R I 
I I 
I I 
I I 

R 
N 

D4 
1 
x 

C 
H 
R 
N 

EOT 
GPL 
STP 

STO 
ST1 
ST2 

C 
H 
R 
N 

D3 
0 
x 

D2 D1 DO 
001 
HS DSI DSO 
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I 
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Remarks 
Command code 

i 
I 
I 
I 

Data transfer ---1 
I 

* No meaning in 
* this case I 
* I 
* ..--J 

Remarks ---.J 
Command code I 

I 
* ID information of I 
* starting sector I 
* of command I 
* execution I 

Data transfer 

* ID information 
* of last compared 
* sector 
* 

! 
I 
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SCAN LOW or EQUAL COMMAND 

Phase R/W I D7 D6 D5 D4 D3 D2 Dl DO Remarks 
I MT MFM SK 1 1 0 0 1 Command code 
I x x x x x HS DSI DSO 
I C ) information of 
I H I starting sector 

C W I R I * of command 
I ;-J J * execution 
I EaT I 
I GPL I 
I STP I 

E Data transfer 
STO 
STI 
ST2 

R R C * TO information 
H * of last 
R * compared sector 
N * 

SCAN HIGH or EQUAL COMMAND 

Phase R/W I D7 D6 D5 D4 D3 D2 D1 DO I Remarks 
I MT MFM SK 1 a 1 I Command code 
I x x x x x HS DSl DSO I 
I C I * ID information of 

H I * starting sector 
C W R ___ ... _.----J * of command 

~ ---.J * execution 
EaT I 
GPL I 
STP I 

E I Data transfer 
I 5TO I 
I STI I 
I ST2 I 

R R I C I * ID information 
L H I * of last 

I R I * compared sector 
I N I * 
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SEEK COJIMAND 

Phase R/W I D7 D6 D5 D4 D3 D2 Dl DO Remarks 
I 0 0 0 0 1 1 1 1 Command code 

C W I x x x x x x DSl DSO 
I NCN 

E I Seek 

RBCALIBRATE COJIMAND 

Phase R/W D7 D6 D5 D4 D3 D2 Dl DO Remarks 
C W 0 0 0 0 0 1 1 1 Command code 

! x x x x x x DSI DSO 
E I Recalibrate 

;,' 

:~ 

SENSE INTERRUPT STATUS COJIMAND 

Phase I R/W I D7 D6 D5 D4 D3 D2 Dl DO Remarks 
C I W I 0 0 0 0 1 0 0 0 Command code 
R I R I STO 

I I PCN 

SPECIllY COJIMAND 

Phase I R/W D7 D6 D5 D4 D3 D2 D1 DO Remarks 
I o 0 0 0 0 0 1 1 Command code 

C I W SRT I HUT 
I HLT ND 
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SENSE DEVICE STATUS COMMAND 

Phase I R/W I D7 D6 D5 D4 D3 D2 D1 DO Remarks 
C I W LI ~O~~O~~O~~O __ ~O __ ~l __ ~O~~O~~ Command code 

I I x x x x x HS DSl DSO 
R I R I ST3 

I NVAL ID COMMAND 

Jha.~_--LEL!"...LY.l __ J?'§ __ 1J5 ___ 12_'LJ~L_J!_L lJ1 DO Remarks 
'--__ JL _______ \\l _______ I'!ya 1 id c~~~s,-' ____ -'--__ 
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I SYMBOL 
I C 
L ___ ._ 

TABLE 2 Symbols in the COMMAND TABLE 

. :iiA~.!L __ L DE""SccC::cR:c:.I.:..P-'-T.:cIO:.:;N"--______ ---1 

Cylinder I Indicates the cylinder number. 
_~lLl1lb_e.L ___ J___ _ ________ . 

I D ~lta 1 Indicates the data pattern which is going to 
~ _____ -L _____ .. _--.L1>.~..\'Iri tten_Lnto da!Lfleld..:__ J 
L1E.:.J~Q_ LJ2a t a Bu_s_LJUl_ttQ.C!taj111s_,_D.7_0 _MS!l_'!.n.2_R.O_ i s LSB_. _.J 
I IlSl,O ! Drive 1 Indicates the drive number(O,1,2,3). I 
L _______ ~ I eet __ _.L ___ . ___________________________________ -' 

1 DTL I DATA IF N=OO, indicates the data length per 
L __ . ____ L Length I sector which is going to be~:2sed. _----.J 
I EDT 1 End of I Indicates the last Sector of a cylinder. 1 

Ir:clft ____ -L____ _ ________ .J 
Gap I Indicates the length of Gap 3 (see 4-3-3 

J,,~ngt.h .. __ ... L[£.C!fI5.Jor~l1l.a.LL. __ _ 
! H Head I Indicates the logical head address. 
~ _____ .L_~(ldrf~'i_s. ___ L_ .... ____ _ 
i HS 1 Head I Indicates the physical head address. 

HLT In<iicatl's thf> head load time of FDD 
by Specify Command. 

defined 1 

Load I 
__ . ___ . __ .. _______ ._J 

i HUT Head Indicates the head unload time after a read 1 

1 Unload or write operation has completed which is 1 

L_ ___LILI1l~ ____ _L~jeLi!.ll':.~Ll?L~2.~f_Lfy __ ~oJ!l!ll_a_n.d _ __ J 
I :>1FM 1 MD'I I If "Low" , FM modE' lS selected. If "High", I 

_L ."!Qge_. __ __ Lill'-.M __ I1l()d~_.i§. S. Ql.~~!!':...L _____ . _____ . __ . __ . ___ 1 
MT I Mul ti I If "High" , multi track operation is to be 1 

L ______ l_Track _____ LQ~!:.f.Qrmed. ___ .___ _ _ . ____ .... _._. __ .. __ . ______ J 
I :ii 1 :iiumber l:ii is the code which indicates the number of 
L._ j . .. ______ LQ!!:t.a. __ b..Y:t.~.s ..l"r i!.te~ .in_ .C1_ ~.I:.~t2.r._,-... _ .. ___ . 
I :iiC:ii ; :iif'W I Indicates the new cylinder number to be 
I 1 Cylindl'r I reached ns a result of the seek operation. 
1 l_:iiumb_~!:......_L 
1 :iion-DMA 1 Indicates till' Non-DMA mode. Defined by the 

PCN 
__________ L~c i fY_C()l'lm_al~d...:_ 

! Present 1 Indicates the cylrnder number when the Sense 
1 Cylinder 1 Interrupt Status Command has completed. 

L-__ LNumber _~ ___________________ . ___ . __ .. _. ___ .... __ ._ 
L1L __ --.-Ll3ecord_...LLn.di~at~.-!~ sec..!:!:!.!' __ n-'l!!l_b~:.._______ __J 
I H/W I [,eCld/ I Indicates whether Read or Wri te. I 
~. __ J_Ji!:..i te. __ ._L _. _____ . __ ._ .. ___ . ______ .... _____ ._. ______ . ___ . _____ . _____ .J 
LSS ___ ._.L~.fctox __ ~dj ca!.es thA..!IJ.l.l1l.ber of _~~_ct.9r....J2IT __ ~..i_n9_~r~ 
1 SK 1 Skip 1 Tndicates the skip of thp sector which has I 

L- 1 I !lDAM 01' DAM. 1 

1 SRT I Step I Indicates the step rate of FDD which is 1 

I 1 Rate I defjned by Specify Command_ 1 
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-~ 

SYMROL 
,~ ',E I DESCRIPTION I 

STP Step I DurIng the Scali operation , if STP is "1" , I 
I then data in contiguous sector is compared I 
I byte by byte wHh dilta sent from the I 
I processor ,and if STP is "2" ,then alternate I 
I sectors are read and compared. J 
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5.2 Co_and Description 

During the Command-Phase, the CPU must examine the Main Status Register 
before the writing of the each data byte into the Data Register. The 010 
and RQM in the Main Status Register must be in a low level and a high 
level, respectively, before each byte is written into the FDC. 

5.2.1 READ DATA COMMAND 

The FOC needs nine data bytes in order to execute the READ DATA COMMAND. 
After the READ DATA COMMAND has been issued, the FDC loads the head (if 
it is in unload state), and waits the specified head load time. After 
the head load time has passed, the FDC begins to search 10 Address Marks 
and read ID fields. If ID information stored in the ID Register agrees 
with ID information in ID field read from the diskette, then the FDC 
outputs data from the data field byte-by-byte to the main system via the 
data bus. 

After the read operation of the current sector has been completed, the 
Sector Number (R) is incremented by one , the FDC reads the data from the 
next sector , and outputs the data on the data bus. 

This continuous read function is called a "Multi-Sector Read Operation". 
The READ DATA COMMAND may be terminated by receiving a Terminal Count 
(TC) signal. If the FDC receives a TC signal. the FDC stops outputting 
data to processor, but continues to read data from the current sector, 
and checks the CRC(Cyclic Redundancy Code) bytes, and then terminates 
the READ DATA COMMAND at the end of the sector. 

The amount of data which can be handled with a single command to the FDC 
depends on MT(Mul ti-Track), MFM(MFM/FM) , and N(Number of bytes/sector) . 
The Transfer Capacity is shown in TABLE 3 below. 

TABLE 3 Transfer Capacity 

Maximum Transfer Capacit~ 
MT MFM N Bytes/Sector I Number of Final Sector 

Sector 
0 0 00 128 26 SIDE 0 SECTOR 26 or 

01 256 SIDE 1 SECTOR 26 
1 0 00 128 52 SIDE 1 SECTOR 26 

1 01 256 
0 0 01 256 16 SIDE 0 SECTOR 15 or 

1 02 512 SIDE 1 SECTOR 15 
1 0 0] 256 30 SIDE 0 SECTOR 15 

1 02 512 
0 02 512 8 SIDE 0 SECTOR 8 or 
1 03 1024 SIDE 1 SECTOR 8 
0 02 512 16 SIDE 1 SECTOR 8 
1 03 1024 
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Tnls FDC can read out the datd from both sides of the diskette by the 
MultlTrack functIon. Data transfer will he pprformed from the Sector 1 
of Side 0 to the leist Sector of Side 1 fOI' a particular cylinder at a 
time. But this fUllction is "frective to only one cylinder of the 
diskette. 

Aft.er the reading out of the last sector, the FOC must receive the 
Termina 1 Count If the FDC does not receive the TeI'minal Count signal, 
then the FI)C set s HlP EN( end "f cy 1 inder) fl ag of STl to a hi gh 1 eve 1 and 
t.erminates the READ DATA COMMA1\D (bits 7 and 6 of STO is also set to a 
low level and a hIgh level respectively: abnormal termination). 

When 1\-0, DTL deflnes the data length which the FDC must treat as a 
sector. IF DTL is sma.ller theW the actual data length in a sector, the 
data heyond DTL In the sector' is not sent to the data bus, but the FDC 
reads the whole sector internally, and then checks CRC bytes. When NiO 
OTL has no meaning. 

When the READ DATA COMMA"D has been completed, the head is not unloaded 
until the Head Unload Timelspecifled in the Specify Command) has passed. 
When the processor issueb thp next command (a read/write command) before 
head is un loaded, the head load time of the commdnd is sa lied. 

If the FDC can not find out the right sector untIl the FDC detects the 
Index Hole twice, and the FDC sets the ND(No Data) f lag in STl to a high 
level, and the READ DATA COMMAND will be abnormal terminated (bit 7 and 
bit 6 in STO set to a low level and a high level respectively). 

After t11P. reading of the III fip-Id <lOll the data field of the each sector, 
the FOC checks the CRC bytes. If a read error (incorrect CRC bytes in the 
In field) is detected, the FDC sets the DE(Data Error) flag of STI to a 
high level, and if data error in the data field IS detected, the DD(Data 
Error in Data Field) flag in 5T2 is sel. to a high level, and then the 
READ DATA COMMAND is abnormal terminated. 

IF the FDC read a Del eled Data Address Mark i.n the diskette, and SK bi t 
(05 hit in the Command code)is not set, then the FDC sets CM (Control 
Mark) flag to a high level after reading out all lhe data in the sector, 
and terminates the READ DATA COMMAND. When SK=l, the FDe skips the Sector 
that has DllAM, and reads out the next sector. 

During the data transfer between the FDC and the processor, the FDC must 
receive the service from the processor within 25us in FM mode, and 13 us 
in MFM mode. If the FDC does not receIve this service, the FDC sets OR 
(Over Run) flag to a high level, and terminates the READ DATA COMMAND 
(abnormal termination). 

If a read (or write) operation is terminated by inputting the Terminal 
Count signal, the information of Result-Phase is defined by MT bit and 
EOT byte. TABLE 4 shows the value for C,H,R and N when the command is 
normally terminated. 
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TABLE 4 ID Information at Normal Termination 

~If EnTI r Ina I 1I',lIlsfpl'rpr! SpctOl' lD lnforma t iOIl in Result Phasel 
C II R I ~ 

J,\ S"clol' to 25 elt Sidp 0 I 
Of Spctor to 14 .It Sidp 0 :\C w: R' J I :-;C 
Oil "pc lor to 7 at S ](lp 0 I 
1.\ S('l t (l t~ 2(; at Sid" 0 I 
OF Sl'ctot' 15 at Side 0 (,,1 :\c R-lll I ~C 

0 OR ()('l'tOI' il ,II "leI" 0 I 
IA Sector to 25 at Side I 
OF Sector to 1-1 dl "irlP :\C ~C R- 1 I :\C 

08 Sector to 7 dt SIde 1 I 
1,\ SpcluJ' 2() il\ Sidp 1 I 
OF Spctor J:) at S i (jp I C-l ~C R'Ol I NC 
08 Spctor 8 at Side 1 I 
1A Sector to 2" at- Sldp 0 I 
OF Spctor to 14 at Side 0 :\C :-;C H'l I ~C 

08 ',pc ttll- to 7 ilt Sidp 0 I 
1,\ Secto[' 2G at Side 0 I 
M Sector 15 ,I t Slele 0 NC LSR H'-OI I :\C 

I 08 Sector 8 at SJde 0 I 
1,\ SpctO!' tr) 25 '\ t Side I 
OF St'ct Ill' to II il\ Side 1 ~C ~C R+l I NC 
08 SP.c!!)r to 7 ilt Side I I 
1A c,t.::>C t or 2() <it Sidp 1 I 
OF Sector 15 at Sid .. 1 C -I LSIl R·eOl I :-;C 
Oil Spctor 8 at Sldf' 1 I 

NOU's: ;';C(:-io Clldnge) , The same Vi1lIlP as Ihp one at the 
heginning of commilnd "xpcution, 

l,SB( Lpast SignIfIcant Bi t): The least signlficdnt III t of H IS 

complf'lIIt'lItf'd 
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5.2.2 WRITE DATA COMMAND 

The FDC needs nine data bytes in oertel' to execute the WRITE DATA COMMAND. 
If the WRI,E DATA COMMAND has been issued, the FDC loads the head (if the 
head is in the unload state). After the specified head load waiting 
time(defined in the SPECIFY COMMAND) has passed, the FDC begins to read 
the ID field. If the sector number stored in ID Register (IUR) matched 
with the sector number read from the diskette, then the FDC takes data 
from the processor byte-by--byte via the data bus, and outputs to t.he FDD. 

After the wri ting the data into the current sector, the FDC increments 
d,e sector number .,tored In R by one, and then the rllC writt's tilt> next 
data field. The FDC continues this Multi-Sector write operation until 
the Terminal Count signal is issued. Even if the FDC has recei ved the 
Terminal Count signal, the FDC continues writing for the sect.or, and the 
data field wi]] be completed. If the lIDC receives the Terminal Count 
signal while the FDC is writing data in data field, then the remained 
data field will be fil] ed with 00. 

The FDC reads out the each sector of III field, and checks the eRG bytes. 
If the FDC finds out the Read Error in ID field (incorrect CRC bytes), 
the FDC sets DE (Data Error) of STI to a high levpl, and terminates the 
WRITE DATA COMMAND(Abnormal termination). 

The rules of the WRITE COMMANDs are much similar to the rules of the READ 
DATA COMMAND. The following items are same; see the previous section 
(5.2.1) . 

Transfer Capacity 
EN flag 
Head unload time 
ID information at the normal termination 
Meaning of DTL when N=O and when NI 0 

During the execution of the WRITE DATA COMMAND, the data transfer between 
the processor and the FDC must be performed within 31us in FM mode, and 
15us in MFM mode. If it is not performed, the FDC sets OR flag of STI to 
a high level, and terminates the rommand (Abnormal Termination). 

5.2.3 WRITE DELETED DATA COMMAND 

Thj s command's d,e saIne commdnd as the WRl TE DATA COMMAND except tha t 
the FDC writes the DDAM (Deleted Data Address Mark) at the beginning of 
the Data Field instead of the normal DAM (Data Address Mark). 

5.2.4 READ DELETED DATA COMMAND 

This command is the same as the READ DATA COMMAND except that the FDC 
reads the sectors with DDAM instead of those with DAM at the beginning of 
a Data Field. If the FDC detects DAM and SK=O ,then the FDC wil I read the 
whole sector and set CM flag in ST2 to a high level and terminate the 
command (Normal Termination). If the FDC finds out DAM and SK~1 then the 
FDC will skip the sector with DAM and read the next sector. 
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5.2.5 READ DIAGNOSTIC COMMAND 

This command is thp <;dme as thE' READ DATA COMMA;';!> I'xcept that the FDC 
reads all the data continuously from each sector of a track. Just after 
tlw FDC rpc(,jves the Tn<l(>)o. signal, the FDC bf'gins to rp-ad clut all the 
data field on the track as a continuous block. Even if the FDC finds out 
tht' CRC error ill IlJ OJ" d,tta field, the FDC contlllues to read data from 
the track. The FDG compares the ID information read out from each sector 
with the value stored in TDR, and if there is no comparison, the FDC sets 
:\D f;',lg fO a high level. rhis command has Ileitiwr the Multi-Track 
function nor the skip functIon. 

This commdnd wi 11 bf! terminated when EOT nu,nbpr of sectors have been 
read out. When ID Address Marl< on the dIskette is not found out unti I the 
FIlC finds out the Index Hd II twicf', lilA (Missing Address Mark) in ST1 is 
set to a high level, and thp command is terminated(AbnoJ"mal Termination). 

5.2.6 READ ID COMMAND 

Th i s command is USt!ri to In fOl'm the processor of the currellt head point 
The FDC stores the first ID information to bE' read out. If the right ID 
Address Mark is !lot found on tht> di<;kette unti 1 tlw FDC fInds out the 
Index Ha 11 tWIce. the FDC sets MA f lag in STI to a high level. and if 
there is no ID fieJd without CRC error, ND flag in S1'1 is set to a high 
level, and the command is terminated(Abnormal Termination). 

5.2.7 FORMAT COMMAND 

The Format Commdnd allows an entirt~ track to lw forlllal Leu. Aftt~r the 
Index Hall IS detected, the FDC writps data on the DIskette. Gaps, 
Address Marks, ID fiplds and Data fields in TBM System34 (double density) 
or IBM ~ystem3740 (single densi ty) Format are recorded. The particular 
format IS controlled by the values programmed in N.SC,GPL and D during 
the Command-Phase The data byte stored in D is written into the data 
field. The data bytes of ID field in each sector is provided by the 
pt'ocessor. That is, thp FDC requests four d,tta bytes per sectOt' for C, H. 
Rand N. This function allows the diskE'tte to be formatted with 
nonsequential sector numbers. 

After the each sector Is formatted, the processor must send the new 
values of C.H,R and N to the FDC for the next sector on the track. Aftet' 
a sector is formatted, the contents of the R-register is incremented by 
one. Thus. when the R regi&ter is read out during the Result-Phase, it 
contains a value of R'1. This incrementing and formatting continues for 
the track unti I the FDC detects the Index Ha 11 for the second time. When 
thp FIlC finds the Index Hall twice, the command is terminated. 

When the FDe received the Fault signal from the FDD at the end of the 
write operation, the FDC sets the EC flag in STO to a high level, and 
sets bit 7 and bit 6 in STO to a low level and a high level respectively, 
and terminates the command. If the Ready signal changes to a low level at 
the beginning of the command execution, then the command is terminated. 
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rABLE 5 shows the Ie lntionshi[J uf N, SC '1nrl GPL fnr V'lrlOllS Sf'C\"l' sizes 

TABLE 5 Relationship of Sector Sizes 

FOR~AT ISECTOR SIZE I N sc Cpr. ! "E~ARKS I 

I bytf" sf'ctorl ( 16) ! (16) I (16) i 
fM 128 I 00 1A I 1B i IHM DiskeUp 

mode 2,,6 ~ OF 2/\ ; IBM Disk,'t te 2 

,,12 I 02 08 :IA 
:D2cl 03 04 ! 

20·18 0·, 02 
409G 05 01 ! 

MFM 25G (11 1A :lG LIIl~ Di skpttf' 2D 
mode ,,12 02 OF 34 

102·1 03 Ok 7cl IBM !liskette 2D 
2048 I 04 04 
..J O!)() 05 02 
H1H2 Of:; 01 I 

5.2.8 SCAN COMMAND 

Thp SCAN CO~~ANDs ,!llow th(' dilta r('ad frpm the diske>tte to 1)(' compared 
with the dilta sent from the Milin System (the processor in ~on~DMA mode, 
and the DMA controller in DAM lIlode). The FIle compares the data byte-hy­
byte, and searches the sector which meets the condition(equal. IowaI' 
equal, hIgh or equal). 

After a entire sector is compared ,if the condition lS not met, the 
sector number is increment.ed (R,STPc.R), and the scan operation is 
continued. The scan operation i~ continued unti 1 the fol lowing conditions 
occur 

o The conditions for scan are met (equal,high or equal,low or equal) 
o The last sector on the track (EOT) is reached. 
o The Terminal Count sjgnal is recei\·ed. 

If the scan equal condition ,He met, the FOC sets SH(Scan Hit) flag in 
ST2 to a high lev" i, and thpn thE' ,)CA:\ COMMAND is tE'rminated(Normal 
termi na tion). I f the cor:d i t ion for scan is not met hetwE'en ~he starti ng 
secto]' (specifiE'd by R ) and the las t_ sector (FOT) nn the same cyJ inder, 
the FDC sets the SI\' (Scan Not Satisfied) flag in ST2 to a high level. and 
then terminates the command. If the FIlC receives the Terminal Count from 
the processor 01' the DMA cont.roller during the scan opera':ion. trw roc 
completes the comparison of the data hyte in process. and thE'n terminates 
the command. TARLE 6 shows the status of hit Sl\' and SH undel' thp SCiJn 
condi tiOIlS. 
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TABLE 6 Scan Status Codes 

COMMAND ST2 COMME~TS I 
SN I SH I 

SCAN 0 1 1 DlSK - ~AIN I 
EflEAL 1 I 0 DISK f MAIN I 

SCAN 0 1 1 DISK MAIN I 
LOW or 0 I 0 DISK < MAl;>; I 
EQUAL 1 I 0 DISK > MAIN~ 

SCAN 0 I DISK MAIN I 
HIGH or 0 I 0 DISK > MAIN I 
EQUAL I 0 DTSK < MAIN I 

If the FDC finds out the DDAM on the sector and SK=O, then the FDC 
reg<lrds the sector as the last sector on the cylinder, and sets the eM 
flag in ST2 to a high levE'l, and terminates the command (Not'ma 1 
Termination). If SK=l, the FDC skips the sector with DDAM, and reads out 
the next sector. Then the FOC sets CM flag in ST2 to a high level in 
order to show that the DDAM is found out. When either STP or MT is 
programmed, the FOC must read out the last sector on the track. For 
example, if STP=02, MT~O and the sectors are numbered in sequence 1 to 
2G, and SCAN COMMAND is started from the 21 Sectot', then the FDC I'eads 
out the sector 21,23,25 and skips the next sector 26 , and finds out the 
Index Hall before reading the EaT value of 2G. Thi.s resul t causes the 
abnormal termination of the command. If EaT js set at 25 or the scanning 
IS started at the sector 20, then the command will be normal termination. 

iJudng the SCAN COMMAND, it is npceSS<lry t () tr,lfIsfer the data wh lch wi 1 1 
be compared with the data read out from the diskette to the FDC by 
whf!ther the processor or thp IJMA contl'cd Jer. Tf the data art' not 
transferred within 27us in FM mode and l:'lls in MFM mode, the FDC sets the 
OR (Over Run) f lag in S1'1, anel terminates the command (Abnormal 
Termination) . 

5.2.9 SEEK COMMAND 

This commalJd is uSt'd to move the Read/ WI' i te Head from cy 1 inder to 
cy I inder The FDC compares the PCN wh ich is curt'ent head pos 1 tion wi th 
the "'CN. lf there is a diffel'!'llce, th!' FIle performs the following 
operation. 

PCN < ",CN : Djrection signal to the FDD is set to a high 1 eve 1 ,il nd the 
Step Pu 1 ses are issued (Step In) . 

PC", > NCr-;: Direction signa 1 to thp FOD is set to a low 1 eve 1 ,and the 
Step Pulses are issued (Step Out) 

The rate of outpntting the step pulses is controlled by the SRT (Step 
Rate Pulse) in the SPECIFY COMMAND. The FOC compares NCN with PCN at 
outputtjng the step pulses, and if NCNo"PCN, then SE (Seek End) flag in 
STO is set to a low level, and the command i.s terminated. The FDC is in 
FDC Busy state during the Command "Phase of this command, but the FDC is 
in Non-Busy state during the Execution-Phase of this command. If the FDC 
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is in Non-Busy state, the FDC accepts another SEEK COMMAND. This function 
allows the FDC to do the para] leI seek operation for up to 4 FDDs at a 
time. 

If the FDD is in the Not Ready state at the beginning of the Execution­
Phase of this command or during the seek oper'ation, the NR (Not Ready) 
flag in STO is set to a high level and the command is terminated. 

5.2.10 RECALIBRATE COMMAND 

The Read/Write Head within the FDD is moved to the Track 0 position under 
control of thE' RECALIBRATE COMMAND. The FDC clears the contents of PCN 
register, and checks the Track 0 signal. If the Track 0 signal is ill a 
low level, the FDC sets the Direction signal to a low level, and issues 
the Step Pulses. 

When the Track 0 signal changes to a high J eve I, the FDC spts SE (Seek 
End) flag to a high level, and terminates the command. If the Track 0 
signal is still low after the Fl)e has issued the 77 Step Pulses, SE flag 
and EC f lag in STO are set to both high levels, and the command is 
terminated. The RECALIBRATE COMMAND is the same as the SEEK COMMAND about 
the function to overlap the operation to multiple FDDs and about the loss 
of the Ready signal. 

5.2.11 SENSE INTERRUPT STATUS COMMAND 

The FDC generates the Interrupt signal by the following reasons. 
1 The beginning of Result-Phase in the Following commands: 

a READ DATA COMMAND 
b READ DIAGNOSTIC COMMAND 
c READ II) COMMAND 
d READ DELETED DATA COMMAND 
e WRITE DATA COMMAND 
f FORMAT COMMAND 
g WRITE DELETED DATA COMMAND 
h SCAN COMMANDS 

2 The change of Ready line of FDD. 
3 At the end of the SEEK or RECALIBRATE COMMAND. 
4 During the Execution-Phase in the Non-DMA mode. 

Interrupts caused by reason 1 and 4 occur during the normal command 
operation, and the processor can notice the interrupts easi ly. But the 
interrupts caused by the reason 2 and 3 may be identifiE'd with the 
request of issuing the SENSE INTERRUPT STATUS COMMAND. When this command 
is issued, Interrupt signal is reset, and bit 5, bit 6 and bit 7 in sro 
indicate the reason of the interrupt. 

Neither the SEEK nor the RECALIBRATE COMMAND has a Result-Phase. 
Therefore, it is necessary to use the SENSE INTERRUPT COMMAND after these 
commands in order to terminate them effectively and confirm the head 
position (PCN). 
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TABLE 7 SEEK , INTERRUPT CODES 

-l!.~.TERRUPT CODE· SEEK END MEANING 
BIT 7 : BrT 6 BIT 5 
110 

~----~~--------------~ Changing of the state 
of the READY LINE 

o 0 1 Normal Termination of the I 
L-___ ~ ______ ~ __________ ~ _-.5J'XKi!!!~!i~&AL 1 BRAIUOMMANll ~ 

o 1 1 Abnormal Termination of the ! 
~ _____ "___ _ _______________ ~ __ 2EEILand_B.ECALIBR~I!L~Qk!~ND..J 

5.2.12 SPECIFY COMMAND 

Th is SPECTFY COMMAND in i t i ali zes the values of three internal timers. The 
HUT (Head Unload Time) defines the time from the end of the Executioll­
Phase of the read/write commands to the unloading of the head. This timer 
is programmable from 16 to 240 ms at intervals of 16 ms (01=16ms, 
02 c 32ms, .... OF~240ms) 

The SRT defines the tim!' inLnrval between step pulses. This timer is 
programmable from 1 to 16ms in increments of Ims (F=lms.E=2ms 
.... ,f)-16ms). The ELT dpfines the Urn,> from the rising of the Head Load 
signal to the starting of the read/write operation. This timer is 
programmabJe [rom 2 Lo 254 ms in increments of 2ms (Ol=2ms, 02=4ms, 
U3=6rns, ... ,7F=254ms). 

The interval times mentioned above are a direct function of the clock. 
The times indicated above are for a 8MHz clock. If the clock frequency is 
4MHz (mini floppy), aJ 1 thl" times are twice as long as the times 
indicated above. 

The ND bit is a flag to select ttw DMA operation or Non-DMA operation. 
If ND is in a high level then Non-DMA mode is selected, and if ND is in a 
low level then llMA mode is selected. 

5.2.13 SENSE DEVICE STATUS COMMAND 

The processor may use this command whenever it wishes to know the status 
of the FDDs. The drive status information is contained in ST3. 

5.2.14 INVALID COMMAND 

If an invalid command (a command not defined above) is send to the FDC, 
the FDC terminates the command. The FDC does not generate the Inlerrupt 
signa] durjng the Result-Phase. Bit 6 and bit 7 in the Majn Status 
Register set to bolh high levels indicates to the processor tho! the FDC 
is in the Result-Phase and that the contents of STO must be read out. 5TO 
is set to a 80H showing that an invalid command was received. 

The SENSE INTERRUPT STATUS COMMAND must be sent after an interrupt of thf> 
SEEK COMMAND or RECALIBRATE COMMAND has occuned, otherwise the FDC 
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regards this command as invalid. The users may use this command as a Non­
Op command to place the Foe in a stand--by or non-operation state. 
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5.3 RESULT STATUS REGISTER 

5.3.1 RESULT STATUS REGISTER 0 (STO) 

---------------
B:o..I",T"----JI-"S,-,Y-,-,M""Il.;;.O",-LJ.-1 ~N.:;.A.:;.M"'E=----L_--"D:.::E"'S'-"C.:c:R_=_I=-PTI,_Q.~ ____ , ________ J 
D7 

IC 
D6 

i1nterruptl D7=0 and D6=0 I 
Normal Termination of Command (NT), I 

Code i Command was completed and properly I 
L execut""e.;.o.d.:..., __ 
i D7=0 and D6=1 i 
i Abnormal Termination of Command(AT). I 
i Command execution was started, but I 
Lwas no!~cces~L~..£Q'!I.P.!eted_: __ , ___ J 
i D7=1 and D6=0 i 
I Command was Invalid Command(IC). I 
i The command which has been issued I 
~as not started_ _ _______ ~ 
I D7=1 and D6=1 I 
i Abnormal Terminatjon because of the I 

i I changing of the Ready Line from the I 
'-____ " ____ , ____ L. __ -LFDD during the execution of comman!lJ 

I SE I Seek I This flag is set to a "I",when the I 
L_~i ___ --L_En<:L._~~EK COMMAND was completed _ I 
I D4 I EC I Equipment I When the FDC received the Fault I 

Check I signal from the FDD, or when the I 
I Track 0 signal was not set to a "1" I 

after 77 step pulses during the I 
RECALIBRATE COMMAND, this flag is 

~_-'-__ ---.J _____ Lset to a "=..1_",-. _______ _ 
D3 NR Not When the FDD is in the Not-Ready 

Ready state and a read/write command is 
issued, this flag is set. For 
example, when a read/write command 
is issued for Side 1 of a single 

, sided drive, this flag is set. 
I D2 ,HD Head This flag indicates the state of 
~ __ .J.. ____ ._L~c!t!re.§_s_ J.J.he , .ilea_q 1:l!..:t,---"iC!.n~t",e,,,:r.":r-,!u~p.;t-,-. ______ --' 

Dj I DSI Drive i These flags indicate the drive 
I DO I DSO Select i number at interrupt. 
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5.3.2 RESULT STATUS REGISTER 1 (ST1) 

UIT'.L i SYMl}Q!oJ...._B.~t:_~ __ DESCRIPTJ0l'i __ . __ .,--___ .,..-----' 
I D7 EN I End of ! This flag is set when the FDC tries 
I iCylinder i to access a sector beyond the last 

i sector of a cylinder. 
D6 

~------.--------
: D5 DE Data i This flag is set when the FDC finds 
: Error i the CRG Error either in the ID 
L-_._.":' __ ._ ... _._L_ ... ____ . _____ LILpJsLQI_ .!.!J.~ __ di:l_t~ ...fLeL~ _____ ~ 
'D4 OR i Over i This flag is set when the FVC does I 

Run I not receive the service from the I 
j main system during data transfers i 

L-j ___ ~_ I with i.n '!. .I~!"!i:l_-L!J_ ti~_.interval. I 
LD3 __ L-.:: __ ~ ________ L ____ ... . ____ . __ .... ___ ....... _. _________ ._J 
I D2 ! ND I No i a This flag is set when the FDG can I 
I Data not find out the sector specified I 

in the IDR during the execution of I 
following commands: 

READ DATA 
READ DELETED DATA 
WRITE DATA 
WRITE DELETED DATA 
SCAN 

a This flag js spt when the FOG can 
not find the ID fi.eld without the 
CRC error during the execution of 
the READ 10 COMMAND. 

o This flag is set 
starting sector cannot 
during the executing 

when 
be 

the 

the 
found 

READ 
L ____ . __ ~ ___ --L _____ . _-'--~D_=_I:.:.A.Go:::.N("'-)S"-T:....I:...C"_, ....:C~O:::.M_"_M:;.A!!.N"-D::..:. _______ _..J 

Dl NW Not : This flag is set if the FDC detects 
Writablel the write protect sjgnal from the 

FDD during the executing following 
commands: 

WRITE DATA 
i WRITE DELETED DATA 
~~._. __ "-___ --L._. __ F::..O""'R'-"M"'A.:..T'--___ _ 

DO MA Missing a This flag is set if lOAM cannot 
! Address be found out until the FDC finds 

Mark the Index Hall twice. 
a This flag is set if the FDC can 
not find the DAM or DDAM. The MD 
flag of ST2 is also set in this 
case '. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA I 

5,3,3 RESULT STATUS REGISTER 2 (ST2) 

.' 

-...:B"-,Ic,:T'--"-"Sc:.Y"-"Mc:..:B",,O,,,-L..Li _,NAM",-E _~_ DESCH] P.':c...f ",LO",N.:..' _________ --' 

D7 i L ___________ __ _ 
D6 CM I Control While executing the READ DATA or 

Mark I the SCAN COMMAND, this flag is set 
I when the FDC finds alit the sector I 

with the DDAM, During executing the 
READ DELETED DATA COMMAND, this 
flag is set when the PDC finds alit 

L----' _________ .~ _____________ -.!..he SectoL wi th 1he DAM.., _____ _ 
D5 DD i Data This flag is set when the FDC I 

Error in! detects a CRC Error in data field, 
Data 

I Field ---------_._----
D4 NC! No This flag is set when the contents 

Cyl inder' of C on the medi 11m is different 
from that stored in the IDR, This 

~lag is related with the NO fla.R,-__ ~ 
: D3 SH i Scan 'This flag is set if the condition 

i Equal I of "equal" is sat.isfied during the 
'-__ ~ ___ --'-'; S""a",t"-,J,,,' S""f,-,1,-,' e,,-,.d~1 ""exe,.cut i.2_~ of_ th~SCA~._CQ..r1MAN12'-_____ J 

D2 SN; Scan i This flag is set if the FDC cannot 
: Not I find out the sector which satisfies i 

jSatisfiedl the condition during the execution! 
I of the SCAN COMMAN:D_, ___________ -. ___ J 

i Dl Be i Bad ' This flag is set if the content of 

:..... ____ L 
DO MD 

, Cylinderj C on the medium is FF and differs 
from that stored in IDR, This bit 

_-,~i,-"s,- I' e I ate d w Hll.J"h_f', . ...!.'ilLb i L -. _____ . ____ .: 
i Missing This flag i& set if the FDC cannot 

Address find out the DAM or DDAM while the! 
Mark in ' data are read from the medium, 

I Data 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

5.3.4 RESULT STATUS REGISTER 3 (ST3) 

----------------
L~IJ.' .. ~MB.Qh __ ;'lAME ___ -'. ____ DJ,""CRIPTlON 

D7 FLT i Fault ThIS hit indicates the state of the ! 
~ _______ .~ _________ .. ___ • JCl~).1_:~) g!ll!..Lfrom _1he FDD. 

fJ6 WI' Writp This bit indicates the state of the I 

. Protect the Write Protect signal from the i 
Fnn 

1)5 RDY Ready This bit indicates the state of the, 
~ __ ._" _____ . ___ ,_______ Ready sIgna LrE().!I!._t.J~':.._t-f)O " ________ ._, 
: 04 : TKO Track 0 This hit indicates the state of the i 
___ ~ _____ : _____________ " __ Ir:?ck_.9_ ~J.g~laJ from th_e FDD_. ___ ~ 

03 2S Two This bit indicates the state of the, 
~l!l~ ___ ~~).2irlf __ ~ignal from the FDD _____ .....: 

D2 HD Head I This bit indicates the state of the : 
l... __ ~____ ~_ ~<ldLe_s.~ _, J.lei!.<J... ~e I ~\'c! __ .l'l.gn a !_ !9..Jl1~.J::.Q!L..... __ ...J 

DJ DSl Drive This bit indicates the state of the 
-'-___ 'Select 1 Drive Select 1 signal to the E,-"D,-"D:...:._~ 

00 DSO i Drive This bit indicates the state of the I 
L_~' Selec,t 0 I Drive Select 0 signi!.L.:t:.(L!he __ E..R.12..:... __ .J 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA I TC8565P/F 

6 ELECTRICAL CHARACTERISTICS 

6.1 ABSOLUTE MAX I MOM RATING 

PARAMETER SYMBOL RATING UNIT 
Power Supply VDD -0.5 to +7.0 V 
Input Voltage VIN -0.5 to +7.0 V 
Operating Temperature Topr -10 to + 70 °c 
Storage Temperature Tstg -40 to +125 °c 

6.2 DC CHARACTERISTICS 

Ta = -10oC to +70oC VDD ~ 5V ± 5% 

PARAMETER SYMBOL 1 MAX MIN UNIT CONDITION 
Input Low Voltage VIL 1 0 0.8 V 
Input High Voltage VIH 1 2.2 VDD V 
Output Low Current IOL 1 2.0 mA VOL=0.4V 
Output High Current IOH 1-2 . 0 mA VOH=4.6V 
Input Low Leak Current IlL I -10 +10 uA Vin=OV 
Input High Leak Current IIH -10 +10 uA Vin=Vdd 
Suppl:t Current IDD 10 mA 

6.3 AC CHARACTERISTICS 

6.3.1 AC CHARACTERISTICS 

o 0 
Ta ~ -10 C to +70 C VDD = 5V ± 5% 

PARAMETER SYMBOL MIN. TYP. MAX. UNIT INOTEI 
Clock Cycle Time tCY 120 ns 1 -.-J 
Clock "High" Period tCH 40 ns 
-RS,-CS,-DAC Setup Time to -RDl tSR 0 ns 
-RS,-CS,-DAC Hold Time from -RDT tRS 0 ns 
-RD Pulse Width tRR 250 ns 
Data Dela:t Time from -RD! tDR 200 ns 
Data Float Dela:t Time from -RDT tRD 20 100 ns 

L -RS,-CS,-DAC Setup Time to -WRI tSW 0 ns 
1 -RS,-CS,-DAC Hold Time from -WRT tWS 0 ns 
1 -WR Pulse Width tWW 250 ns 
I Data Setup Time to -WRI tDW 30 ns *3 

Data Hold Time from -WRI tWD 30 ns *3 
INT Dela:t Time from -RDT tRI 500 ns *1 
INT Dela:t Time from -WRT tWI 500 ns *1 
DMA C:tcle Time tDRQCY 13 us *1 
-DACI to DQR,L tACDRQ 200 ns 
DRQT to -RDJ tDRQR 800 ns *1 
DRQT to -WR,\ tDRQW 250 ns *1 
DRQT to -RDI/WRT tDRQRW 12 us *1 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TC8565P/F 

PARAMETER SYMBOL MIN. , TYP. , MAX. UNIT NOTE' 
TC Pulse Width tTC 1 , , tCY , 
RST Pulse Width tRST 14 , , tCY , 
WCK Cycle Time , FM mode tWCY , 2 or 4' us *2 , 

,MFM mode tWCY , 1 or 2' us *2 , 
WCK "High" Period tWCH 100 , 250 , 350 ns , 
PSO,PS1 Dela~ Time from WCKl tCP , , 100 ns , 
WDT Dela~ Time from WCKl tCD , , 100 ns , 
WE Dela~ Time from WCKl tCWE , , 100 ns , 
WDT "High" Pulse Width tWDD tWCH-50/ , ns , 
RDT "High" Pulse Width tRDD 40 / ns , 
DW Cycle Time , FM mode tWWCY 2 or 4 us *2 , 

IMFM mode tWWCY 1 or 2 us *2 , 
DW Setu~ Time to RDTI tWRD 15 ns I 
DW Hold Time from RDT~ tRDW 15 ns , 
DSO,DS1 Setu~ Time to -RW/SKl tDSS 12 us *1 , 
-RW/SK Hold Time from LC/DR tSD 7 us *1 , 
LC/DR Setu~ Time to FR/STPl tDST 1 us *1 , 
DSO,DS1 Hold Time from FR/STP! tSTDS 5 us *1 , 
STP "High" Pulse Width tSTP 7 us *1 I 
FR "High" Pulse Width tFR 8 10 us *1 , 
-RW/SK Hold Time from LC/DR tDS 30 us *1 , 

I LC/DR Hold Time from FR/STPl tSTD 24 us *1 , 
~TP C~cle Time tSC 33 us *1 , 
, IDX "High" Pulse Width tIDX 625 us *1 , 

NOTE: *1 8MHz Clock 
*2 The former is for standard floppy 

The latter is for mini floppy 
*3 PRELIMINARY 
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TOSHiBA INTEGRATED CIRCUIT 
TECHNICAL DATA I 

6.3.2 AC Test Waveform 

6.3.3 External Loading Condition for Terminal 

6.3.4 Read Operation 

R S. - C S 
-DAC ------~~-r---t-RR~===~f1;~~---------

-RD 

D O~ 7 

INT 

----_. ___ "I~ 
~---

-152-

TC8565P/F 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TC8565P/F 

6.3.5 Write Operation 

RS, -CS Y 
.. D A C ----/ oJ-I -WS-------~ 

-WR ~~-----

D 0- 7 / 

INT 

6.3.6 DMA Operation 

-DAC 

r ·-tDROCY 4. 
~ tACDRQ~ ~ 
---+~ r .-

I '~-~ 

DRQ 

kf:.fC--tIJRQRW ---~~ 

-WR --, /-------

k--- t DRQR 

k--- t IJ~QW ---3>1 

-RD, 

6.3.7 Clock Waveform 

eLK 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA I TC8565P/F 

6.3.8 FDD Write Operation 

WCK 

WE 

P SO. 1 

WOT 

6.3.9 Seek Operation 

OSO. 1 ~ __________________ __ 

~t~ 
-RW/SK 

LC/OR 

STP 

6.3.10 Fault Reset 

FR 

1:t~~ 
6.3.11 Index 

lOX 1:tIDXJ" / 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TC8565P/F 

6.3.12 PDD Read Operation 

ROT 

OW 
tRD:t~ 

tWWCY--~~ 

6.3.13 Ter.inal Count 

TC 

6.3.14 Reset 

RST 

-155-



TOSHiBA INTEGRATED CIRCUIT 
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7 PACKAGE OUTLINE 

DIP 40 PIN (PLASTIC PACKAGE) 

~ 

: I 51.3 MAX :::1 
+~I~ 

i~~ 
:::1 11 0.5± 0.15 . : 2.54 ± 0.25 XI ~ ~I< :; J l.4± 0.15 . . 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TC8565P/F 

mini FP 44 PIN (PLASTIC PACKAGE) ell I \ mm 

035 lfH- OHPITCH 

J 
~ 
""' J co 

J/\ 

I 

33 32 .31 3C 29 ;}J 2726 25 24 23 

I--i-I 
iii 
1 MARKING __ I 

I I AREA 
I 

140±Ol 

(1 7 6±03) 

MARK 

~ 
UUUUUl iJUUUUU 

152±03 
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I 

I 
""'01 .~ "'i 
+-1i ~I 
"'! 
"I ;' i 
""'! ::::1 

I 
I 
I 

I I I 

t-~ 
! 

180 ±02 5 
r---

~ 
12 ± 03 cO 

r--
N 

cO -;:; 
,-< 

0 ,-< 
~ 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

TC8576AF,TC8577AP 
TC8578AP 

TC8576AF TC8577AP TC8578AP 

(Comb~nat~on Per~pheral Controller) 

1. INTRODUCTION 

The TC8578AP series LSI(CPC) is a single chip C-MOS LSI which 
developed to support both the RS-232C serial interface and the 
interface based on Centronics standards. 

has been 
parallel 

The CPC includes the RS-232C-ART, the Baud Rate Generator for it, and the 
transmit/receive interface for Centronics. The Centronics interface is so 
designed that either a transmit mode or a receive mode may be selected. 

Device No. 
TC8576AF 
TC8577AP 
TC8578AP 

44 
40 
40 

Package 
pin miniFP 
pin DIP 
pin DIP 

Function 
Parallel I/O user selectable ~ 
Parallel output mode selected I 
Parallel input mode selected I 

The ART (Asynchronous Receiver Transmitter) receives data from the CPU, and 
converts into serial data to transmit it from TxD terminal. Further, the ART 
receives serial data from the RxD terminal, and converts it into parallel data 
so that the CPU may receive it. Whenever the ART has sent out the data 
received from the CPU or whenever the ART has received data to be delivered to 
CPU, it can announce it to the CPU. 

The XCLK input Gf CPC is divided by 4-bit programmable prescaler to serve as 
an internal CLOCK (SYS_CLK). This SYS_CLK is divided by the Baun Rate 
generator which is consisted of a 12-bit programmable divider. An arbitrary 
Baud Rate corresponding to 50 to 375000 Baud can be generated. 

The parallel interface is an interface in response to the Centronics standard, 
which has additional pin functions for handshaking of transmit/receive 
combination. For the transmission mode, when the interface receives an 8 bits 
data from the CPU, this generates a strobe-pulse of programmed width. For the 
receive mode, when the interface receives external strobe, the interface 
response with BUSY and informs it to the CPU. 
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TOSHIBA INTEGRATED CIRCUIT ~~n~~~A~ ~~~~~_._ 

TECHNICAL DATA I 
I "O~ I 0"'''', I \"00 I I A ... 

2. FEATURES 

o a-Rit cpe Bus compatibl r 
o Srl'ial Interface (Asynchronous Receiver Transmitter) 

a 5 to 8 Illt characters programmabl~ 
() lor 2 <)top Bits programmable 
o False Start Bit Detection 
o Automatic Break Detect and llandUng 
o Fu 11 011ilO le Bufft."'>l~ing 

o [';icity IlJt Programs (:\O:'-J. eVE:'>, ODD) 
a Error iJptectlon (Panty. Overrun. Framing) 
o Baud l\i1t" (i"ller;itor (12 Bits programmable divider) 

o Parallel l!ltprf,lce (Raspd orl CC[ltl'oni~s } 
o 'Iransmit (TCH376AF, TC8577AP) 

o PRIME output contl'o~ (pulse & level) 
o Data stl'oblC J)elay and puls,~ wHittl pl'og:'nmmabJIC 
[) lutel'l'upt generation CilUSPe! by BUSY 1','lp,15e 0,' A::K : (,CPIV,' 

o Recel VI! (TC}{;)7(-)AF, TCHf>7BAP) 
o Automatic gpnlCrate or" Al'K p1l1[;(> (1'IlJS(> WIdth p!'ogrammanle) 

TC8578AP 

o Busy control ane! interrupt generation caused by data receIve 
o All lllputs and OutpuTs are rTJ. Compat lble (Except "DS pIn of TC8576AF) 
o Silicon-gate CMOS Construction 
() Single -3 to HV Supply 
o 40-Pin DIP or 44-Pin mini fld! PdckdgP 
o I/O Port Schmitt Trigger 
o Single TTL Clock (max. lOMHz @Vcc :,0 
o (Internal Clock) Imax. G~1Hz :iilVcc50 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

3. DESCRIPTION OF PIN 

3.1 PIN ASSIGNMENT 

34 CY_i 

35 L_:L:l_ 

44= 

TC8576AF 

T 

TC8577AP,TC8578AP 

1 40 
2 39 
3 28 
4 37 
5 36 
6 35 
7 34 
8 33 
9 32 

10 31 
11 30 
12 29 
13 28 
14 27 
15 25 
16 25 
17 24 
18 23 
19 22 
20 21 

'rJ:::J22 
~~1 T l11 
_"T:Jl0 
=19 
:~=1& 

_Tr~1i 

TJ-:':::-J 16 

=L::l15 
'j_=14 
_Ir-=-J13 
:I:::[:~ 11 

PI! 

NO 

1 

2 
3 
4 

5 
r-b 

7 
8 

9 

10 
11 
12 
13 
14 
15 
16 
17 
1 H 
19 
20 
21 
22 

PIN 

NO 

I 
2 

3 
.\ 

5 

6 
7 
H 
9 

10 
11 
I 2 
13 
1 4 
15 
16 
1 7 
J 8 
19 
20 
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10 

I 
I 
I 
I 
I 
V 
0 

10 

10 

10 

10 

10 

10 

10 

10 

V 

G 
10 

10 

10 

10 

10 

V 
I 
I 
10 

10 

I 

I 

Ii 
1 

I 
V 
0 

10 

10 

10 

10 

10 

10 

10 

10 

PIN NAME 
NC 

-1m 
WI! 
CS 
Al 
AO 
GND 
INT 
DB7 
DB6 
DH5 
DH4 
DIl3 
Dll2 

Dill 
DtlO 
VCC 
GND 

__ DATAl 

/DATA2 
/DATA3 
'DATA4 

PI'-J NAME 
VCC 
XCLK 

-RESET 
' P5V 

PE 
IW 

.WE 
'CS 
AI 
AO 
GND 
INT 
DH? 
1)136 

DB5 
DB4 
DIl3 
DB2 
DBI 
DIlO 

TC8576AF,TC8577AP 
TC8578AP 

PIN 

NO 10 PIN NAME 
23 10 -DATA5 
24 10 _- DATAG 
25 10 /DATA7 
26 10 / DATA6 
27 10 DSTB 

--
28 10 ACK 
L8 10 FAULT 
30 IU 'HUSY 
3 I 10 PRIME 
32 10 /SLCT 
33 0 /RTS 

34 I ,DSR 

35 I /CTS 
36 0 /DTR 
37 0 TXD 
38 I IUD 
39 V VCC 
40 I CDS 
4 I I XCLK 
42 I /RESET 
43 10 /P5V 
44 10 --PE 

PIN 

10 I NO PIN NAME 
21 10 -DATAl 
22 10 -DATA2 
23 10 ,'DATA3 
24 10 /DATA4 
25 10 .'DATA5 
26 10 /DATA6 
27 10 /DATA? 
28 10 .-DATAH 
29 10 DSTB 
30 10 ACK 
31 10 FAULT 
32 10 .BUSY 
:J3 10 PRIME 
34 10 /SLCT 
35 0 /RTS 
36 I ,'DSR 
37 I .. CTS 
38 0 /DTR 
39 0 TXD 
40 I EXD 



TOSHiBA INTEGRATED CIRCUIT 
TECHNICAL DATA I 

TC8576AF,TC8577AP 
TC8578AP 

3.2 PIN FUNCTION 

o IRESET ...... Input (active LOW) 
A "Low" on this input forces the CPC into "idle" mode. 

o XCLK ...... Input 
The XCLK is input of internal 4-bit programmable divider to genarate 
system clock (SYS_CLK). The SYS_CLK is used to generate internal device 
timing and as source signal of Baud Rate Generator. Usually the system 
clock (SYS_CLK) will be feed as from 400KHz to lOMHz. 

a IWR (Write) ...... Input (ACTIVE LOW) 
A "Low" on this input informs the cpe that the CPU is writing data or 
control words to the CPC. 

o IRD (Read) ...... Input (ACTIVE LOW) 
A "Low" on this input informs the CPC that the CPU is reading data or 
status information from the CPC. 

a Al, AO (Address 1,0) ...... Input 
These jnputs, in conjunction with the IWR and IRD inputs, informs the CPC 
the kind of contents on the Data Bus. 

o ICS (Chip Select) ...... Input (ACTIVE LOW) 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

A "Low" on this input acti vates the CPC. When ICS is "High", IRD and IWR 
will have no effect on the epc. 

DATA BUS MODE 

All AO I/RD I/WR I/CS I FUNCTION 
0 I 0 0 1 0 RxS -> Data Bus Serial 
0 I 0 1 0 0 Data Bus -> TxD Serial 
0 I 1 0 1 0 PIN -> Data Bus Parallel 
0 I 1 1 0 0 Data Bus -> POUT Parallel 
1 I 0 0 1 0 Serial Status -> Data Bus Ix Don't 
1 I 0 1 0 0 Data Bus -> Parameter Register I care 
1 I 1 0 1 0 Parallel Status -> Data Bus I 
1 I 1 1 0 0 Data Bus -> Command r Parameter Address I 
x I x x x 1 Data Bus Hi-Z I 
x I x 1 1 0 Data Bus Hi-Z I 

o IDSR (Data Set Ready) Input (For Serial) 
This input is a general purpose, I-bit inverting input terminal. It's 
condition can be tested checking the bit-7 in the Serial Status Register. 
The IDSR input is normally used to test Modem conditions such as Data Set 
Ready. 

o IDTR (Data Terminal Ready) ..... Output (For Serial) 
This output is a general purpose, l-bit inverting output terminal. It can 
be set "Low" by programming "1" on the bit-l in the Serial Command 
Register. The IDTR output signal is normally used for Modem control such 
as Data Terminal Ready. 
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TOSHIBA INTEGRATED CIRCUIT 
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o /RTS (Request to Send) ..... Output (For Serial) 

TC8576AF,TC8577AP 
TC8578AP 

This output is a general purpose. I-bit inverting output terminal. It can 
be set "Low" by programming "1" on the bit-5 in the Serial Command 
Register. The /RTS output signal is normally used for Modem control such 
as Request to Send. 

o /CTS (Clear to Send) ..... Input (For Serial) 
A "Low" on this input enables the CPC to transmit serial data if the 
TxEN-bit in the Serial Command Register is set "1". 

o TxRDY (Transmitter Ready) ..... Internal signal (For Serial) 
This status bit signals the CPU that the serial transmitter is ready to 
accept a data character. This signal is set "High" when the data receive 
buffer is empty and transmit is enable (TxEN=l). 

o RxRDY (Receiver Ready) ..... Internal signal (For Serial) 
A "High" on this signal means the ART has a character to transfer the 
CPU. The RxRDY signal is logical ORed with the TxRDY (mentioned above) 
and lead on to INT out terminal. 
This content is same as the bit-l in the Serial Status Register. The 
RxRDY is automatically reset when the CPU read the character. 

o TxD (Transmitter Data) ..... Output (For Serial) 
The TxD is output terminal to transmit the serial data. 

o RxD (Receiver Data) ..... Input (For Serial) 
The RxD is input terminal to receive the serial data. 

oINT (Interrupt) ..... Output [ACTIVE HIGH (For General)] 
The INT output is a logical ORed of four internal signal, that is, RxRDY, 
TxROY. PRRDY and PTRDY, so as to use as a interrupt acknowledge signal of 
the CPU. 

o CDS (Centronics Direction Select) ..... Input 
The CDS is input to select a direction of the parallel interface. When 
CDS is GND level(CDS=O). parallel interface block is defined as parallel 
output mode. When CDS is VCC level(COS=l), parallel interface block is 
defined as parallel input mode. 
(TC8577AP/TC8578AP is already connected "GND"/"VCC" respectively.) 

o /DATAl to /DATA8 (Data Bus) ..... Input/Output (For Parallel) 
The /DATA8-1 are the 8-bits data bus for parallel interface. 
(CDS=l): The /DATA8-1 work as parallel input port. 
(COS=O): The /OATA8-1 work as parallel output port. 
The content of Oata Bus is inverted. 

o ACK (Acknowledge) ..... Output/Input (For Parallel) 
(CDS=l): The ACK output issues the ACK signal. Its pulsp width are 

programmable. 
(COS=O): The ACK input receives the ACK signal to reset the internal 

Xbusy signal. 
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TC8576AF,TC8577AP 
TC8578AP 

o DSTB (Data Storobe) ..... Input/Output (For Parallel) 
(CDS=I): The DSTB input is storobe signal to catch the data on the 

parallel port. 
(CDS~O): The DSTB output is storobe signal to indicate that the parallel 

output data is valid. Its pulse dalay and width are programable. 

o /BUSY (Busy Signal) ..... Output/Input (For Pdrallel) 
(CDS=I): The /BUSY output issues the Busy signal which is set by catching 

a data from the parallel port. 
(CDS=O): The /BUSY input senses the Busy status of external device. 

o ISLeT (Select) Output/Input (For Parallel) 
(CDS=l): The /SLCT is inverted output to issues the content of the bit-l 

on the Parallel Command Register. 
(CDS=O): The /SLCT input senses the select Status of external device. 
The SLCT is normally used for detect/announce the device select status. 

o FAULT (Fault Signal) ..... Output/Input (For parallel) 
(CDS=l): The Fault output issues the content of the bit-O on the Parallel 

Command Register. 
(CDS=O): The Fault input senses the Fault status of the external device. 
The FAULT is normally used for detect/announce the device fault. 

a PRIME (PRIME) ..... Input/Output (For Parallel) 
(CDS=l): The PRIME is an l·bit input terminal. 

a 

0 

(CDS=O): The PRIME output issues the PRIME signal, it can be programmed 
it's mode (level ON, level OFF, one-shot). 

/P5V (Plus 
(CDS=l): 

(CDS=O) : 

/PE (Paper 
(CDS=1): 

(CDS=O) : 

5 Volt) ..... Output/Input (For Parallel) 
The /P5V is an inverted output to issues the content of the bit-
3 on the Parallel Command Register. 
The IP5V is an inverted input to sense the power supplying 
status of the external device. 

End) ..... Output/Input (For Parallel) 
The IPE is an inverted output to issues the content of the blt-2 
on the Parallel Command Register. inverted output terminal. 
The IPE is an inverted input to sense the Paper End signal of 
the external device. 

a PRRDY (Parallel Receiver Ready) ..... Internal signal 
A "High" on the prmDY indicate that the paral leI interface has a 
character to be sent to the CPU. 

o PTRDY (Parallel Transmitter Ready) ..... Internal signal 
A "High" on the PTRDY indicate that the parallel interface can be receive 
a Data from CPU. 
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TECHNICAL DATA 

TC8576AF,TC8577AP 
TC8578AP 

4. INTERNAL REGISTER 

,Register name __ J i2ho~s hardware reset 
(R:/RO=O) IAIAI 
W:/WR=O 1110, D7 1 06 ! 05 'D4 03 D2 Dl DO 1 Meaning 

iSerial input I i ISerial input data i ! 
i data register IRIOIOI D~6 05 D4 D3 D2 Dl I DO I byte I 
I Ser.ial output ! iii ! I Serial output data : ! 
, data register IWIOIOI D7 L_D6 D5 04 03 02 1 Dl DO: byte I 
I Parallel input I :! 'Parallel port input 
I data reg.ister LF~ 07 D6 D5 04 D3 02 01 DO data byte i 
I Parallel output! j I ! 'parallel port output i i 
i data register [WIOjll D7 I D6 I D5 j D4 03 D2 I 01 DO: data byte 

!Parameter 
! register 
I 

I 
I 

lQl~1l1QJ-.!3l_I_~_LL!L5_i_~B3 B2 I Bl 110 I Baud Rate Low 
iljWI110j x i x I x! x I B111 BIOI B9 B8 [Baud Rate High 

! ! 

12jWjl!01 X! x 1 X I DL4j OL31 DL2! DLll OLOIDSTB delay/ACK widthj 
~lliOI x j x i x I W4 j W3 j W2 i WI I WO JOSTB width 1 I 
L41WIIjOI x I x j SR5j SR41 SR31 SR21 SRII SROIPRIME length j 

i5lW:ljOI RxMI ERMI EP j PENI L2 Ll I TxMI SO ISerial mode I I 
~IIIO x~ x I x j x I x x I PPlj PPOIParallel mode I i 

L- 171Wjll0 x I x I x j x I K3 K2 Kl j KO [Prescaler value i 
jSerial status ! iii i i Tx Rx' Tx [Serial I/O !*I 
~ register iRlliO DSR I RBRK I FE I OE PE EMPl RDYi RDYI status ~by~t~e~ ______ ~ 
ISerial command I I I i I I i I 'Serial I/O '*: 

register IWllll ° I x I RTSI ERSISBRKIRxENI OTRITxENI command byte I i 
! parallel j j I LU!11 IM2j x I S2 ! Sl L SO 'CDS=O: output mod~ * I 
L_~_"lmand re.lL-_L!ULLlL __ l_-L_~_~ j (a) j P5VJ PE i SLCT I FALT I COS=I : input mode I j 
,Parameter i j j j I ire-! ! I i I jSystem reset bit & I I 
i address reg~l1j 1 I 1 I setj x i x I PR21 PR1! PROjParameter address ~ 
iParallel ! iii ! ! i jParallel I/O ,*1 
~atus reg. IRiljlllntFI J.b)jBUSYjPRIMj P5VI PE jSLCT[FALTI status byte! 

Note: (a)Busyon (b) XBUSY/BUFFUL x Don't care 
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TECHNICAL DATA 

4.1 Selection of Parameter Register 

TC8576AF,TC8577AP 
TC8578AP 

At the write operation on 
(Al=I,AO=I,/CS=I,/WR=I,/RO~O), 

07 and 06 as follows. 

the condition that both Al and AO are "1" 
the one of three registers by the contents of 

Serial Command Register 

07 06 I 05 I 04 I 03 02 I 01 I 00 I 
o <n ___ Command byte nn-nn-.. 2-.J 

Parallel Command Register 

07 06 05 I D4 1 D3 ! D2 I 01 I DJLJ 
1 0 <--~-- Command byte -----> I 

Parameter Address Set Register 

D7 I D6 05 I 04 D3 1 02 I D1 I 00 I 
1 I 1/01 X X PA21 PAll PAOI--

I 
I 
An "I" on this bit will cause 
external reset. 

The 7-bits word will be 
used for serial interface 
as a command. 

The 6-bits word will he 
used for parallel interface 
as a command. 

The 3-bits(02-DO) point 1.0 

an address of the Param.!ter· 
Register(PRO-PR7) . 

the system reset. same as 

4.2 Parameter Register (Al=I,AO=O./CS=O,/WR=O,/RD=I) 

One of eight Parameter Registers(PRO-PR7) is selected by the Parameter Address 
Set Register(AI=1,AO=1,D7~I,D6=1). the address of each Parameter Register is 
shown in follows. 

Internal Parameter Register 

Register Register Name I CorresQonding Bit I 
I Address I 7 I 6 I 5 I 4 I 3 I 2 I 1 I 0 I ... 
IPRO I o 0 0 Baud divider BL I B7 I B6 I B5 I B~ i B2 1 __ !!Ll~ 
IPRI I 0 0 Baud divider BH I x I x I x ! x I Bill B'!QL~ I B8 I 
IPR2 I 0 1 0 Delay time --.1... x I x I x , 

D.LL.Q.2. I D2 I _!2LL.QQ..J 
IPR3 0 1 1 Pulse width I x I x I x I W4 I W3 I W2 ~J.Yl I WO I 
IPR4 1 0 0 PRIME timer I x I x i SR51 SM..i..3>R31 SF21 :,RU SROI 
IPR5 1 0 1 Serial mode I Rx ! ER I EP I PENI L2 I Ll I Tx I SO I 
I ~TMIINTMI I I I -ill:!lLL--.l 
IPR6 1 1 0 Parallel mode I x I x I x I x I x I x LJ'.l I PO I 
IPR7 1 1 1 Prescaler value I x I x 1 ~x I K3~~1._L.!5.Q..J 

x Don't care 
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TECHNICAL DATA 

4.3 Prescaler and Internal clock 

TC8576AF,TC8577AP 
TC8578AP 

·The CPC has a 4-bits prescaler to divide the external clock (XCLK) into the 
internal clock (SYS_CLK). Therefore, the CPC can be feed a clock whose 
frequency is from 400KHz to lOMHz. 

EX T '~KN ALe 1,0 C K r-''---'--z--->:..., 
(XCLK) 

4 HITS 

TO ACK 
Til ]jS'l'}j I' t (' 

Fig. 4.3 Internal Clock Circuit Block Diagra. 

The value of prescaling factor is assigned on the LSB portion of the Parameter 
Register(PR7). The relation between the vaJue of PR7 and prescaling operation 
is as follows. 

Prescalar value (~ _____ __ 
1 07J~05 .1 04 1 03 1 02 I Dl 1 OO-.J 
1 x 1 x 1 x 1 x-L_K~ __ US.U __ E~ 

x Don't care 
assumjng the vaJue of K as foJlows 

K = 8 x K3 + 4 x K2 + 2 x K1 + KO 
___ ---"then --.----.------------------:c--::------
L--______ --1_ f SYS CLK __ .J....]uJ.§~~ _Q.u_1Y __ <?LJ~Y_L£h!L.J 
1 K = 0 1 fXCLK/16 1 _ 1/16 _________ J 
1 K = 1 1 LXCLK _____ ~~me as_~q,K ________ J 
1 2 < K < 15 1 fXCLK 1 l/K _________ 1 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

TC8576AF, TC8577AP 
TC8578AP 

4.4 Baud Rate Generator (PRO.PRI) 

To generate a source clock for 
bits programmable divider. 
register PRl and PRO Illto 
respectively as follows. 

asynchronOlls serial channel. the CPC has a 12-· 
The value of divisor is dssigned parameter 
two parts i.e. MSB 4 bits and LSB 8 bits 

L-____ .__ _X~L . _.1 _.' __ . __ ... !'Ii.Q. _ ... _. _. J 
Lm_.R..C!. .J)5.-'~:!.Q.~ ])2 111 P_I? L.m:_.R~ .12Q. J!.1 12~ !2.<! JL!. ll_Q .J 
L_~ __ 1S._ .JL. _x_ f!.P B J q !!.9 l!.~ . .J J!7 ?_6 ~.!? 131 _!!~ _ !!~ . ..!l L !~Q. I 

x Dun't care 
The fl'equency of the Ilaltd Rate Generatur and the value of divisor on PRI and 
PRO is as follows. 

Assuming that 
B ~ 2048 x Bl1 + 1024 x 1110 + .... '·2 x III + BU 

. --~'-' - .. - _ .. _. - - _. - '---~--' -- -
L ___ ._ .~ _"'_ Q 1. r.!!l"1U!iI!.lS. ': .f!iY~ CkJy~.1!l9.6_ .J 
L_ .. JL ~ ) _. . .i _ f..Ii_'!.Y.<!?lS. _~ . ..9 __ i.!l..~oper~U~~D! J 
L"'£._~ l!..5.. 4 _9.95 _ .J. _ f!.laud8x .::_l~YS J;_LK/B _ _ _ . _ . __ J 

Asynchronous chdnnel needs ei~ht times rluc~ ftequency fur producing real Baud 
Rate. so we call the oulput of Bdud /-{ate Generat.or <I'> Baudkx 
Final Baud Rate depends on the value of fXCLK. presealer 
divider. And also there ar'e some limitdtiull of cllosing these 
the SYS_CLK is already used by another circuit fot time b,t,;e. 
show some example 1Ising all 8MHz (7.987,200Hz) Xt'LK 01' a ()MHz 
XCLK. 

fXCLK ~ 6 MHz (6.144,000 Hz) 

(l1I.j Baud Rate 
values, so that 

Nex t tables 
(6,144,OOOHz) 

------ --.-----.---.~ -- - - . _. .. ------
I Pres~aleL..Y~u~ .. ___ . _ . _____ .. 1 . _._ ! ... 1 . _ ~ _ .. _ 1 _____ . .!? ___ J 
1 fSY.§. _<2h!L il!?-.L._ . __ . _. L f!.! H:!._QO_Q _I. L~'i.;l'§ I ~)Q.Q_l .'!..d?.§L.~QQ....J 
I Pat'allel L_!.'_e~.I?Ll:!ti.(21]. .1 . Q..:l.6~ u~ I fU>l>J. Q~_ L _ .Q,§H_.!!~ J 
I interface I Pulse width (USTB) 5.3 uS I 21.0 uS I 26.9 uS I 
I L.___ _ ~ .!!L~lL· _ ::.~~~15_.. . .1 _ _. _. ___ . _. t _ _ ____ J 
I I Pulse width (PRlME) 10.7 uS I 42.3 uS i 52.9 uS I 
L-. ___ . __ .. L. ____ J!!~.:._ _ _.L_ . 1 _ ._. _____ .. .1._. __________ J 
I The value L __ .... __ .. __ 119 _. L . .::: 6_~ii.? .L :=_ JJ1_~._ . .1 __ ... =-l~J 
I of B for L __ . _________ . .72 .. ___ 1. ._._.102_49._ .. .1_. ___ ~QL_ J _____ 20~ ._J 
I corres· L. ____ . _____ J_9Q _ .. _.L . __ f?gQ.. J__ _ .t~Il_9 __ . __ ._L ___ 102~_J 
I ponding L ________ ;!9_<2._._. __ 1_ .. _ _ ~5?.9 .. L. _ .. ~.4.lL ._L _____ m_--.-l 
I Baud Rate L ____ . _ _~QQ_ .. ___ 1 __ . ____ l~~:t9.. I ~~Q .L ______ 25~ __ .J 
I L ____ .. __ .L~.9_._ . __ .. __ ._1.. __ . __ 6_1L L.. ... .1.?.Q_ .. L _____ .l2S_.....J 
I L 00 __ " ___ ..l.i9.Q _____ J __ . .3 20 .i __ .___ §.~ .. L ___ -.M __ . .J 
1 L_ _ __ . ______ .18J2Q ___ 1 . ___ !(~<2 1 ___ .. 19 __ 00' l. ____ . ~ 
I L . ____ Jl.~OO _____ .1 ._.. 80 .. J ... _ ~Q._. L . 12. .. _..J 
1 L . ___ J9_~()O .. __ 1. ____ ._ 40 .. 1 .1 0_. L . __ S_J 
I 1_.__ :38100 j _... 20 .. .l___ .. _.~. _1 . ______ ._L __ J 
I L _. 7. 6 8_QO._ . 1 10 . __ .J. _ .. __ ._ ~._J 
L ______ ___ L _____ Jg:ll?QO _._1 .. _. 5.L ___ -_ .. L . ____ .:.---.J 
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TOSHIBA INTEGRATED CIRCUIT TC8576AF, TC8577AP 
TC8578AP TECHNICAL DATA 

fXCLK = 8 MHz (7,987,200 Hz) 

JL~~.!l~er val lie i _________ 4_---.l __ --'8'--__ -'--__ -=1c.o3'-.--.J 
LL~'i_~J2~L.J.l:L2CL _______________ L __ LJ_~~ii, 800 I 998,400 614 ,400.J 
I Parallel L!!l.)J}jm_llffi un_iL ___ -.-l. __ 9~~~ __ 1 _____ 1 uS 1.63 uS.J 

interface I Pulse width (llSTIl) i 16_5 uS I 33 uS 52.8 uS I 
L ______ ITl~_. ___ ACK __ L ________ . __ L___ -.J 

Pulse width (PRIME) I 33 uS 66 uS 105.6 uS 
max. _________ L __ 

The value L ___________ ~lO ______ L_~_22~~ _ __L __ __"_..Jj~ __ J __ =_~ 
of B fat' L ____________ E ______ L ______ 33il.~ ______ !_ 1664 I 1024 I 

i corn~s 

ponding 
Baud Rate 

L _________ .1_~ ____ l 1664 __ I _ 832 I 512 I 
L ________ __ --.lQQ _______ 1 _____ .!l}? __ .1.. 416 I 256 I 
L.. ________ ()()O __ L __ !l~ ____ J ____ ~~~ 128 I 
L _______________ 1g00 ______ ~ ___ ~Q_L_L ___ .1Q!_..L...._~--.J 
L ___________ 24QQ ________ 1... ______ 10:! ____ L___ 52 -.-l __ ~..J 
~ _________ 1~QQ ___ ___ ..L ______ 51. __ l.____ 26 L 16 J 
L _________ 2~_OO ___ ...L.. 26 ____ L 13 I 8 I 

I L-___ ~.2. ___ L ___ ~_...J. ____ -__ ~I ____ L...J 
L...-__ ~ ____ a84QQ ___ L ____ -_-----L ______ ~ 2 
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TECHNICAL DATA 

TC8576AF, TC8577AP 
TC8578AP 

--_____________________ ..J. _______________________ ........ "..;.,.'" 

4.5 System reset and Initialization 

The CPC wi 11 be ini tia 1 ized when the }{ESET( external terminal) is "LoW" I eve I , 
and a 1 so when an "1" is programmed on a Bi t-5 of the Parameter Address Set 
ResIster. By above operation, the System Reset FF( internal flip flop) is set 
and sustain this condition until a "0" is programmed on a Bit 5 of the 
Parameter Address Set Register. 
This is useful to suppress desirable spurious whole the time when the power 
supply goes up and till the initialize program sets the all parameter 
precisely. 

The result of system reset appears in some internal registers (shown in 
Internal Register Table as * marked) and in some internal status. 
Register initializing is shown as follow. 

D7 06 I 05 I 04 03 I ~ Dl DO 
Serial status ~SR RBRK-LFE I OE PE I TxEMP I RxRDY TxRDY 

I Value lexterna] I 0 ~ 0 0 I 1 I 0 TxlMTM 
Serial command I 0 I RTSI ERS SBRKI RXENI DTR TxEN 

I Value I 0 I (1) 0 I 0 I 0 0 
Parallel command I 0 I 1Mll IM2 x I S2 S1 SO 

! I !kLLBusy onl P5V I PE SLCT FAULT 
I Value I I I 1 I 1 I 0 I 0 0 0 

Parallel status I IntI' IXBUSY!!BUSYI PRIM I P5V I PE SLCT FAULT 
I flag I BUFUL I I I I 

IValue of out- I 0 I 0 : exit I 0 I exitl exit I exjt exit 
I Qut (CDS = 0) I I I I I I 
IValue of Inputl 0 I 0 I exit I 0 I 0 I 0 0 
I (CDS = 1) I I I I I 

Other intet'nal states is shown below. 

Prescaler and As the CLK input is applied, these circuits are 
Baud Rate Gen. running. There are no changes by initialization. 

The dividing counter will be initialized only 
the new value is applied on its divisor register 

i at the Qarameter set oQeration. 
Timing circuit I By initialization, the circuit is reset, but 
for ACK, DSTB andl register values are not change. 
PRIME ~I ________ . ______________________________________ ~ 
BUSY output I The !BUSY output will be active. 
(CDS=l) I (LOW level) 
TXD I TxD goes to High level. 

terminal I The initialization resets the transmitter directly 
I whole circuit, so that even if in a transmitting 
I sequence, it will be stoQQed. 

Serial I The RxEN reset to no-active ("0"). 
receiver I All internal flags inclusing of Error is reset. 

-170-



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

5. SERIAL INTERFACE 

5.1 Block Diagram of Serial Interface 

~ 

TC8576AF,TC8577AP 
TC8578AP 

r1 :~I ~If ',--~ 
I I fC:-1 I '--. ~---~---' 
! I I 
i t I i f ~--=L>--
I i I I • --

'----,---r----t--+----~-
i . : I 

I 

The RxD initializatIon circuit reserves the start-bit det~ction untIl valid 
"1" is appeared on RXD after reset. It prevents il mistaken break signal 
detection for the unused line. Its valid "1" detection means detecting two 
continues "]" at each sampling by the Baud8x clock. 
In addition, this circuit gets active immediately after a break detection. 
This function prevents a mistaken character reception of "0" level at the end 
point of break signal as receiving character, which is not as long as one 
character length. In this case, the valid "1" is detected by one time sampling 
of Baud8x c1 ock . 

When the transmitter has a character to be sent, validity of CTS onICTS=1) and 
TxEN on(TxEN=l) and TxRDY(Transmit ready) is evaluated on each Baud8x clock 
cycle before starting transmit. When CTS or TxEN IS off, the transmitter is 
disable transmittion condition. 

5.2 Program.ing of Serial Channel 

Before starting Transmittion or Reception of the Data, the CPU must program 
the parameters and the command of the CPC. The serial operation is defined by 
these values. 
The contents of parameter registers should be filled by the values which is 
needed to open the serial channel. Concerning about Raud Rate, it must be 
programmed to supply a clock which has 8 times frequency of Baud Rate on the 
RxU and the TxD. (See Section 4.) 
The command is programed by the byte transfer or block transfer for 
controlling the DTR and RTS and reseting the ERRORs. 
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TOSHIBA INTEGRATED CIRCUIT TC8576AF,TC8577AP 
TC8578AP TECHNICAL DATA 

5.3 Serial Parameter Register (PR5) 

The serial parameter is assigned on the parameter register PR5, and the 
contents have meanings as follows. 

U2LLJ2.§....l D5 1 D4 1 D3 1 D2 1 D1 1 DO 1 
1 RX I ER 1 EP 1 PENI NL11 NLOI Tx 1 SO I 
WiIM.l.INTM I L_-.l ___ L~TM 1 __ ~ 

1 1 1 1 I 
1 I 1 Numbe~toLQl!'§ 
1 1--)1 SO 1 ~_1_..J 
1 I l1:{umberl_L_LL..J 
1 

1 

1 

1 

I 
I 
I 

-------) Interrupt control TxRDY 
0: Interrupt enable 
1: Interrupt disable 

Chara~ter .length 
- _____ n_nn) ~!~p I 0 1 1.-l_LLU 

------) ~!J__.l~.l 0 I 1 I 1 I 
lli,!;LL_Lt2_U..-lJU 
(CL): Character length 

------------------) Parity control 
0: Disable 
1: Enable 

- ---- ---- -- --- ---- - -- .---- .--) Even par i ty gene rat ion/ check 
0: Odd 
1: Even 

------------------------ ) Interrupt mask on receive error 
0: In terrupt enab] e 
1: Masked 

-----------------------------) Interrupt mask on character receive 
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TOSHIBA INTEGRATED CIRCUIT TC8576AF,TC8577AP 
TC8578AP TECHNICAL DATA 

5.4 Serial Com.and Register (Al;1.AO;1.D7;O) 

The Serial Command Register is defined as a 8-bits word which has "0" on Bit 7 
and which was written by the CPU at the condition that a "High" is applied on 
the Al and AO. The contents have meanings as follows. 

D7 D6 I 
0 I X i 

I 
I 

I 

D5 I 
RTSj 

I 

D4 I D3 I D2 I Dl I DO I 
ERSISBRKIRxENI DTRITxENI 

I 
I 

I 
I 
I 
I 

I 
I 
I 

I 
I 

I 
--> TRANSMIT ENABLE 

1 enable 
0 : disable 

-------> DATA TERMINAL READY 
1 /DTR 0 
o : /DTR ; I 

------------> RECEIVE ENABLE 
1 enable 
o : disable 

------------.------.--> SEND BREAK CHARACTER 
force to TxD "Low" 

o : norma] operation 

----------------------> ERROR RESET 
1 ; reset error flags 

(PE. OE. FE. RBRK) 

- - ----------- --- - -------- ---> REQUEST TO SEND 
I /RTS 0 
o : /RTS ; 1 

I -----------------.-----------------> RESERVED 
-----------------------> selection bit of the Serial Command Register 
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5.5 Serial Status Register (A1=1.AO=O) 

TC8576AF, TC8577AP 
TC8578AP 

The status of serial channel is a resul t of read operation with Al=O and AO=O, 
and it contents have meanings as follows. 

D7 I D6 I D5 D4 I D3 I D2 I D1 I DO I 
DSRI RBRK I FE OE I PERR I TxEI Rx I Tx I 

I I I I I RDYI RDYI 

TxRDY (Transmit Ready) 
TxRDY status bit meaning changes itself depend on the value of TxINT 
TxINTM = 1 (disable interrupt) 

TxRDY = (Transmit Buffer is empty) 
TxINTM = 0 (enable interrupt) 

TxRDY = (Transmit Buffer is empty) x (/CTS 0) x (TxEN 1) 
(This is equal to interrupt condition) 

TxE (Transmit Empty) 
An "1" on this bit indicates both the Buffer empty (Transmitter Buffer is 
empty) and off Transmittion (transmittion is not in operation). 

RxRDY (Receive Ready) 
An "l" on this bit indicates that the Receiver Buffer has a character 
which is ready to be read by CPU. 

PERR (Parity Error) 
The PERR bit is set when a parity error is detected. 

OE (Over run error) 
The OE bit is set when a previous character is lost without being read by 
the CPU by having received new character. 

FE (Framing Error) 
The FE bit is set when a valid Stop bit is not detected at the end of the 
character. 

RBRK (Receive Break detect) 
The RBRK bi t is set when t.he recei ver det.ect "Break condition". 

DSR (Data Set Ready) 
The DSR bit means inverted value of external IDSR terminal. 
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5.6 Foraat of data character 

The RxD line and the TxD line are normally High. 

TC8576AF,TC8577AP 
TC8578AP 

Transmitter automatically adds a Start bit (low level) followed by the data 
bits (least significant bit first). And the programmed number of Stop bit(s) 
is added on tail, after a parity bit (if it is programmed) is inserted. 

MAnKING 

5.7 Data Trans.ittion 

PPOOHAMMED 
CHAnACTER LE'JGTH 

i'TUP BITS 

PAn J TY 'Jl T (I 1" IT "IX I:n ) 

Upon receipt of the character, which is serial output data, from the CPU, the 
CPC changes to Buffer not Empty(Transmi tter Buffer is not empty) at the same 
time evaluates TxEN(a command bit), CTS(content of leTS terminal), and on/off­
Transmittion(whether the transmitter is in operation). If the transmitter is 
in the condition of TxEN on, CTS on(jCTS=O), and off-Transmittion(the 
transmitter is not in operation), the transmit controller is transferred into 
the following state by the falling edge of the Baud8x clock, 

The transmitter starts transmittion of the character. The transmittion of the 
start bit changes the state into the Buffer Empty and on-Transmittion(the 
transmitter is in operation). The Buffer Empty indicates that the setting a 
character to the Transmitter Buffer (writing to the Serial output data 
register) is possible. 

The setting of next character changes the state int() Buffer not Empty. This 
new character is held in the Transmitter Buffer during the on-Transmittion of 
the previous character. And after the stop bit(s) of the previous character 
has been transmitted, the transmittion of new character starts continuously. 
Then, the TxE (Transmit Empty) is set to "1", after all characters have been 
transmitted. 

Even if ei ther CTS off or TxEN off condi tion (which is disable transmi ttion 
condition) occurs while the transmittion is in operation, the character as 
whole parts including Parity' and Stop bit will be sent. If a character is in 
the Transmitter Buffer after occurring of the disable transmittion condition, 
its character will be transmitted following both CTS on and TxEN on condition. 
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5.8 Data Receive 

TC8576AF,TC8577AP 
TC8578AP 

The RxD line is normally High. A falling edge all this line triggers the 
beginning of a Start bit. The validity of this Start bit is checked by 
continuous four times strobing on each fal I ing edge of the Baud8x. If four 
times Low Is detected perfectly, the receiver regards it as a valid Start bit, 
and locates the center of the data bits followed and strobes those. 

If the parity exist, the circuit compares the strobed parity bit with the 
generated parity bit by means of received data. If the comparison fal Is, the 
Parity Errol' flag is set. 

The receiver detects only one stop bit, regardless of the programed number of 
slop bites). If a low level is detected at that poillt, the Framing Error flag 
will be set. 

Wnen the programed number of data bits are strobed, these are loaded illto the 
Rf:ceive Buffel', and the RxRDY flag is set to "1", In this case, the non-used 
upper bits are automatically reset to "0", 

The RxRDY flag shows that the Receive Buffer' has a char'acter' which is ready to 
be fetched by the CPU. If a previous character has not been fetched by the CPU 
until the present character replaces it in the Receive Buffer, the Overrun 
Error Flag is set and the previous character is lost. 

If the RxD line remains Low as long as double length of character including 
data bits, parIty bit (if it exist) and stop bIt(s), the receiver sets ttlf~ 
Break detection Flag. In this case the RxD initializing cirrult is activated 
and the Start bit detection is reserved until the "]" occurs in the RxD line. 

All of the Error Flag and the Break detection flag can be reset by setting of 
the ENS bi t in the Serf a I Command Hegister. The occurrence of any of thcse 
errors will not effect the operation of the CPC. 

5.9 Interrupt Control 

There are those interrupt factors in the serfa 1 channel, as foJ lows. 

1. The serial transmitter turns being able to receive a new data from the CPU. 
2, The ser ia.l recei vcr has a charact er ready to send the CPU or has detected 

Break character. 
3. The ser ia 1 recei vel' has th(~ Error F 1 ag( s). 

These factors can be masked or enabled to lead into TNT terminal through into 
TxRDY and HxRDY. 

Tx interrupt (TxEN'l) x (/CTS~O) x (Transmit Huffer-emply) x (TxTNTM-O) 
TxRDY (in TxINTM~O) 

Rx interrupt ~ (RxEN~l) x [(RxINTM=Oj x {(RxRDY'l).(RBRK'l)) 
+ (ERINTM~O)x(FEtOEtPERR)J 
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~_ PARALLEL INTERFACE~ - OUTPUT MODE (TC8577AP,TC8576AF) 

6.1 Parallel Output Interface (CDS=O) 

TC8576AF,TC8577AP 
TC8578AP 

If ttlf' CDS terminal are at the "0" level a parallel output interface is 
for'med. An example of extet'nal cil'cuit in this case is shown in Fig. 6.1. 

epe 

I 11\ 'i' A I I)~ rAJ 

IIATAH 

----0(}-

IW'I'1l 

I j 1) F,,~ 

Ll'F2 

b'A\JLT -----<]0---

Fig. 6.1 Parallel Output Interface 

6.2 Output .ode operation 

Wllf'n thp CPt' rl'cpivps data from thf' CPU, the data js output jnversely on the 
iDATAl to IDATA8 tel'mina I, and the CPC automatically genel'ates the Data 
Strohp(nSTB) pulsp. 

Tl1f' character'ist ic of ))STB pulse is dpcided by both of the value set to the 
pal'ameter regisLer (PR2, PR:l) and the internnl SYSCLK cycle. 

Herp, jpt the valups Sf't to th" paramptpr register (PR2,PR3) be NSD and NSW, 

respectively. and conceive that TSYS l!SYS CLK and x = 0 to 1, then 
Td TSYS x (NSn t 2 I xl 
Tw = TSYS x (NSW i 1) 
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TOSHIBA INTEGRATED CIRCUIT TC8576AF, TC8577AP 
TC8578AP TECHNICAL DATA 

In the output mode. the XBUSY flag bit fills the delay time of the external 
BUSY signal. The XBUSY flag is set at the rise of /WR and reset by external 
ACR. These timing are shown in Fig. 6.2. 

CPt' WI' 

DATAl-8 

DSTB 

XBUSY 

B:XTERNAL 
ACK 

Exn:f\NAL 
Ellen 

INTFCUW~T 

L..... 
~ 

X 

_Tx 

VALID 

Td Tw 

Ir---

i/ II 
I 

Tx=axTSYS 

~ 
'T \. , 

! 
/ Y 

Fig. 6.2 Output Mode Timing 
(In case where external BUSY includes ACR) 

6.3 Parallel Status Register (Al=l.AO=l) --- Read 

In the Output Mode. the Parallel Status Register has the status bits as 
follows 

I D7 I D6 I D5 I D4 I D3 I D2 I D1 I DO I 
I IntFIXBUSYIBUSYIPRIMI P5VI PE ISLCTIFAULTI 

I I I I I I I 
I I I I I I --> Contents of FAULT input 
I I I I I -------> Contents of SLCT input 
I I I I ------------> Contents of PE input 
I I -----------------> Contents of P5V input 

I ----------------------> Contents of PRIME output 
---------------------------> Contents of BUSY input 

---------------------------------> Contents of XBUSY flag 
--------------------------------------> Parallel Interrupt flag 

If there are interrupt factors in parallel. 
the flag goes to "1". 
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TOSHIBA INTEGRATED CIRCUIT TC8576AF,TC8577AP 
TC8578AP TECHNICAL DATA 

6.4 Parallel Com.and Register (Al=1.AO=1.07=1.D6=O) --- Write 

L07 06 D5 I D4 I 03 I D2 Dl DO 
I 1 0 IM1 I IM21 x I S2 SI SO 

v I I I 
I I -----------> The following operation are 
I performed according to a 
I combination of S2,SI,SO. 
I IS2 SI SO INo·1 0l!eration I 
I LQ 0 0 I 0 I Resetting of FAULT detection bit I 

0 0 I 1 I Resetting of SLCT detection bit I 
0 1 0 I 2 I Resetting of PE detection bit I 
0 1 1 I 3 I Resetting of P5V detection bit I 

0 0 I 4 I Level On of PRIME outl!ut I 
0 1 I 5 I One-shot of PRIME outl!ut I 

0 I 6 I Level OFF of PRIME output and re- I 
I I setting of all the flags including I 
I I XBUSY as well as interrul!t bit. I 

LLl 1 I 7 I NOP (No ol!eration) I 

---> Interrupt factor 2 is masked by "1". 
--------> Interrupt factor 1 is masked by "1". 

----------> These are bits to select the Parallel Command Register. 

The commands No.O to No.3 are used for separate resets of each detection Flag 
in the CPC. The commands 4 to 6 control the PRIME output. 
When the command 5 is issued. the one-shot pulse is provided to the PRIME 
output. Its pulse width based on the value of the parameter register PR4. Once 
the command No.4 is issued. the PRIME output is held at the High level unti I 
the command No.'i or No.6 is issued. 
The one-shot ptlsp width for the value of PR4 is provided by the following 
equation: 

tPRIME = tSYS x (PR4 + 2) 

WH 
,-n~.,cl ~ :-eM'JAN) U- ------,U'----I 

~-------------------

; lMM,IND 

PJU ME 

Fig. 6.4 PRIME Tiaing 

6.5 Parallel Mode Register (PR6) 

The Parameter Register PR6 is a parallel mode register, and the parallel 
output mode haA the following bits. 

ID71D61D5 D41 !23 1D21Dl IDO I 
I xl xl xl x~_~PIIPPOI 

I I 
I -> l:Interrupt enable at rISIng edge of XBUSY. 
-> l:Interrupt enable at rising edge of external BUSY. 
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6.6 Flag and Interrupt control 

TC8576AF,TC8577AP 
TC8578AP 

The parallel output mode has the interrupt factors of two systems. These 
factors are the factor 1 which announces the response of the companion device. 
and the factor 2 which announces the change in the status (FAULT, +5V, SLCT, 
PEl of the companion device. 

Interrupt factor 1: 

For the interrupt factor I, the XBUSY, the BUSY(inverse of /BUSY input) and 
the data Write strobe to the Parallel Output Data Register are evaluated. 
Herein, the two interrupt detection flags of INPTI and INPTO exist. INTPl_flag 
is set at the falling edge of BUSY. The INTPO_flag is set at the falling edge 
of XBUSY. 

Since the XBUSY is reset at the rIsIng edge of external ACK signal, the INTPO 
is set at the rising edge of external ACK signal. 

The PPI and PPO in the Parallel Mode Register(PR6) enable/disable (l:enable, 
O:disable) the outputs of these INTPl_flag and INTPO_flag, but have no effect 
on the value of these flags. 
Further, if D5 of para 11 e 1 command word is programmed to "1", these Flags are 
regularly forced to the reset state, and are also reset by wiring to the 
Parallel Output Register or by issuing parallel command. (Data contents don't 
care. ) 

Interrupt factor 2: 

The interrupt factor 2 is generated by the change in the status of the 
external device. Four internal interrupt flags exist in, and these contents 
are logical ORed to form the interrupt factor 2. 

When D4 bit of the Parallel Comm~ 'o.ister is set to "t", this interrupt 
factor 2 is masked without being) '~'" these flags. These flags are reset 
by the selection reset (operatioi1 codE' 1.<;,0 to No.3 of the Parallel Command 
Register) or the batch reset (nperaU 011 code No.6) in addit ion to the master 
reset. 

There is no essential difference in set condition among flags, excepting the 
difference in set condition based on the rising edge or falling edge of status 
signal. 

The detection flag of PE(Paper End) is set at the falling edge of the /PE 
terminal. And the detection flags of the others (FAULT,SLCT,P5V) are set at 
the rising edge of each own input terminal (FAULT,/SLCT,/P5V). 
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7. PARALLEL INTERFACE [2] - INPUT MODE (TC8578AP TC8576AF) 

7.1 Parallel Input Interface (CDS=1) 

TC8576AF,TC8577AP 
TC8578AP 

If the CDS terminal are at the High level, a parallel input interface is 
formed. An example of external circuit in this case is shown in Fig. 7.1. 

CPC 

!lATAl 

• 

llATAR 

o/c 
HUf:Y 

ACKNliJ 
o/c 
-~-- t\r'K 

[lATA STHOB -~----

+ ,,v 

PAP,~j":NlJ 

~-) 1,:L I,:C'f 

i"AIJLT 

l'lll MF: p~v 

PHl M,: 

l HB:.S';T) 

Fig. 7.1 Parallel Input Interface 
ANY UG'~ 

7.2 Input mode operation 

As soon as the CPC receives the DSTB (Data Strobe) from the outside, it forces 
the BUSY signal to go to the High level and announces the fact to the CPU. 
The contents of DATAl to DATA8 (inverse of /DATA1 to /DATA8) are held in the 
internal latch by means of the raising edge of the DSTB, and can be read by 
the CPU. 
The timing of the BUSY reset and ACK generation can be selected either under 
the Read operation or the Wr i te operation (DUMMY WRITE) by programming PPl (Dl 
bit) of the Parallel Mode Register (PR6). 
Further, whether ACK signal include in BUSY signal or not is decided by 
programming the PPO (DO bit) of the Parallel Mode Register (PR6). 
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TOSHIBA INTEGRATED CIRCUIT TC8576AF,TC8577AP 
TC8578AP TECHNICAL DATA 

DATA8 ---< VALID )>---------------~CJ-
DBOI'l"F:R __ ---« VALID V--

~t=====================~A---DSTB( B:XTF:RNAL) ~ V-

INTR 

RD( CPO) 

WR(CPO)DLJMMY 

PP1-=1,1'1J O=:0 
RUSY 

AGK 

P1']=] PPO=1 
BfJ8'y 

__ -,I '--._-------
LJ 

u l 
, 

~---------------~~~----~-----
To 'I i Tx I 

------t r--- -: 
I ! 

\-----+----

PP1=O, P1'O 0·0 
BUSY ---I }'-----
ACK ----------------------------~~I ~ 

To f~ 

Fig. 7.2(a) Input Mode Tiaing 

The ACK pulse is triggered at the rising edge of /RD or /WR signal from the 
CPU, and generated at the timing shown in Fig. 7.2(b). When the cycle of 
system clock (SYS_CLK) formed being divided by the prescaler is considered to 
be TSYS, the time To and Tw are as follows: 

To TSYS x (1 + x) (x = 0 to 1) 
Tw TSYS x (PR2 + 1) 

The !BUSY is released at the edge of ACK pulse. 

WD 
or ITD \ 

ACK 

SYS-CLK 

Fig. 7.2(b) ACK Pulse Timing 
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TOSHIBA INTEGRATED CIRCUIT TC8576AF,TC8577AP 
TC8578AP TECHNICAL DATA 

7.3 Parallel Status Register (A1=1.AO=1) 

The status of parallel interface is a byte read out by A1=AO=1, and each bit 
has the following meaning. 

L.!!2..-L D6 I D5 I D4 I 
IIntflBUFULIBUSYIPRIMI 

D3 I 
P5VI 

D2 I D1 I DO I 
PE ISLCTIFAULTI 

I I I I 
I 
I 
! 

I I I 
I ----> Contents of FAULT output 
---------> Contents of SLCT output 

--------------> Contents of PE output 
-------------------> Contents of P5V output 

------------------------> Contents of PRIME output 
--------------------------> Contents of BUSY output 

----------------------------------> Buffer full flag 
. ---------------------------------------> Interrupt detection flag 

1: When both BUFFER FULL and INTMSK2=0 are true. 

7.4 Parallel Coamand Register (A1=1.AO=1) 

Writing (/CS=O,/WR=O,/RD=l) by Al=AO=1 serves as a command for parallel 
interface. (When 07=1, and D6=0.) 

D7 D3 D5 I D4 I D3 I D2 I D1 I DO I 
~~~~O~_IM-L~on~~E ISLCTIFAULTI 

v I I I I I 
I I I ----> Definition of 
I I ---------> Definition of 
I --------------> Definition of 
I -------------------> Definition of 

----------------------> BUSY-ON bit 

FAULT output 
SLCT output 
PE output 
P5V output 

-----------------------------> Input interrupt mask bit 
1: . Interrupt disable 
0: Interrupt enable 

------- -------> These should be parallel com-
mands 

7.5 Parallel Mode Register (PR6) 

The parameter regi ster PR6 contro Is t.he mode of para lIe 1 interface. 

D7 I D6 I D5 I 04 I D3 I D2 I Dl I 
x I x I x I x I x I x I PPll 

DO I 
PPOI 

--> Relation cont.rol of BUSY<->ACK 
0: BUSY EXCLUDE ACK 
1: BUSY INCLUDE ACK 

-------> BUSY reset and ACK generation 
control 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

7.6 Flag and Interrupt control 

TC8576AF,TC8577AP 
TC8578AP 

The parallel input interface contains BUSY and BUFFER FULL as internal flags. 

BUSY: 
This flag is set at the time when external DSTB becomes active (High 
level). Further, this flag is set by the system reset.And also this flag is 
reset at the edge of ACK pulse. The direction of the edge is selected by 
the value of PPO. (Busy fall with ACK pulse) 
Busy can be faJ len without ACK generation by alternating the value of PPO. 
Busy_on bit in the Parallel Command Register. And the content of the Busy 
flag is output to the /BUSY terminal as inverce. 

BUFFER FULL: 
This is set at the trailing edge of external DSTB, and is reset when the 
CPU reads parallel data. 
This is also reset by system reset. 

INTERRUPT MASK: 
The D5 bit of the Parallel Command Register masks the interrupt of parallel 
interface. When BUFFER_FULL=l and INTM=O, a interrupt occurs from the 
para] leI interfaee. The content of this occurs also in the D7 of the 
Parallel Status Register. 
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8. USAGE OF CPC 

8.1 System Interface with MPU 

Fig. 8.1 shows a example of system interface. 

epe 
SY,~n:M CLOCK 

CLK 

AIJ7-AIJO 

M 
[J Al 
J' AO 

;';flO CS 

80~b 

iOR 
RIl 

etc. lOW 
WH 

J>1l7'-IlYO 
Dll7 
~DHO 

INT 
TNT 

Hf!~SJi;T 
RF,SJljT 

Fig. 8.1 MPU Interface 

-J2Vll:GV 

TC8576AF,TC8577AP 
TC8578AP 

00 
00 

RS-232C 

C()NN~~8T,)H 

CENTRONICS 
CONNECTOR 

The TC8577AP or TC8576AF (CDS=O) is used for a printer driver of the like as a 
parallel interface. 
The TC8578AP or TC8576AF (CDS=l) is used for the para] leI interface receive 
circuits of the like in the printer. 
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8.2 Sa.ple of initialization prograa 

TC8576AF,TC8577AP 
TC8578AP 

Fig. 8.2(a) shows an example of the initialization program for driving a 
printer by using parallel I/O port as output port. 

This initialization program is considered as the access program to epe the 
whose power is applicated. 
In this case, the initialization of the parameter performed under the epe 
reset condition. 
For this initialization routine, the parameters are set the default value. 

After completion of the initialization, the initialization for the printer is 
performed by giving one-shot pulse in the PRIME terminal. After that, the 
character string for wake-up Is transferred. 

All default parameters are 

set while parameter addresses 

are being set with system re­

set bit turned ON. 

epe reset bit off 

(other initializations) 

Wake-up of printer 
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TOSHIBA INTEGRATED CIRCUIT TC8576AF,TC8577AP 
TC8578AP TECHNICAL DATA 

8.2 (a) Example of Initialized Program 

;*************************************************************** 
.* CPC INITIALIZE PROGRAM EXAMPLE * 
.* * 
.* XCLK(external) 8MHz 7,987,200 Hz) * 
.* SYS CLK( Internal) 2MHz 1,996,800 Hz) * 
.* * 
.* CPU Z80 or equivalent * 
;*************************************************************** 

PORTCPC 
SDATA 
PDATA 

SSTUS 
PSTUS 

SPCON 
PARAS 

QBAUD: 

INITSM: DI 

PARA METER 

LD 
LD 
LD 
LD 

INIT01: OUT 
INC 
OUTI 
JR 

10 
OUT 

EQU 
EQU 
EQU 

EQU 
EQU 

EQU 
EQU 

DEFW 

DEFB 
DEFB 
DEFB 
DEFB 

DEFB 
DEFB 

OCOH 
PORTCPC+O 
PORTCPC+1 

PORTCPC+2 
PORTCPC+3 

PORTCPC+3 
PORTCPC+2 

26 

2 
3 
48 
OFFH 

0 
4 

SERIAL DATA PORT (R/W) 
PARALLEL PORT (R/W) 

SERIAL STATUS (R/O) 
PARALLEL STATUS (R/O) 

COMMAND PORT (W/Only) 
PARAMETER SET (W/Only) 

DEFAULT BAUD (9600) 
26 = 7,987,200 / (4*9600*8) 

DEFAULT DSTB DELAY (2 usee) 
DEFAULT DSTB WIDTH (2 usee) 
DEFAULT PRIME LENGTH (12.5 usee) 
DEFAULT SERIAL CHANNEL FORMAT 

INTRRUPT NOT USE 
EVEN-PARITY,8-BITS/CHAR,2-STOP 

DEFAULT PARALLEL MODE 
DEFAULT PRE-SCALER VALUE 

DISABLE INTERRUPT 

SET 

HL, QBAUD 
A,OEOH 
B,8 
C,PARAS 
(SPCON) ,A 
A 

NZ,INIT01 

A,OCOH 
(SPCON) ,A 

PARA-METER ADDRESS & SYSTEM RESET 

(C) IS PARAMETER PORT 
SET PARAMETER ADDRESS 
SET IN NEXT ADDRESS POINTER 
SET PARAMETER FROM (HL) 

RELEASE 
PUT IT PARAREG 

PRINTER WAKE UP SEQUENCE 
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LD A,080H~30H~5 PR COMMAND 5 (PRIME 
INTERlmPT MASK 

OUT (SPCON) ,A PUT OT TO PORT 
INJT11 : IN A, (PSTUS) CIIECK PRIME SIGNAL 

AND 10H CHECH THE BIT 
JR NZ,INITll 

/* SOME WAIT OUTINE NEEDED FOR PRINTER READY */ 

IN A, (PSTUS) ; READ PRINTER STATUS. 

/* CHECK PRINTER STATUS & JUDGE SOMETHING */ 

JR NZ,PRTOFF ; IF PRINTER OFFLINE 

LD HL,PRWAKE 
CALL PROUTS 
LD PRTOFF 

PRWAKE: DEFB OFPH,OFFH,OODH,OOH 

PRTOFF: 

SET ANOTHER INITIALIZE SEQUENCE 

JP OOOOOH 

PROUTS LD A, (HL) 
OR A 
JR Z,PROUTE 
CALL PRCHR 
INC HL 
JR PROUTS 

PROUTE: RET 

JMP TO NORMAL ENTRY 

GET BYTE TO BE OUT 
CHECK IF END (NULL) 

END OF DATA 
PUT IT PRINTER 
(HL) POINT NEXT CHAR 

TC8576AF,TC8577AP 
TC8578AP 

ONESIIOT) 

PRCHR: PUSH 
PRCHR: IN 

AF 
A, (PSTUS) 

SAVE CHARACTER TO SEND 
SENSE PRINTER STATUS 

AND 04011 
JR NZ,PRCHRI 
POP AF 
OUT (PDATA) ,A 
RET 

CHECK ONLY BUSY 
IF NOT REAllY WAIT 
RESTORE CHARACTER 
SEND DATA 
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8.2(b) Example of Serial Channel 

RSINIT: 

/* UPDATA RS-232C PARAMETER */ 
/* UPDATE PARAMETERS BY READING SWITCHES 
/* FOR SETTING RS-232C CHANNEL PARAMETER. 
1* QBAUD, QRAUD-tl , QBAUn-+5 MUST BE REARRANGED. 

/* RESET SERIAL CHANNEL */ 

TC8576AF,TC8577AP 
TC8578AP 

LD A,010H ERS=l,RTS=DTR=SBRK=O,RxEN=TxEN=O 
OUT (SPCON) ,A SEND IT AS COMMAND 

/* BAUD RATE SET */ 

LD HI" (QBAUD) (HL) = BAUD RATE PARAMETER 

LD A,OCOH POINT TO PARA-O (BAUD LOW) 
OUT (SPCON) ,A SET IT 
LD A,L 
OUT (PARAS) ,A SET IT 

LD A,OCOH POINT TO PARA-l (BAUD-HIGH) 
OUT (SPCON) ,A SET IT 
LD A,L 
OUT (PARAS) ,A SET IT 

LD A,OC5H POINT TO PARA-5 (SERIAL MODE) 
OUT (SPCON) ,A 
LD A, (QBAUD+5) FETCH PARAMETER 
OUT (PARAS) ,A 

LIJ A,027H kRS=SBRK=O,RTS=DTR'RxEN=TxEN=l 
OUT (SrCON) ,A SEND AS A SERIAL COMMAND 

RET 

Fig. 8.2(b) shows an example of a program for initializing RS-232C channel or 
updating Baud Rate, etc. in application programs. 
Note: A separate reset should be used for initializing the crc part in 

operation state. 
"I" should not be programmed to D5 for address setting operation. 
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9. ELECTRICAL CHARACTERISTICS 

9.1 Absolute Maxi.u. rating (VCC = +5V ~ 10%) 

TC8576AF,TC8577AP 
TC8578AP 

~ _________ Item~~ ______ ~~~~~ __________ ~~~ __________ ~-=~ 
Every Termin~a~l~V~o~l~ta~g~e~ ___ ~ ______ ~ ________ ~~~ __ ~~ ______ ~~~~ 

Symbol Ra ting UnitJ 
1 --0.5 to + 7.0 V 

Operating Temperature Topr -40 to + 85 °c 1 
Storage Temperature Tstg -65 to + 125 °c 1 

9.2 DC characteristics 
~ __________________________ ~(T~a~~~-~4~0~O~C~to + 85°C, Vcc=+5V + 10%) 

Item Symbol 1 Condition 1 Min. I Max. i Unitj 
Input Low Voltage VIL Vcc 5V 1-0.5 1 0.8 1 V J 

L-.;!I""n",p",u""t_HC!.lo!..l· g"'h-'---'Vc.::°""lc.::t"'ab,g''_.e ______ --'-_.VIH Vcc 5V 2.2 VCC 1 V J 
Output Low Voltage VOL IOL 2.2mA 0.4 1 V 1 
Output High Voltage VOH IOH -1.1mA 4.6 1 V 1 

~O~u~t~p"'u~t~F~l~o~a~t~L~e"'a~k_C~u~r~r~e~n~t~ __ ~IO~F~L~~~V~0"_.UT~=~0~V:~t~o~V~c"-C ____ J_ ____ L_+~1~~ 
Input Leak Current IlL VIN ~ VCC to OV +10 I uA i 
Supply Current ICC 10 1 rnA 1 

Capacitance (Ta 25°C, VCC = OV) 
Item 1 Symbol 1 Condition 1 Min, 1 Max, 1 Unit 1 

Input Capacitance CIN fc ' IMHz 1 1 10 1 pF 1 
I/O Capaci tance i CI/O i nals used are of OVI 1 10 I pU 

External load conditions of terminal 
DBO to DB7, INT 

Gus p~lramf,tpr 
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9.3 AC characteristics 

Bus parameter 

Read cycle 

TC8576AF,TC8577AP 
TC8578AP 

L-_____ I.!em ____ 1 SymboJ"-L-1 __ -,C::.:oo::.n:.:::d""i.::.t""io",n~ ____ IL..:.Mo.:I~N...:.. . ...,1 MA=X:...: . ...J.I-"U.!ON.:..IT~I 
1 Address (AI. AO) Stabil ity * 1 tAR 1 To formation of both 1 30 1 1 nS 1 

Address (AI. AO) Hold * 1 tRA 1 of /RD and /CS 1 30 1 nS 1 
/RD./CS Pulse width 1 tRR 1 1120 I nS 1 
/RD ---> Data Delay Time 1 tRD 1 Address valid prior 1 1 1 

lito /RD 1 1201 nS 
/RD ---> Data Float Delay 1 tDF 1 1 10 50 1 nS 

* with relation to /RD 

Write cycle 

Item 
Addr~ss (Al. AO) Stability 
Address (AI. AO) Hold * 
/WR./CS Pulse Width 
Data Set Time * 
Data Hold Time * 
Write Recovery time 
* with relation to /RD 
(Note 1) 

1 Symbol 1 
*1 tAW 1 

1 tWA 1 
i tWW 1 

tOW 1 

tWD 1 
tWR 1 

tSYS = internal SYS_CLK Cycle 

AC Input Waveform for Test 

26V ___ ----, 

u.4V ___ ~ 08 

Condition jMIN.IMAX.IUNITI 
1 30 nS 
1 30 nS 
1120 nS 

80 I nS 
20 1 nS i 

(Note 1) 2 ItSYSI 

1 
XCLK x Prescaler Value 

Cl8 
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TC8576AF,TC8577AP 
TC8578AP 

Other Timings 

Item iSymboll Condition IMIN.I MAX. IUnitl 
Clock Cycle ItCLK 10.1 I 3.0 I uS 
Clock Pulse High Level Width ItCLH i 40 I tCY-60 I nS 
Clock Pulse Low Level Width ItCLL I 40 ItCY-601 nS 
Clock Rise or Fall Time ItR,tF I 5 20 I nS 
Internal Clock Cycle :tSYS 11 60 I nS 
Baud 8x Clock Cycle Itbdx 1320 I nS 
SERIAL WRITE Delay :tWS I ! -" 140 I nS 

I - 50 I !l...Lj 
140 ..L.!!.§..J 
130 nS I 

~~S~ER~I~A~I~.~R~EA~D~D~e~l~aLy __ ~~ ____ ~!~t~RS~~ ______ . __ 
~~P~a=ra~l~l~e~l~D~a~t~.a~W~r~i~te~D~e~l.~aLY~ __ ~I~t~WP~D~_~I~CD~S~~~-0~(~T~C~577A~L-.~I __ ~_ 

DSTB Output Delay *1 ItCDSTBI CDS;0(TC8577AP) i - I 
I nS I ~~D~ST~B~I~n~p~u~t~P~u~l~s~e_W~l~'d~t~h~~ __ ~I~t~DS~T~B~W~I~C~DS~~~-1~(~TC.8578~~.0~~ ____ ~~~ 
I nS I ~~P~ar~a~1~1~e~1~Da~t~a~S~e~t~up~t~j~m~e __ *~2~~I~t~DS~~I~C~DS~';~111C8578~J_1-2~0~ __ ~~~~ 

Parallel Data Hold time *2-L1SD I CDS;1(TC8578A~40 I nS i 
DSTB --> /BUSY t ItSB I CDS;1(TC8578AP) I - 110 I nS I 

110 I nS I ACK --> /BUSY T .1..,;it::.:..A"'B'--....J.....:::.CDS~1(TC8578~J._-__ -'--~'-"'_-'-'=-...J 
/WR --> FAULT, /PE ItWEX CDS~1(TC8578AP) I -

/SLCT,/P5V I 

*1: with relation to SYS_CLK 
*2: with relation to DSTB 

CLK INPUT 

INTERNAL CLOCK PERIOD 
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WRITE (VALID TO ALL WRITE CYCLE) 

DATA IN 

Al,AO 

READ (VALID TO ALL READ CYCLE) 

RR 

\~ 
t'i 

tRD 

DAT" OUT f- RICAD 
~ 

tAR r--:=--

/////////////,0 r-'- ADDRESS STABLE 

'" Al,AO 
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TECHNICAL DATA 

PARALLEL PORT 

[ 1 J Output Mode (CDS=O) 

Wl\, CS 

~ tWPD 

DATAl 8 

SYS-CLK \ / 

DSTB 

[2J Input Mode (CDS=l) 

./ 
V 

tDS tSD 

D8TB J CSS 1\ 

tSB 

\ 

ACK 

WR,CS _ 
(COMMAND Wrlte) \\ 

FAULT etc 

47 
\ 
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Z 

:£ 

TECHNICAL DATA 

10. PACKAGE OUTLINE 

40PIN DIP 

40 21 

fl 
20 

51.3 MAX ~ 

I'~ 
~

.' 0 , , 
" -, . 

j. I ,.5± '.1' : : 2." ± ,." 
"7.>,.......;.:,<::-----

l.4± 0.15 . . 
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44PIN ainiPP 

030 111t OBPITCH 

TC8576AF,TC8577AP 
TC8578AP 

Unit: nun 

M---------------~, 

140±01 

( 1 76±0.:l) 

MARK 
(06) 

~ ""! 
0 

~ j 0 

./£I. -illl U UllJ I U LlWlU 

15.2± 0 3 
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TC8600F 

(Floppy Disk Mechanism Con~_rolJ.er) 

INTRODUCTION 

The FDMC-II TC8600F is a one chip 
C-MOS 1SI in which the control 
logic of FLOPPY DISK DRIVE (FDD), 
together with the 4-bit CPU and 
required random logic. 

This LSI has the direct input 
termina I that rece i ve the system 
interface input terminal of FDD 
and output terminal of the 
stepping motor, read/write 
circuit, etc, in the drive. 

This LSI can be replaced by the 
digital control board. In the 
TC8600F, the firmware is buil tin 
ROM of CPU, so it can use for 
5.25 inch floppy disk drive 
immediately. 

FEATURES 

a Low power consumption by Si-Gate 
C-MOS technology. 

o T1CS-47 CPU fu ll-compa ti b 1 e 

o Direct input terminal of system 
interface 

(TTL compatible) 

o Enable to varIous variation 
method in 5.25 inch FDD 

o Built in sensor (Photo-Diode) 
input circuit 

o 44 PIN mini FP 
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1. GENERAL DESCRIPTION 

The TC8600F is a floppy disk mechanism controller (=FDMC) having various 
option selecting capability for composing a 5.25 inch floppy disk drive 
described as follows. 

Disk Type Select 

500KB / 1.0MB compatible drive 
This mode is for producing two drive models using same mechanism which 
transfer head carriage with 96TPI at a phase shift of stepping motor. 
LSI has a programmability to select 1 or 2 phase shift on the each step 
pulse from the system interface. the "2STEP" mode correspond to 48TPI 
model. 

1.0MB / 1.6MB Compatible Drive Model 
This mode is for producing an user programable drive model that has a 
capability to changing spindle motor rotating speed. 300rpm and 360rpm 
are assumed as pre programed rotation. 

1.0M byte mode Media rotation 300 rpm 

1.6M byte mode 
Data transfer rate 250K bps 
Media rotation 360 rpm 
Data transfer rate 500K bps 

2.0MB Unformatted Capacity FDD Mode 
This mode is for producing a high capacity disk drive. 2MB drive is 
accomplished by using 300 rpm media rotation and 500K bps data transfer 
rate. This FDD has the largest capacity in the 5.25 inch disk drive 
currently. In this type, the erase timing is programmed correspond to 
read/write erase gap of 400 to 550 urn. 

Option Select 

Radial Mode SeJect 
This mode supports the radial connection about the INDEX and READY 
signals that wire from all drives to each host controller. In this mode, 
[READY] and [INDEX] are always logic outputting independently of Drive 
Select [-DS) in the system interface. 

Motor Off Delay Select 
In the rotation control of spindle motor, it is possible to select the 
2.5 sec off de lay function.(a part of mode I) 

Automatic Chucking Function 
It is possible to select the function that makes spindle motor rotating 
momentary for sure chucking of the disk media inserted. The spindle motor 
rotates when the Di sk- In is detected, and keeps rotating unti I interna I 
ready is detected.(for all FDD) 
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2. DESCRIPTION OF PINS 

11] -HO/HM (Head Load DS/Head Load Motor on) Input 
This pin defines the head load condition by selecting the active 
condition of [+HDEN] terminal. When this terminal is a "High level", 
[+HDENj is controlled by [+MTRON] condition. Drive model is able to 
change by using jumper option on the FDD board. 

(2)-MTRON(Motor on) Input 
This pin is for the control the spindle motor. It is "Low active" signal 
and connects with the system interface terminal. 

[3] -HLOAD (Head Load) Input 
This pin is for the control the Head Load. It is "Low active" signal and 
connects with system interface terminal. 

[4]+TEST(LSI Test) Input 
This pin is a test pin for the LSI and usually in "Low level". 

(5)XIN(X'tal Input) Input 
This pin is connect with ceramic resonator for clock generator. 

[6]XOUT(X'tal Output) Input 
This pin is connect with ceramic resonator for clock generator. 

[7]-RESET (Reset) Input 
This pin is for system reset of the LSI. Input the "Low level" signal for 
initializing the LSI when the power is on. 

[81 --HOLD (Hold) Input 
This pin is for HOLD request of internal CPU. It is not used in TC8600F 
and usually set in a "High level". 

[9] +DSOUT (Drive Select out) Output 
This pin outputs "High active" logic of [-DS] in the system interface 
terminal. This pin is activated to "High level" when [-RESET) is a "High 
level" and [-DS) is a "Low level". 

llO]+HEAOO (Head 0 Select) Output 
This pin is for the control of the read/write head drive circuit. Head 0 
Se 1 ect signa 1 

[llj+ERASE (Erase Gate Output)'Output 
This pin is for the control of the erase head. This terminal provide the 
delayed erase signal for the Tunnel erase head with the positive logiC. 

[12]+WRITE (Write Gate) Output 
This pin is for control of the read/write head. This terminal provide the 
write enable signal for the head for the positive logic. 

[13]FWSEL-2 (Firm Ware Sclect-2) Input 
This pin is a programming pin for the function selection. 
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[14J FWSEL~3 (Firmware Select-3) Input 
This pin is a programming pin for the function Rejection. 

[15J-WGATE (Write Gate) Input 
This pin is connect to the WRITE GATE terminal of system int~rface 

[16J-OKCHR (Disk Change Reset) [nput 
This pin is connect to the DiSK CHANGE RESET terminaJ of the system 
interface_ 

[17] VOD (Power Supply) Input 
Power source terminal for LSI. +5 V DC power will spi IJed. 

[18]-SrSEL(Side S",lect) Input 
This pin is connect to the SIDE SELECT terminal of the system interface. 

[19)-OS (Drive Select) Input 
This pin is connect to the DRIVE SELECT n terminal of the system 
interface. 

[20) -DIR (Dirp.ction) Input 
This pin is connect to the DIRECTION of the system interface. 

[2J]-STEP (Step) Input 
This pin is connect to the STEP terminal of the systp.m interface. 

[22] -INUSE (Inuse) Input 
This pin is connect to the INUSE terminal of the system interface. 

[23]FWSEL-0(Firmware Selection--O) Input 
This pin is a programming pin for the function selection_ 

[24jFWSEL-l (Firmware Selection-l) Input 
This pin is a programming pin for the function selection. 

[25)+HDEN (Head Load Enable) Output 
This pin is activated to "High level" when the system needs currents 
flowing to the solenoid. 

[26) +SMPS (Step Motor Power SuppJ y) Output 
This pin is acti vated to "High 1 evel" when the system needs cutting off 
the +12 V power supply for stepping motor. 

[27] +MTREN (Motor Enable) Output 
This pin is activated to "High level" when the system needs spindle motor' 
rotating. The spindle motor will be controlled not only by the [MTRON] 
input but also by diskette chucking instantaneous operation. 

[28) +LINUSE (Lamp Inuse) Output 
This pin is an output signal of the inuse lamp control. It is possible to 
choose being controlled directly by the [-INUSE] or the signal latched by 
the [-OS]. This mode is called as latched inuse. 
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[29] +PHASE 1 (Phase-l) Output 
This pin is a control output of the step motor phase. The first. phase is 
outputted. 

[30] .PHASE-2 (Phase-2) Out.put 
This pin is a control output. of the step motor phase. The second phase is 
outputted. 

[31) +HLPS (Head Load Power SaVE!) Out put 
This pin is an output terminal of the head load solenoid power cont.rol. 
This pin is activated to a "High level" when the system needs to keep low 
voltage applied to the head load solenoid. 

[321 +SWFJL (Switch Filter) Output 
This pin is an output terminal t.o control the compensation of the 
characteristics of the read/write circuit reJation to the track position. 
If the track number is over 44. this pin is a "High level". 

[33] +DS/RDY (Drive Select/Ready) Output 
This pin is a supplementary output terminaJ for the circumstance circuit 
control. The function of this pin varies with three way. selection. At 
first. the positive logic [-US] of the system interface. and second. 
logical AND signal of the [-IlS] and [READY). and third [DISK CHANGED] 
output signal. In the last selection. this pin connects to the [DISK 
CHANGED] pin of the system interface via open coJ lector buffer. 

[34] +WP (Write Protect) Output 
This pin is for the system interface output. This pin connects to the 
[-WRITE PROTECT] of the system interface via the open collector buffer 

[35J +INDEX (Index) Output 
This pin is for the system interface output. This pin connects to the 
[-INDEX] of the system interface via the open collector buffer. 

[36] +TRACKO (Track Zero) Output 
This pin is for the system interface output. This pin connects to the 
[-Track OJ of the system interface via the open collector buffer. 

(37) +REAIlY (Ready) Output 
This pin is for the syslem interface output.. This pin connects to the 
[-READY) of the system interface via the open collector buffer. 

[38) [VSS) (GND) Input 
The LSI system ground terminal. 

[39] [VDD] (Power Supply) Input 
The power source terminal for LSI. +5 V DC power will applied. 

[401 -WPSNS (Write Prot.ect. Sensor) Input 
This pin is a photo sensor input. To apply a "High level" signal when the 
diskette is write protected. 
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[41] -TZSNS (Track Zero Sensor) Input 
This pin is a photo sensor input. To appl y a "Low 1 evel" signal when the 
head carriage is on the track 0 area. 

[42] -DISNS (Disk In Sensor) Input 
This pin is a photo sensor input. To apply a "Low level" signal when a 
diskette is inserted in the drive. 

[43] +IXSNS (Index Sensor) Input 
This pin is a photo sensor input. To apply a positive pulse signal 
derived from diskette index hole. 

[44] -2STP/+ARTZ (2-Step/Automatic Return to Zero) Input 
This pin is for a supplementary function selection. Beside with the 
function selection by the FWSEL 0 to 3, this terminal select the 2step 
seek mode or automatic return to zero function. 

-202-



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TC8600F 

3. FLOPPY DISK SYSTEM 

3.1 System Configuration 

Fig 3.1 shows the situation of the FDMC in a FDD. TC8600F receives the 
control signals from the host system, and executes the digital control of 
the FDD. 

Although read/write analogue signals are processed by R/W IC, the write 
enable and the erase enable are controlled suitably by TC8600F. The FDD 
has many mechanical parts, that is, step motor for positioning the head 
carriage, spindle motor for rotating disk media, solenoid for head load­
ing, etc. The TC8600F puts out the control signals for these parts. 

Read data Read data 

Wnte data Wnte signal. Erase Signal 

t-t----Hr- Write gate 

~ Head select 
~ Erase control 
> SWitch filter 
d'.1-'--'--'---'f_T~r~ac~k~02l:0~ ___ J 

I-'Dc:cR_'Vc:Ee-S::.:E:.::L'-------__ --"---I Disk-In 

WRITE GATE Write protect 
SIDE ONE SEL 

FDMC Index pulse 

IN USE 

T c 8 6 0 0 F rL"'E"'D'-'-o"'-n'--____ -t==~_+~ DIRECTIOf'4 

STEP 

READY 
Power save 

Stepping 

~~-;-~:.,-:_:O;-I ------"j ~~~; 
INDEX 

WRITE PROTECT 

DSK CHANGE IC 
TRACK 0 

DR 

DO Molor 

controller 
T A7715P 

T A7?62P F 
TA17d'JP ~ 

PG 

L ____ -1~M~o.:.::to~r-=on~----------11 MOTOR ON 

Control PCB Motor PCB 

,3.2 Opera Hon Summary 

There are two type of operation in a FDD which is controlled by TC8600F. 
These are initialization and normal operation. The initialization process 
consists of electrical setup and mechanical setup. In the electrical 
setup. TC8600F reads program input and sets operation mode required. In 
the mechanical setup, TC8600F moves head toward track 0 (outer) 
evaluating the track 0 sensor input so as to make match the counter in 
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the LSI with the physical position. (this operation is called recalibrate 
operation. ) 
In the normal operation. the following operation is proceeded. 

o Phase shift operation of the step motor according with the step pulse. 
o Generate the ready status by evaluating the INDEX PULSE. 
o Proceed auto chucking operation by disk in trigger. 
o Off delay control of head load signal. 
o Management the write enable(WE) and erase gate(ERA) signals correspond 

to the write gate from the system interface. 
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3.3 Exa.ple PDD Syste. 

,Rm DATA Cl--------------------, 

READ DATA 

READY ~ 37 READY 

mACKO ~ 36 TRACKO 

WRITE PROTECT CI---"'O/c.:CcYl--_--=-34.:..j WP 

I.~DEX 

DISK CHA~G[D 

c::::t-----'-O ''-'-'('ex: 1---_-'-'35'-1 I NOlX 

CJ_--,O,,-/C=cx, 1--_c:.:33'-j OS/RDY 
+5V 

FOMC 

WRITE 12 

ER ASE I-'-'ll_{>{)-_-1 

HEAOO f-'1:..:0 __ ~'-1 

SWFIL 1-3",,2 ___ '-1 

!R/W Ie 

REAO/WR I TE 
ANAL(x;LE CIRCUIT 

+5V + 12V 

TC8600F 

R/. HEAD 

TC8600F --r T STEPP I NG MOTOR 

WRITE GATE 

IIlAD SELECT 

I~USE 

DIRECTION 

S T E P 

MOTOR O~ 

HEAD LOAD 

DRIVE 
DRIVE 
DRIVE 
DRIVE 

c::::t---++++-+-t+>-c=--=-16'-j DKCHR 

C::::1--++++-+-f*--c=-..::15'--j WGATE 

c::t---++++-++---C=-ccI8'-1 S I SEL 

C::::1--++W_-c=-.:::22'--j I NUSE 

c::::t---++t+-_-C=--=-20'--j 0 I R 

CI-++'--_-c=--=-21'--j STEP 

c::::t----t+---c=---"-l MTRO~ 

CI-+-----<=>--.---"-l HLOAD 

19 OS 

:+;;;:~-.:..jHD/HM 

SMPS f-'2::;:6 ___ '-1 

PHASE 1 1-2::::9 ___ '-1 

PHASC2 f-'3,-,0 ___ '-1 

O/C 

TA7774P 

STEPPER 
DRIVER 

I,.EO 

LI NUSE J-'2",B--c =r--t1 

WPSNSf-'4:..:0-----_~-_r~ 

TZSNS f-'4:..:1 ______ ~>-_r"'6/ 

DISNS 1-4:::2 ______ ---+1_._-+->.8/ 

I XSNS f-'4.:.::3 ______ --t-1~_r.>.6" 

MOTOR-DN 

HEAD LOAD 
SOLENOID 

+-.._---'.44.:..j 2STEP / ARTZ 

+---,-__ 14--1 FWSEL-3 

+---,-_.:.::13-1 FWSEL-2 

PHOTO SENSOR 

FWSEL-l 

FWSEL-O 

X I N VOO 1-'-'.:.=----' 
'----,='-'--"1''''--''+--' 

5 

30PF 30PF 
CSA4MG o 
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4 FUNCTIONAL DESCRIPTION 

4.1 Function Selection 

I 
I 
I 
1 
I 
1 
1 
I 
I 
I 
I 
I 
I 

The TC8600F has five pins for function selection (such as [FWSEL-3], 
[FWSEL-2], [FWSEL-1], [FWSEL-O], [+2STEP / ~ARTZ]). Three pins ([FWSEL-3], 
[FWSEL-2] and [+2STEP/+ARTZ]) are evaluated only once after the LSI power 
is on. other two pins are repeatedly evaluated during normal operation. 
The function is selected one of the sixteen combined with 4-pins 
i.e.FWSEL-O to -3. 
According to this selection, the function of [+2STEP/-ARTZ] varies. In 
some mode, this pjn selects 2step shift or not, and in another mode, this 
pin sel ects auto matic return to zero function is ON or not, as an 
option. These functions are shown in tabl e 4.1a,4.1b,4.1c 

Table 4.1a Function Selection Map (al 

FWSEL 
3210 DRIVE TYPES 
11XX 1Mbyte, 1.6Mbyte, 500Kbyte each model 

10XX 2Mbyte model, media rotation 300rpm, data transfer rate 500kbps 
R/W-E gap-length in this model correspond to 

400, 450, 500, 560um 
01XX 1Mbyte/l.6Mbyte 

Interface is daisy connective type (INDEX and READY) 
OOXX 1Mbyte/1.6Mbyte 

Interface is radial connective type (INDEX and READY) 

Table 4.1b Function Selection Map (b) 

FWSEL I TYPE I Index ReadYISpindle IErase Delay (us) Options /Power ONI 
3210 I NO·1 Time (ms) I RotationlOn DelaylOff Delayl2STEPIARTZI Step INI 
1111 I 15 I 126 to 2381 300/360 1 194±14 I 5461014 I NA I SEL I EXECUTE I 
1110 / 14 1 158 to 2381 300 1 314±14 1 934±14 I SEL I NA I N~ 
1101 13 / 126 to 2381 300/360 1 194+14 1 546±14 I NA I SELIEXECUTE I 
1100 12 158 to 2381 300 1 314±14 1 934±14 1 SEL I NA I NO 1 
1011 11 126 to 238/ 300/360 1 262±14 1 598±14 1 NA I SELIEXECUTE I 
1010 10 126 to 238 300/360 1 202±14 1 542±14 1 NA I SELIEXECUTE I 
1001 9 126 to 238 300/360 1 162+14 1 502+14 1 NA 1 SELIEXECUTE 1 
1000 8 126 to 238 300/360 I 122±14 1 462±14 1 NA I SELIEXECUTE I 
0111 7 126 to 238 300/360 I 162±14 I 494±14 1 NA I SELIEXECUTE I 
0110 6 126 to 238 300/360 I 114,;t,14 1 514+14 1 NA I SEL I EXECUTE I 
0101 5 1 126 to 238 300/360 I 114±14 I 602±14 I NA I SELIEXECUTE I 

LOI00 4 I 126 to 238 300/360 I 162+14 1 494t14 I NA 1 SELIEXECll.TE I 
I 0011 

0010 
0001 
0000 

3 I 126 to 
2 I 126 to 
1 I 126 to 
0 L12Ei to 

[\Jote NA 
SEL 

238 
238 1 

~ 
2381 

300/360 1 162±14 I 494±14 I NA I SELIEXECUTE I 
300/360 1 114±14 i 514.:t14 NA SEL I EXECUTE i 
300/360 J 114±!LL§02±14 NA S!;:hlEXECUTE I 
300/360 I 162r14 L494+14 NA SELIEXECUTE I 

Not Avai labIe 
Select a function if the [+2step/+ARTZj pin 
is a "High level". 
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Function Selection by [+2STEP/+ARTZ] 
At the function type No14 and N012 in the table 4.1, the [+2STEP/+ARTZ] 
pin decides whether the "2STEP" operation is selected or not. This 
function performs that both 96TPI and 48TPI FDD are able to produce with 
using the common mechanical parts except the magnetic head. If the 
"2STEP" operation is selected, TC8600F will generate double phase shift 
on each step pulse received. Additionally, the [SWFIL] output pin, that 
is for compensating read/write amplifier characteristic, is controlled at 
same position independently of this selection. 

At. the other function t.ype mentioned-above, this pin decides whether the 
automatic return to zero function is selected or not. If this function is 
selected, the seek range limitation is done. The seek range limitation is 
a function that the LSI ignores the step pulse when the head carriage 
attempt to move outside the range defined. 
The range is from O-track to 83-track. The position of the O-track is 
recalibrated by track zero sensor. 

Automatic Return to Zero Function 
Thi s function works when LSI power is on ([ -CLR] termina I of TC8600F is 
released). This automatic return to zero function has two parts. That is, 
the power on step in and the return to zero operation. The power on step 
in operation always executes even if the automatic return to zero 
function is not selected. 

Power on Step in Operation 
This operation is done as follows. At first, the track 0 sensor status is 
evaluated. If the status is active (active means the head is on the track 
o region.), the FUMC moves the head carriage to the inner direction at 
one tl'ack, and waiting phase shift time. this operation repeats by each 
tracks until the track 0 sensor is inactive. This sequence repeats 15 
times at a maximum and the waiting time is 3 mS. 

After repeating 15 times without track 0 detect.ion, the FDMC goes to the 
next state, return to zero operation after waiting 15 mS settling time. 

Return to Zero Operation 
In this operation, FDMe executes outer seek operation until the TRACK-O 
status will be active. This stepping operation will be done 200 phase 
shift. at a maximum. After 200 phase shift is done without TRACK-O 
detection, FDMC goes to next procedure. 
The power on step in sequence is for the safe operation in such a drive 
that has elastic carriage stopper at the track zero position, so as to 
keep precisioness avoiding mechanical collision. But using such mechanism 
causes wrong track recalibrating, in case that head is located outer 
t.rack 0(-1 or -2 track) position. In that drives, actual track 0 position 
is defined as a tl'ack which is the first zel'O track found scanning from 
Inner direct.ion. With this manner, FDMC never misplace track 0, even if 
start at negative track position by the residue of former status of disk 
drive. 
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Table 4.1c Function Selection MaQ (c) 

i FWSELITYPEiMotor offl28Pin Outl 33Pin Out iDaisy/RadiallFDD Type Capa. I 
3210 NO. iDela;t (s) i (LINUSE) 1 (+DS/RDY) Index,Read;tIUnformat R/Ega21 
1111 15 None 1 Lat. Inuse 1 DS&Read;t Dais;t i 1.0Mb;tte 
1110 14 None i In Use I DS Dais;t i 1.0/0.5M 
1101 13 2.5 jLat.Inusel DS&Read;t Dais;t I 1. OMb;tte __ I 
1100 12 None In Use I DS I t<adial 1.O/O.5M 
1011 11 None i In Use IDisk Changed: Radial 2 Mbytt'. 560um: 
1010 10 None I In Use iDisk Changed I Rad~~~_~.t~te 500um, 
1001 9 None In Use IDisk Changed: RadIal 2 Mb;tte 450uml 
1000 8 None In Use IDisk Changed I Radial i _ .. 2 Mb;tte 400uml 
0111 7 None In Use IDisk Changeai Daisy 1.6Mb;tte 
0110 6 None In Use iDisk Changed I Dais;t 1.0Mb;tte 
0101 5 None In Use IDisk Changed! Da~ __ .L...l. OMb;tte 
0100 4 I 2.5 In Use ,Disk Changed, Daisy 1.0Mbyte 
0011 3 ! None In Use ---LQjsk Changed! Radial 1.6Mbyte 
0010 2 None In L"se ,Disk Chang~ Radial 1.0Mbyte 
0001 1 None In Use ;Disk Changed I Radial 1.0Mbyte 
0000 0 2.5 I In Use IDisk Changed: Radial 1.0Mbyte 

Motor Off Delay Control (TYPE 13,4,0) 
Although the [+MTRENJ terminal is control led by the system Interface 
[.,MTRON]. this function adds extra on signal at each time that the motor 
off. The off delay time is 2.5sec. This function make better the noise 
and response time when the motor turn to ON and OFF repeatedly In a short 
time. 

- M T RON \L. _____ ---1 

MTREN ~ 

JUS ± O.lS~ 

Figure 4.1.1 The Control of Motor Off Delay 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TC8600F 

Linuse Output 
This 28th pin [LINUSE] may be selected the signal whether positive logic 
output of 22th pin [-INUSE] or latched [-INUSE] signal by [-DS] signal. 

INUSE 

Latched 
lnus€' --+-1--' 

In use 

Figure 4.1.2 The Control of Latched Inuse 

+DS/RDY Ter.inal Selection 
The 33th [+DS/RDY] has the three funct.ion selecting pattern. 

DS&Ready (TYPE 15,13) 
The logical and signal of external [-DS] and internal Drive Ready. In 
this case, it is the same signal as 37th pin [+READY]. 

DS (TYPE 14,12) 
This signal is a positive logic of [-DS] external. In this case, it is 
the same signal as the 9th pin f+DSOUT]. 

Disk Changed (TYPE 0 to 11) 
The logical and signal of external [-DS] and an output of the internal 
flipflop disk changed which monitors changing of disk media. 

DKCHRS 

DISK 
C HAN G E 0:..-_---1 

DISNS 

Figure 4.1.3 The Control of Disk Changed 
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TOSHIBA INTEGRATED CIRCUIT 
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DAISY/RADIAL Selection 
In the daisy mode, the system interface output is available when [-OS] 
terminal is active. In the radial mode, [INDEX] signal and [READY] signal 
have no relation to [-OS], and they are always valid. In this case, the 
system interface output ([INDEX] signal and [READY] signal) is wired to 
the host contro ller directory. (radia 1 connection). 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TC8600F 

4.2 Specification 

4.2.1 Stepping Motor Control 
FDMC controls stepping motor as a two-phase exciting type. The phase 
control signals are output to [PHASE!] and [PHASE2] in a positive logic. 
Actual stepping motor will be drived by a current drive IC. 
The rising edge of the step pulse signal [-STEP] from the system 
interface is sampled together with the direction signal [-DIR]. The 
builtin CPU receives it as an interrupt request and updates motor phase 
output required. 

The stepping motor power save output [SMPS] controls the motor drive IC 
to decrease the idling current of the stepping motor in a quiescent 
stage. A "High level" on this terminal means decrease the current. 
The motor drive IC has an input to exchange driving voltage source. 
Usually, +12 V DC is for active driving and +5 V DC is for quiescent 
stage. 

FDMC activates the [SMPS] terminal to a "High level" when the stepping 
operation is over and certain times elapsed (settling time). 

-DIR 

-STEP 

TRACK NO. 

PHASE! 

PHASE2 

SMPS 

PHASEl 

PHASE2 

I 
3 I 2 

I 
?>ktAA 

///////1 

~ 
T l 

I 

I"' Air I tAL I 
U I U I U 

I 1 I 0 1 

1 

tAB 

1 tAB 

1 

Figure 4.2.1 The Tiaing of Stepping Motor Control. 

Table 4.2.1 Stepping Motor Driving Timing. 

NAME PAR A MET E R S MIN TYP MAX UNIT 
tAA Step to Phase Shift Time 150 270 us 
tAB S.M.Motor Power Save Time 56 60 62 mS 
tAC Second Phase Starting Delay 2.5 2.8 3.0 mS 
tAD Set Up Time for direction 200 ns 
tAE Hold Time for direction 200 ns 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TC8600F 

4.2.2 Ready Timing Control 

This operation generate the Ready signal by evolution pulse input from 
the [+IXSNS] pin. 

o Ready on condition 
Disk-In, Motor on and INDEX pulse comes continuously two cycles 
wi thin the val id, interval. 

I 
o Ready off condition 

1. Disk is out or motor is off. 
2. The pulse does not come within the valid interval. 
3. The index pulse comes continuously five times off the interval. 

Internal Ready status output to [+READY] terminal, but output condition 
is changed whether the FDMC mode is radial mode or the daisy mode. 

o DAISY MODE 

[+READY]=([-DS]="Low") and (internal ready="True") 

o RADIAL MODE 
[+READY]=(internal ready="True") 

NAME 
tBA 
tBB 

IXSNS 

READY 

PAR A M E 
INDEX Sensor 
INDEX Sensor 

Figure 4.2.2 Ready Signal 

Table 4.2.2 Read~ Signal 

T E R S MIN TYP 
to READY 0.3 0.8 
to NOT READY 0.3 0.8 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TC8600F 

4.2.3 Track Zero Output Control 

The status of Track-O is a condition that the s('nsor jnter'face input 
terminal [-TZSNS] is a "Low lev!'l" and the stepping motor phase output is 
"00" ("00" means both PHASEl and PHASE2 are "High lev,,1"). In this 
condition, track a output [4TRACKO] wil j be acUvated when the [--OS! is d 

"Low level" 

1- D I R 

-STEP 

TRACK NO -~-o 
____ ._~~ ___ ~ _L _______ ~ _______ ~ _________ . __ _ 

PHASEI 

PHASE2 

TRACKO ""t~~ ______ _ 

PHASE1 

PHASE2 I : ~ CC : 

TRACKO __________________ ~! ~-7~! __________ __ 

Figure 4.2.3 Timing of Track Zero 

Table 4.2.3 Timing of Track Zero 
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4.2.4 Erase Timing Control 

The erasp 0play timing is programed for a TUNNEL erase type of read/write 
head. SeVf'ra 1 parameters are prepared for the various kind of disk 
format. This parameter should be decided with consideration of the data 
transfer rate and disk rotation and the length of between R/W and ERASE. 
Table 4.1a shows the values on each function selected. 

'WRITE M tDB 
i GATE 

I 

WRITE '''9 · 
l·oo 

ERASE '< IX: ",I 
",I 

Figure 4.2.4 Erase Dela~ Control 

Table 4.2.4a Erase Timing 

NAME PAR A MET E R S MIN TVP MAX UNIT REF. 
tOA Write Gate on to Write on 200 nS 
tOB Write Gate off to Write off 200 nS 
tDC Write Gate on to Erase on Refer to Table 4.1a 
tOU I Write Gate off to Erase off Refer to Table 4.1a 
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TOSHIBA INTEGRATED CIRCUIT 
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4.2.5 Spindle Motor Control 

The [+MTREN] is a "High level" when the system needs spindle motor 
rotation. The spindle motor is mainly controlled by the status of [­
MTRON] input. Additional control is done at the automatic chucking 
operation. 

-DISNS 

+MTREN 

-IXSNS 

Figure 4.2.5a Auto Chucking Operation Ti.ing 

Table 4.2.5a Auto Chucking Operation Ti.ing 

NAME PAR A MET E R S MIN TYP MAX UNIT REF. 
tEA DISK-In to MOTOR on 0.71.7 mS 
tEB READY to MOTOR off 0.7 1.7 mS 

-DISNS 1-

[Jd b 
-MTRON 

6 +MTREN 

t EC tED tEC tEE 

Figure 4.2.5b Spindle Motor Control Ti.ing 

Table 4.2.5b Spindle Motor Control Ti.ing 

U!AME J P A R--A-M-ETER-S------.Ll>1!l'i.LIii I -M-~?LjjJN·[·r._L~=gt:!~~=~ 
L!~g__LMQ.TQR...Q!I . ...!.Q...MTREN off __ 1 __ l.JL..'Li..J.,-LL _I!lL L __ .... _._.J 

I tED MOTOR off TO M'ni!~!U~fL ____ L£:_LL?.·_~.LL~J.._h . ...!~ __ L ___ . ___ J 
I tEE DISK-In off to MTREN off I 1 0 . 7 L!..:.! _L.I)l~_j. ___ .. _._ .. _h_j 
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4.2.6 Head Load Control 

[<HDEN] and [.,.HLPS] control ht'ad load solenoid. [.HDENJ is a "High level" 
when the head is loaded. A "High It-vel" on the ["'HDPS) means reducing 
idling current to the solt-noid in a qU1escent stage. This terminal is 
negate when [+HDENJ IS turn If) d 'Lo" If"vpJ'', (.nd is activated to a "High 
level" after several second elapsed. 

The condition status of thp head 10dd IS controlled by the combination of 
[-HLOADj and l HM/HD]. And also thl' status or' Motor on and DISK-In is 
added to thjs condition. ThiS 1S described as follows. 

HDEN ~- (f -MKTO!'.J~"Low level") * It -DJSNS1~"I.ow level") * 
lI-HLOADj="J,ow level" * [-DS]-="Low level" + [--HM/HDJ="Low level") 

FollowIng tabJ(-' shows the HEAD LUAD condition, 

',HEAD LOAD [-HLOAD] '[-HU/HM] Condition when 
'INPUT PIN C0nnect to connpct to [HDENj IS active 
_!)se __ rlEAD LOAD, High(VDD) i (HEAD LOAD)*DS*MTRON*DISKIN 
~'l.!!..._ HEAD L()AD ilEAD LOAD (HEAD LOAD) *WfRON*DI SKIN -.-J 
I Not Ijse Low(GND) HIgh(VDD) IlS*MJ-<TON*DISKIN 

Not (jSt~ High(VDD) OS DS*~kTnN*DISKTN 

Xot [;81, Hlgh(,,"!)D) , Low(GND) MRTON*DlSKlN 
Not L'sP ----:=.;'----':..:.:.:.~-""I.c..;().:.:W->-(-"-G,:.;.ND"-'L Lowl GND i MRTON*DISKIN 

i 
! 
!-DISl\S 

I 

I i -HI OAf) 
, \ - M R TON )----'\-1 --.,-___ ..J 

, t FA 

: t rD 
-~ r(-

I 
'~HDEl\ 

I 
liHLPS 

: 

--}".. ,,--
I 

---J 

u 

Figure 4.2,6 Head Load Control 

Table 4.2.3 Head Load Solenoid Control Timing 

----------,--. -----------------------
NAME I P A R A M E '" ;- R S MIN TV? MAX UNIT REF. " ---'-=--"-

----!.L~EAD !!OAD t_2._ .,.rior:N on 0.7 I 1 .7 mE> 
L!J"13 i HEAD LOAD POWER linsave TIme 59. 60. I 63. mS 
~~_--L-HEAD LOAD off DeJay TIme _440 530--LJ!!§. 

tFD Disk Out to HEAD UN~OAD 0.7 1.7 I mS 
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4.2.7 Switch Filter Control 

[+SWFIL] is prepared for adjust ing thp cllaracteristlcs of i1 R/W analogue 

circuit characteristics. 
The charac t('ri s ti cs of t hI' R/ W c i reu i t shou 1 d be changed accord lllg to the 
track position processed Thpre are two nwthod to eompellsat(' this. 
One is to change frequency domain compensation in the re(ld amplifipr. 1t. 
is called switch filter, and t.he ot.h!'r is rerill(,1ng wr-ltp ClIITf'nt in the 

write amplifier'. 

Anyway this terminal wi II become act iv{' when I hi' Cllrn'lIt head posi t ion 
is from 44 tracks to 80 tracks. In tht' view of minimizing thp d~fr('rence 
of characteri st ie betwef'1l compensat ed t rack and non ·conq.JI'llsated track, 
the ideal turning point of switch filter is E,O to 00 tr(lcks. Hut in the 
view of compatibility among FIlDs, it had [wtter thilt tllf' ,'I)mpf'nsdtion is 
slight as possible, The FUMe chooses the Jattpr one 
Additionally, in 48 TPI FDD used 2 PHASI:/TRACK mndl', ["sWFTLl becomes 
active at thp same position as ~6 TPf FOil. 

-DIR 

-STEP U 

TRACK NO. 45 I 44 4? 44 4" 
PHASE NO 45 44 Ii 43 42 44 45 

+SWFIL k-t GA -7-
~ ~ 

, t GB 

T RAe K NO. ---;2;;;3-,---:;:22;----1:"'1--:2-:-1 -...,---~')cG-~--21-....... ---2-2 -"""'---2-3 

------r-- ---r--.-+-------,----------r" -............-~-. =:=~,==:;.,.~--,=:;==;:::::::=:~= 
4[, I 45 1 44 : 43 ' 42 . 41 . 40 i 41 . 41 43 1 44 

--~--- ---'----'----
PHASE NO 45 46 

I+SWFIL 

I 
.-'.'>1 r:~,,,-'------------...,71.,;.,--k_ 

Figure 4.2.7 Switch Filter Control 

Table 4.2.7 Switch Filter Control Timing 

I NA~Ji....Ll:' .. A..~~_~ __ [;_I=-Ii..1L~::__==::_~=~-ijlU~_LTI'P LMAX~ UNIT I 'RE}-' .-"-, 
I tGA _U.~_...1()_ s.!".Ufh XU t e r 0 f f. ' () _ 7 - '1-:7 • --;;;;- i -----1 

L!&B Step t 0 _~!".L~~Ll::.uj ~ !'.=~~--_:T-··-- ]=i>~i=-;~:L7~=Lu __ 1ll5._ ~. ___ ~ 
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INTEGRATED CIRCUIT 
TOSHIBA TECHNICAL DATA 

~_ELECTRICAL_CHARACTERISTICS 

5.1 Absolute Maximum Rating 

UYMnQ.!.c_~_~ _L_·L_.~ ___ :-l. _____ . ______ L 
Vll[) ')upp]y Voltage 

VSS OV (Gnd) 

RAT 1 N G 
- 0.5 6.5 

TC8600F 

I UNIIJ 
I V 

'"------- --- ----'----- - --~------- ---.----------'-~----------------'------' 

VIN Input Voltage - 0.5 VDD+0.5 V 
L _______ . .:. _____ . __ . _____________ --' ___________ --'_------' 

VOUT : Output Voltage - 0.5 VDD+O.5 V 
~ __ _ _ _____ L __ ... ___ . ________________ . _______ . __ L _________ . ____ . __________ . ________ -'--___ .....J 

Tstg i Stolage Temperature I 
~___ __.J ___ . 
: Topr I Operating Temperature 

Iout1 I Output Current each t(;rminal I Output gl'OUp ::': 3 
:...... _____ . ____ -1 ______________________ ~. _____ L __________ . _____ J _-.--1 

Iout2 I Output Current each terminal I Output group 2 ::': 6 I rnA I 
________ . _____ " __________________ . _______________ . __ ______ .L _____ .___ I I 

PD i Puwer Dissipation I 300 I rnW I 
_._J _________ . ___________ . ______________ L _____________ '---_....! 

Note . If LSI is used above the maximum ratings, permanent destruction 
of LSI can result. In addition, it is desirable to use LSI for 
normal operation under the recommended conditions. If these condi­
tions are exceeded, reliabilHy of LSI may be adversely affected. 

Output group 1 
[I Hl.EN 1, 
[ +HLPS J , 

[+SMPSj, [IMTHEN], [+LJNlJSE], [PHASE1], [PHASE2], 
[ +SWF I L J. 

Output group 2 
rXOlJT], [+lJSOlJT], [+HEAllO], [-tERASE]' [+WRITE], [+DS/RDY], 
[+WPj, [-tINDEX], [+TRKOO], [+READY]. 

5,2 Recorn.ended Operating.Conditions 

VDD ~ 5.0V, VSS OV 

l.?y"M.llQLl. __ 1 __ T __ B __ ~____________----'-__ CONDITION 
i Topr i Operating Temperature 
:.... _______ L ___ _ 
I VDD Supply Voltage 

IMINIMAXiUNITI 
1-30 I 70 I 0 I 

_____________________ . __ . _____ ._--'-____________ -'-_-'-_'-----l 

I feLK Clock Frequency 
L-. __ .. ___ ~_. ____ . ______ . __ . ___ --'-___________________ -'-_-'---''----------' 
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5.3 DC Characteristics 

VUU ~ 5.0V. VSS = OV. Topr=~30 to 70°C 

I SYMBOL I I T E M."'-,-_-,--:-,-_ ~--L-_~~.!LJ_T_L~~!'J. ____ -L_MI1'iL..1)'t~~~-,-Ur-;lIJ 
I VHS1 I Hysteresis Width (1) I Input terminal group] i 0.21 O.6! V I 
l....-__ l....-___ -,--__ -,--_----:--.,.---'--_____ ~ __________ ____ ~ ____ ~_~ ___ ~..-:.. __ J 

Hysteresis Width (2) [ Input terminal group 2 O.SI 0.81 V I 
'-__ ..L... _________ ---:--:---.-'-_____________ ~ _ _'_ ___ _'_ ___ i __ L......_J 

Input High Current (1) Input with pull up device[ -20! 20: uA 

Input Low Current (1 ) Input with pull up devlcel~ ]00: 20, uA i 

Input Current CMOS input gate I -20[ 20[ uA 

I VIH1 I Input High Voltage 1 ) 
. __ --:. __ ~_~~ ___ . ___ ~ ____ ..... _____ ~ ___ --L-__ J 

Input terminal group i 2.1: VUDI V i 
L-~_...L.. ___ 
I VIL1 Input Low Voltage (1 ) Input terminal group 1 : 0.0' : 0.6[ V i 

~ .. ___ .. __ ~ __ .. .L. __ L~ ___ .. ~ .. _ ... ~ _: 

Input High Vo ltage (2 Input terminal group 2 ,2.8, vun, V 

~ __ .....J.._._L 
VIL2 Input Low Voltage (2) Input terminal group 2 ,0.0, ! 1. 0 I V 

Input High Voltage (3) I Input terminal group 3 3.5, i VUIlI V I 

__ ..L........ --- - ~-"-- ---- _ .. ---- --~ ----~ ---- ----'--. - -- --
VIL3 Input Low Voltage (3) i Input terminal group 3 0.0 ] .51 \' 

~_'"' ____ ._-'---_.J ___ ~' 

Output High Current(1) VOH=4.6V Output group 1 i . 2 . 0: rnA : 
_L_~I _~.---J 

lOLl Output Low Current (1) VOL=0.4V Output group 2,0 I rnA i 
~ ____ ~ _______________ ~ ____ ~_._. _____ . __________ L_ __ ~_~ __ j __ ~1 

Output High Current(2) VOH c 4.6V Output group 2 1-3.01 rnA 

Output Low Current (2) VOL=0.4V Output group 2 3.0[ rnA 

Power Consumption VUU=5.0V fC=4.0MHz 2.01 4.0, rnA 
"'--___ ...L.. ___ ~ ____ . ____ ~ ________ ....... __ .~. ______ ~~ _____ ~. __ .~_~_~~_-L-_ .. _~' __ ~, _~.~ 

Input terminal group 1 
[-HD/HM J. [-MTRON]. [-HLOADJ. [-WGATEJ. [SISEL].l-US]. [ -DIR]. [-STEP]. 
[ - INUSE J. [-STP J. [-2TSP / +ARTZ) 

Input terminal group 2 
[-RESET]. [-WPSNS]. [-TZSNS). [-DISNS], [+DISNS). [IXSNS) 

Input terminal group 3 
[+TEST). [XIN). [-HOLD)' lFWSEL-O). lFWSEL~l). [FWSEJ,-2j, [FWSEI.-3] 

Output group 1 
[ +HLENJ. 
[ +HLPSJ. 

Output group 2 

["'SMPS], [+MTREN]. [+LINllSEj, [PHASE) J. [PHASE21. 
[+SWFILJ. 

[XOllT). [+DSOllTJ. [+HEADOJ. [+ERASEJ. [+WRITEJ. [+OS/ROY]. 
[ +WP]. [+ INDEX]. [+TRKOO]. [+READY). 
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5.4 AC Characteristics 

Unless other'wise notl·ed. Ta~Ooc to 70o C. VDD 5.0 .:: 0.5V 

5.4.1 Pulse Width 

iSYMBOL, 1 T E M MIN: TYPj MAXIUNITI 
I tWSP i Step pul: ",idth 5001 ! 1 nS 1 
I 1 1 I I L-- I 

5.4.2 Transmission I· dy Characteristics 

~MBOLI 4 MINI TYPi MAX I UNILJ 
! tWEH 1 Wri' ,t e Fall -> Write Enable Rise - I I 200 nS I 
L I 1 1 
i tWEI. Wri! Jd te Rise -> Write Enable Fall - I 200 nS 1 
I ____ --L ____ ~ I I 

tlFH --" aJl -> +DSOUT Rize 1 1 
-> cDSKCHG Rize I i 1 
-> +WP Rize - I - I 200 nS 1 
-> +INDEX Rize ! I ! 
-> +READY Rize I 1 

tlFL ~Jze --> +DSOUT Fall 
-> +DSKCHG Fall 
-> +WP Fall - i 2001 nS 
-> +INDEX Fall 1 

1 -> ,READY Fall 1 

: tHDH ~I 'I,' .Rize .. > THEADO Rize - I 2001 nS I 
, ,I 1 ~="=:-=-~~--=---

tHr . , Fall -> +HEADO Fall 2001 nS 
1 

I t 5' \S Rize -> +INDEX Rize I I 
I 

I - i - I 200 1 nS 
, I. ,:-;S 

I 

Fall -> +WP ~~ ~ £.e I I L-_-~, ___ -

I tS, I ,·s Fall .. > +INDEX l"all 1 I 
I - i i 2001 nS , \ 
! - S Rize -> TWP Fall 1 1 ! tDS~-r--~- 'up time) DIR from -STEP Fall - 1 - I 2001 nS 1 , 

: tDIl -+ H r)jJ 

I 1 1 
time) DIR from -STEP Fedl - 1 - 1 2001 nS 

, \ 1 1 1 ,--------L 
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5.4.3 Testing Waveform 
(VDIJ 5 OV ) 

LSTTL Equivalence Input 
Input tt~r'minrll group i 

IllD/HM1,! - MTRON I, [HLOADj, !WGATEj, I SISLL I, iDS I, I IJIR1, 
[STEP]. [-INtiSEJ, [-STPj, [--INlJSE]. [-2STP/.ARTZ] 

~ U\ 
2 ~~ 

o 4\' 
o OV 

Sensor Input Terminals 
Input terminal group 2 

x- X 2 OHVill) 

U bl(l'lL) 

[-RESET]. [-WPSNSj, [-TZSNSj. [-DISNSj. [+IXSNS) 

5.0V 
3 OV 

,J 6\ 

O. Uy 

Other Input Terminals 
Input terminal group 3 

n't X 
2 .V (v III) 

I OV(VI!.) 

TC8600F 

I+TEST], [XINj, [HOLD], [FWSFL-O], !FWSEL1). [FWSEL-2]. [FWSEL3) 

5.0V 

X X 
4. GV(VIII) 

U.4V(VIL) 
0.01' 
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5.4.4 Timing Wavefora 

-STEP 

\-,.~ J 
-WGATE 

+WRITE 

-DS 

t I I'll 

+INDEX 
+TRKOO 

+DSOUT 

+DS/RDY} +WP 

+READY ----------~ 
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(( WRITE& ~\ ____ --=_ ERASE ~ 

\L----1 , -SISEL 

+HEADO 

WRITE&ERASE 

+HEADO 

-IXSNS 
-WPSNS 

+INDEX 
+WP 

'I t 1Ii~-~-
~ '"nL \L __ _ f-- "n" !' 

Stable 
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-DIR __ ~X --x~ ____ __ 
, 

\'-1--' _I 
5.4.5 Testing Te~.inal Load 

Apllipd to CMOS output tprmiflal. 

Ie Terminal <E-oE--re--+> Testet' 

30PF 

~ND 
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TOSHIBA INTEGRATED CIRCUIT 
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6. 44 PIN mini FP Flat Package 

UNIT 
: __ --4--

---------- --------. 
I 

1 

r--_-L.L.LL.I...L.ULLLltL'-U-L-'ll-Lj.L..J..J.---, ---'~---T 

I 
1-

MAl-\K 

MJl.hKlhG 

AhEA 

140±Ol 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TC8602F 

TC8602F 

(Floppy Disk Mecll.anisJTl Cont.ro.lJer) 

INTRODUCTION 

FDMC-IT LSI TC8602F is a single chip 
CMOS LSI for the floppy disk dr-i ve 
digital control logle, consisting of 
a 4-bi t CPU and required random 
logic. 

This LSI has input terminal fOl' 
direct reception of the floppy disk 
drive system interface terminal 
jnputs,such controls as step-motor, 
etc, which are the internal 
mechanisms of floppy disk drive, and 
read/write circuit control signal 
inputs, and the digital control 
board in the present floppy disk 
drive can be replaced by this LSI. 

FDMC--I I LSI TC8602F has a firmware 
already mounted to the ROM of the 
built-in CPU and therefore, is 
readily usabJe for 3.5 .inch floppy 
disk drive. 

FEATURES 

a Low power consumption by the 
Si-gate CMOS technology. 

o Fully compatible with TLCS-47 4-bit 
CPU. 

o System interface directly connected 
input termina 1 s 

(TTL compaUble threshold) 
o Various specifications on 3.5 inch 

floppy disk drive. 
o Built-in R/W Ie control circuit. 
o Built-in sensor (photo-diode) input. 
o 44 PIN mini FP. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TC8602F 

1. GENERAL DESCRIPTION 

TC8602F is a floppy disk mechanism cantrall er having various option 
selecting capability for composing a 3.5 inch floppy disk drive 
desel'ihed as follows. 

Disk Type Select (each mode with capacity) 
o 500KB / IMByte compatible drive. 
This mode is for producing two drive models using same mechanism that 
has capabi lity to move carriage of magnetic head on each tracks as 
135TPJ a phase shift of stepping motor. LSI has a programmability to 
select 1 or 2 phase shift at the each step-pulse from the system 
interface. if 2 phase mode is selected, the floppy disk drive becomes 
67.5TPI (500Kbyte) model. 

2 phase 500Kbyte ( 67.5TPI/250Kbps/300rpm/Double sided) 
1 phase 1.0Mbyte ( 135TPI/250Kbps/300rpm/Double sided) 

o 1 MByte/l.6Mbyte compatible drive mode. 
This mode is for producing an user programable drive model that has a 
capiibility to changing spindle rotating speed. 300rpm and 360rpm are 
assumed as pre-programed rotation. 

1.0Mbyte mode Media rotation 

1.6Mbyte mode 
Data transfer rate 
Media rotation 
Data transfer rate 

300rpm 
250Kbps 
360rpm 
500Kbps 

o 1.6Mbyte / 2.0Mbyte compatible drive mode. 
This mode is for producing high capacity disk drive. 2.0 Mbyte drive is 
accomplished by using 500Kbps data transfer in a drive that has 300rpm 
rotation and 135TPI track density. If the drive mechanism has a 
capabilIty to change rotation. 1.6Mbyte model is also available. 

1.6Mbyte mode Media rotation 360rpm 
Data transfer rate 500Kbps 

2.0MbytL mode Medja rotation 300rpm 
Data transfer rate 500Kbps 

Step Motor Selection 
More accurate positionjng, head carriage actuator needs double phase 
shift in each track. 

o 1 phase / 1 step pulse mode. 
o 2 phase / 1 step pulse mode. 

o 3.0 mS / phase-rate. 
a 1.5 mS / phase-rate. 

Tunnel Erase Head Gap Select 
o 600um/700um (at 300rpm) 

135 
270 

a 300um/350um/400um (at 360/300rpm) 
Power down stand-by mode. 

phase/inch 
phase/inch 

External power supply control output corresponding to power down 
st.andby. 
Scan control output for sensor LED current limiting. 
Automatic media chucking. 
Power on automatic return to zero seek. 

--227-



TOSHIBA INTEGRATED CIRCUIT 
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2. DESCRIPTION OF PINS 

1] ~HDMODE (High Density Mode) Input 
One of the function select pins. This pin selects mainly density of 
disk drive read/write format. 

2] -MOTRON (Motor on) lnput 
Control input for the control of the spindle motor. Low act i vp signal 
should be applied through system interface terminal [MOTOR ON]. 

3J ~SPSEEK (Special Seek) Input 
One of the function select pins. When this pin is at low level, the 
step-in operation is selected during power~up sequence. 

4] +TEST (LSI Test) Input 
Test input for LSI testing in thp Production line. Kef'p VSS level 
during normal operation. 

5] XIN (X'tal Input) Input 
Oscillating resonator connecting terminal. 

6] XOI'T (X'ta.! Output) Output 
Oscillating resonator connecting terminal. 

7] ~'uR (Clear Input) Input 
The psct termina I of IC. Low active reset signal is needed for correct 
oper .ition when LSI's power is up. 

8] HOLD (Hold Input) Input 
Hold indicating t(~rminal of internal CPU. Not used for the current 
firmware in the TC8602F. Keep VDD level or open for correct operation. 

9] -DSOUT (Drive Select Output) Output 
This termina I puts out an inver'ted signal of [~DS] pin. Usable for' 
ext.1·a control signal as positive [DSJ. 

[10J +HDO (Head a Selected) Output 
The read/write analogue circuit contra.! signal. This signal will be 
activated when head 0 is selected. The logical meaning of this output 
is same as [~SJSEr.J pin, but the transition is inhibited during [+WE] 
or [+ERAl is activated. 

[11] ,Et{A (Erase Gate Output) Output 
The rcad write analogue circuit control signal. OelClypd erase signal 
(positive logic) is put out for' the correct erase operation through a 
tunnel erase head. 

r 12] >wF (V,l l te Enable Output) Output 
The renu,write analogue circuit control signal. This pin output is 
loglr~. AND sigual of [-OS] and [-WG] and [WP]. 
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[1:11 "EXTO (Extrd F'lllction Select 0) Input 
Or.I' of tll" fU1Jctio" :-;elpct pins. This functioll seler\ lS done by 
l'nmb"tlCltion With [EXT1] as seh:ctlng main mode of floppy disk type. 
ThIs PI{)gl'·lm input pill is f'vH!m:tp only oncp at the time powpr (In 

!14] +EXT! lE,xtt'd Function Select 1) Input 
On(' of \ h .. funet i on 'if'l ect pins. Th is fUllct ion se I eet .i s donp by 
combinatIon with IEXTO] ciS selecting m<lin mode of floppy disk type. 
This progr<lm lnput pln is p\'Hluatp only Oflre at tllp p\lwer on 

[151 -WG (Wl"Itp Gate lnput\ Inpllt 
Input pin fUI' the WRITE r;ATE signal 
tpI'mini'l1 of the systc>m interface. 

I Hi l-llKCHR (j) i sk Changpd FF R('set) r npu t 
Input pin rp[' resetting (Disk Change FF 

Connert 10 the WRITE GATE 

This p.n will connect to 
tl'" JllSK CPA1>(;F RFSET tprminal of the systf~m intf!rface, 

i '7; rVDDj (Pow"r Supply) lnput 
Power' SUUITe terminal for LSI. +5 V 1)(; power wi 11 :lppl ied. 

1181 'SISEL (SIde Sdect input) Input 
Input pin for selecting the side of disk medin. Cfllinect to the 
SIDE SELECT or HEADO terminal of the system intE't'fact'. 

1191 -!)S (Drive Select Input) Input 
lllput pin for drive splect. Ready to connect to thE' one of thE' DRIVE 
SELECT n terminal of the system interface by using jumper connector. 

1201 DIM (Direction Select) Input 
Input PHI for direct iOIl selert. Connect to the DIRECTION terminal of 
'I\<> ,ystem ll.terface. 

i~l'l STEl' (Stpp Pulse Input) Input 
Input pin for rpcPlving il step puIsI' signal. Connpct to the STEP 
JE'rmlnal of the system interface 

r221S(,Hll (Splert Gap of Head) Input 
OnE' of thE' function spj"ct. pins. This pill is used for mainly to 
a<~.J LIS t 1I1g de J ayed time cons tant of erase ['eild/wr ite gap, 

[2JI LPTYPE (Low Power Type Selection) Input 
On .. of the> funct] otJ se I pr;t pins. TIllS PIll is u.sed f{)r main 1 y to se lect 
SPEC I/IL LOW POWFP typP. 

124] +AUTORZ ,(Aut('matic Rf!turn to Zero Select) input 
OnE' of the flll1ction select pins. This pin is Ilsed [or mainly to s Ject 
alltomn.tir J'f'turn to zero functIon, 

[25] +RWPWR (Read/Write Circuit Power Control) Output 
f'owpr '-'dve contl'oi signal for ·J2 V read/write r;ircuit power pply. 
An active High signill appears in this plll when the system nep(lS >12 V 
powpr snpply for read/write circuit. 
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/26J +Si.fPS (Step Motor Power Save) Output 
Tllis pin wi Jibe activated to High level when the system cut off the 
+12 V power supply 10 stepping molor. 

[27] +MORTEN (Spindle Motor Enable Control) Output 
This pin will be activated to high level when the system need spindle 
motor rotating. The sPJTldl(~ motor will be contI'ol led not only by the 
I-MTHON] input but also by diskette chucking instantaneous operation. 

[28] +SWFLTN (Switch Filter Control) Output 
This pin wi II be activated when the track posit ion is inner (larger') 
than 44 t.rack(at 80 track mode). ThIs signal is used for changing AC 
chal'acteristic of read ampl if'ier 01' reducing write current of write 
ampJifier. 

[29J .PHASE1 (Step Motor Phase 1) Output 
This pin shows step motor 0 1 output. 

[30J +PHASE2 (Step Motor Phase 2) Output 
This pin shows step motor 0 2 output. 

[31] +PWRON (Step Motor Power Control) Output 
This pin will bE' activated to high level when the system need power' 
supplies for operation of head moving mechanism. 

[32]cLEDSCN (LED Scan Output ) Output 
This pin used for current limiting of sensor LE1) lamp ( especially 
DISK IN SENSOR), If the system is in the standby mode, this pin wi II be 
in a scan mode so as to eliminate currellt consumption through the LED 
lamp. 

[33] +DSKCliG (Disk ChitIlgp(j FF Output) Output 
The ,systpm interface pin. Connect to the (DISK CHANGED) termina 1 of 
system interface, via open co J ] ectoT' invert ing buffer. 

[34] ~WP (Write Protected) Output 
Thp system interface pin. Connect to the (WHITE PROTECTED) terminal of 
system interface via open ('oll(~ctor inverting buffer. 

[35] +JNDEX (Index Pulse) Output 
The system interfact, pin. Connect to trIP. (INDEX PULSE) terminaJ of 
system interface via open collector inverting buffer. 

[36] ,'fRACKO (Track 00 Signal) Output 
The system interface pin. COllncct to thl' (TI,ACK 00) termina I of system 
interface vi~ open collector inverting buffer. 

[37) +/mAIJY (Disk Heady) Output 
The syst.em interface pin. Connect to the (READY) terminal of systpm 
interface via open collector inverting buffer. 
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[38] [VSS] (GND) Input 
The LSI system ground terminal. 

139] [VDD](Power Supply) Input 
Power source termindJ for LSI. +5 V DC power will applied. 

[40] +WPSNS (Write Protect Sensor) Input 
Photo sensor input pjn. To apply a High level signal when the diskette 
is wrute protected. 

[41] -TZSNS (Track Zero Sensor) Input 
Photo sensor input pin. To apply a Low level signal when the head is on 
the 0 track position. 

[42] -DISNS (Disk In Sensor) Input 
Photo sensor input pin. To apply a Low level signal when a disk media 
is mounted in the drive. 

[43) +IXSNS (Index Sensor) Input 
Photo sensor input pin. To apply an active pulse signal derived from 
diskette index hole. 

[44] -TWSTEP (Two Step Mode) Input 
One of the function select pins. This program input is used for mainly 
select 2-step mode. At the 2-step mode, LSI drives double phase in each 
step pulse input from system interface. 
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3. FLOPPY DISK SYSTEM 

3.1 Syste. Configuration 
Figure 3.1 shows the situation of FDMC in a FDD(=Floppy Disk Drive). 
TC8602F receives control signal from host system through system 
interface terminals, and executes digital control in the drive. The 
analogue signals are processed to/from R/W IC, however, the FDMC 
controls both WRITE ENABLE and ERASE ENABLE precisely. An FDD has many 
electromechanical equipment, such as, stepping motor for head posi­
tioning, spindle motor for media rotation, solenoid for head loading 
etc. The FDMC moni tors these si tuation and generates control signa Is 
precisely. 

Read data 

Write data E:r~se 9gnal 

t--t--t--t- Write gate 

IN USE 

9 - Head select 
'"- Erase control 
~ SWitch filter 

~~ ~~'-----

~~-L-L-L-Ll-~~~ac~k~O~O~ ____ ~ 
I-'0,-P_'V.=.E --cS.=.E-=-L ______ J---j Disk-in 

>'IRITE GATE 
Wflte protect 

SIDE ONE SEL 
Index pulse 

OIREr:TiON 
, DM( 

TC8602F LED-on 
---t==~+~ -------O-R+-t-P- G--STEP 

READY 

INDEX 
WRITE PROTECT 

OSK CHANGE 

TRACk 0 

Power save 
Stepping 

f-Ph_" __ :)"'-,-O _____ -l motor 
phase 1 driver 

f-----------l IC 

DD Motor 

controller 
lA7715P 

TA7?b2P F 

I I TA774')P F 
Motor-on 

L_~ __ L-_~--=-_=__~-+----iMOTOR ON 
. _ Control PCB Motor PCB 

3.2 Operation Su.mary 
There are two type of operation in a FDD which is controlled by FDMC 
LSI TC8602F. These are initialization and norma] operation. The 
initial ization process consist of electrical setup and mechanical 
setup. In the electrical setup, the TC8602F reads program input and 
sets operation mode required. In the mechanical setup, the TC8602F 
reca]ibrates head positioning by moving toward track 0 (outer) and 
detects TRACK 0 SENSOR ON so as to reset the internal track monitoring 
counter in the CPU. In the norma 1 operation, TC8602F works as 
follows. 

o Updating phase output of stepping motor according to the STEP PULSE 
from system jnterface. 

o Generating READY STATUS by testing the time interva 1 of INDEX PULSE 
which comes from spindle motor. 

o Erase gatp signal generatjon by detecting WRITE GATE signal from system 
interface. 
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WRIT!: DATA 0------------
1-----------: 

HFAD DATA .. --,---- _~_<~,-l----I ':4J 
'- ,,---I- .-----: , D~:.!) T 

C}--- '-l,l'CO<::- ---~~ m,0Y 

,-, ,-'Ie ._-, :lG 11''''''"0 
I..-.C---------~----1 . nne, 

! ~--1 ! Hili HEAD 
RWP~R ~-----I i-R ./WJ-Cl I_-il 

'I'IT" I 12 i>J- ] t==t : 
\, ,f. r-~ --I ~=unJ 

[RAS[ P-4:;-v----1 I 
ill:ADO lJ.a ____ l[ '------' f-r'~ I 0' mOmiiTE =-U 
SWP" . 2R : A~AI.ocUI: C!RCI:iT L r ------- -1 i I ~ ______________ _J 

READY 

TRACI\O 

! 

+5V +\ 2, 
-r 
! STEPP I NG MOTOR 

S T L ? 

'l\ITlIii ON 

TWSTEP 
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4. FUNCTIONAL DESCRIPTION 

4.1 Floppy Model Selection 
TC8602F has spven pillS for funcUon sp]ecUon ( such as [EXTuL [EXT1]. 
[HDMOIlE]. [-TWSTEP], lAUTORZ], [-SPSEEK]. [-SGHIlJ ). Five pins 
([EXTOJ,[EXT1].[AllTORZ],[·-SGHDj and ['SPSEEKJ) of ~hat are evaluated 
only once after LSI power was on. 
Table 4.1<1 shows the way of fUllction seJ ect- !EXTOjand[EXT1] are used 
for deciding model groups, al so [-HDMODE] and [-·TWSTEP J art' used for 
dividing each models. 

Table 4.1a Operation Mode of FDMC 

_ ! _____ i ________ 1 __ . ____ 1 ,I 

!EXTIIEXTOIHDMODEiTWSTEP! FDD MODEL iMODEJ,:SPINOLEIROTATEiPHASE IPHASEI 
I I I I( llnformat volume)! MODEiROTATE i ! !TPI rate I 
L-......L........~......L.. __ ~ ___ *J_L~2, *3 i~e I rpm i "'4 1 *5 mS I 
iHIGHIHIGHI HIGH i IIIGII IIM/500K or IM/1.6M! 1M :300/3601 :{OO 11/135 3.0 
IIIIGHiHTGHI HIGH! LOW !IM/500K 1500K! 300 30() [2/67.51 3.0 
IIIIGHiHIGHI LOW HIGII IIM/1 6M !1.6M 1300/3601360 11/135 1 3.0 
U!HilIl.!!LGJ!LLOW LOW -L. -.l. __ ",;<OO/360! 360 12;67.5L;LQ.,j 
IIIIGHILOW i HIGII IIIGH 11M/500K ! 1M 300! 300 12/135! 3.0 
jlllGH!LOW j IIIGII LOW i1M/500K 1500K I 300 300 14/67.51 3.0 
!HIGHjLOW ! LOW i HIGH lM/500K i 1~1 300 I 300 12/135! 3.0 
! HIGH! LO\~Lj LOLLLOW 11M/500K ~Q1S __ L 300 ~Q.........L4/67. 5 i 3.0 
iLOW IHHill1 IIIGH ! HIGH 1M/2M 01' IM/1.6M I 1M 1300/360i 300 12/135 i 3.0 
ILOW illIGHI IIIGH I LOW 11M/2M or IM/l.6M I 1M i300/3601 300 12/135 I 3.0 
ILOW IHIGHI LOW I HIGH 11M/2M i 2M I 300 ! 300 j2/135 3.0 
! LOW.....llUGtJ.LLO~l!.Q!L...L.!!1L~ _____ .......1..L..2r.L.L100/3601 ;{BO 12/135 3.0 
JLOW [LOW I tWiH HIGH 11M/2M or IM/l.6M ! 1M 1300/:l60[ 300 [2/135 i 1.5 
jLOW iLOW I HIGH I LOW 11M/2M or 1M/l.BM 1 1M j300/360! 300 i2/135 1.5 
iLOW .LOW i LOW i !lJ(it! 11M/2M 2M 300 i 300 :2/135 1.5 
l.1.Q.\LlLOI.LLLOW __ LLOW-..L]M/ J .£~ _______ J.J_:.....~300/36Q I 360 i 2/135 1.5 

[Not,,] 
*1 

*2 

*3 

*4 

*5 

IM/500K means i:l type of floppy disk drive that can be modified 
50 OK byte type or 1M byte type in using same mechanism. 

2M/1.6M means a tyP!' of floppy disk drive that can be modified 
1.6M byte type or 1M byte type jn usjng same mechanism. 

2M/1.6M means a type of floppy disk drive that can be modified 
1.6M bytt' type or 2M byte type in usjng same mechanism. 2M byte 
drive means i:l type of floppy disk drive which has 500Kbps transfer 
rate in 300rpm media roti:ltioll. 

Thpse val ues mean the avai lable rotation speed of spind le motor. 

These values shows the relation between a track densltyand phase 
shift in the stepping motor. For exarnpl e. 2/135 means that 1 track 
movement in 135TPl is done by 2 philse shift of :;teprdng motor. In 
this mode, the TC8602F will a\ltomatica_~ ly gen,"ratr.' sfOcond phase 
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shift ,-01' LUIT('Ct OPl'l',lt iun Th.> phase rat" mf~ans the lime 
constant for tile delay timf! l)ptwf;PTI firsl phas" shift and second 
lJhast~ shift. 

The TC8602F is able to ad,iust the <~T'asc df'lay timp const<lflt for correct 
erase pattern through a tUfllwl eJ'as(~ magnetic f'(~;jd/wJ·jte h<',1(1 Sf)m" 
of the c!riv(! mudl'l will p{'rform full compatihle r£',Hi'writl' Olwrdtioll 
using same hedd in the difft>rent models. Table 4.1H shows variolls 
('rdS£' dplay time constanL ill each motif!l. 

Table 4.1b Erase Detay Timing_ of._ Various Drive Mode 

i 
1 ______ 1 ___ . ___ i ______ : ___ -' _____ ! __ . __ i ROTATE i III SK i ON--lJELAY I OFFlJELAY 1 GAP 
iEXTl, EXTO IHDMODEiTWSTEPISGHD: i 

1 SPEED , VOLUME! TIME TIME LENGTH! 
rpm MODEL uSEC i uSEe: um ! 

L-~-1-__ ..l ____ ~ __ 1-___ l _--L _______ l ______ ~ __ .J 
IHIGHIHIGH' HIGli HIGH ,BIUHi 300 11Mbyte 420- 44411064-10881 700 I 
:HIGHiHIGHi HIGH HIGH ILOW 1 300 11Mbyte 324- ~~481 920- 944! 600 I 
,HIGH(HIGHI HIGH LOW !HIGHI 300 ~500Kbyte 420 44411064108Si 700 
! HIGH 1 HIGH I HIGH LOW ! LOW i 300 : 500Kbyt e i :,2-1 3481 920 9..14 I (l00 
: HIGH! HIGH ~ LOW HIGH! HIGH: 360 i 1. 6Mbyt e: 18CJ 204, 520-- S44 i 400 
i HIGH! HIGH i LOW 'HIGH I LOW I 360 ! l. 6Mbyte I 180- 204 i 520- 544 I 400 
IHIGHIHIGHI LOW I LOW !HIGHi 360 ****** ]80 204[ 520 544, 40n i 
iHIGI:L'!UQ!!Ll&~-.Ll:Q~L_l1Q~60 ****** 180 2Q:!.L..:,)2L ___ ~~-=!QQ.j 
fLOW iLOW HIGH i HIGII ,HIGHI 300 j IMbyte 420 444!1064-10881 7001 
LOW !LOW HIGH I HIGH iLOW I 300 IMbyte I 324- 3481 920- 944! 600 

,LOW :LOW HIGH LOW IHIGHI 300 !500Kbyte, 420- 444!10(l4-10S8! 700 
I LOW : LOW HIGH LOW i LOW I 300 I 500Kbyte I 324 - :l481 920 944 i 600 
JLOW iLOW LOW HIGH IIlIGH: 300 ! IMbyte I 420- 444!1064-108Sj 700 
fLOW lLOW LOW HIGII !LOW I 300 ! IMbyte I 324- 3481920- 944! 600 
ILOW ILOW LOW I LOW IIIIGHI 300 ;500Kbytej 420- 4441]064-1088! 700 I 
I LOW 1 LOW LOW LO~_l1Q!'LL2QO~OKbyte 1 3.?_L __ ~~!ll. 920- 94!L_"'£>'()_Q..J 
iHIGHIHIGH! HIGII HIGH !HIGHI :~OO IMbyte! 100- 1241 696- 720j 300 
iHIGHIHIGHI HIGH HIGH ILOW I 300 IMbyte 148- 172! 728- 7521 350 
IIIIGHIHIGHI HIGH LOW IHIGHj 300 IMbyte H8 1721 728- 7521 350 
JHIGHIHIGHI HIGH LOW ILOW j 300 IMbyte 164- 188! 760 7841 400 
IHIGHiHIGH! LOW HIGH IHIGHI 300 i 2Mbyte 180 2041 456- 4801 300 
IHIGHjHIGH! LOW HIGH JLOW I 300 i 2Mbyte ! 228- 252j 568- 5921 350 
IHIGHIHIGHi LOW 1 LOW IHIGHj 360 I] .6Mbytel 148-- 172i 456 4801 350! 
l.1:!lGH 1 HIGl[L!&W._~ ___ lLOW l... ___ 160 _.Jl.~M\l~~i _1,80- ~:!l2.?Q:... 5!~_400_.1 

!LOW !LOW I HIGH I HIGH IHIGH! 300 I IMbyte [ IOO- 1241 696- 7201 300 
!LOW ILOW HIGH HIGH ILOW I 300 I IMbyte 148- 1721728- 7521 350 
ILOW ILOW HIGH! LOW IHIGHI :~oo 1 1Mbyt.e 148- 172j 728- 7521 350 
ILOW ILOW HIGH LOW (LOW 1 300 IMbyte 164 188; 760- 7841 400 
JLOW ILOW LOW HIGH IHIGH! 300 2Mbyte 180 2041456- 4801 300 
ILOW ILOW LOW HIGH ILOW 1 300 2Mbyte 228- 2521 5(l8- 5921 350 
ILOW JLOW I LOW I LOW IHIGIII 360 !1.6Mbytei 148-- 1721456- 41101 350 I 
Thaw I LClJL.LUlL_LLOW ____ ~L __ )i)JL_J t'-6M\!Y~!:!.U£L..J.Q±l220--21~L_~Q.J 
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4.2 Miscellaneous Functions 

o Automatic Return to Zero Function & Special Seek 
The d,!\'om3tlc return \0 zer'o functiu;l is a klnG of initlal1zing 
aperdt ion WlllCh performs recalibratlon of track pOSItion. This sequence 
IS divided two P,~l'ts th,lt IS, power' on step in and i''"tuI'n tG Zen) seek, 

1n the POl'ipr on st"p ln, at first, the status ef TRACK 0 IS evaluated, 
If it is activ,.. (ACTIVe: mealls that I ~TZSNS] pic, IS Low level and 
stpppjng m(llor philst· ,S 1 i j t' 01~02oljjgh lev<'1!, thpn FDMC f'xeeutes 
,nner set'k step by ~tt'p unt.t I TRACK 0 is ',Oil ,It'tl",". TIllS step 
oper,Hlon W1 11 be done 48 steps at maximum. Tlw pilase rate of each step 
1 s decided by lhe progr'am cond i t iOl, i,(', 1 5mS or 3.0mS After' 
detecting TRACK 0 IS non active, even jf before first tIme of st~pping 
ope['aUon. FDMC goes tu next prucpdul'e( retU['fl to zero seek) after 
waiting 15 mS settling time for head ussembly. 

1 nth ere l urn to ;0 (' [' I) see k, F D M C ex eel( t t'" 0 1I t e [' s '" p K I) P P l' d t lOll II n til 
n,ACK 0 status will be actIve, This st"pping OjH'I',ition wll] be done 400 
phase shift ill m"XlmulU, After 400 phase ShIft IS done l'ilthout Tr<ACK 0 
detection, FDMC goes to n"xt procedure, 

Tht' power on step in sequence is for the safe operation III such a drIve 
thilt has elastic carrictg(' stopper at thl! t['drk zero posit lOll, ;'0 as to 
keep precisloness aVOIdIng mechanical collision. But using slich 
mechanism causes wrong truck recallbrating, in case that h"ud is 
located outer track 0 ( -lor '-2 track) position, In that drives, 
actual track 0 pOSItion is defined ,tS a track which is th" first 0 
track found scanning from inner direction. With this manner', FDMC 
Il('Ver misplace tl'ack 0, "ven if start dt negative track position by the 
residue of for'mel stallls elf disk drive. 

TfJP speeldl seek is a lunc1Jllll Utat P0;,lPOIlPb t.hp l'<'c,dibl'ate functIon 
at power on time. so as to avoid rush current through the all dr'l ves by 
doing the recalibrate operation. This function is suitabl" for battery 
operation type per'sonal comput"r, If this fUllctlon is se leeted, the 
FDMC do nothing when the powpr is on. But the FDMC memorized the status 
for executing specIal seek operatIon when the FDMC receives first step 
pulsp. In that case, when the FDMC r"ceives first step pulse after 
power is up, the FDMC examines TRACK 0 status and if it IS active ( 
ACTIVE means on track 0 ), the FDMC transfer motor phase towdrd Inner 
direction even if [DIR) input was outer slo'ek, ThlS Oplo'ratloll will 
continue until d"tecting nOli track 0 in each operation. This function 
is same as the step in sequence in the automat ic retur'n to zero, And 
because of the first step puis" applied for disk drive is outer 
direction issued by floppy disk controller, the recalibrate operation 
completes prpcisely. 

In addiUonally these operation IS decided by the situation whether a 
diskette(disk media) is in the dnve or not, so as to avoid scratching 
some mechanical parts by moving head assembly without diskette. 
Table 4.2a shows this condi t ions, 
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Table 4. 2a The ConcH t ion of _AUTORZ. and ~PSEEK Operation 

,ACTOR/. SI'SI'.El< ,\ut<l%J tIC Hpt IlI'n t () Zt'I" SPf'C i ,11 'SI'P" 

-' -------------_ .... - - - .------ -- ---
--1LLQ!L_.-.tlJ.GH .CI)I:~'r~~!j_t.I(l..I2;j.L!'x~5-:IJ~ I_QI; __ !!~ (~~'-'L'I!t 1011 __ • 

_lll.~lL ~_l;.Q~. __ . __ Wtljl,~IJLJ.:l]!,_U!.s~ .Jr). __ , Jl" __ ~'.YT~I_t.I..r'P_. Note 
__ J..QW ___ _ l! U~H _;EX~'(:ll~_('_).L.2_i.~~ i:' 'II 'll I ()lld i t I Oil ~ut" 2 
_ ~IJW 

;"ote I 

"Xt.'('\J'lI('P 

Whf-'tbp-r dlSk me'ild is in ur rUJt :s tlx.Irr.JPet~ t\l~fl\:'p ~Xf\\....lIt ltte: 

automatIc retuI'D to zprfl ~'('''k. 11 dl~k Ie.... 111. '!)~'Il f'XP('utlng 

automJtH' retu!'1l to le,'l' seek, If dIsk IS 11:)1 "', til .. FD"II' 
wa j t s U Il t 1 J ins p r t jon n f t h (' d i c; k put t 1 n t{ () f ~ f'" t' ( 11 t 1 ()II () f 
alltomatlc [,pturn to ZPt<' qpl'k <1nd othp!, Illlti.-,ilZing 
opt' PI t I on 

;-<otf' 2' l>ih"th,'!' disk mpdla is 111 r)r not,s C'xamillf'd [,r-('orp t-'~f'C\Jtillg 

automat Ie ['f'tu['n \ 0 ZE'l'O sppk 'f disk In. t IlPll ex~':u t ing 
a H to m;1 t j C r- P. t 11 r Jl ! 0 7 (' r () s P f' K . ltd 1 s 1-; i" 11 (l t i" t h p F 1) ~1( 

gives liP [['om execut ill~ ,1utomJc tl' I'l->tul'n t" ";<';") and "pi,"'! 
sPt-'clal 81'.>1< j\JlJ('tlUIl for fIllll],P 

o Autoaatic Disk Media Chucking Function 
Thl' HlMC has a func:t 1('011 ~hat ]'otrltp<.; "1'1I1(j II' '!lotn!' 1Ilstallta""UllS Iy whpil 
disk IS iIlSP['tf'd, so "s to gE't I'Ol'rpc t chUt;kl"g nf disk!'1 ty holding 
mpchanism, Th(' "pint! I., motn]' rotat '011 SIlStdlll<; lint i 1 ript""t illg 'ntf']"I" i 
READY Ol' tIl I Ollt-' spcond pa~<;t'd 

o Low Power FDD Support Function 
Thp FUMC has a fUllct ion ~hdl ,'] iminat ps t'l(' POWI'I curtsllmpt i('n of tilp 
disk drive. That IS, stepplltg ~I"'"" POW"'!' SdVl'lg control, 
rE'calibration of stpp mlltor positionIng <lftf'I' pow.", SO\'(" ~f'Il~OI' LED 

(Llght Emitting Iliode) powpr S?,Vln" in stdnd'by mo,].' , ['PLillr'tioll e,f 
rf'acifwrite circun pow .. r cOllSlImpt i~)n 

The stand-by modp IS defined buch sldtp that rl floppy disk drlvP 
receivps no active DR1VE SELECT ilnd no act iv(' MOTOR O!'; signa l. Tll,' 
stepping motor is controllf'd by fOUl' PlllS i p r+PWRur-;], [+SMf'Sj, 
l+PHASElj. [I-PHASE2], Th!' phasp ('ontro1 outputs an' IIsf'd witii [·SM1",i 

to control a driver IC' WI/E'll systpm IlI'l'd hIgh til'ivp ':lIr'l"~Il' to (11'1 V II'" 
stepping motor (I;sua]]y applying '12Volts DC), tlIp I-+SMPSi ()utPllt I~ 

llE'gdtl"d, And aflpt' ~~Om~ I),\S<;P<1 wi'hnut l)f'W ul'dalllll; of steppIng motnr 
phasE', the I"SMPSj output is a,'t lV<itC'tl so as to dpCI'f'asp stf'ppillg motor 
current (Usually applying <;V('lt~ Dc') 
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The [+PWRON] pin is more effpctivp in a stand-by mode. In the stand-by 
mode, the FllMC negates [+PWRON] so as to cut off the whole power fed 
illto lh,) stepping motol'. By using this method, some stepping motol' wi 11 
lose acr:lIracy of the pusitioning inside thf' motor phase. Against this 
phpnomenun, the FOMe nega tes [+SMPS] and acti va tes (+PWRON] whenever 
hring bar;k from stand-by mode. And if it is programed, extra 
t,pcaliht'atip~ opel'ation is available. 

This funclioll is splerted by programming [+LPTVPE] Plll as a high level 
with condi! inn of [EXTl] and (EXTO]. Table 4.2b shows this selection. 

Table 4.2b The Condition of LPTYPE Selection 

,EXT! EXTO' Thp funct.ion when [-LPTVPE] is Low If've]. 

Additional recalibration is done. 
lIlGH i Hl(;111 

Inner and outer seek after stand-by mode. 

,HIGH!LOW I 

'--___ ~_. __ J A temporary rotaUon of spindle motor is done 
LOW !HIGH, 

after the LSI power is on. 
: LOW I ['oW ! 
'--_ .. __ L ___ .J ________ . ___ .. _______________ .. 

Thp power contt'ol of ['ead/wI'ite eil'cuit is done through (RWPWR] pin. Of 
roorsp, this pin is negated during sland-by mode, additional negation 
IS dOlw, that is, negdtion after spindle motor in stal'ting period, and 
"("gat ion after track seek operation. 
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4.3 Control Functions 

4.3.1 Stepping Motor Control 

The stepping motor is of 2 phase driving type. and FDMC outputs edeh 
positive phase signal i.e. [PHASEl] , [PHASE2]. The internal circuit in 
the FDMC is sampling [-DIH] and [-STEP] by an edge detector circuit and 
interrupts to the CPU to identify it. 
Beside with phase outputs, the FDMC controls [+SMPS] terminal, so as to 
reduce idling current during head positioner is stable states. 

-DIR 

-STEP U I U I U 

TRACK NO. I I I I 
PHASEl 

PHASE2 
tAil 

+ St.IP S 
2phase/ltrack mode L 

Fig. 4.3.1 Step Pulse Signal Timing 

Table 4.3.1 Step Pulse Drive Tiaing 

MIN: TYP , MAX 'UNIT' ~ ___ ~ __ . __ L. ____ . . ..l_ .. __ ~ 

tAA Step to Phase Shift Time 180 ~20 I us I 

tAB S.M.Motor Power Save Time 28 __ -L~~~ ____ ~i __ ~33~~J 
tAC Second Phase Starting Delay 2.7 I 3.2 I mu Note 
tAD Set Up Time for direction 200 I i ns I 
tAE Hold Time for direction 200 

Note 1: Step Rate;3.0ms 

-239-



TOSHIBA INTEGRATED CIRCUIT 
TC8602F TECHNICAL DATA 

4.3.2 Ready Timing Control 

o 

The reiHly conti i U on is produced by examining index pulse interval that 
is input from [ilXSNS] pin. 

Ready on condltion Two times 
detected. 

of valid interval index pulse is 
under the condition that disk media 

is in and spindle motor is on states. 

o Rf'iHly off condi t ion : 1. When disk media i~ out or ~pindle motor is 
disable 

IXSNS 

2. When no index pulse is input within a 
specified time. 

3. When index pulses are continuously input 5 
times at a shorter interval than the specified 
interval. 

o The ~pecified interval times are shown below. 

Spindle Rotation ! Valid Index Interval 

300 rpm 162·· 238 ms 

360 rpm 129 - 204 ms 

~-------------------~----------------------~ 

o Index pulses that are input at an interval below several 
uS(mlcro second) are ignored. 

o READY signal is output at the (+READY] pin when (-OS] is Low 
leve 1. 

READY 

Fig.4.3.2 Ready Timing 

Table 4.3.2 Ready Ti.ing 

.i>YMli9J·1 ITEM ~ULL-,T,-,Y",:P.-l..-,M':".A.!!X,--,I-",U~N,,-IT~I 
L..!B~L-LINDEX Sensor to READY I 0.2 I 0.8 2.5 I mu 
:_1 ~INDEX Sensor l2.. NOLHEADY i 0.2 i 0.8 2.5 I ms I 
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4.3.3 Disk Change uutput Control 

The FDMC has a built-ill disk change Itonll,p' FF fur judgillg pxchallgp of 
disk medic!, This FF status is OUlput at the r +I)SKCHCJ PIll WflPll [DS] 
pin is Low level. 

-DS 

-DI\CHR ~ 
I -DISNS 

t CA - >i i'E-

// I nternal Si~nal 
._J~---------r-----

1 I, 
t ' 
CBc~ r< 

tDSKCHG 

Fig.4.3.3_ Disk Change_Output_Timing 

Table 4.3.3 Disk Change Output Tiaing 

I SYMBOL i ITEM I M~TYI'_LMAL_lJJl'!D~, 
tCA I DKCHRS to DSKCIlG off._~ _______ 0_ Sl. ~ __ 2'_~.~._n~~ __ i 
tCB I DISNS to DSKCHG on 1 .--l..J)..JL.l. 2.5 ! msj Notp 

___ ,--"D,-,-lc::.S~N:S to DSKCHG on 2 J.JLQ-,1.lJL-,_~s_., Notp 2 

Note 1: [DS1~Low or [- MOTRONjLow 
Note 2: Stand-by Mode 
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5. ELECTRICAL CHARACTERISTICS 

5.1 Absolute Maximum Rating 
VSS = ov (GND) 

L SYMBOL 
VDD 

_---"'_-'-T __ E ~.'--_______ _ .L ___ R A T I N G . __ l!!BlIJ 
Supply Voltage - 0.5 H.5 V I 

Input Voltage 0.5 VDll+0.5 V 
I 

--' 
Output Voltage 0.5 VDD+0.5 V 1 

Tstg I Storage Temperature 0 1 
~ ___ L __ ~ ___ ~t? -.U 

Topr i Operating Temperature ! 0 1 
....:"ZQ ______ L-.U 

Output Current each terminal 1 Output group 1 :: 3 1 mA 1 
_________ J ______________ L---.J 

Iout2 Output CurreIlt each terminal ! Output group 2 :J:. 6 1 rnA I 

PD I Power Dissjpation 300 
L ______ l ________________________________ --L ___ _ 

Note; If LSI is used above the maximum r'dtings. permanent destr'uction 
of LSI can resu 1 t. In addi tion. it is desit'able to use LSI for 
normal operation under the recommended conditions. !f these condi­
tions ar'e exceeded. reliabil ity of LSI may be advet'sely affected. 

Output group 1 
[+RWPWR]. [-+SMPS]. [+MOTREN]. [+SWFLTR]. [PHASE]). [PHASE2J, 
[ e!'WRON]. [+LEDSCN). 

Output group 2 
[XOlJT]. [+IlSOUT). [-+IIDO). [+ERA]. [+WEJ, [+DSKCIIGJ, [+WP). 
[-<INDEX). [+TRKOO]. [tREADY}_ 

5.2 Recom.ended Operating Conditions 

VDD ~ 5.0V. VSS OV 

_J11llilMAX I UN IT J 
1-301 701 a 1 

Suppl y Voltage 

CJock Frequency 
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5.3 DC Characteristics 
VOO ~ 5.0V, VSS OV, Topr~30 to 70 0 C 

-----,-" --".-.~---~----. -.------------~ 
~YMBO~.1;...' -,Eo:...' ...:.M'---___ _ C ° N 0 I T I 0 N MINI TYPI MAXIUNITI 
I VHS1 ! Hysteresis Width (1) Input t.erminal group 1 0.2i 0.61 I V I 
I I I 
I VHS2 I Hysteresis Width (2) Input. t.erminal group 2 0.61 0.81 V 

I I 1 ..J 
IIH1 I Input High current (1) 

! IILI I Input Low current (1) 

L-.....-L 
I lIN 1 Input Current (2) 
L I 
I VIHI I Input. High Volt.age (1) 
I 
1 VILI Input Low Voltage (1) 
L-.....~ ________________ ~ 
I VIH2 Input High Volt.age (2) I 
L..... I 

VIL2 Input Low Voltage (2) I 

Input 

Input. 

CMOS 

Input 

Input. 

Input 

Input 

with pull 

with pull 

input. gate 

t.erminal 

t.erminal 

terminal 

terminal 

up deviCej -201 201 uA I 
i I 1 

up devicel-1001 - 20 1 uA 
I i I 
'--_~_-.L.-.. 

-201 i 201 uA 
..1 

group 1 2.11 VOO! V 
J...._-L j 

group I 0.01 i 0.61 V 
_ L -----J.--

group 2 2.81 : VOOI V 

--'- .---'--
group 2 I 0.0 1. 0 I V 

'. __ .J. __ -L-_-.-! 
Input High Voltage (3 I Input terminal group 3 3.5: I VODi V 

L ____ ~~~I- ~_~I_~ 
I VIL3 I Input Low Voltage (3) I Input terminal group 3 I 0.0, i 1.51 V I 
~.~ ____ .. .L...... _______ . _____________ : __ .. _-'- __ ....J.------L..--J 
I IOH1 Output High Current(l) I VOH=4.6V Output group 1 I :-2.01 rnA 
I -.l__ ________ i 
i lOLl Output Low Current (1) I VOL~O. 4V Output group 1 i 2.0 i .. - I rnA 

Output High Current 2 VOH~4.6V Output group 

Output Low Current (2) VOL=0.4V Output group 2 3.0i -. 1 rnA 

Power Consumption i ---- 2.0, 4.01 rnA i 
'--___ ~'_ ____ ._. ____________ .L. _____ ._._. __ ••••••• 

Input terminal wit.h pull up devices. 
[-EXTOj,[-EXTlj, [-HOLDl 

Input terminal group 1 

...... _._. L __ L __ :_~: 

[-EXTO],[-EXTl], [·WG],[ DKCHRS], [STSEL],[IlSl,[-DIRj, [-STEP], 
[-SGHDl. [-TWSTEPl. [-HOMODEl. [-MOTRONl. [-SPSEEKJ 

Input terminal group 2 
[-CLR], [-WPSNS], r· TZSNS J. [. DISNS]. [n XSNS j 

Input t.erminal group 3 
[+TEST]. [XIN], [·/lOLD], [-LPTYPEj, [+AUTORZl 

Out.put group 1 
[+RWPWRl. [+SMPS], [-tMOTREN], [+SWFLTR], [PHASE1], [PHASE2], 
r +PWRON 1. [+LEOSCN]. 

Output group 2 
[XOUT]. [-t])SOUT], [dIDO], [.ERA], [+WE], [+IlSKCHG], [tWP]' 
[+ INDEX], [iTRKOO]. r +HEADY]. 
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5.4~~ Characteristics 

Unless other'wise l1oticed, Ta~Ooc to 70°C, VOO ~, 5.0 ' O.5V 

5.4.1 Pulse Width 

12Y..l"1!lJl~L .1_I_ll __ .~ _______ . _ __ ... ____ . _______ ......:. __ M.UiLIY.!>L~.8,1( 1.1l~I T J 
tWSP ! Step Pulse Width i BOO! ! nS 
~~_~_ .. _~. ______ ._. _____________ ~ _____ .l __ .~_~j_ , ___ .--.:. __ ._. __ ~ i. ___ ____ ; 

5.4.2 Transmission Delay Characteristics 

l2.Y.:.tI!tl.QJ.:.c __ LLLr.L _ __. _____________________ ._......Ll.ul'J.J....J:Y!.'.L_~_l1lUill!!1J 
tWEH WrIte (iaU' Fall.> WI'ite Enable Rise I I 2001 nS I 

. - .1 _____ .. 1. .. ____ .L _____ L._ 
: tWEL i Write Gate Risp,> Write EnabJp Fall I i 200 1 nS 
:... ___ -----L ______ ~_ . ______ • _______ . _____________ . ________ ~ ~l _____ L ___ ~ ___ l _____ ._J ______ J 

tIFH -OS Fall -> +DSOUT Rize I 
-> +DSKCHG Rize i 
-> ,WP Rize - I 200i nS 

.> ,INDEX Rize : I 

L ___________ L __ . _____ ~ ______ ~ ___ ,. __ _ _.~-_~__ + REAQ~-.R!.ze ___ ---.L ____ L ____ l ____ L. ___ J 
tIFL -J)S R1ZP > +DSOlJT Fall 

-> +USKCHG Fall 
> > WI' Fa 11 200 I nS 

.> t [NDEX Fal I i I 
',_. ____ . .:. ______ . ______ ._:..>. ___ +,BEAl!L_.1::.<.!.lL _______ ..L_ . .......i. ___ ....l.......... _ .. L ____ j 
I tHDH I -SISEL Rize -> .HEADO Rize 1 200! nS 
~ ___ ...L~ __ • ____________ .. ______________ • ___ -L-----.L ___ I ____ .L..._...J 

tH[)L -S[SEL Fall - > .HEADO Fall I 20 0 l nS 

'----- -- '--- -.. _---,- __ .. ~i __ ~i __ .L--.L ___ J 
tSNH rIXSNS I<ize > " I NllEX ;Uze I 

I I 
, 200 1 nS 

, 

! 

L............_c __ \fI'''!\_'i....J:~!.lL ___ ::.:::'_ r .. \fl~. __ ... _ .. R i z f~ .. ____ ~_. __ ..J. ____ ....l ___ . .....L_....J 
tSNL +IXSNS Fdll > dNDEX Fa] Iii 

t 2001 nS I 
L _______ ~'.~!i?....R..l.~f' ____ ..:..~ __ ..2..\\'L .... ___ F<:.I.1.l. __ . ....J... __ .l.._._L __ J---.-J 

tOS , (setup time) DIR from "STEP Fall - I 2001 nS I 
_. __ . __ ~ .. ____ .• ___ '. ____ • __ .. ______________ .. _____ ... _ .. _._ .• ___ ....L.. ___ '---_....l .. _____ .. L ... 

! tlJH (hold time) DIR f,'om "STEI' Fall I 2001 nS i 
~ __ , ___ __'_ ___ ~ __ ••• _____________ • ________ ~_ > ___ ,.~_~._L __ L, _ _.l _____ .J 
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5.4.3 Testing Wave for. 
( VOo = 5.0V ) 
LSTTL Equivalence Input 
Input terminal group 1 

[-EXTO]. [-EXTl]. [-WG]. [-DKCHRS]. [SISEL]. [-OS]. [-OIR). [-STEP]. 
[-SGHD]. [-TWSTEP]. [-HOMODE]. [-MOTRON]. [-SPSEEK] 

5 OV 
2.2V 

X-o 4V 
o OV 

Sensor Input Ter.inals 
Input terminal group 2 

X 
2.0V(VIH) 

O.6V(VII.) 

[-CLR]. [-WPSNS]. [-TZSNS). [-OISNS]. [+IXSNS] 

5.0V 
3.0V 

X-O.SV 
O.OV 

Other Input Ter.inals 
Input terminal group 3 

X 
2.8V(VIID 

l.OV(VIL) 

[+TEST], [XIN). [-HOLD], [-LPTYPE], [+AUTORZ] 

5.0V _-:t-~ __ X,_ 4.6V(VIH) 

O.4V(VIl.) 
O.OV 
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5.4.4 Timing Wavefor. 

-STEP 

-WG 

+WE 

-OS 

+WP 
+INOEX 
+TRKOO 

t 11'11 

+OSOUT 
+OSKCHG} 

+REAOY ----------~ 
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WRITE& " rr ERASE 
L-l---_----L..o 

-SIDE) 

HEADO 

WRITE&ERASE 

-SIDE) 

HEADO 

+WPSNS 
-IXSNS 

+WP 
+INDEX 

Stable 
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-DIR 

-STEP 

5.4.5 Testing Terainal Load 

Apllied to CMOS output terminal 

Ie Terminal ~(--I--~" Tester 

30PF 

~ND 
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6. 44 PIN mini FP 

46 

47 

48 

49 
OU 

5] 

:". 

54 

5l 
C,7 

58 

Flat Package 

--r+-- 1 ',,, 
, ~ , 

I' ----j-' 
I 

MJJ'(Y 1 NJ 

I i 

UNIT mm 

-------~ 

30 

29 

2b 

Z7 

/::!-

%C 
~, 

~.; 
t"), 

't1 "" 
c~ 0 ~, 

;--'" ,,' co 
c 

~ rl 

17 

It: 

7 , 

~:I 
9 "0 Ill:::~ ", ~ ! __ .-;: __ -L-

U_+ __ ~ __ ~ 

140,,[:1 
·1 

( l~' 6±() :.s ., 
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CRT/LCD CONTROLLER (CLC) 

T7779 

T7779 

The T7779(CLC) is a controller for a raster-scan CRT display and large scale 
dot matrix LCD. 

The features are listed below: 

1) Software compatible with the HD6845S CRT controller. 

2) Memory refresh address: MAO "' MA15 (2 16) 

3) Line scanning address LAO "'LA4 (2 5) 

4) Frame buffer capacity Max. 64K byte-Character 
Max. 2M byte-Graphic 

5) l~umber of characters per line: 1 "'255 

6) Number of character rows: 1 "'255 

7) Scrolling, Paging 

8) Light Pen 

9) Horizontal dots per font: 5, 6, 7, 8 

10) Vertical dots per font: 1 '" 32 

11) !Juty: 1/1 '" 1/8160 xl 

or 1/1'" 1/8160 x 2 

12) Data output: I-bit output, 2-bit(odd/even) output, 4-bit output 

13) Various attribute functions: Underline cursor ON/OFF 
Underline cursor Blink 
Character ON/OFF 
Character Normal/Inverse 
Character Blink 
Blink frequency change 

14) External synchronization (non-interlace mode only) 

15) HMCS6800 family compatible bus interface 

16) Single +5V power supply 

17) High speed operation: 18MHz Hax. 

18) Low power consumption 

19) CNOS and Si-GATE structure 

20) 100-PIN Flat-Package 
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(11 
I\) 

I 

CPU 
1/ B' 

ADDRESS BUS : 

DATA EU" : 

CRT CmITROl lOG I C US H1G T7779 (I) 

;~) h: !!;N : 

110 ----~ j,~ 1V l<:N 
Lh)/"K B /, 

..L~ , i JJlj,NK Ill" 
cllf.NK 

!/ l) IJU:N K/W 
('IW'IN !'llh~%<l b ATTH IIIUT B: 

M ,lMuKY 
C B: A VUD - lJMUU,: 

1~ 
j, 

dO-d'7 

rI C8 () 

VSS CHAKll/ilEN,: 

A 

~F H L1 /\ [,AO-1,A4 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA T7779 

T7779 PIN LAYOUT 
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/~0099 98 [J7 98 95 94 93 g;; 91 90 89 88 87 86 85 8483 82 81 '\ 
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INTEGRATED CIRCUIT 
TOSHIBA 

TECHNICAL DATA 

T7779 Pin Functions 

Pin Name 1/0/2 

MAO (Memory Address) 

? 0/2 
Memory refresh address 

MA IS 

LAO (Line Address) 
( 0/2 

Line scanning address 
LA4 

DO (Data) 

( 1/0/2 
Data I/o terminals for 

D7 

dO (data) 
) I 

Paralle data input for 
d7 

(Address Float) 

ADF I To make LA/~1A outputs 

Function 

for character generator 

internal registers 

LCD 

in the high impedance mode 
High impedance when "L" 

(Cursor Enable) 

CSREN I Underline cursor enabling signal 
Display of a cursor is enabled when "H" (d O ",d7 are inhibited) 

(Reverse Enable) 
RVEN I 

Reverse attribute signal 
Display of dO'" d 7 is inverted when "HI! (except cursor) 

(Blink Clock) 
BCLK I 

Clock input for blink "LII: ON 
"H": OFF 

(Underline Blink) 
UBLNK 1 

Underline blink attribute signal Blink is enabled when 

CBLNK I 
(Character Blink) 

Character blink attribute signal Blink is enabled when 

ULEN I 
(Underline Enable) 

UI'derline attribute signal Underline is displayed when 

~---r(Chara('ter Enable) 
CHREN I I I Data input enabling signal Display is enabled Ivhen flH" 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA T7779 

T7779 Pin Functions 

Pin NaGle I/O Function 

(Blink Mode) BolODE I L H H 

To change an external/internal BCLK I - L H 

blink clock Blink I f fFR/8 f FR/16 
B~10DE I frequency BCLK 

fBCLK: Clock frequency supplied to 

I 
the BCLK 

fFR : Frame frequency 

--
(Set) 

SET I 
To internal registers Set when SET="H" and CRT/LCD="H" set 

(High Resolution/Low Resolution) 
HR/LR I 

High resolution/Low resolution mode select 
High resolution mode when "H" 

l_CRT/Lcr 
(Cathode Ray Tube/Liquid Crystal Display) 

I 
CRT/LCD mode select LCD mode when "H" 

i 
I CS : (Chip Select) CS RS Register name 

I I 

I 
Chip select signal input H - Invalid 

I 
(Register Selec t) L L I Address register 

RS I 
Register select signal input 

i L H Control register 

: 

I (Enable) 
E I I Usually connected system q,2 clock I Enable signal input to I 

R/H I I 
(Read/Hrite) 

i R/H signal input Read when "H" 

RES 
I (Reset) I I 
i Reset signal input Reset when "L" 

1 
I 

(Light Pen Strobe) 
LPSTB 

I 
I 

Light pen strobe signal input 

DSPTMG 0 
(Display Timing) 

Display timing signal 

CUDISP 0 (Cursor Display) 

Cursor display-signal 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA T7779 

T7779 Pin Functions 

Pin Name I/O Function 

CUDISP/LP 0 Cursor display/Latch pulse CRT/LCD="L": CUDISP 
CRT/LCD="l-l": LP 

(Horizontal SYNC) 
HSYNC 0 

Horizontal synchronization 

HSYNC/FR 0 Horizontal sync/Frame CRT/LCD="L": HSYNC 
CRT/LCD="H": FR 

VSYNC 0 
(Vertical SYNC) 

Vertical synchronization 

VSYNC/FP 0 Vertical sync/Frame pulse CRT/LCD="L": VSYNC 
CRT/LCD="H": FP 

SCP 0 
(Shift Clock Pulse) 

Shift clock pulse for column driver 

MCS 0 
(Mufti Controller Sync) 

Multi controller synchronization 

U/L 0 
(Upper/Lower) 

Upper/Lower screen signal Upper screen when "L" 

CYCLE 0 
(Cycle steal) 

Cycle steal signal 

CE 0 
(Chip Enable) 

Chip enable signal 

DSCI I 
(Data Sending Control 1) 

Serial data formdt select Note 

LD3/DSCO 0/1 
(Lower Data 3/Data Sending control 0) 

Serial data for column driver/Serial data format select Note 

LDO '\, LD2 0 
(Lower Data) 

Serial data for column driver Note 

UDO '\, UD3 0 
(Upper Data) 

Ditto Note 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA T7779 

T7779 Pin Functions 

Pin Name I/O Function 

EXS I 
(External Sync) 

External synchronization 

HSO I (Horizontal Select) HSO L H L H 
HSl L L H H 

HSl To determine the number of Number of 
horizontal dots per fonto horizontal dots 5 6 7 8 

QO 0 Internal dot counter output 

Ql/CLK 0/1 Internal dot counter output/Word clock input 

Q2/<PE 0/1 Internal dot counter output/Dot clock input 

EXT/INT I (External/Internal) 

External/Internal clock select Internal clock when "H" 

XI I Connection to crystal oscillator 
XO 0 

TESTl I (Test) 

Usually connected to VDD 

VDD - Power supply (+5V) 

VSS - Ditto (OV) 

Note (1) DSCl ="L": LD3/DSCO=DSCO (Input) 

(a) DSCO="L" (1 bitomode) 

UDO: for dots in the upper area 
LDO: for dots in the lower area 

(b) DSCO="H" (2 bitomode) 

UDO: for even dots in the upper area 
UD1: for odd dots in the upper area 

LDO: for even dots in the lower area 
LD1: for odd dots in the lower area 

(2) DSC1="H" (4 bit-mode): LD3/DSCO=LD3 (Output) 

UDO 'V UD3: for dots in the upper area 
LDO 'V LD3: for dots in the lower area 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL OAT A 

T7779 Pin Functions 

o HR/LR: The HR/LR input is used to select either the high-resolution mode or the 
low-resolution mode, in the LCD mode. 
The difference between the high-resolution mode and the low-resolution 
mode is shown following diagram. 

! _+-+1 -+-+-H-l+-f.4f-+4f-+4f--Hf-++--i----+---!--l--I---+--
I 

"A" displayed in the 
high-resolution mode 

"A" displayed in the 
low-resolution mode 

T7779 

o SET: The SET input is used to set the internal registers. In the LCD mode, a high 
level on the SET input forces the internal registers into the following state: 

Register 
Register Name 

\0. 
f--;;--

R() Horizontal Total 
R, Horizontal Displayed 

!--n-'--R) H. Sync Position 
-rf~ Sync Hidth 
~K~ Vertical Total 

RS V. Total Adjust 
R6 Vertical Displayed 
Rj V. Sync Position 

r--
RS Interlace Mode and Skew 
Rq Hax. Scan Lire Address 

f--- "'lO Cursor Start 
RU Cursor End 
1\l2 Start Addres,; un 

i----f; 
Start Address (L) r--c 13 

r--- R14 Cursor Address (H) 
R15 Cursor Address (L) 
R16 ! Light Pen (H) 

R17 Light Pen (L) 
:--R18 LCD SCP Start Position 

R19 LCD SCP End Position 
R20 LCD Disp. Start Position 
R", 
~.L 

LCD Disp. End Position 
R"2 LCD Additional Address (H) 
R"3 LCD Additional Address (L) 

2.:o:ir.:o31 Nr=O 
LR HR LR 
47 ! 87 47 

,,', " i 
'0:, 

... 
i 

~', ...., 

,,', -j, i -;, 

12 i 12 I 51 
0 I 0 I 0 

255 i 255,255 
255 : 255'255 

0 0 ! 0 
" i i, I oJ, 

~', I " I ... ': 

" i ,', , 'h 

" 
, ,', I ,', , I 

,., 
I 'k ,', 

.. " i .;, 

" ,', ... 
... ~ i • I * 
"/, ... 't * 

128 I 128 128 
Nhd NhdlNhd 

0 0 0 
Nhd Nhd Nhd 

2 4 8 
8 16 32 
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or 1 
HR 
87 
... 

I ~', 

oJ, 

51 
I 0 

• 255 
: 255 

0 
i ,', 
I " 

I -j, 

I ,,', 

* 
... ~ 

.;, 

I .... , 
,', 

128 
Nhd 

0 
Nhd 

8 
32 

LR: Low Resolution mode 

HR: High Resolution mode 

"': Don't change 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

T7779 Pin Functions 

o EXS: In the non-interlace mode only, the EXS input is used to 
synchronize the slave-CLC to the master-CLC. 

I 
I ! I CLK j 1 ~ 

I asc I Q.l/CLK Q.2/¢" Q.l/CLK Q.2/¢" 

MASTSR SLAVS 
CLC C LC 

(T7779) (T7779) 

MCS SXS 

l J 

o CE: The CE output is active low signal which indicate a valid data 
(dO 'Cd7, attribt't2) :ltidress to external logic. 

" 15 " 
~ 

), '/ 
DSPTMG 

N :5 ,/ 

Cc, 
Sf 

T7779 

The in it ial HA is determi,led by R12/R13 ("~,rr: Addres.::; ,{egister), 
~;hich is zero in this elming example. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA T7779 

T7779 Internal Registers 

o Internal Registers 

IT RS Register Name READ HRITE 
Data Blts 

7 6 5 4 3 2 1 a 
1 - Invalid - - ~ "'" "'" ~ "'" ~ "'" ~ a a Address Register No Yes ~ ~ "'" a 1 Control Register - -

o Control Registers 

[Address Register Resister Repster Name ~ prUonSirtam Symbol ~ 1-::-r-:--.-:-:;-Da=.t:.:a::.,-:B::':.:t,=S-;-..,,:-r:_l 
I 4 3 2 laNa. WR ITE LCD 7 6 5 4 3 2 1 a 
I 0 0 a a a RO Horizontal Total W Char. Nht Cll 
:-~~G~O~~O--~O--l~4-~R~l----~H:':o:':r:':,z~o:':n:':t~a~l~D:':i:':s:':p71a-y-e-d~~H~-+----C~h:':a:':r~.~-+~N~h~d~+-C~/~l~~-+--·~--+-~---t--+_--~_l 

ro'~ 11 ° 1 a R2 H. Sync Posit ion II Char. Nhsp C 

! 0 0 ° 1 1 R3 Sync Hidth II~; ;::~'Line ~~::' C VIi) VII2 VIII VIW IIIi)i Hli2 HIll H\lO 

f-l, __ 00 __ 0 ___ 1 ____ -=0_ 0 '--;oR:-4 ___ +--,v-=ce.rtical Total Ii Char. Row Nvt C/l i 
f ° 1 011 R5 V. Total Adjust Ii Scan line Nadj C ~ ~ ~ I I 

~ ____ l~-=l ____ -=0 __ +--,~R~6~ __ +-V~e:.:r~t:.:i:.:c:.:a:.:l~D-=i=-sPcl:.:ao,y~e:.:d ____ f--_W __ ~~C~h:.:a:.:r~.~Ro=-w ____ ~--~Nv-d ____ +_-=C~/I=-'-+--+---+--1---t--+_I~f__-+~ 
I-? 0 1 1 1 I R7 V. Sync Positlon Ii Char. Row Nvsp C I I I 
j Interlace Hode I i,\ I' 1 L 0 0 0 RS and Skew W - - C/l ",,\Cl 'i"\CO 1\01 DO I ,\il "I V _-=-
I a 1 0 aIR flax. Scan Line W Scan Line Nr C/l 
I 9 Address 

L 0 1 0 1 0 RlO Cursor Start W Scan Line Ncsr C/l CUl B P 

o 1 1 Rll Cursor End W Scan Line Ncer C/l ~ "'" ~ I 1 0 
1 1 0 a R12 Start Address (H) RN - - C/l I I 

1 1 0 1 R13 Start Address (L) RN - - CIL I 
o 1 1 1 0 R14 Cursor Address (H) RN - - C/l I 

_U __ l_'~_~l ____ -=l __ +--,~R~1~5 ____ -+~Cu~r~s~0:.:r~A:.:d=d~r=es~s~(~L~) __ f--~R~/W __ ~ _____ - ____ ~-------+_-=C~/l~+--+---+--+---~1 __ +I __ ~ __ +-_+ 

~ _',. _~--'oo:--::0 __ t__-;R",1,-,6~~--=l.:.ig,,:h:.:t~p-=e:::n,-,-(,:-:H~) ______ t__--::R--~----------~~-----+--=-C--+_~--_t--+--t___+I---I~_+--_j 
'-~_. _ .. _ .. c.--':_.=:1 __ +_-R-'1'-'7---+....:::l~ig"'h::.'t:....:P..::e:::n'-'-(=l!...) ______ +_...:.:.R--+----------~f-------+_-"-C--+---l---+--+_--+__+--...;..--+__+ 

1 0 R LCD SCP Start R/w Char. Nssp l Sc 
lS Position 

r--·-·-·-·-----+------4-l'"'C"'D:-=:::S-;:C::-p"-:E;;-n--cd:-----'~--+-------~----+----+-+--~_+--_+_~-~--t___l 
1 0 0 1 1 R19 Position R/W Char. Nsep L 

1 0 1 0 0 &20 
LCD Disp. Start 
Position RN Char. Ndsp CIL I I 

1 a 1 a 1 RZl LCD Disp. End 
Position 

----------------4--------+-l-C-D--A~dd~it-,--o-n-a~l----~--R-I-W--+-----------+_-----+----1---+-~--_t--+_--~-+--4-___j 

1 all a R22 Address (H) - - l 

Char. Ndep C/l R/W 

---------------+-------1~LC~D~A:-d~d~i~t~i-o-na-l~----r--R-/W--+----------4r----~----_+--+_--+__1---t--.+_~f___+--~ 

1 0 1 1 1 R23 Address (l) - - L 

Note 1: For interlace mode, the horizontal total register (RO) must be odd. 

Note 2: Bits 0'" 3 of R3 determine the width of the horizontal sync pulse. 
Bits 4 "'7 of R3 determine the width of the vertical sync pulse. 

Note 3: Bits 0 and 
Bits 6 and 

of RS control the interlace mode. Bits 4 and 5 of RS control the OSPTI·IG skew. 
of RS control the CUOlSP skew. 

Note 4: Bit 5 of RIO is used for blink period control, and bit 6 is used to select blink or non-blink, and bit 
7 is used to select the cursor display screen for LCD. 

Note 5: Bit 7 of R18 determines the number of LCD screens. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA T7779 

T7779 Internal Registers 

o Address Register 
This 5-bit write-only register contains the address of one of the other 

24 registers. 

o Horizontal Total Register (RO) 
This 8-bit write-only register determines the horizontal sync frequency. 

The value programmed in the register is one less than the number of horizontal 
total character times. 

o Horizontal Displayed Register (Rl) 
This 8-bit write-only register determines the number of displayed 

characters per line. 

o Horizontal Sync Position Register (R2) 
This 8-bit write-only register determines the hcrizonta1 sync position. 

The value programmed in the register is one less than the number of computed 
character times. 

o Sync Width Register (R3) 
This 8-bit write-only register determines the widt~ of the vertical sync 

pulse and the horizontal sync pulse. 

VH3 VW2 VWl VWO Pulse Hidth HW3 HW2 HWi HWO Pulse Width 

0 0 0 0 l6S 0 0 U 0 Don't use 
0 0 0 1 1 0 0 J 1 1C 
0 0 1 0 2 0 0 L 0 2 
0 0 1 1 3 0 0 1 1 3 
0 1 0 0 4 0 1 (J 0 4 
0 1 0 1 5 0 1 lJ 1 5 
0 1 1 0 6 0 1 1 0 6 
0 1 1 1 7 0 1 1 1 7 
1 0 0 0 8 1 0 I) 0 8 
1 0 0 1 9 1 0 I) 1 9 
1 0 1 0 10 1 0 1 0 10 
1 0 1 1 11 1 0 i 1 11 
1 1 0 0 12 1 1 0 0 12 
1 1 0 1 13 1 1 0 1 13 
1 1 1 0 14 1 1 1 0 14 
1 1 1 1 15 1 1 1 1 15 

S: Scan-line times C: Character times 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA T7779 

T7779 Internal Registers 

o Vertical Total Register (R4) 

This 8-bit write-only register determines the vertical sync frequency. 
The value programmed in the register is one less than the number of character­
line times. 

o Vertical Total Adjust Register (R5) 
This 5-bit write-only register adjusts the number of total scan lines per 

frame. 

o Vertical Displayed Register (R6) 
This 8-bit write-only register determines the number of displayed character 

rows. 

o Vertical Sync Position (R7) 
This 8-bit write-only register determines the vertical sync position. The 

value programmed in the register is one less than the number of computed 
character-line times. 

o Interlace Mode and Skew Register (R8) 
Interlace modes are selected using the two low order bits of this 6-bit 

write-only register. DSPTXG skew is controlled by bits 4 and 5 of R8. CUDISP 
skew is controlled hy bits 6 and 7 of R8. 

, 
V S Raster-Scan Mode 

0 0 Non-Interlace Mode 

1 0 Ditto 

I 0 1 Interlace Sync Mode 

11 1 Interlace Sync and Jideo Mode 

l Dl DO DSPTMG Skew Cl Co CUDISP Skew 

I ~ 
0 No Character Skew 

1 

I 
One Character Skew 

~ 0 Two Character Skew 

1 I Not Available 

0 ,) No Character Skew 

0 1 One Character Skew 

1 0 Two Character Skew 

1 1 Not Available 
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INTEGRATED CIRCU IT 
TOSHIBA 

TECHNICAL DATA 

T7779 Internal Registers 

o Maximum Scan Line Addres; Register (R9) 

This 5-bit write-o'; 1, register determines the number of scan lines 
per character row. 

In the non-interlace '"ode and in the interlace sync mode, the value 
programmed in the regis~r is one less than the number of scan lines. 

T7779 

In the interlace '\ and video mode, the value programmed in the register 
is two less than the nuIT' ':!: of scan 1 ines. 

o Cursor Start Register (R10) 
This 8-bit write- Jnly register determines the start scan line of cursor 

and the cursor blink rate. 
In the LCD mode, bit 7 of RIO determines the cursor display screen. 

B P Cursor Display Marie CUL Cursor Display Screen 

0 0 Non-Blink 0 Upper Screen 

0 1 Cursor Non-Display 1 LOWEr Screen 

1 0 Blink 1/16 Field Rate 

1 1 Elink 1/32 Field Rate 

o Cursor End Register (Rll) 
This 5-bit write-only register d" c:rmines the last scan line of cursor. 

o Start Address Register (R12-H, R13-L) 
This 16-bit read/write resister pair determines the memory address 

corresponding to the firsL "haracter in the first line on the screen. 

o Cursor Address Register \R14-H, R15-L) 
This l6-bit read/write register pair determi.nes the cursor display 

address. 

o Light Pen Register (R16-H, R17-L) 
This l6-bit read-only register pair captures the refresh address on the 

positive edge of a pulse inpllt co the LPSTB terminal. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA T7779 

T7779 Internal Registers 

o LCD SCP Start Position Register (R18) 
This 8-bit read/write register determines the SCP start position. Bit 7 

of Rl8 determines the number of LCD screens. The value programmed in the 
register (except bit 7) is one less than the number of computed character 
times. 

Sc Number of LCD Screens 

0 I 

I 2 

o LCD SCP End Position Register (R19) 
This 8-bit read/write register determines the SCP end position. The 

value programmed in the register is one less than the number of computed 
character times. 

o LCD Display Start Position Register (R20) 

This 8-bit read/write register determines the LCD display start position. 
The value programmed in the register is one less than the number of computed 
character times. 

~CD Display End Position Register (R2l) 
This 8-bit read/write register determines the LCD display end position. 

The value programmed in the register is one less than the number of computed 
character times. 

o LCD Additional Address Register (R22-H, R23-L) 
This 16-bit read/write register pair determines the additional address 

for LCD lower screen. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

T7779 Screen Format 

upper scr 
start add 

lower scr 
start add 

een 
ress 

een 
ress 

Nht+l 

Nsep 
Nhd 

.. I 
Ndep ! 

Ndsp 

Nssp I 

I 
t---' 

CD-j 
1 

Q) SCP stopped 

C?) Non-Display (OFF Data) 

CD SCP start position 

® SCP end position 

CD Display start position 

® Display end position 
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T7779 

"I 

I 

H Nvd I Nvt+l 

1 

I Nadj 
C?) 
1 

~CD 
1 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

T7779 The relationship between memory address (LAO~LA4) and memory data 

(dO~d7)' 

The addresses of vertical dots are in HEX number format. 

Horizontal 
dot ~ertical 

dO / .. 
dot 

d2 

00 

01 

I 02 

03 

04 

05 

06 

07 

I 

a 

~ b 

t EX.) The case of address "07H" 

LA LA LA LA LA 

c -- ---
d 

-'" -

a: valid data when horizontal dots are 

LJ: 

c: " 
d: " 
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LBIN 
HEX 

4 

0 

0 

5 (HSO="L", 

6 (HSO="H", 

7 (HSO="L", 

8 (HSO="H", 

3 2 1 0 

0 1 1 1 

7 

HS1="L") 

HS1="L") 

HSl ="H") 

HSl ="H") 

T7779 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA T7779 

T7779 The relationship betl'Jeen display screen and filemory address (MAUo"MA1S' LAO,"LA4) 

Character 
Display per iod 

Line ~I . 
1 2 80 

000 0000 o a a 1 004 F 
a 01 0000 0001 004 F 
010 
011 

1 
100 
101 

1110 
111 0000 0001 004 F 
000 0050 o 0 5 1 . 009 F 

2 

111 0050 0051 009 F 

~ I 
I 

I I 
03CO 03Cl 040F 

I 

13 I 
I 

I 
1111 03 CO 03 C 1 040F 

1
000 04 10 04 11 o 4 5 F 

I 
I 
I 

14 I 
I 

1111 04 10 04 1 1 045 F 

j 
I 

! I 
I t 
I 0 0 0 07 8 0 0781 a 7 C F 

i III 0780 0781 07CF 

Note) Start address OOOOH 
LCD lower screen additional address: 0410rr 
Nr (l1dximum raster address) 07H 
80 characters x 13 lines x 2 screens 
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I Retrace period • i 
I 
I 81 I 
0050 
005 0 

005 0 
OOAO 

OOAO 

0410 

0410 
o 4 6 0 

o 4 6 0 

07DO 

07 D 0 

T 
I 

I 
I 
I 
, 

I 

i 
I 
I 
I 
, 

I 

I 

I~ 
I 
I 

I 

I 
I 
i 
I 

I 
I 

+ I 
I 

I 

L 
s 

~ 

pper 
creen 

ower 
creer 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA T7779 

T7779 Timing Chart (I) (HR/LR="H": High reso1utiom mode) 

(1) EXT/INT="H" 

(a) Hor .dots per font=5(HSO="L H ,HSl="L") (b)"Hor .dots per font=6(HSO="H» ,HS1="L") 

4012340 
XI XI 

~O ~O 

~l ~l 

(e) Her.dots per font=7(HSO="L" ,HS1="H") 

6 

XI 

~O 

~l 

(2) EXT/INT="L" 

(al Hor.dots per font=5(HSO="L" ,HS1="L") (bl Hor .dOcs per font=6(HSO="H" .HS1="L") 

eLK eLK 

(el Hor .dots per font=7 (HSO="L" ,HS1="H") (dl Hor .dots per font=8(HSO="H" ,HSl="H") 

eLK eLK 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA T7779 

T7779 Timing Chart (II) (HR/LR="L": Lo\'! resolution mode) 

(1) EXT/INT="H" Q1/CLK=Q1 (Output), Q2/<I>E=Q2 (Output) 

(a) Hor. dots per font=5(HS O="L", HSl="L") 

I I 
XI 1JlJ1JUU1.fLfUl 
~O Lr--Lr-Ll 
~l I Ll 

I I 

~2 l IL 
I I 

(e) Hor. dots per font=7(HS O="L", HS1="H") 

XI 

'<0 
I 

~l 1~_---, 
I 

I 
'---_IL 

I 
1 

~2 ... I-----.....J L 
I 

I I 
XI 1flflJl.f1J1J1J 

I I 

~O~ 

I I 
~l I I 

~2 1 L 
I I 

(d) Hor. dots per font=8(HS O="H". HS1="H") 

XI 

~O I 

~l 1~_---, 
I 

~2 1 ..... ____ ---' 
I 

(2) EXT/INT="L" Q1/CLK=CLK (Input), Q2/¢E=¢E (Input) 

(a) Hor. dots per font=5( HSo="L", HS1="L") 

I I 
CLK 1 L 

I I 

¢E~ 
I I 

(e) Hor. dots per font=7(HSo ="L", HSl="H") 

I 

CLK l !-I ____ ...J 

¢E 

L 
I 
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(b) Hor. dots per font=6(HSO="H", HS1="L") 

I I 

CLK 1 L 
I I 

¢E~ 
I I 

(d) Hor. dots per font=8(HS O="H", HS1="H") 

I 

CLK l !-I-----..... 

¢E 

L 
I 

L 
I 

L 
I 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

T7779 Timing Chart (nr) 

SCP 

LP I I I I I 1 IJ 1 1 1 1 I I 1 1 I~~, I -L-I -L-I ~~ 

FP ~; n :~ 
FR ~r---------l:;I--' ------" 5j 

I C .~I ------~~--~ 

C:l/(2-fFR)=Hor. dots per font X Columns xVer. dots per font X Rows x_2_ 
fosc 

fFR Frame frequency 

Columns: Number of horizontal total characters 

Rows Number of vertical total characters 

fosc Oscillator frequency 

fosc=f~ = 2-SCP (1 bit -mode) 

= 4 - scp (2 bit -mode) 

= 8 'SCP (4 bit -mode) 
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I\) 
..... 
Col 
1 

T7779 Timing Chart (IV) (LCD, H, gh-Reso I ut, on, 1 b, t - transf erence, ~dotlront. 2sc reen lode) 

u't { XI 

{ _. 
EXT 

eLK 

CYCLE 

U/L, 

DSP'llIG 

""'0-15 

LAO_' 

sep 

Jll1flflf1.J1J1 
1.fUlJ1JlJlJ1.J 

---"lL-__ ----.J 

---.J 
let Upper SeTser Add-lIst Lower Screen Ad.d I 2nd Upper Screen Ada 1:-. nd Lower bereen Add 

UDO I d7 I de I 0, I d, I d,l d, 1'.I"o! '7 I d.1 d, 1 d, I d, Id" I" I do I 
:o!r.d Upper Screen Address,~ L ___ 1 st. t rpPT Streen Address Data 

,---------- - -- ------
L"o fd,l~~~lTd!-T', d, I " I '0 I d, I do I ., I " Id!lL~I'JcJ '''] -y---=r 

~ 1st Low.r £creen A4d.r8.8 Da_:~_~_+- 2nd Lower Screen AIldre8s Data --j 
LP ______________ ~n'_ _____________________________ _ 
FP 

PR 

-4 
m 
() 
:::r: 
z 
() 
» 
r-

0 
» 
-4 » 

-t 
...... 
...... 
...... 
co 

~ a 
en 
:z: -II 
Jt 

z: 
--I 
rT1 

0 
::;::c 
» 
--I 
rT1 
0 
("') 

::;::c 
("') 
c:: 
--I 



I 
I\) .... 
.I:> 
I 

T7779 TImIng Chart (V) 

INT { XI 

{ _. 
EXT 

eLX 

CYCLE 

JlJUlIlJlJU1.Jl 
1J1J1J1Jt.rulJU 

u/L ---,L-___ -.J 

DSPTYG ---l 

(LCD. H Igh-Reso I ut I on. 2bl t - transf erence. 8dotlfont. 2screen lode) 

w..O-15 lit Upper Screen Acld.llet Lo_r Screen AQ.d.. I 2nd Upper Screen AI:tI...! l:! Dd Lower Screen Add 

LAo-. 

SOP 

UD, L~~_ I·, ·3 ., _ .,~=r~ ~J.3 ., 

UDo :r=~~ __ l __ d4, __ d2 dO __ 46 =r=~ __ ~ 112 dO 

1 s't Uppel" Screen Address Da'to. 2nd Upper Screen Address Da'ta 

LD, L~d-7 -__ J d~___ 113 ell _ 07 ~~ J d3 dl 

LIb L_~.~~ J .. u d, do d6 ~... ~J d, dO 

1st Lower Screen Address Data 2 nd Lower Screen Addrees Data 

LF 
__________________ ~IIL_ __________________________________ __ 

FF 

FR 

-i 
m 
() 
I 
Z 
() 
> 
r-

0 
> 
-i 
> 

-I ..,. ..,. ..,. 
<0 

-t a 
en 
:z: -II 
:II 

z: 
--t 
rT1 
C) 
;:::0 

» 
--t 
rT1 
0 
('") 
;:::0 
('") 
C 
--t 



I\) 
..... 
UI 
I 

T7779 Timing Chart (VI) (LCD. H igh-Resolut Ion. 4bl t -transference. 8dot/font. 2screen lode) 

INT { J:1 

{ .. EXT 

eL~ 

ctCLE 

U/L 

DBPTIIO 

1IAo-,. 
LAO_. 

sep 

'Do 

UD. 

DD, 

UDo 

LDo 

LI>:a 

LD, 

LDo 

LP 

n 

PR 

.JlJlIU1.flJ1MJ 
1IlflfUUUlfUlIU 

I'--__ ~ 
--.J 

1 at Utpr ScreeD Add. 11 ~ Lo.ar Seree Add. I 2Dd UppeT Screer II.d4. I:t:nd. x..o.er Screet:. Add 

4" 4:1 ii7- 43 - ~ 

46 4z 46 42_~ 

do d1 __ I d. "1 -] 

elf, 40 Ii.. - - - - [- - ---40· - - - - 1 
1. 8t Upper B creeD AMr ••• Data 2nd. Upper Screen Ad.dr ... Data 

'. ., . ___ ~----d; ---=r::- ----.. - - -] 
4e cia T---- -- d6 - -=r=---- -42 

dO '1 " - __ I _:---., - -) 

de, dO 4.. 40 - - I 
let Lo.er Scr.en Addres. DatIL 2nd Lower Screen Addres. Data 

____________________ ~r--IL ______________________________ __ 

-I 
m 
() 
:r: 
z 
R » 
r-

0 » 
-i » 

:::I .... .... 
CO 

... 
0 
en 
:z: -II 
:III 

:z 
--f 
rT1 

C> 
;::0 

» 
--f 
rT1 
0 
(") 

;::0 
(") 
c: 
--f 



I\) 
..... 
Ol 

I 

T7779 Timing Chart (11) IlCO,Hlgh-Resolutlon,8dotlfont, lscreen lode) 

Ill'! { Xl J1Jl1lf1Jl.J1Il 

{ •• lJ1JUlf1JlJ1Jlf 
Rn 

eLK 

CYCLE 

U/L ---, ~'--__ ---' 

DSP'rWG ~ 

WAO_15 1st Addnu8 ----T- -~;;dAdd-r---;;-9 - -------- -I 

l.AO_4. 

1::: I d, I '0 I d, I '. I " ! d, I '1 I d0 I " I d, I " I '. I d, I " I '. I '0 I 
1btt I Isl, Address tat.a I :Cnd Address ?ata \ 

transference r------ ---"l 

2bl t 
transference 

LP ~ ____________________________________ . ____________ __ 

I ~-------'. 
l rn ____________________ ~ __________________________________ ___ 

SOP 

LDl Ii.., 0.5 [.:13 lil Ii.., d5 T~ --C~ 

LI{) ! 0.6 <14 d:2 dO d6 0.4 liz dO -] 

~ let Addreee Data 2nd Ad.drSEl6 DlI.ta J 
LP n ,I 
FP--------------------------------~---------------------------------------------------------

rn ____________________________________ -L __________________________________________________________ __ 

-i 
m 
() 
::J: 
Z 
R 
> 
r0-

o 
> 
-i 
> 

-f 

"'" "'" "'" <.0 

... a 
en 
:a: -ID :.. 

:z 
--I 
rT'I 

C> 
;;::0 

» 
--I 
rT'I 
0 
() 

;;::0 
() 
c: 
--I 



I 
l\) 
-.j 
-.j 

I 

T7779 Timing Chart (VI) (LCD, H I gh- Reso luI lon, 4b I 1 - 1 rans f erenee, ado I! f onl, 1 se reen lode) 

IN! { Xl 

{ "E 
EXT 

CLK 

CYCLE 

U/L 

DSPTW 

Woo-I5 

LAO_' 

SCP 

LD3 

L"'< 

LD, 

LI\) 

LP 

.. 
I'R 

~ 

lJU1JU1JUUlIl.J 
~ 

--.J 
1 at Add._r~_~ ________ r= _______ ~~~~__'=__=_~~_ T----------- ~ 

d.., d3 d.., 013 - - _J 

016 01 2 0113 _ d:.: _ __ ~-~ 

do d1_ do ___ ~l ---I 

d 4 d_ 0_ d", ---=d",-O __ -' 

I 1st Addres6 De.:ta 2 nd. Addrea _' _D.c'_'_' ____ -1 

________________________ ---'r---l~ __________________________________ ___ 

-i 
m 
() 
:::I: 
Z 
n 
:> 
r-

0 
:> 
-i 
:> 

-t 

""'" 
""'" 
""'" (0 

-I a 
UJ 
% -m 
)II 

z: 
--t 
rT1 
C) 
;;::0 

» 
--t 
rT1 
0 
(") 

;;::0 
(") 
c 
--t 



~ 
a 
en 

T7779 T Imlng Chart (]X) (LCD, Low-Resolul,on, lbit-transrerence,8dotlront.2screen lode) :z: -III 
INT { Xl I1JlIUU1MI1JUlflf ~ 

EXT { • 
eLK 

lIl.J1J1JlJlJlJ :z 
--I 

J -I rn 
CYCLE 

U/L 

DSFTlI) 

m C) 
J () 

:r:: ;;C 

z » 
R --I 

rn 
> 0 r-

MAO-I!! let Upper SCT8eoAdd.r ••• 18~ Lowsr Screen Addrees n 0 
LAO_" > ;;C 

ecp 
I • -I n > c --

I\) ODo ..... 
00 

I 
L"o 

., d, d·lo,; d, do d. .. d,l d,l d2 d2 ., d, dO dO --I 

I 1 at Upper Screen Addreee Data I 
do d, d. O. d, d, d, ". d, ., d2 d2 d1 d1 dO dO 

I 1st Lower Screen Address Data I 
LP 

FP 

•• 

-f 

""'" ""'" 
""'" CO 



T7779 T,m,ng Char! (X) (LCD. Low-Reso lut Ion. 2bi t - transf erenee. Sdo t/font. 2se reen lode) 

IN!{XI~ 

{"E~ EX! 
eLI< I Ir-----~ '---__ --I 

C'iCLE --,L-___ -' 
U/L -L_ _ ____ ~ 

DSPTI4Q ---.J 
llAcr-15 1st. Upper Screen Address let. Lower Screen Address 

LAO_" 

'" 
sep 

...... 
to UD, 

I 
d 7 d6 do d(o d3 02 dl l-_~~-__ ] 

"Do 0, '" ~ '. I '3 I 42 ;;,-l~_.~_J 
let. Upper Screen A.t1dree8 Dat.a 

LDl d 7 ~ I __ --~~--T-~ I d:3 d2 J~---d; 00 

LIlo d 7 tiS ~ ___ ] d 4 <13 d2 J __ ?l ~-] 
1 1 at. Lower SCTllEm Address Dat.a 

LP ____________________ ~IlL_ _________________ __ 
I'P 

!'R 

--i 
m 
() 
::c 
z 
() 

» 
r-

0 » 
-i » 

-t .... .... .... 
(0 

... 
0 
en 
:z -II 
JII 

z: 
--i 
~ 

C> 
~ 

>-
--i 
~ 

0 

n 
~ 
n 
c 
--i 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

I I i 

~I 
I I 
I ! 
I I 

~, III II I I 11 ! 

i I I II 
r l M l I I I 

/' i 

illl!1 i 
I II 

i I I 

~ J I1II 

I ~I ~ 
I I I i II 
~ III !i 

I I i I I, I 

~I ,~! I j!i i 
, I I I 

~ i U I 
I I ill' i 

1 I" I I! I ~ i 1 

~ c i I : II :~i II 
2 c L. L,! !;I i I 

; ~ C ! I i I !:II, I 
, 2 ~ I I II I!!! I 

~ II ~ ~ ~ ~~! H 
~ ~ ~ d '~ 
I-- ~ , 

I--

1-< 

I 

I 
! 

! I 
! I 

I I iii II 
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T7779 Tllnlng Chart (XII) (LCD. lo.-Resolutlon.8doUfont.'"reen .odel 

IN! { XI JlJlJlJUlJ1JlJlJ1IlJlf 
Ulfl.flJ1JU1JlJ 

61T ~ ¢E 

l CI,K ~~"'! r '--__ ---1 L ___ ---.1-- -----~ __ _ 

';YCLa: I I~~-I J ~ ____ ~--- 1 
U/L I ~ ____________ ~- 1 

-4 
0 
en 
:z: -ID 
II 

z 
--I 

~ rT1 
m C) () 
:J: :;::0 

Z > 
n --I 

rT1 
> 0 
r-

0 n 
> :;::0 
..... n > c 

--I 
I\) 
C» DSPTldG 

--.--r- ----------- -- ---------- ----- - ---------- - ----;.~----... 
MAo~~:, ~ .I. s't "d.dreas l ____ ~._~ ______________ ~_~·==-=_===_ _ _==c_~-~_=_~_= 

CAJ_< -=---r= _____ -_--==~_------------==-~.::-~= _______ . __ 
sCP LJLJLJLJLJlJLJLLJLJ~LrL 

''''0 T!:;T'- 1 ;~ L--,~1 " GT~ 1 '. i Ui!1:: __ L.iiEL_;::L,:~=r:-.-:c 
lblt ~_ _____ ~8!_.~~:r_~~_E~~ ___ .. _--l 

trans f erence 

2bl t 
transference 

LP ~_____________ _ _________ _ 

FP r= ____________________ _ 
-----------------

FH 

Iscp ~L-.J--LJ- ~ 

LD, 1,- 1 ,;=T -;:;--I " I " .---"---------'i,~I_i_'____' ------'----'"--------'---_____l 

LDo 1 "7 I .", r=;------:;:-=r=:s::::J " I l:-I-~--=C 
f--~---------. _____ -..:.._9~_~ ... ~~~ __ :J~'t~ ------ ___ ." - ---__ • ____ ~ 

LP L_____ _ ______ _ 
-I rP ------; ..... 

FR 
..... 
..... 
(0 



T7779 Timing Chart (XlD) (LCD. Low-Resolutlon.4bit-transference.8dotlfont.lscreen lode) 

In { XI JU1Jlf1.n.n.flJ 

EXT { 6. 1Ilf1.J1JlJlJ1I 
CLK --, r-I ----.'--__ -l 

CYCLE 1__ _m~ r-----, Jr-----, 

U/L --, ---.J 
DSP'Na ~ 
},lAo-15 ________ 1 at AddreS8 

LA 0- .. 

I 
J\) SCP 

(XI 
J\) LD3 , 117 ,--- 115 d:s --I dl 

LD. d7 d~ ~-------d3----1 <11 

LD, r---~----------r-- d" d;- oJ 

LDo as 114 ---1------- 11;- - l dO 

1 at Address Data 
I 

LP 
__________________________________________ ~L-______________________________ __ 

FP .. 

-i 
m 
() 
:J: 
Z 
R 
> 
r-

0 
> 
-i 
> 

~ 

"'" "'" "'" <0 

~ 
a 
en 
:z: -III 
~ 

z: 
~ 
rT1 

C> 
;:;0 

» 
~ 
rT1 
0 

n 
;:;0 
n 
c:: 
~ 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA T7779 

T7779 Timing Chart (~) (CRT, 8 dot mode) 

INT { Xl 

{ ,. 
EXT 

CLK ---, 
CYCLE ---, 

tvt. ---, 
DSPTMG --.-J 
MAO'--15 1 at ADDRESS 2nd ADDRESS 

LA0--4 

LDC 

I.. 1 at ADDRESS DATA. 1 2nd ADDRESS DATA ~ 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

T7779 

Absolute Maximum Ratings 

ITEM SYMBOL CONDITION RATING UtilT 

Supply Voltage VDO Ta=25°C -0.3""+7.0 I V Note 

Input Voltage VIN Ta=25°C -0.3 ""VOD+0.3 V Note 

Operating Temperature Topr -10 '"1,+70 °c 

Storage Temperature Tstg -55 ""+125 °c 

Note: Values measured at VSS = OV 

Electrical Characteristics 

Test Conditions Unless Utherwise Specified, VSS=OV, VOO=+5.0V± 10%, Ta=25°C 

ITEM SYMBOL CONDITION HIN. 

Operating Voltage VDD +4.5 

"H" Input Voltage VIH VDO-0.8 

ilL" Input Voltage Vn 0 

"Un Input Voltdge VIH +2.2 

"L" Input Voltage VIL 0 

"H" Output Voltage VOH VDD-0.3 

"L" OUlp~t Voltage VOL 0 

"H" Output Resistance ROH VOUT=VDO-0.5V -

"L" Output Resistance ROL VOUT=+0.5V -

f¢ -
Oper:ltinz Frequency 

fCLK -

Current Consumption IOO VDD=5.0V -

Note 

Note 

1 : 

2 : 

Applied to EXT/INT, HSu, HSj, L03/DSCo, TESTj, OSCl 

Applied to other inputs 

Note 3: Applied to Q2/¢E 

Note 4: Applied to Qj/CLK 

TYP. NAX. UNIT 

+5.0 +5.5 V 

- VOO V 

- +0.8 V 

- VOO V 

- +0.8 V 

- VOD ,; 

- +0.3 V 

- 400 Ii 

- 400 ~ 

- 18 ~1Hz 

- 4.0 MHz 

4.0 6.0 rnA 

Note 5: LCD, High-Resolution, 2 bit-tranceference, 8 dot/font 640 x 104 x 2 screen, 
f¢=9MHz 
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Note 1 

Note 2 

Note 3 

~()te 4 

Note 5 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA T7779 

f7779 Switching Characteristics (I) 

° CRT /LCD = "H" (LCD mode), EXT / INT = "H" (INT) 

~o 

CYCLE 

c/L 

scp 

VSS=lh', VDD=+5.0V±10%, Ta=-lO'V+70°C 
-

ITEM SYMBOL CONDITJONS ~IN. MAX. UNIT 

Qc Cycle Time tc:oC 125 - ns 
1-- r-----

Ql Delay Time tQ D - 20 ns 
1---- -

Q2 Dt>' -- - "le + tC. 2 D 
- 20 ns 

--
CYCLE Delay Time I CY~ __ - 20 ns 

---r 1-----
D!L Delay Time I tCl.D - 20 ns 
-- -- I - --- -- 1---------

SCI' Delay Time If - 10 ns 
- --- .. --- -- '---------



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

T7779 Switching Characteristics (II) 

eLK 

CYCLE 

TJ/L 

SCP 

o CRT/LCD = "H" (LCD mode). EXT/INT = "L" (EXT) 

i 

I 
I~ __ """;",,,1 I 
I 

i , 

__ --I:tULDj 

VSS=OV. VDD=+5.0V=10%. Ta=-IO ~+70°C 

ITEM SYMEOL CONDITIONS MIN. 

¢E Cycle Time tilc 62.5 

¢E "H" Pulse Width PhT¢H 11.25 

¢E "L" Pulse Width PI.J¢L 11.25 

¢E Rise and Fall Time t!/lR, t¢F -
CLK Rise and Fall Time tCKR, tCKF -
CLK Setup Time tCKS 80 

CLK Hold Time tCKH 10 

CYCLE Delay Time tCYD -
U/L Delay Time tULD -
SCP Delay Tiem tCPD -

'----
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T7779 

}'AX. UNIT 

- ns 

- ns 

- ns 

20 ns 

20 ns 

- ns 

- ns 

80 ns 

80 ns 

80 ns 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

T7779 Switching Characteristics (III) 

• CRT fLCD = "H" (LCD mode) 

U/L 

MCS 

CE 

LAO-LM 

MAO-MAl 5 

dO-d7 
Attrlbute 

I , 

1'1"'" 
H== 

J I 
I 

I tLAD 

:=x 

VSS=O'J, VDD=+5. OV±lOI.:, Ta=-lO '\,+70·C 

ITEM SYHBOL CONDITIONS MIN. ~IAX. 

MCS Delay Time tMSD - 80 

CE Delay Time tCED - 100 

LA Delay Time tLAD - 70 

MA Delay Time tMAD - 50 

Data Setup Time tdS fOSC=lOMHz 200 -
--

Data Hold Time tdH fOSC=lONHz \) -
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T7779 Switching Characteristics (IV) 

• CRT fLCD = "H" (LCD mode) 

SOP 

LDO-3 
UDO-3 -

I 
tLPD 

/ 

/ 
tLPD 

LP \k-

FP 

tFRD 

FR :x 

/ 
tdD 

) 

tFPD 

J. 

. 

Vss=OV, VDD=+S. OV:!:lO%, Ta=-lO -v+70·C 

ITEM SYMBOL CONDITIONS MIN. MAX. 

Data Delay Time tdD - 20 

LP Delay Time tLPD - 20 

FP Delay Time tFPD - 20 .... -
FR Delay Time .-L. tFRD - 20 
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T7779 Switching Characteristics (V) 

o CRT/LCD = "L" (CRT mode), EXT/INT = "H" (INT) 

CYCLE 

DSPTMG 

CUDISP 

HSYNC 

VSYNC 

LAO-LA40 

MAO-MAl 5 

dO-d7 
AttrIbute 

('(0 

CYCLE 

LDO 

I tMSD _I tMSD 

\ 
J tDTD 

/ 
IteDD 

I 
ItHSD 

I tVSD 

tLAD 

:x. 
tMAD 

)< 
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T7779 Switching Characteristics (V) 

° CRT/LCD ="L" (CRT mode), EXT/INT ="H" (INT) 

VSS=OV, VDD=+S.OV±lO%, Ta=-10'V+70°C 

! ITEM SYMBOL CONDITIONS MIN. MAX. UNIT 
I i ~:rcs Delay Time tMSD - 80 ns 
r-
, JSPT:-1r: Delay Time tDTD - 100 ns 

._---,. , 
'- L I ) I c "r~p Delay Time tCDD - 100 ns 

~~ . 
~ -

~HS1NC Delay Time tHSD - 80 ns 

: I'SYNC Delay Time tVSD - 100 ns 

i, \ 

t~ 
Delay Time tLAD - 80 ns 

t MA Del", 
Time tHAD - 100 ns 

Dat~a Setup Time tdS fOSC=lOMHz 200 - ns 

l:ata ,lold Time tdH fOSC=lOMHz 0 - ns 

i C'~T-I \t"",, Delay Time tCYD - 20 ns 

~ta :>elay Time tdD - llO ns 
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T7779 Switchi ng Character; sti cs (VI) 

o CRT/LCD = "L" (CRT mode), EXT/INT = "L" (EXT) 

CLK 

DSFTMG 

CUDISF 

HSYNe 

M.n.G-MA..it 

dC,-d7 

bttrlcute 

¢E 

eLK 

LDG 

--------fJiF" 
! ! tCDD 
I 

________________ ~il 
I ! tHsD 

----------------~!) '\l<---. -
. 1 tV2L 
I. 

tV2D 

____________________________ ~i;' 
I ! tLt_I: 

\l<---: -

__ ----------:.lx~. __ _ 
i ,rM{.[, 

__ ~X~----~X~: ____ ~X~: __ _ 
! td.S ! : taE 

..-____ '...,:1 r------

-------------~X X~ 

itcY..u 
~ 

~-F-Y-¢-H-----------------' ~;f~: -----------------------~ 
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T7779 Switching Characteristics (VI) 
o CRT/LCD ="L" (CRT mode), EXT/INT ="L" (EXT) 

VSS=OV, VDD=+5. OV±lO%, Ta=-lO "'+70°C 

ITEM SYMBOL CONDITIONS MIN. MAX. UNIT 

CLK Cycle Time tCKC 250 - ns 

eLK "H" Pulse Width PHCKH 105 - ns 

CLK "L" Pulse Width PWCKL 105 - ns 

CLK Rise and Fall Time tCKR, tCKF - 20 ns 

MCS Delay Time tMSD - 120 ns 

DSPTMG Delay Time tDTD - 140 ns 

CUDISP Delay Time tCDD - 140 ns 

HSYNC Delay Time tHSD - 120 ns 

VSYNC Delay Time tVSD - 130 ns 

LA Delay Time tLAD - 110 ns 

MA Delay Time tMAD - 140 ns 

Data Setup Time tdS fOSC=lOHHz 200 - ns 

Data Hold Time tdH fOSC=lOMHz 0 - ns 

"E Cycle Time t"c 62.5 - ns 

"E "Hft Pulse Width PW¢H 11.25 - ns 

"E "L" Pulse Width PWh 11.25 - ns 

"E Rise and Fall Time t"R' t"F - 20 ns 

CLK Delay Time tCKD 10 - ns 

Data Delay Time tdD - 160 ns 
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T7779 Switcil'ing Characteristics (VII) 

eLK 

MAO-MAl 5 

LPSTB 

LPSTB 

MAO-MAl" 

LAO-LA4 

T7779 

PWLPH 

When the CLC detects the r~s~ng edge of 
LPSTB in this period, the CLC sets the 
Refresh Memory Address 'M+2' in to the 
LIGHT PEN REGISTER. 

tLPDl, tLPD2: Period of uncertainty for 
Refresh Memory Address. 
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T7779 Switching Characteristics (VTI) 

v ss=ov, VDD=+5. OV±IO%, Ta=-IO '\.,+70°C 

ITEM SYMBOL CONDITIONS MIN. MAX. UNIT 

LPSTB Minimum Pulse Width PWLPH 60 - ns 

tLPDI - 20 ns 
LPSTB Disable Time 

tLPD2 - 20 ns 

MA Hold Time tMAH - 50 ns 

LA Hold Time tLAH - 50 ns 

MA Setup Time tMAS - 60 ns 

LA Setup Time tLAS - 60 ns 

EXS Setup Time tESS 20 - ns 

EXS Hold TiCle tESH 40 - ns 
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T7779 Switching Characteristics (~) 

tEe 

tAS PWEH PWEL 

E 
V 1\ 

tER tEF 

tDD tAR 

R/W,RS 
X K 

tDA tDH 

DO-D'7 V 

o Read Sequence 

E 

CS,R/W 
RS (Add .Reg.) 

RS (Cont .Reg.) 

DO-D'7 

tAS 

i/ 

) 

t EC 

PWEH PWEL 

tER tEF 
\ 

tDS 
~ 

tAH 

K 
tDH 

X K 
o Write Sequence 
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T7779 Switching Characteristics (VITI) 

o CPU Read Timing 

VSS=OV, VDD=+5.0V±10%, Ta=-10'V+70°C 

IH', SYMBOL CONDITIONS MIN. MAX. UNIT 

E Cycle Time tEC 500 - ns 

E "H" Pulse Width PWEH 220 - ns 

E "L" Pulse Width PWEL 210 - ns 

E Rise and Fall Time tER, tEF - .25 ns 

Address Setup Time tAS 70 - ns 

Data Delay Time tDD - 180 ns 

Data Hold Time tDH 10 - ns 

Address Hold Time tAH 10 - ns 

Data Access Time tDA - 250 ns 

o CPU Write Timing 

VSS=OV, VDD=+S. OV±lO%, Ta=-lO 'V+70°C 

ITEM SYMBOL CONDITIONS MIN. MAX. UNIT 

E Cycle Time tEC 500 - ns 

E "R" Pulse Width PlvEH 220 - ns 

E "L" Pulse Width Ph'EL 210 - ns 

E Rise and Fall Time TER, tEF - 25 ns 

Address Setup Time tAS 70 - ns 

Data Setup Time tDS 60 - ns 

Data Hold Time tDH 10 - ns 

Address Hold Time tAH 10 - ns 
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T7779 lOOPIN FLAT PACKAGE-BS 

Unit: nun 

No.SO 

IPln Index 

I - .. "'1 
0 0 

~l -f-! .,., 
0 '" 0 ., "I '" 0> ~~ 

I 

I 
! 
! 
I 
i 
I 

I 
i 

140±Jl 
No.50 

l1j2±J4 

r-----------------~-~~----~~ « 
::s 

'" 
~~~~~~~~~~-~~~+-~~ 

196:!:03 
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CHAPTER 1 

INTRODUCTION TO THE MULTI BUS II BUS ARCHITECTURE 

1.1 ARCHITECTURE OVERVIEW 

The MULTIBUS II bus architecture is an advanced ,processor-independent , open 
system architecture suitable for a wide range of microprocessor-based designs. 
The mUltiple bus architecture includes three bus structures defined in this 
specification and compatibility with two existing MULTIBUS I/O busses. 
MULTIBUS II systems offer designers significant performance advantages and 
advanced features including a 32- bi t pa ra llel sys tern bus wi th 40M byte/ sec 
throughput, high-speed access to large amounts of off-board memory, a low-cost 
serial system bus, and effective multiprocessor support. 

The MULTIBUS II bus architecture consists of the Parallel System (ipSB) Bus, 
the Local Bus Extension (iLBlC II Bus), the Serial System (iSSB) Bus, and two 
busses carried over from the MULTIBUS I architecture - the iSBX I/O Expansion 
Bus and the Multichannel DMA (Direct Memory Access) I/O Bus (Figure 1.1). 
A common system interface which defines intermodule communication and data 
trasfer protocols ties the busses together and allows designers to choose from 
several combinations of the five to meet specific application requirements. 

Multichannel DMA Bus 

CPU MellDry LiOOJntreller 

Figure 1.1 MULTIBUS II Bus Architecture (5 Busses) 

Because of its multiple bus structure and its ability to support 32-bit 
microprocessors, the MULTIBUS II bus architecture provides an evolutionary 
path to both future system expansion and future VLSI technology. The 
architectures supported by the MULTIBUS II system have migrated from the 
MULTI BUS I system. 
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1.1.1 An Answer To Obsolescence 

In the last decade, the avalanche of new microcomputer technology, especially 
VLSI, threatened to obsolete products almost before they went into production. 
To buffer user's from this onrush of technology, Intel helped develop standard 
interfaces. One of the most notable was the MULTIBUS I Bus Architecture. 

The MULTIBUS I interface became not only the industry standard, but it was 
designated the IEEE 796 standard as well. wi th the MULTlBUS I interface, 
user's could exploit the benefits of VLSI technology without having to pay a 
premium for new system design. 

Other benefits from the use of standard interfaces in 
architecture soon followed. As Intel's "Open Systems" design 
wide acceptance, aftermarket support grew, providing mUltiple 
wide product selections and competltlve prices. Today, 
manufacture over 1,200 MULTIBUS I compatible products. 

the MULTlBUS I 
strategy gained 
supp ly source s , 

200 companies 

The Open Systems approach was also demonstrated in Intel products which 
provide compatible products at three levels of integration: components, 
boards, and systems. This multilevel approach has enabled OEMs to adapt to 
new business environments and opportunities as VLSI technology expanded. 

Standard interfaces for hardware and software combined with many MULTIBUS 
products made it possible to configure new systems having unique requirements 
with minimal risk and investment. 

1.1.2 Multiple Bus Structures 

Microcomputer systems require many types of data movement: memory-to-CPU for 
instructions and data; CPU-to-CPU for interrupts and messages; I/O-to-memory 
for high speed data transfer; and CPU-to-I/O for direct control of I/O. In 
most systems, one general purpose bus can do a 11 these three funct ions. 
However, for high performance systems, a general purpose bus lacks the total 
bandwidth required. And, in low-cost systems, the general purpose bus may be 
too costly. 

A multiple bus structure provides specialized busses for specific critical 
functions. Four important advantages result. 

1. The bandwidth of the general purpose bus is preserved, 
"virtual bandwidth" for interprocessor communication 
movement. 

creating a 
and data 

2. The specialized bus does its function better than a general purpose 
bus. 

3. Functions can be carried out in parallel on different busses. 
4. Users can tailor their system performance and avoid unnecessary costs 

by selecting only those busses required for their application. 

While the MULTI BUS I interface pioneered the mUltiple bus approach, the 
MULTlBUS II bus architecture refines it and extends its range. The new 
architecture offers five processor-independent busses which give system 
designers the ability to configure their systems for their needs today as well 
as meeting the future system requirements. 
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Each of the MULTIBUS II interfaces is fully compatible with the others. Thus, 
in general, it is simply a matter of choosing the appropriate bus or combina­
tion of busses to fit the exact needs of a particular application. Moreover, 
the standard interfaces mean designers can reconfigure the system as new 
requirements demand - or as VLSI technology provides improvements in micro­
processor technology. 

MULTlBUS I users can upgrade to the MULTIBUS II architecture as their needs 
and bandwith expand to 32-bit capabilities, or as their 16-bit systems begin 
to require more sophisticated mUltiprocessing capability. Therefore, new 
users requiring high performance 16- or 32-bit data paths optimized for 
multiprocessing will find the multiple bus structure of the MULTIBUS II bus 
architecture ideal for advanced microprocessor design. 

1.1.3 Multiple Bus Structures Enhance Functional Partitioning 

Each multiple bus structure is tailored for a particular purpose. This is 
part asically, 
functional partitioning is a modular design approach that requires breaking an 
overall problem into manageable pieces based on function. For example, typical 
microcomputer system functions are mass storage control, data processing, 
communications and graphics. 

In typical functionally partitioned systems, data movement between agents is 
minimized. Requests for data movement are kept to a minimum, and critical 
real-time data should be kept in the local environment. Once the agents have 
been defined, they are implemented by optimizing each for its specific 
requirement. The MULTIBUS II bus architecture defines standard interfaces 
between each functional module and tailors each interface to its specific 
function. 

For example, the Parallel System Bus (iPSB bus) 1S optimized for 
interprocessor communication and data movement. The Local Bus Extension, 
(iLBX II bus) is similarly optimized for very high speed execution. And the 
Serial System Bus (iSSB bus) is optimized for low-cost interprocessor 
communication. 

Thus, the MULTIBUS II bus architecture provides the means to design a 
optimized for performance with each bus serving a specialized function. 
each bus is also optimized for performance, functional partitioning 
agents is supported and enhanced. 

1.2 THE MULTIBUS II BUSSES 

system 
Since 

of the 

The MULTIBUS II Bus Architecture consists of the Parallel System Bus, the 
Local Bus Extension, the Serial System Bus, and two busses carried over from 
the MULTIBUS I architecture - the iSBX I/O Expansion Bus and the MULTICHANNEL 
DMA (Direct Memory Access) I/O Bus. 

1.2.1 Parallel System Bus (iPSB Bus) 

The MULTIBUS II Parallel System Bus is a high-performance, ~eneral-purpose bus 
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that provides important data movement and inter-processor communi'ation 
functions. Being general purpose in nature, the iPSB bus also sUIJports 
arbitration, execution and I/O data movement and board configuration support. 

The iPSB bus supports four address spaces: a 32-bit wide memory address space, 
a 16-bit I/O address space, a 16 or 32-bit message address space, and a 16-bit 
interconnect address space. Data is clocked at 10 MHz and can be up to 32 
bits wide. 

In addition, the ipSB bus incorporates features which: 
o Provide high-performance data movement 
o Enhance multiprocessor support 
o Improve ease-of-use 
o Increase system reliability 
o Bounded real-time response 

The following is a brief discussion of those features. 

High Performance 

The Parallel System Bus has a burst transfer capability yielding a maximum 
sustained bandwidth of 40 megabytes/ second. The burst is implemented as a 
single address cycle followed by multiple data transfers which maximize the 
bus bandwidth. 

Multiprocessor Support 

Message Passing is another important attribute of the Parallel System Bus. 
This feature allows two bus agents (Le.,boards) to exchange information in 
blocks of data. The iPSB bus method of message passing provides a high 
performance facility for moving data from one functional module to another 
without having to worry about memory management or synchronization problems at 
the bus interface. 

The iPSB bus supports multiple processor agents. That is, the arbitration 
features can support up to 20 requests for the bus at the same time. This 
supports the functional partitioning approach and maximizes the effectiveness 
of each function. 

Ease of Use 

The iPSB bus is a processor-independent general purpose system bus. As such, 
it supports 8-, 16-, and 32-bit processors, and is capable of transferring 8, 
16, 24 or 32 bits of data. This attribute makes it extremely flexible. 

General system-wide functions such as power-up/power-fail, bus time-out, 
system timing references,time-of-day clock, etc. are centralized into one 
module called the Central Services Module. In multiple agent systems, 
centralization of such functions reduces system cost, frees board area for 
other functions and is generally more efficient. The Central Services Module 
can be located on a unique board dedicated to that function. 

The Interconnect Address Space is provided for dynamic configuration of 
MULTIBUS II boards. 
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This feature allows board options to be programmed or read from interconnect 
space which simplifies the configuration task and allows system resources to 
be identified. It also allows system-level diagnostics to access the results 
of board-level diagnostics for system confidence reports. 

Reliability 

Since the Parallel System Bus is synchronous, the signals only have to be 
valid at specific intervals. Thus, noise-induced signals are not likely to be 
erroneously interpreted as data or control. 

Reliability is also enhanced by such features as parity on transfers, DIN 
connectors and distributed ground pins. Byte parity is checked and generated 
for address, data and command lines. The pin and socket design of DIN 
connectors makes them extremely reliable. Also, the isolation of critical 
signals with adjacent ground pins reduces noise in nearby circuits on the 
backplane. 

In sunnnary, the Parallel System Bus is a full-functioning, general purpose 
system bus which enhances multiprocessor support by its unique message passing 
facility. It improves ease-of-use through its multiple data width support and 
interconnect facilities. Finally, the ipSB bus increases system reliability 
by virtue of its synchronous nature, its parity on transfers, and its 
two-piece DIN connectors. 

1.2.2 Local Bus Extension (iLBX II) 

Multiple CPUs executing instructions in shared global memory can easily 
saturate the system bus, resulting in overall system performance degradation. 
An extension of the on-board processor bus provides the means to remove the 
processor execution functions from the general purpose system bus and extend 
local on-board processor bus provides the means to remove the processor 
execution functions from the general purpose system bus and extend local 
on-board performance capability to off-board memory resources. 

The iLBX II Bus helps to 
providing arbitration-free 
bus clock rate of 12 MHz. 
16-, and 32-bit processors 

maximize performance in MULTIBUS II systems by 
local memory expansion to 64 Mbytes and a maximum 
It is a processor-independent bus that supports 8-, 
and up to 6 agents or boards. 

The iLBX II Bus provides an alternate very high bandwidth path (48 Mbyte/ sec) 
to the processor's memory resources. In doing so, it reduces the processor's 
system bus bandwidth requirements by 60%-90%. Since it has been optimized for 
execution, it does not provide the functions of I/O or message passing. 

A synchronous bus providing increased reliability, the iLBX II bus 
incorporates a number of advanced features which enhance system performance. 
For example, the iLBX II bus allows pipelining; the ability for the address 
portion of the following cycle to overlap on the data portion of the current 
cycle. Pipelining promotes the efficient use of the execution bus and helps 
make possible its higher bandwidth. 
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Another contributing factor to the higher bandwidth on the iLBX II bus is its 
ability to support block transfers. With one address phase, the bus can 
obtain multiple pieces of data, again a more efficient use of the execution 
bus. 

As with the iLBX bus in the MULTIBUS I architecture, more than one iLBX II bus 
may exist in a MULTI BUS II system to optimize each processor's performance. 

The iLBX II bus, then, is a high-speed, high-bandwidth execution bus which 
extends the on-board local bus to off-board memory resources. Its 48 
Mbytes/sec bandwidth, bus clock rate of 12 MHz and advanced features like 
pipe1ining and block transfers make it a high performance, low latency, 
reliable bus for today's multiprocessor architectures. 

1.2.3 Serial System Bus (iSSB) 

The Serial System Bus is very closely tied to some characteristics of the 
Parallel System Bus since it implements the message passing functions of the 
iPSB bus with a low-cost serial interconnect. That is, the iSSB bus is a 
low-cost alternative to the message interface on the iPSB bus. 

Whereas the iPSB bus 32-bit wide parallel transfers and runs at 10 MHz, the 
iSSB bus is I-bit wide and runs at 2 MHZ. Thus, the performance is roughly 2 
orders of magni tude less. However, the cost is a1 so 2 orders of magni tude 
less. 

There are two cost-reduction mechanisms involved. The first is the interface 
device. While the iPSB bus has 96 pins, the iSSB bus has only two. 

The second consideration is packaging flexibility. The electrical 
requirements of the iPSB bus require it to be implemented in a very 
restrictive manner, with boards stacked and cables run to each device being 
controlled. On the other hand, the iSSB bus may be extended a distance of 10 
meters, allowing boards to be scattered within a box or even be located in 
separa te boxes. As VLSI devices become more capable, th is wi 11 actually 
eliminate boards within a system by allowing the bus to be extended to the 
point of control. Thus, the i SSB bus has the abi 1i ty to be physically 
distributed since it is no longer restricted to the backplane. However, it 
will likely remain inside the physical packaging of the system, even though it 
may extend short distances to connect a modular package. 

As VLSI technology continues to shrink more and more functions into a single 
piece of silicon, the printed circuit board area needed to implement a 
function will be decreased. In fact, today the interface to the iSSB bus can 
be implemented with a single chip. This level of integration will provide the 
lowest possible system cost. Further, the controller function found in 
contemporary systems will migrate to the printed circuit boards of the 
peripherals. The iSSB bus, then, allows reduced interconnect costs and 
physical distribution of system agents. 

While taking advantage of the cost and distribution of a serial media, the 
iSSB bus allows functional agents to communicate with an identical software 
messae passing interface to that of the Parallel System Bus. This means that 
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agents that communicate via message passing on the ipSB bus can migrate easily 
to an iSSB bus with only minimal software changes. 

Whereas the ipSB bus in combination with future VLSI advances will offer 
increased capabilities at the same cost, the iSSB bus in combination with VLSI 
technology will offer the same capabilities at a lower cost. 

1.2.4 Multichannel DMA I/O Bus 

Carried over from the MULTIBUS I bus architecture, the MULTICHANNEL I/o Bus 
solves the problem of high-speed 1/0 data to and from physically distributed 
custom peripherals such as mass storage devices or graphics display systems. 
The MULTICHANNEL bus allows high-speed (8 Mbytes/sec) block transfers of data 
over the data path between such peripherals and single board computers. 

The MULTICHANNEL bus provides a standardized 1/0 interface with full speed 
operation at up to 15 meters with a simple asynchronous protocol. It supports 
up to 16 devices, both 8- and 16-bit and provides 16 Mbyte memory or register 
address space per device. Typical uses of this bus include computer graphics, 
specialized peripheral control, data acquisition and high-speed MULTIBUS 
system-to-system communication. 

1.2.5 iSBX 1/0 Expansion Bus 

Also a carryover from the MULTIBUS 1 bus architecture, the iSBX I/O expansion 
bus allows incremental on-board system expansion through the use of small iSBX 
MULTI MODULE boards. Current ly, i SBX board s add capabi I i ty in the areas of 
parallel 1/0, serial 1/0 graphics, bubbles and advanced mathematics functions. 
All iSBX boards afford system expansion without the additional cost of adding 
another full expansion board. 

The expansion bus allows users to customize their single board computers to 
individual applications in response to latest VLSI technology. Since they are 
able to buy exactly the capabilities needed, both system cost and system size 
are kept to a minimum. 

1.3 BUILDING A COMPUTER SYSTEM FOR THE FUTURE 

The advantages of the multiple bus approach of MULTIBUS II bus architecture is 
easily demonstrated by a simple system that evolves over time to a family of 
products. Suppose the basic requirement is for moderate CPU power, variable 
sizes of RAM depending on system usage, and a variety of simple I/O devices. 

The initial system may contain a 16 bit microprocessor like the 8MHz 8086 
which provides the CPU requirements (Figure 1.2). Considerable RAM can be 
placed on the same boa rd as the CPU: up to IMbyte wi th 256K DRAMS and a RAM 
expansion MULTIMODULE which mechanically does not require a second slot. The 
CPU board could still accommodate extensive 1/0 facilities such as serial, 
parallel, or analog I/O, as well as iSBX connectors for low-cost I/O additions 
to the base board. 
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o Execution on the iPSB Bus Via Memory Address Space 
o I/O Control on the iPSB Bus Via I/O Address Space 
o System Configuration Via Interconnect Space 

Figure 1.2 System Providing Basic Requirements 

Additional RAM can be added with memory boards on the Parallel System Bus with 
capacities up to 2 Mbytes with 256K DRAMS and features such as parity or ECC. 
Additional I/O can be added on boards accessed via the Parallel System Bus 
with software compatibility with the on-board I/O. In both cases, the I/O is 
addressed via the I/O space of the 8086 since the iPSB bus supports an 
equivalent I/O space. 

Finally, diagnostic and system start-up code can be written which utilizes the 
interconnect space to dynamically determine the features of the boards in the 
system. Thus, customization and incremental enhancement of the computer for 
each customer is simplified, resulting in greater customer satisfaction. 

1.3.1 Increased CPU Demand 

In time the computer will be expected to perform increased workloads as 
competitive pressures demand productivity improvements from the user. The 
processor board could be designed to use an 8 MHz 80286 processor (Figure 
1.3). Alternatively, a second processor board could be added. 
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o Processor Execution on the iLBX II Bus 

Figure 1.3 System With Increased CPU Requirements 

To save system bus bandwidth and expand performance with large memory sizes, 
the new processor board and memory could be designed with iLBX II bus 
interfaces. The two board set, connected via the iLBX II bus, will function 
as a virtual single board, independent of any other sets of iLBX II connected 
boards. 

1.3.2 Increased Data Movement 

With an increased demand for services of the I/O, preprocessing of the data 
will be required to reduce the information flow to only the relevant data_ 
This can be accomplished by adding processor power to the I/O interfaces. As 
standard interfaces are desirable to preserve the software investment, the 
simple I/O address mapping of the example would be replaced with a higher 
level procedural interface. This higher level would be provided by software 
for on-board I/O. The off-board I/O, however, is more complicated. 

The data could be moved between processors via shared memory, but this would 
require the addition of a memory board or a dual port facility for shared 
memory. The MULTIBUS II Message Passing Facility is intended to simplify the 
design and configuration of such systems while maintalnlng an equivalent 
performance of the more tightly coupled design (Figure 1.4). 
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o Common I/O Server 
o Two Applications Processors 
o Message Passing 

Figure 1.4 Enhanced Support of Multiple Processors 

1.3.3 Lower Cost Requirements 

With a successful system, competition will attempt to undermine the leader's 
market share with lower cost. Furthermore, a low-cost system design is often 
required to achieve design wins that lead to ruture product sales of more 
costly systems. The MULTIBUS II Serial System Bus allows a low-cost 
implementation of the message-passing facility of the Parallel System Bus with 
complete software compatibility. Thus, the software investment is protected 
and leveraged in low-cost designs based on highly integrated processors such 
as the 80186 (Figure 1.5). 
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iSSB BUB 

o Message Passing Via iSSB Bus 

Figure 1.5 Low-cost System Design 

1.4 SUMMARY 

This overview has attempted to present the characteristics of the MULTIBUS II 
bus architecture, an advanced open system mUltiple bus architecture. Its 
intent has also been to demonstrate the attributes of the MULTIBUS II buses: 
the 32-bit Parallel System Bus with its 40 Mbytes/sec throughput and effective 
support of multiple processors; the iLBX II bus with its high-speed access to 
large amounts of off-board memory; and the Serial System Bus, a low-cost 
alternative to the message-passing facilities of the Parallel System Bus. 

Individually, the busses represent significant advances in bus design. 
Together, they represent an evolutionary path to future VLSI technology. 
The MULTIBUS II specification which follows defines the standard protocol, 
electrical, and mechanical requirements for each bus structure in Chapters 
1-5. In Chapter 6, the specification also defines the common system interface 
which allows the busses to be combined for a total system architecture. 
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CHAPTER 2 
PARALLEL BUS SPECIFICATION 

MULTIBUS II 

This specification gives a description of the operation, functions, and 
attributes of the Parallel System (iPSB) bus portion of the MULTIBUS II bus 
architecture. The Parallel System bus provides the facilities for parallel 
data transfers and for those system functions that must be shared by all parts 
of a MULTIBUS II bus architecture. 

The specification applies to microprocessor computer systems or portions of 
them where: 

1) the data transmission rate does not exceed 40 megabytes per second, 
the maximum sustained bandwidth. 

2) the length of the data path does not exceed 16.8 inches. 

3) the data exchanged among boards is digital (rather than analog). 

4) the total number of boards connected to one contiguous bus does not 
exceed 20. 

1. 2 OBJECT 

This standard is intended: 

1) To define a general-purpose parallel inledace for use with microcom­
puter equipment. 

2) To specify the electrical and functional interface requirements that 
each connected unit shall meet in order to be interconnected to and 
communicate on this bus. 

3) To specify terminology and definitions related to the Parallel System 
bus. 

4) To guide independent manufacturers in designing computer equipment 
that is architecturally compatible. 

1.3 DEFINITIONS 

The following definitions apply for the iPSB Bus Specification. This section 
contains only general definitions; more specific definitions are provided in 
other sections as appropriate. 

Agent A physical unit which has an interface to the Parallel 
System Bus. For example, a single-board computer. 
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Module 

Central Services 
Modulee (CSM) 

Interface 

Bus Cycle 

Arbitration Cycle 

Resolution Phase 

Bus Request Cycle 

Acquisition Phase 

A basic functional unit within an agent. An agent may 
be comprised of one or more modules, each performing a 
speci fic function. An example of a module would be 
memory on a single-board computer. 

A specific module that is required in all systems 
using the MULTIBUS II bus architecture. The CSM 
provides services required by all agents on the 
Parallel System bus, such as starting certain bus 
cycles and guaranteeing uniform initialization of all 
agents. The CSM is always located in a specific slot 
in the system backplane. The Parallel System bus 
supports operation with one and only one CSM per 
system. 

A shared boundary 
computer system, 
conveyed. 

between modules 
through wh ich 

or agents of a 
information is 

The basic unit of processing whereby digital signals 
effect the transfer of data across an interface by 
means of a sequence of control signals and an integral 
number of clock cycles. The Parallel System bus 
allows three types of bus cycles, all measured in 
terms of integral numbers of clock cycles. Each type 
of bus cycle is initiated with the request and 
concluded with the reply. The cycles on the Parallel 
System bus are the arbitration cycle, the transfer 
cycle, and the exception cycle. 

The bus 1n which agents attempt to gain exclusive 
access to the Parallel System bus. For each agent 
that requests access, the arbitration cycle includes 
two phases, the resolution phase and acquisition 
phase. 

The initial phase of an arbitration cycle in which all 
agents requesting access to the bus drive an arbitra­
tion ID onto the Parallel System bus. Agents mutually 
resolve requests and allow the agent with the highest 
priority to gain access to the bus. 

A set of one or more arbitration cycles in which all 
agents that simultaneously request the bus become the 
bus owners. 

One agent at a time (the one given ownership of the 
bus) enters the acquisition phase of the arbitration 
cycle after determining that it has the highest 
priority. The agent in the acquisition phase is 
referred to as the bus owner and immediately begins 
conducting transfer cycles. 
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Transfer Cycle 

Request Phase 

Reply Phase 

Exception Cycle 

Signal Phase 

Recovery Phase 

Requesting Agent 

Replying Agent 

Read Operation 

Write Operation 

Exception 

Agent Error 

The bus cycle in which a bus owner transfers data on 
the Parallel System bus. The transfer cycle is sub­
divided in two phases, the request phase and the reply 
phase. 

The initial phase of a transfer cycle in which the 
owner requests a data transfer operation. The 
owner places command and address information on 
Paraller System bus. 

bus 
bus 
the 

The final phase of a transfer cycle. The phase 
consists of one or more consecutive data and/or status 
transfers transfers on the Parallel System bus. 

The bus cycle in which an agent places an error 
indication onto the Parallel System Bus and terminates 
all bus cycles. The exception cycle can be subdivided 
into two phases, a signal phase and a recovery phase. 

The initial phase of an exception cycle in which an 
agent on the bus places an exception error indication 
on the Parallel System bus and terminates all 
arbitration and trans fer cycles. During this phase 
all agents are notified of the error condition. 

The fina 1 phase of an exception cycle in which the 
Parallel System bus is allowed to sit idle for a 
defined amount of time. The idle time allows the 
condition of the bus lines to stabilize before more 
bus cycles begin. 

The agent that initiates the arbitration 
transfer cycles. The requesting agent 
request for a specific operation onto the 
System bus. 

cycle and 
places a 
Parallel 

The agent or agents with which the requesting agent 
performs a transfer cycle. Replying agents respond to 
a request from a requesting agent during the transfer 
cycle. 

The transfer of data from a replying agent to a 
requesting agent. 

The transfer of 
replying agents. 
receives the data 

data from a requesting agent to 
If more than one replying agent 

the operation is called a Broadcast. 

An abnormal condition on the bus caused by either a 
parity error or a bus timeout. 

An error condition in agent caused by improper data 
width, no more memory, or agent busy during message. 
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1.4 MULTIBUS II ARCHITECTURE OVERVIEW 

Figure 1.1 shows the MULTIBUS II bus architecture and how the Parallel System 
bus contributes to that architecture. 

As Figure 1.1 shows, the MULTIBUS II bus architecture provides three separate 
busses: the Parallel System Bus (iPSB bus), the Local Exectuion Bus (iLBX II 
bus), and the Serial System Bus (iSSB bus). In some cases the functions of 
busses overlap, however, each bus is optimized to add a particular attribute 
to the MULTIBUS II architecture. 

The three busses provide you wi th the abi 1 i ty 
environment that best suits the cost/performance 
that you require in your application. 

to put together the system 
and bandwidth/latency goals 

The iPSB bus is intended to be a general purpose interface for multiple 
requesting agents. Figure 1.2 shows a functional diagram of the Parallel 
System bus. As the figure shows, the Parallel System bus consists of five 
groups of signals that requesting and replying agents use to communicate with 
one another. The iPSB bus can be extended to a maximum of 20 agents and 16.8 
inches. Each system includes a Central Services Module (CSM) that coordinates 
the services common to all agents in the system. 

~------------------, 
MULTI BUS I ENVIRONMENT A 

1---------------------, 
MULTIBUS I ENVIRONMENT B I 

I I 
I I 
I I 

: I 
I I 
I I 
I : 

1PSB BUS 
I I 

iPSB BUS I 

I 
15SB BUS lSSB BUS 

L __________________ ...1 L _______________________ --..I 

Figure 1.1. MULTIBUS II Bus Architecture 
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Figure 1.2. Block Diagram of the Parallel System Bus Interfce 

1.5 PARALLEL SYSTEM BUS OVERVIEW 

MULTIBUS Ii 

The Parallel System bus has several specific attributes that make it a unique 
part of the MULTIBUS II bus architecture, as follows: 

1) the address/data path is 32-bits wide, providing a 4-gigabyte address 
range and capable of 8-, 16-, 24-, or 32-bit transfers. 

2) the message-passing facility supports inter-agent and inter-bus 
communication in the architecture. 

3) the interconnect facility allows configuration of agents and modules 
on the Parallel System bus. 

4) the bus operations are synchronous; the bus uses a handshaking 
protocol that is synchronous with the basic clock rate (10 megahertz) 
for the system. 

5) the bus operates in defined bus cycles. The three types of bus cycles 
are: arbitration cycle, transfer cycle, and exception cycle. 

6) the bus ensures uniform system operation; the bus uses a Central 
Services Module to provide some centralized system functions. 

Each of these attributes is explained further in the following paragraphs. 
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1.5.1 Address/Data Path 

The address/data path on the Parallel System bus consists of thirty-two signal 
lines that are time-multiplexed. During the request phase of a transfer 
cycle, the signal lines provide address information; during reply phase of a 
transfer cycle, the signal lines contain data. 

1.5.2 Message Passing Facilities 

One element of the Parallel System bus makes provision for message passing 
within a system. The iPSB bus defines a dedicated address space for use by 
agents in passing messages to one or more ipSB bus agents or to bus agents on 
the iSSB bus in the MULTIBUS II bus architecture. 

The message passing facility provides a standardized method for performing 
direct transfers of messages (command and data) from one agent to another. 

Message passing on the iPSB bus provides for inter-agent communications 
(interrupts) and data movement. 

1.5.3 Interconnect Facility 

The interconnect facility within the Parallel System bus makes provision for 
dynamic, software-controlled, initialization and identification of an agent in 
a system. The iPSB bus defines a dedicated address space that contains 
operating specifications for each agent on the iPSB bus interface. 

1.5.4 Synchronous Operation of the Parallel System Bus 

The Parallel System bus is referred to as being "synchronous" in that all 
events on the Parallel System bus occur relative to the active edge of a bus 
clock that is distributed to all active agents on the bus. The synchronous 
nature of the bus does not place rigid time constra ints on the length of a 
transfer cycle. Rather, it requires that agents sample all signals at a 
specific time with respect to the bus clock. 

The synchronous nature of the Parallel System bus allows defining of all 
operations on the bus interface as a sequence of bus states that are 
diagrammed later in this text. Each bus state correlates to a control 
seq uence provided by the agen ts on the bus. In some cases, the bus s ta tes 
allow a specific signal on the bus to provide a different meaning or function 
depending on the state of the bus. 
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1.5.5 Bus Cycles on the Parallel System Bus 

Agents perform one of three types of bus cycles on the Parallel System bus: an 
arbitration cycle, a transfer cycle, or an exception cycle. Each cycle has a 
definite event that signals the start and end of the cycle. 

A typical read or write operation on the Parallel System bus consists of a 
series of three cycles. First, the requesting agent arbitrates during the 
arbitration cycle for access to the bus. When it gains control, the agent 
performs one or more transfer cycles to read or write data. If an agent 
senses an exception, the exception indication initiates an exception cycle to 
terminate the transfer cycle. 

Figure 1.3 shows how the three types of cycles form a typical read or write 
operation on the bus. The arbitration cycle is a time-period in which agents 
decide which will be the next to control the bus; the transfer cycle is a 
subsequent time-period in which that agent performs the addressing and data 
transferring portions of the operation; and the exception cycle is an error 
reporting time-period that vccurs only when an error is sensed. 

Each of the three types of bus cycles is described further in the following 
paragraphs. 

TIME 

Figure 1.3. Bus cycle Relationships 
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1.5.5.1 ARBITRATION CYCLE 

The arbitration cycle is the bus cycle in which agents attempt to gain 
exclusive access to the Parallel System bus. For each agent that requests 
access, the arbitration cycle includes two phases, the resolution phase and 
acquisition phase. 

The resolution phase is the time-period 
collectively arbitrate for access rights 
themselves which of them is going to 
transfer cycle. 

in which agents that desire the bus 
to the bus. The agents decide among 
control the bus after the current 

The arbitration method used during the resolution phase for the Parallel 
System bus is referred to as a parallel contention or self-selecting method. 
In this method, each agent on the bus is assigned an encoded bit pattern that 
gives it a priority level when it makes a request for bus use. 

The agent that has the highest priority request during the resolution phase 
obtains access to the bus and begins the acquisition phase while the remaining 
agents begin the resolution phase of the next arbitration cycle. As such, the 
agent in the acquisition phase is what this specification refers to as the bus 
owner. 

Once in the acquisition phase, the agent begins its transfer cycle and causes 
the other agents to hold the arbitration logic in a resolution phase 
(resolving for next access rights) until the transfer cycle is completed. 
Figure 1.4 shows the end of a transfer cycle CEOC) initiating an acquisition 
phase of the arbitration cycle to allow the next bus owner to acquire control 
of the bus. 

Figure 1.4 diagrams bus cycle operation that includes three, consecutive, 
errorless operations on the bus. This type of operation sequence is typical 
of a system with more than one requesting agent. The first opertion passes 
one data, the second passes three data, and the third passes one data. The 
diagram shows the relationship between the arbitration cycle and the transfer 
cycle and shows the two phases of each arbitration cycle: the resolution phase 
and the acquisition phase. 

Note that the resolution phase of the next arbitration cycle overlaps the 
acquisition phase of the current arbitration cycle. 

1.5.5.2 TRANSFER CYCLE 

After arbitrating for and winning control of the bus, an agent performs 
transfer cycles to move data to or from another agent. 

Figure 1.4 shows a more detailed diagram that includes three consecutive 
transfer cycles on the bus. The diagram shows the major component parts of 
the transfer cycle, the request phase and the reply phase, and shows the 
active components of each phase, including the command, the address, the data, 
the handshake and the EOC. 
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The request phase is controlled by the bus owner. During the request phase, 
the requesting agent places address and control information onto the bus. The 
address and control information defines the replying agent(s), the type of 
operation, and the type of address space involved in the transfer cycle. 

After the requesting agent transmits the address and control information, the 
reply phase of the trans fer cycle begins, in wh ich the replying agent (s) 
satisfies the request. 

During the reply phase, the requesting and replying agents engage in a close 
handshake that synchronizes the data transfer sequence. The requesting and 
replying agents may perform one or more data transfers in a reply phase. The 
final data transfer is accompanied by an end-of-cycle (EOC) indication. With 
the EOC, the requesting agent releases ownership of the bus if other agents 
request access to the bus. Otherwise, the agent keeps ownership of the bus. 
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1.5.5.3 EXCEPTION CYCLE 

If an agent detects an exception during a transfer cycle, the agent provides 
an exception indication on the bus that causes all agents to begin an 
exception cycle. The exception cycle terminates both arbitration cycles and 
transfer cycles. 

Figure 1.5 shows the same operation sequence presented in Figure 1.4, except 
that in Figure 1. 5 the agent senses an exception that initiates an exception 
cycle. The diagram shows the two phases of the exception cycle, the signal 
phase and the recovery phase, and shows how the exception cycle terminates 
transfer and arbitration cycles. 

During the signal phase, the agent that detected 
presents an indication of the problem to all agents 
lines. As a result of the signal phase, all agents 
cycles and transfer cycles that are in progress. 

the exception condition 
on the bus via exception 
terminate any arbitration 

After the exception lines go inactive the recovery phase, which is one clock 
cyc Ie in dura tion, begins. On the clock following the except ion 1 ines going 
inactive, arbitration cycles may begin. Three clocks after that transfer 
cycles may begin. 

As Figure 1.5 shows, the exception cycle has a specific time relationship with 
respect to sensing an exception in the transfer cycle. That is, the current 
exception cycle reflects an exception condition sensed during the previous 
transfer cycle. This time relationship defines a time period in which system 
exceptions are signalled on the bus. 
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2. SIGNAL DESCRIPTIONS 

2.1 GENERAL 

This section of the specification lists the signal groups, names each signal 
on the Parallel System bus, and describes the functions of each signal. The 
signals on the Parallel System bus are presented in five groups: the arbitra­
tion cycle signal group, the system control signal group, the address/data bus 
signal group, the exception cycle signal group, and the central control signal 
group. 

2.2 SIGNAL NAMING AND NOTATIONAL CONVENTIONS 

This section of the text, as well as throughout the specification, uses a 
clear and consistent notation for naming signals. The terms one:zero and 
true:false can be ambiguous, so their use is avoided. In their place, the 
terms electrical high and low (H and L) are used. An asterisk following a 
signal name indicates that the signal is active when low. 

Table 2.1 further explains the signal naming notation used in this specifi­
cation. 

Table 2.1. Signal Notation Summary 

Signal Name Electrical Logical State 
Notation Notation 

BREQ H 1 or True Active 
L 0 or False Inact ive 

BREQ* L 1 or True Ac t ive 
H 0 or False Inactive 

Many signals on the Parallel System bus are more easily or conveniently 
discussed as a group. Names for these signals follow a decimal radix number­
ing convention. Within each signal group, the least significant bit of the 
group has the suffix '0' following the group name. 
Successively higher order bits are given higher decimal number suffixes. As 
an example, AD31* through ADO* refers to the 32 address/data signal lines. 

2.3 SIGNAL GROUPS 

The Parallel System bus contains five groups of signals over which requesting 
and replying agents can enac t the protocol. The signa 1 groups and their 
functions are listed in Table 2.3. 
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Table 2.2. Signal Groups On the Parallel System Bus 

Signal Group Name Description 

Arbitration Cycle Signal Group 

Address/Data Bus Signal Group 

System Control Signal Group 

Exception Cycle Signal Group 

Central Control Signal Group 

Provides the bus requesting and bus 
granting signals and identifies the 
priority of a bus request. 

Provides the address, data, and parity 
signals for read and write operations. 

Provides the control signals needed to 
transfer address and data on the 
address/data signal group. 

Provides the error indication signals to 
stop transfer cycles. 

Provides system-wide services such as 
reset and initialization control. 

2.3.1 Arbitration Cycle Signal Group 

The arbitration signals on the Parallel System bus determine which agent gains 
exclusive access to the Parallel System bus (which agent is the bus owner). 
All requesting agents that require access to bus resources must arbitrate for 
use of the bus. On being granted bus ownership, and agent begins using the 
address/data lines to perform a transfer cycle. 

The seven signals within the arbitration cycle signal group that implement the 
arbitration cycle protocol on the Parallel System bus are: bus request 
(BREQ*) signal and the arbitration ID signals (ARB5*-ARBO*). Each is 
described in the following paragraphs. 

2.3.1.1 BREQ* (Bus Request) 

The bus request signal is called BREQ*. All agents that require access to the 
bus assert the BREQ* signal. All agents that activate the BREQ* signal in the 
resolution phase of the arbitration cycle enter into arbitration for access to 
the bus. The BREQ* signal is an OR-tied signal that is bussed on the back­
plane; all agents in the system share the same bus request line. The BREQ* is 
used only in conjunction with arbitration; once an agent has ownership of the 
bus ;t will cease to drive BREQ* as it performs the transfer operation. Other 
agen." ,'i.~"ing acce"" to the bus must sample the BREQ* signal to determine if 
arbitration is possible. 
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2.3.1.2 ARBS* THROUGH ARBO* (Arbitration) 

The arbitration signals are called ARBS* through ARBO*. 
signals provide three functions: 

o carry cardslot ID assignment during reset 

o carry arbitration ID assignment during reset 

o arbitration 

MULTIBUS II 

The arbitration 

During reset, the CSM uses the ARBS* through ARBO* lines to assign the agent 
in each cardslot a cards lot ID and an arbitration ID. The CSM drives the 
cardslot ID when ARBS*=L and the arbitration ID when ARBS*=H. The ID's appear 
on ARB4*-ARBO*. The cardslot ID gives the agent a geographical address and is 
used in addressing interconnect space; the arbitration ID provides the means 
for an agent to enter arbitration cycles and sets the arbitration priority for 
each agent. During reset, all agents are required to latch the cardslot ID 
and arbitration ID from the ARB4*-ARBO* lines. 

The ARBS*-ARBO* lines are used by agents requesting access to the bus to 
resolve priorities. They place their arbitration ID's concurrently on the 
OR'd lines and, depending on their individual priority, successively gain 
ownership of the bus. All agents use the ARBS* line to signal for high­
priority access to the bus during arbitration. If two or more agents assert 
ARBS* at the same time, their bus access is determined by the hierarchy of 
their arbitration ID's on ARB4*-ARBO*. 

2.3.2 Address/Data Bus Signal Group 

Only the requesting agent that is the bus owner and the selected replying 
agent(s) use the address/data signals on the Parallel System bus. The 
address/data b,'s signal group includes two sets of signals: address/data 
signals and parity signals for each byte of address/data. Each set of signals 
is described in the following paragraphs. 

2.3.2.1 AD3l* THROUGH ADO* (Address/Data Bus) 

The address/data signals on the Parallel System bus are AD3l* through ADO*. 
These 32 signals are mUltiplexed and serve a dual purpose depending on the 
phase of the transfer cycle. 

During the request phase of the transfer, they contain the address for the 
ensuing transfer cycle (ADO* is the least significant and AD3l* is the most 
significant address bit). This address refers to a location for memory or I/O 
spaces, a processing agent in message space and a board or slot location in 
interconnect space. The requesting agent drives these lines during the 
request phase. 
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During the reply phase of the transfer, they contain either eight, sixteen, 
twenty-four, or thirty-two bits of data. Again, ADO* is the least signifi­
cant and AD3l* is the most significant data bit. The replying agent drives 
the AD3l* through ADO* lines during the reply phase of a READ operation. The 
requesting agent drives the AD3l* through ADO* lines during the reply phase of 
a WRITE opera ion. 

2.3.2.2 PAR3* THROUGH PARO* (Parity) 

The parity signals on the Parallel System bus are PAR3* through PARO*. The 
parity signals ensure the integrity of data transferred on AD3l* through ADO*. 

Each parity signal must generate even parity for one byte of a 4-byte 
(32-bit) address/data bus. An agent that drives less than 4 bytes need not 
place parity for the missing bytes onto the bus. The parity signals are 
assigned to bytes as follows: 

PARO* 
PARl* 
PAR2* 
PAR3* 

parity for AD7* through ADO* 
parity for ADl5* through AD8* 
parity for AD23* through AD16* 
parity for AD31* through AD24* 

Even parity means that when the number of low bits on the bus is even, the 
corresponding parity line is high. If the number is odd, the parity line is 
low. 

2.3.3 System Control Signal Group 

The system control signal group on the Parallel System bus consists of a set 
of ten signals, SC9* through SCO*, that provide control between agents during 
transfer cycles. Agents use SC9* through ACO* to define commands or report 
status, depending on the phase of the transfer cycle. 

During the request phase 
through SCO*. The SC 
agent(s). 

of a transfer cycle, the requesting agent drives SC9* 
1 ines prov ide command informa t ion to the reply ing 

During the reply phase of a transfer cycle, the requesting agent drives the 
SC9*, SC3*, SC2*, SCl*, and SCO* signals and the replying agent drives the 
SC8*, SC7*, SC6*, SC5*, and SC4'~ signa Is. The SC 1 i nes provide handshake and 
status facilities between requesting and replying agents. 

The following paragraphs describe the functions of each SC line during request 
phases and reply phases. Table 2.4 summarizes the functions of the SC lines. 
Tables 2.5 and 2.6 list the request phase and reply phase functions for each 
of the SC 1 ines. 
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2.3.3.1 SCO* (Request Phase) 

The SCO* line is always driven by the requesting agent and does the same 
function for request and reply phases of a transfer cycle. When low, SCO* 
indicates to all agents that the requesting agent is in the request phase of a 
transfer cycle and that the address/data bus and the SC lines contain valid 
request phase information. When high, SCO* indicates that there is no request 
phase. 

2.3.3.2. SCl* (Lock) 

The SCl* line is always driven by the requesting agent and serves the same 
funciton during the request and reply phases oE a transfer cycle. When a 
req ues t ing agent ho ld s SC1* low, pending bus reque sts are unheeded and the 
agent retains ownership of the bus. Agents in the resolution phase remain 
there until the bus is relinquished. When SC1* is held active, all accessed 
multi-ported resources on the Parallel System bus are locked and remain locked 
until SCl* is de-activated. 

2.3.3.3 SC2* (Data Width Or End-Of-Cycle) 

The SC2* line changes functions depending on the phase of the transfer cycle. 

During the request phase, the requesting agent uses SC2* (with SC3*) to tell 
the replying agent the data-width format for the ensuing transfer. The 
requesting agent codes SC2* and SC3* into four options: 8-, 16-, 24-, or 
32-bit data-width. Table 2.5 shows the encoding for each option. 

During the reply phase, the requesting agent uses SC2* to inform all agnts 
that the current data transfer is the last, the end-of-cycle. 

2.3.3.4 SC3* (Data Width Or Requestor Ready) 

The SC3* line changes functions depending on the phase of the transfer cycle. 

During the request phase, the requesting agent uses SC3* signal, along with 
SC2*, to tell the replying agent what the data-width is for the ensuing 
transfer. The requesting agent has four options: 8-, 16-, 24-, or 32-bit 
data-width. Table 2.5 shows the encoding for each option~ 

During the reply phase, the req ue sting agent ho Ids SC"9* low to noti fy the 
replying agent when it is ready to send or receive data. SC3* works closely 
with SC4* to provide a two-directional handshake during the reply phase of the 
transfer cycle. 

2.3.3.5 SC4* (Address Space Or Replier Ready) 

The SC4* line changes functions depending on the phase of the transfer cycle. 
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During the request phase, the requesting agent uses SC4* (with SC5*) to send 
to the replying agent an encoded address space selection for the ensuing 
transfer. For a read opeation, the address of the selected space is a source 
of data; for a write operation, the address space is a destination. The 
requesting agent has four address space options from which to chose: memory, 
r/o, message, or interconnect. Table 2.5 shows the encoding. 

During the reply phase, the replying agent holds SC4* low to indicate to the 
requesting agent that it is ready to send or receive data. SC4* works closely 
with SC3* to provide a reply phase handshake for transfer cycles. 

2.3.3.6 SC5* (Address Space Or Agent Error) 

The SC5* line changes functions depending on the phase of the transfer cycle. 

During the request phase the requesting agent uses SC5* with SC4* to select 
the address space that will be used in the data transfer. For a read opera­
tion, the address space is a source of data; for a write operation, the 
address space is a destination. Table 2.5 lists the encoding for each of the 
four address spaces. 

Our ing the reply phase, 
agent error indications. 

the line is encoded wi th SC6* and SC7* to provide 
Table 2.6 lists the error codes. 

2.3.3.7 SC6* (Read-Write Or Agent Error) 

The SC6* line changes functions depending on the phase of the transfer cycle. 

During the request phase, the requesting agent uses SC6* to indicate the 
direction of data flow for the transfer. When the requesting agent holds SC6* 
high, the transfer cycle is a read operation. When the requesting agent 
holds SC6* low, the transfer cycle is a write operation. 

During the reply phase, SC6* is encoded with SC5* and SC7* to identify agent 
errors. Refer to the description of SC5*. 

2.3.3.8 SC7* (Reserved Or Agent Error) 

The function of SC7* changes depending on the phase of the transfer cycle. 

During the request phase. SC7* is not used and must be driven high (inactive). 

During the reply phase, SC7* is encoded with SC5* and SC6* to indentify agent 
errors. Refer to the description of SC5*. 
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2.3.3.9 Sc8* (Parity On SC7*-SC4*) 

The function of SC8* remains the same in both the request phase and the reply 
phase of the transfer cycle. Agents use SC8* to provide even parity for the 
SC7* through SC4* signals. As an example, if SC7* through SC4* contain an odd 
number of low signals on the bus, then the agent driving SC7* through SC4* 
must also drive the SC8* signal low on the bus. 

2.3.3.10 SC9* (Parity On SC3*-SCO*) 

The function of SC9* remains the same in both the request phase and the reply 
phase of the transfer cycle. Agents use SC9* to provide even parity for the 
SC3* through SCO* signals. As an example, if SC3* through SCO* contain an odd 
number of low signals on the bus, then the agent driving SC3* through SCO* 
must also drive the SC9* signal low on the bus. 

Signal 

SCO* 
SC1* 
SC2* 
SC3* 
SC4* 
SC5* 
SC6* 
SC7* 
Sc8* 
SC9* 

Table 2.3. Summary of Functions of SC9* Through SCO* 

Function During Request Phase 

Request Phase 
LOCK 
Data Width 
Data Width 
Address Space 
Address Space 
Read/Write Operation 
Reserved 
Even Pa,ity on SC7*-SC4* 
Even Parity on SC3*-SCO* 
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Function During Reply Phase 

No Request Phase 
LOCK 
End-of-Cycle 
Requesting Agent Ready 
Replying Agent Ready 
Agent Error 
Agent Error 
Agent Error 
Even Parity on SC7*-SC4* 
Even Parity on SC3*-SCO* 
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Signa 1 

SCO* 

SC1* 

SC2* 
and 
SC3* 

SC4* 
and 
SC5* 

SC6* 

SC7* 

SC8* 

SC9* 

TECHNiCAL DATA 

TAble 2.4. Functions of SC9*-SCO* During REQUEST Phase 

Driving Agent 

Requesting Agent 

Requesting Agent 

Requesting Agent 

Requesting Agent 

Requesting Agent 

Requesting Agent 

Requesting Agent 

Requesting Agent 

Functions During Request Phase 

Identify transition between request phase 
and replay phase of the transfer cycle: 

low request phase 
high = not request phase 

Lock access: 
low lock active 
high = lock inactive 

Identify the width of the data during the 
transfer cycle: 

SC3* SC2* 
high high - 8-bit transfers 
high low 16- bi t transfers 
low high 24-bit transfers 
low low 32- bi t transfers 

Identify the address space for the transfer 
cycle: 

SC5* 
high 
high 
low 
low 

SC4* 
high 
low 
high 
low 

memory address space 
I/O address space 
message address space 
interconnect space 

Identify the type of operation: 
low write operation 
high read operation 

Not used; must be high. 

Provide even parity for SC7* through SC4*: 
low odd number of low bits on SC7* 

high 
through SC4*. 
even number of low bits on SC7* 
through SC4*. 

Provide even parity for SC3* through SCO*: 
low odd number of low bits on SC3* 

through SCO*. 
high even number of low bits on SC3* 

through SCO*. 
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Signal 

SCO* 

SCI* 

SC2* 

SC3* 

SC4* 

SC5* 
SC6* 
and 
SC7* 

TECHNICAL DATA MULTIBUS II 

Table 2.5. Functions of SC9*-SCO* During REPLY Phase 

Driving Agent 

Requesting Agent 

Requesting Agent 

Requesting Agent 

Requesting Agent 

Replying Agent 

Replying Agent 

SC7* SC6* SC5* 
low low low 
low low high 
low high low 
low high high 

high low low 

high low high 

high high low 

high high high 

Functions During Reply Phase 
Of a Transfer Cycle 

Identify transition between request phase 
and reply phase of the transfer cycle: 

low request phase 
high = not request phase 

Lock access: 
low lock active 
high = lock inactive 

Place and end-of-cycle indication onto the 
bus: 

low 

high 

end-of cycle indication for current 
transfer cycle. 
not end-or-cycle. 

Provide a requesting-agent-ready indication 
on the bus (part of the reply phase 
handshake) : 

low 

high 

Provide 
the bus 

low 

high 

agent ready to conduct a data 
transfer operation. 
agent not ready. 

a replying-agent-ready indication on 
(part of the reply phase handshake): 
agent ready to conduct a data 
transfer operation. 
agent not ready. 

Place and agent error indication onto the 
bus: 

Reserved. 
Reserved. 
Agent data error. 
NACK; Repying agent cannot respond to a 
transfer operation. 
Transfer-not-understood error; multiple 
errors sensed in transfer. 
Continuation error; replying agent is unable 
to continue an operation. 
Width error; width of transfer is not 
compatible with replying agent. 
No error; transfer completed without errors. 
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Table 2.5. Functions of SC9*-SCO* During REPLY Phase (continued) 

Signal Driving Agent 

SC8* Replying Agent 

SC9* Requesting Agent 

Functions During Reply Phase 
Of a Transfer Cycle 

Provide 
low 

high 

even parity for SC7* through SC4*: 
odd number of low bits on SC7* 
through SC4*. 
even number of low bits on SC7* 
th rough SC4*. 

Provide even pari ty for SC3-I' through SCO*: 
low odd number of low bits on SC3* 

through SCO*. 
high even number of low bits on SC3* 

through SCO*. 

2.3.4 Exception Cycle Signal Group 

The Parallel System bus provides a group of two signals, the exception cycle 
signal group for passing indications of exception errors to all agents. The 
two exception error signals are bus error (BUSERR*) and bus timeout (TIMOUT*). 
Each of these signals is on a dedicated line on the Parallel System bus. 

2.3.4.1 BUSERR* EXCEPTION 

An agent activates the bus error signal to indicate detection of a data 
integrity problem during a transfer. Problems reported through the BUSERR* 
signal are detection of a parity error on the AD31* through ADO'" lines or on 
the SC9* through SCO* lines. BUSERR* is received by all agents and generated 
by all agents that can detect transfer integrity problems. 

2.3.4.2 TIMOUT* EXCEPTION 

An agent uses the timeout signal to determine when a bus timeout condition 
occurs. Bus timeout on the Parallel System bus is a result of the CSM 
determining that an agent is taking too much time to respond to a handshake 
signal on the bus. 

If a requesting agent does not present the next data transfer quickly enough 
after a handshake frow l replying agent, then the CSM activates TIMOUT*. If a 
replying agent does no~ respond quickly enough wi th its portion of the reply 
phase handshake in a tn",sfer cycle, then the CSM activates TIMOUT*. 

TIMOUT* is received by a: 1 active agents on the bus and is generated from 
timeout circuitry located ,:1 the CSM. 

-332-



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA MULTIBUS II 

2.3.5 Central Control Signal Group 

The central control signal group provides status concerning the operating 
state of the entire system. The signal group consists of 7 logic signals for 
the Parallel System bus. The system control signal group consists of RST*, 
R5TNC*, DCLOW*, PROT*, BCLK*, CCLK*, and LACHn*. Each 0 f the signa Is is 
described in more detail in the following paragraphs. 

2.3.5.1 RST* (Reset) 

The CSI'! drives RST* as a system-level initialization signal to all agents. 
All agents receive the RST* signal and the CSM drives the RST* signal. Agents 
may monitor RST* with DCLOW* and PROTk to distinguish between the types of 
reset. 

2.3.5.2 RSTNC* (Reset-Not-Complete) 

Agents generate RSTNC* onto the bus during Reset to extend the initialization 
time-period provided by the CSM. The RSTNC* signal holds other agents from 
starting bus operations. RSTNC* is an OR-tied signal that is low when one or 
more agents on the Parallel System bus have not completed their reset 
requirements. Agents cannot perform bus cycles while RSTNC* is active. 
R5TNC* must be driven by all agents that need more initialization time than 
the R5T* signal provides. R5TNC* must be received by all agents. 

2.3.5.3 DCLOW* (DC Power LOW) 

The C5M provides an active DCLOW* signal to all agents as a warning of an 
imminent power failure. The C5M monitors the powr level from the power supply 
and holds DCLOW* high during normal system operation. When the power supply 
identifies a power fail for the CSM, the C5M activates DCLOW* to indicate to 
all agents that a power failure is imminent. Sys terns use DCLOW* as the 
control signal for providing back-up power. The DCLOW* signal is asynchronous 
to the bus clock. 

2.3.5.4 PROT-.\- (Protect) 

The CSM provides an active PROT* signal as a power failure protection 
to other system agents. PROT* is a delayed result of the C5M sensing 
fai 1 ure via DCLOW*. All agen ts in the sys tern rece ive PROT* if they 

s i g na 1 
a power 
provide 
the bus battery backed-up resources. The PROT* signal is asynchronous to 

clock. 
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2.3.5.5 BCLK* (Bus Clock) 

Only the CSM generates BCLK* and all agents in a system receive BCLK*. An 
agent uses the bus clock signal to drive the arbitration and timing state 
machines on the Parallel System bus. BCLK* has a maximum frequency of ten 
megahertz on the bus. The falling edge of BCLK* provides all system timing 
references. 

2.3.5.6 CCLK* (Central Clock) 

The central clock signal is a fixed frequency clock which may be used for 
additional timing among agents on the Parallel System bus. CCLK* operates 
with a specified relationship to BCLK* and twice the frequency. 

2.3.5.7 LACHn* (ID Latch) 

An agent uses its 10 latch signal only during a reset. The LACHn* signal is 
driven by the CSM and serves two functions: it tells the agent when to latch 
the arbi t rat ion 10 and when to la teh the ca rds 1 at 10 from the ARB4* through 
ARBO* lines. 

The 10 latch signal is called LACHn* (where "n" is the cardslot to which the 
10 is assigned). Each of the cardslots, except slot 0, contains a LACHn* 
signal that is activated when the CSM drives one of the address/data 
(AD19*-ADO*) lines. As an example, the agent in cardslot 7 accepts its 10 
when the CSM drives AD7* which is connected to LACH7*. 

2.3.6 Power 

The Parallel System bus provides power for bus agents. The system power 
includes dc power at +5 volts, +12 volts, -12 volts, ground, and facilities 
for +5 volts battery back-up, More details are presented in section 4 of this 
specificaiton. 
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3. PARALLEL SYSTEM BUS PROTOCOL 

3.1 GENERAL 

This section uses the signals presented in section 2 to describe the protocol 
on the Parallel System bus. The description of the protocol is organized 
according to the three cycles that occur on the bus: the arbitration cycle, 
the transfer cycle, and the exception cycle. The protocol for each cycle is 
presented in two stages, first in timing diagrams and then in state-flow 
diagrams. 

The timing diagrams provide a time-ordered representation of bus operations by 
showing the transition relationships among the signals that create the bus 
protocol. The timing diagrams illustrate the synchronous nature of the 
Parallel System bus by showing the bus clocks as vertical lines. The bus 
clock provides to all agents a common signal for synchronizing operations. 

State-flow diagrams present the lowegt level of detai 1 in defining the pro­
tocol responsibilities of each agent in an operation. The state-flow diagrams 
list signal conditions required for each state-transition in a cycle. 

Figure 3.1 shows the three types of bus cycles and the signa 1 grou ps that 
create the protocol for each cycle. Requesting agents inltlate arbitration 
cycles, transfer cycles, and except ion cycles. Replyi ng agents can only 
respond to trans fer cycles and initiate exception cycles when they sense 
errors on the bus. 

The arbitration cycle consists of a resolution phase to select a bus owner and 
an acquisition phase to give bus control to the selected owner. The transfer 
cycle consists of a request phase for passing command/address information and 
a reply phase for passsing handshake/data information. The exception cycle 
consists of a signal phase that identifies an error condition on the bus and 
terminates all other types of bus cycles, and a recovery phase that provides a 
predetermined amount of idle time. 

The communication protocol among agents on the Parallel System bus is con­
sistent for all operations. Requesting and replying agents implement the 
protocol by controlling groups of signal lines. To simplify the discussion, 
the protocol description is presented in three steps; the arbitration cycle is 
first, followed by the transfer cycle, and finally, the exception cycle. 

-335-



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA MULTIBUS II 

ARBITRATION CYCLE 

Figure 3.1. Bus Cycle Details 

ARBITRATION CYCLE OVERVIEW 

~nt that wishes to transfer data on the Parallel System bus must begin by 
cming an arbitration cycle. During an arbitration cycle, one or more 

arbitrate for control of the bus. As a result of the arbitration 
, one agent gains control of the bus and becomes the bus owner. Agents 
gain control of the Parallel System bus before they can transfer data. 

arbitration cycle performs two functions: first, it allows all agents 
181 opportunity to access the bus, and second, it eliminates the possibility 

:1 more than one agent trying to transfer data on the bus at anyone instant. 
! 11 d case where more than one agent requests access to the bus at the same 
I, -ant, the arbitration cycle grants sequential access to the agents based on 
t'1. priority. 
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_____________________ L-_________________ ______ ._ 

3.2.1 Bus Arbitration Priority 

All agents in a system share access to six signal lines on the bus, ARB5* 
through ARBO*. These signals provide a feature called the arbitration ID that 
allows agents to decide among themselves which agent has first access rights 
to the bus. 

During reset, the CSM automatically initiates with an arbitration ID and B 

slot ID using the ARB5*-ARBO* lines. From then on, each agent drives that 
same ID onto the bus when arbitrating for access to the bus. The arbitration 
ID is a priority level for each agent. 

If all agents are asserting normal priority level requests, the arbitration 
algorithm implements a strict no-starvation policy. Any agent successful in 
entering an arbitration cycle with other agents (no matter how many agents) is 
guaranteed access to the bus before that bus request cycle ends. 

The arbitration signal group provides two di fferent priorities at which an 
agent can request use of the bus: normal-priority and high-priority. 

3.2.1.1 NORMAL PRIORITY 

An agent places a normal-priority request by activating BREQ*, holding ARB5* 
inactive, and sending the arbitration ID onto ARB4* through ARBO*. Then, each 
agent that requests access to the bus determines whether it is making the 
highest priority request by monitoring the condition of all arbitration lines 
on the bus. 

If, during a valid arbitration cycle, the lD on ARB5* through ARBO* matches 
the arbitration lD of the agent (at least three clock cycles), the agent 
becomes a bus owner. If the condition of the arbitration lines does not match 
that of the agent, the agent stops driving the arbitration lD lines below the 
bit that doesn't match, and waits for the next resolution phase in the arbi­
tration cycle. Normal priority agents may only enter the resolution phase 
when no bus request cycle is active. This allows all normal priority agents 
that request the bus at the same time to be served before other normal pri­
ority agents that desire the bus after the bus request cycle has begun 
(fairness) • 

3.2.1.2 HIGH PRIORITY 

In applications where the CSM-assigned "priority" (the arbitration ID) does 
not allow enough discrimination among agents, an agent uses the high-priority 
feature. 

The protocol guarantees that agents making a high priority request (ARB5* 
active) obtain access to the bus before those using normal priotity. When a 
high-priority request enters during an arbitration cycle, the request imme­
diately enters the next resolution phase of the bus request cycle rather than 
waiting for the next bus request cycle as do normal-priority requests. 
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An agent places a high-priority request by holding ARB5* active while sending 
the arbitration ID onto the bus. By activating the ARB5* signal, an agent 
guarantees itself access to the bus before any simultaneous or pending 
requests from other agents assert ing a normal-priori ty request. When more 
than one agent simultaneously places a high-priority request, the agent with 
an active ARB5* and with the higher priority within ARB4* through ARBO* gains 
first access. 
Table 3.1 summarizes the interaction between agents of different priority 
levels on bus. 

Table 3.1. Arbitration Priority Protocol 

Priority Level of 
Requesting Agent A 

Normal 

Normal 

High 

High 

Priority Level of 
Requesti~g Agent B 

Normal 

High 

Norma I 

High 

3.2.2 Arbitration Priority Example 

Next 
Bus Owner 

either 

Agent B 

Agent A 

either 

Description 

Arbitration based on 
ARB4* through ARBO* 
to select next bus 
owner. 

Allow the high 
priority agent to be 
the next bus owner. 

Allow the high 
priority agent to be 
the next bus owner. 

Arbitrate among high 
priority agents based 
on ARB4* through 
ARBO*. 

Figure 3.2 uses a block diagram to present an example of an arbitration cycle 
during which four agents (Agent A, Agent B, Agent C, and Agent X) assert 
normal-priority requests for access to the bus. Once the first arbitration 
cycle begins, all three agents that entered into arbitration (Agents A, B, and 
C) receive, according to their arbitration ID priority, an opportunity to 
access the bus. As the servic ing of the three begins, Agent A (the h ighes t 
priority) assumes bus ownership and Agents Band C have pending bus requests. 
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Any agent without a pending request (such as Agent X), on determining that it 
needs bus access during the servicing of the three agents, is held-off until 
the next bus request cycle. The agent cannot assert BREQ* unt; 1 it senses 
that the BREQ* signal is in!lctive. At that time, the agent may assert BREQ* 
with any other agents requiring access to the bus. The BREQ* signal is 
released when the last agent in the bus request cycle becomes the bus owner. 

If Agent X asserts a high-priority request, the agent immediately enters the 
next resolution phase, arbitrates with pending requests, and gains next-access 
rights in place of Agent C; access for Agnet C is delayed unti 1 Agent X is 
done. As an example, if Agent X were to assert a high-priority request at the 
point (m Figure 3.2 labeled "Agent X needs bus", then Agent X would gain 
control of the bus at the point where the access for Agent C is shown. 

AITet. t A Oe. ln~ 
Central af Bus, 
,od A"",nts B nnd 
C Re-lIftlltrate 

flequtlB te froU! 

Agent A. A~9nt B, 

lind Agent C 

j 
"I':.nlt" 's 
~n'! ...,. .. nt I" 

091n" "'antra 1 
vf Bus end 
A.I;: .. n t C 

Al;eot X 
Needl! BU8 

,,, 
Doff! .,,~nt C 
Oe.lnll Control 
of BlllI 

Requee: 
~ent X 

Ap;ent X Allo.ed 
to E.,t.n 
Ar bl1.a tloo 

"I:y other 

~ .. n{ Xi" Don., 
Agent X Retains 
Control Until Another 
Agent FequflEltl1l the U.s 
of the full 

A,p",,,tEl ,,110 .... <1 
Into Ar bl tTIl t 1 on 

Figure 3.2. Typical Arbitration Cycle Sequence 
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3.2.3 Arbitration ID and Cards10t ID Assignment 

During reset, the CSM in each MULTIBUS II system assigns cards10t lD's (0 
through 19) to each agent and assigns arbitration ID's to each agent on the 
bus. The sequence involves the use of the arbitration ID lines (ARB5* through 
ARBO*), the address/data bus lines (AD19* through ADO*), the lD latch signal 
(LACHn>'), and the reset signal (RST*). When ARB5* is low, the CSM has 
cards10t IDs on ARB4* through ARBO*; when ARB5* is high, the CSM drives arbi­
tration lOs on ARB4* through ARBO* 

The default assignment of arbitration lOs and cardslot IDs is listed in Table 
3.2. 

Table 3.2. Cards10t and Default Arbitration 10 Assignment 

Cardslot ID Arbitration ID 

Cards10t II AD(n)* ARB4*-ARBO* Arbitration ID ARB4*-ARBO* 

a 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

11111 
11110 
11101 
11100 
11011 
11010 
11001 
11000 
10111 
lalla 
10101 
10100 
10011 
10010 
10001 
10000 
01111 
01110 
01101 
01100 

31 
30 
29 
28 
27 
25 
24 
23 
19 
17 
16 
15 
14 
12 
08 
07 
06 
04 
03 
02 

(h igher 
priority) 

(lower 
priority) 

00000 
00001 
00010 
00011 
00100 
00110 
00111 
01000 
01100 
01110 
01111 
10000 
10001 
10011 
10111 
11000 
11001 
11011 
11100 
11101 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

Notes: 1. ARB5* is active (low) for slot 10 initialization, inactive 
(high) for arbitration 10 assignment. 

2. All legal arbitration ID numbers are shown, all others are 
illegal. The arbitration 10 is not bound to the cardslot. 

3. The CSM must initialize its own ID differently; there is no 
LACHO* • 

4. The cards10t ID on AD15*-AD11* during interconnect access 
equals the cardslot lD assigned on ARB4*-ARBO* during cardslot 
ID initialization. 

5. The cards10t ID must be assigned exactly as shown. 
6. An agent recognizes its own ID during arbitration when the value 

of ARB4*-ARBO* equals the value of ARB4*-ARBO* assigned during 
initialization. 
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Figure 3.3 shows the timing sequence for a CSM assigning IDs to each agent and 
cardslot in the system. When RST* is low and ARB5* is low, the CSM is 
assigning cardslot IDs to all agents on the bus. After completing cardslot 
assignment, while RST* is still low, the CSM drives ARB5* high and assigns the 
arbitration ID's to all agents on the bus. 

With each arbitration/cardslot ID, the CSM drives a corresponding address/ 
data line (connected to the LACHn* signal for each cardslot) to identify the 
destination for the ID. 

Each agent uses its LACHn* line (connected to one of the address/data lines) 
to ident i fy the lD from the ARB4* through ARBO* 1 ines and latch it wi th in a 
regis ter. 
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3.2.4 ArbitratIon ~equence 

An agent uses its arbitration ID to arbitrate for bus access. The function of 
the arbitration ID is described further in the following paragraphs. 

When an agent attempts to gain control of the bus, the agent arbitrates by 
driving its arbitration lD onto the bus and comparing bit-by-bit with the lD 
on the bus. At the point where the agent ID does not match the ID on the bus, 
the agent uses a back-off algorithm. 

If an agent drives a low signal level onto an arbitration line, that signal 
level is dominant in fonning the bus lD; the bus lD consists of a logical 
"AND" function performed on all agent IDs. 

As an example of the back-off algorithm, consider a case where three agents 
(arbitration lD 00010, lD 00011, and lD 00100) enter arbitration at the same 
instant. Their ID's are listed in the Start column of Table 3.3 in which bit 
5, the high-priority bit, is set high (inactive). The periods in the table 
represent the settling time on the bus. The ID on the bus is the logical AND 
of the three agent ID's being driven onto the bus. The agents begin comparing 
their ID's with the bus ID. 

Dur ing Per iod agen ts have moved from the high-order to low-orde r bi t s 
comparing each in turn. When an agen t detec t s a rna tch it moves to the next 
lower-order bit and compares. If the agent detects a mismatch it immediately 
stops driving that bit and all bits below it (a 'I' in those positions). This 
creates the 'pseudo- ID'. The pseudo- ID' s are driven on to the bus and, aga in, 
compared. Agent 1 and Agent 2 match and are each winners in period 1. Agent 
3 does not match and loses, however it continues to drive its pseudo-ID onto 
the bus. 

During period 2 Agents 1 and 2 once again drive their assigned lD' s onto the 
bus where they are ANDed. Comparisons are once again made and pseudo-ID's are 
created if necessary. In this case Agent 1 matches the bus ID, wins and is 
granted bus ownership. 

After Agent 1 takes possession of the bus Agents 2 and 3 will arbitrate for 
next ownership. 

Note that the higher the value of the arbitration ID (lower value after 
inversion on the ARBn* lines) the higher the priority. 
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Table 3.3. Arbitration ID Comparison Example 

Start Period Period 2 
Bit Position 543210 543210 543210 

Agent 10* 100010 100011P(win) 100010 (win) 
Agent 2 lD* 100011 100011 (w in) 100011 (lose) 
A~ent 3 10* 100100 100111 p( lose) 1001l1P(lose) 

ID on the bus 100000 100011 100010 

Notes: 1. P = pseudo-ID driven onto bus. 
2. Numbers show the signal level of each bit as it appears 

on the bus. 
3. Bit 5 is the high priority bit (on the bus); ARB5* = 1 

for normal priority. 

MULTIBUS II 

Figure 3.4 shows an example of arbitration circuit on a requesting agent. 
Figure 3.5a shows the timing sequence for normal priority bus acquisition. In 
this example there are three agents; A, B, and C. In terms of their 
arbitration ID's (those assigned during reset) Agent A has the highest 
priority, Agent B next highest, and Agent C the lowest. In the same clock 
cycle both Agents A and B desire normal priority use of the bus. Since no bus 
request cycle is in progress (BREQ*=H), both agents enter arbitration and 
assert BREQ* and drive their arbitration ID's onto the ARB5*-ARBO* lines with 
ARB5* high, indicating that these are normal priority requests. During this 
clock cycle and the next two, the ARB5*-ARBO* lines settle according to the 
back-off algorithm described above resulting in a valid arbitration ID by the 
end of the third clock cycle. Meanwhile, during the resolution phase just 
described Agent C desires normal priority use of the bus. At the end of the 
third clock cycle Agent A's 10 is stable on ARB5*-ARBO* indicating that it 
will be the next bus owner. On the next clock cycle Agnet A gets ownership of 
the bus, removes its arbitration ID from ARB5*-ARBO* and de-activates BREQ*, 
and begins Trans fer Cycles. Agent B rema ins in the reso I ut ion phase and 
continues to assert BREQ* and drive its arbitration ID. Agent C is prevented 
from entering into arbitration with Agent B because Agent C has a normal 
priority request and a bus request cycle is currently active. 

By the end of the third clock cycle of the second resolution phase Agent B's 
10 is stable on ARB5*-ARBO* (indicating it will be next bus owner), however 
the second resolution phase is extended because the current transfer cycle is 
not complete. When the current transfer cycle completes Agent A relinquishes 
bus ownership and Agent B becomes the bus owner removes its arbitration ID, 
de-activates BREQ*, and begins Transfer Cycles. 
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Since both Agents A and B have been granted access to the bus BREQ* is 
inactive. Agent C, sensing that no bus reque~t cycle is currently in progress 
(BREQ*=H), enters arbitration. Agent C progresses through a resolution phase 
and an acquisition phase as described above. 
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Figure 3.4. Arbitration 10 Interface Example (At Each Agent) 
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Figure 3.5b. Timing Sequence for High Priority Bus Acquisition 
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Figure 3.5b shows the timing sequence for high priority bus acquisition. In 
this example there are three agents; A, B, and C. In terms of their arbitra­
tion ID's (those assigned during reset) Agent A has the higheqt priority, 
Agent B next highest, and Agent C the lowest. In the same clock cycle both 
Agents A and B desire nonnal priority use of the bus. Since no bus request 
cycle is in progress (BREQ*=H), both agents enter arbitration and assert BREQ* 
and drive their arbitration IO's onto the ARB5*-ARBO* lines with ARB5* high, 
indicating that these are nonnal priority requests. During this clock cycle 
and the next two, the ARB5*-ARBO* lines settle according to the back-off 
algorithm described above, resulting in a valid arbitration ID by the end of 
the third clock cycle. Meanwhile, during the resolution phase just described 
Agent C desires high priority use of the bus. At the end of the third clock 
cycle Agent A's ID is stable on ARB5*-ARBO* indicat ing that it will be the 
next bus owner. In the next clock cycle Agent A gets ownership of the bus, 
removes its arbitration 10 from ARB5*-ARBO* and de-activates BREQ*, and begins 
Transfer Cycles. Agnet B remains in the resolution phase and continues to 
assert BREQ* and drive its arbitration ID. Agent C enters into arbitration 
with Agent B because Agent C has a high priority request and a new resolution 
phase has begun. When Agent C enters the arbitration, it drives BREQ* active 
and drives its arbitration 10 onto ARB5*-ARBO* with ARB5*=L indicating a high 
priority request. 

By the end of the third clock cycle of the second resolution phase Agent C's 
ID is stable on ARB5*-ARBO*, indicating it will be next bus owner, because, 
having set ARB5* act ive (low) requires, according to the back-off algorithm, 
that all nonnal priority agents lose in arbitration. The second resolution 
phase is extended because the current transfer cycle is not complete. When 
the current transfer cycle completes Agent A relinquishes bus ownership and 
Agent C becomes the bus owner, removes its arbitration 10, de-activates BREQ*, 
and begins Transfer Cycles. 

Agent B remains in the resolution phase with BREQ* asserted and its arbitra­
tion 10 driven on ARB5*-ARBO*. It then progresses through a resolution phase 
and an acquisition phase as described above. 
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3.2.4.2 BUS OWNERSHIP 

If, at the 
arbitration 
phase. 

end of the resolution phase, 
10 matches the 10 on the bus, 

an agent recognizes that its 
the agent begins an acquisition 

During the acquis ition phase, the bus owner performs transfer cycles and all 
agents with pending requests begin arbitrating again to determine the next bus 
owner. During the last handshake of the transfer cycle, the bus owner sends 
an EOC* signal onto the bus (via SC2*). If another agent requests the bus 
then the current bus owner releases control of the bus and that agent 
immediately enters a bus acquisition phase. 

A bus owner can perform several consecutive transfer cycles by asserting the 
LOCK* signal on SC1*. In doing so, the bus owner retains ownership of the bus 
for more than one transfer cycle. By asserting LOCK*, the bus owner 
guarantees itself exclus ive access to the bus resources until it releases 
LOCK*; other agents are prohibited from gaining ownership of the bus. 

Figure 3.6 shows the timing sequence for an operation that locks the bus. 
During the time that LOCK* is asserted, the bus owner performs several 
consecutive transfer cycles without interruption from any other devices. 
Agents cannot transfer ownership of the bus when the bus is locked. 
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I) Urt o( Arb, trallon Cvcle Two lochd 

Transfer Cycll!'s 

~enls A And 8 I 
Both It.eQUI!''Jt Nte"t A ~lJlns 
Acee .. s 
To The Bus 

ARent 8 PerfolTnS 
Locked Transfl'( 

Cycle 

Figure 3.6. Timing Sequence with Bus Locked 
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3.2.4.3 BUS RELEASE 

A bus owner releases control of the 
cycle, SCI* (lock) is not assert"!d, 
resolution phase. 

bus if it has completed its transfer 
and another agent has completed the 

If the current bus owner is the last agent in the arbitration cycle to gain 
access to the bus, then as the current bus owner stops driving the BREQ* 
signal, the signal goes inactive on the bus. On going inactive, BREQ* allows 
all agents to begin the next bus request cycle. As the bus owner completes 
its operat ion, its EOC* indicat ion on the bus allows the next bus owner to 
assume ownership of the bus. 

If no agent requests access to the bus, the last agent to be the bus owner 
retains ownership of the bus. As such, an agent can preform another transfer 
cycle without arbitrating for access to the bus. 

Agents extend the duration of a resolution phase while a bus owner performs a 
transfer cycle that transfers multiple data. Figure 3.7 shows the timing for 
the sequence. 

BUS REQU£ST(B~)-:--L: ~ L 
I ~ ~ __ -L __ __ 

'iTAHT of nell:( "Co ... ) E:-U oF' h ~TA1rrnF' J/ X ... T-VITof\) 
E}..'D OF CYCLE C'ONlJITION ClCU; 'I-//_C_YC_LE':";''-_-'-L-':'''-:-=-LL'-.,-:--'-L--,-~CL-,-_J..J._-;--L-'lLL __ .L_-,-c\_"_L_E_!lLL_ 

I I 

lOCK· 'iI(7:"AL(SCI"') :-L~~ 

I I I I 

tARen! A Belp"! t :\Ie:.;! Upelat 1011 

Ag-enl A Oper,llon 
Cornpl('led 

Figure 3.7. Timing Sequence for Bus Release 
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3.3 TRANSFER CYCLE OVERVIEW 

An agent must complete a successful arbitration cycle before it can initiate a 
transfer cycle. On completing an arbitraction cycle, one agent gains 
ownership of the bus and starts a transfer cycle immediately. Only the agent 
that owns the bus may conduct transfer cycles on the Parallel System bus. 

An agent initiates a transfer cycle by manipulating signals within two signal 
groups on the Parallel System bus: the Address/Data Signal Group and the 
System Control Signal Group. 

The address/data signal group (AD31* through ADO* and PAR3* through PARO*) is 
a set of 36 signal lines that contains address information during the request 
phase and data information during the reply phase of a transfer cycle. In 
other words, the function of AD31* through ADO* changes depending on the phase 
of the transfer cycle. 

The system control signal group (SC9* through SCO*) is a set of 10 signals 
that define the operation to be performed in the transfer cycle. As with the 
address/data lines, the function performed by each of the SC9* through SCO* 
lines is phase-dependent. The signals may mean one thing during a request 
phase of a transfer cycle and something different during a reply phase of an 
operation. 

In the request phase, the requesting agent uses the system control signal 
group to notify the replying agent of the address space, the data width, and 
the command for the ensuing data transfer operation. The requesting agent 
also uses the address/data signal group to transfer the address for the 
operation. 

During the reply phase, the functions performed by the ~ystem control signal 
group are redefined. The protocol divides the system control signal group 
into two smaller groups, one driven by the requesting agent and one driven by 
the replying agent. These signal groups provide agents with the means to 
handshake or to send an end-of-cycle indication. The handshake signals 
synchronize the data transfer operations. The requesting agent identifies the 
last data transfer by sending an end-of-cycle signal to conclude the transfer 
cycle. The replying agent sends agent errors to the requesting agent if 
certain error conditions o~cur. 

3.3.1 Types of Transfer Cycles 

There are three basic types of transfer cycle: the single-transfer operation, 
the sequential-transfer operation, and the broadcast operation. Each type 
implements a slightly different handshake sequence. Each is described further 
in the following paragraphs. 
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3.3.1.1 SINGLE-TRANSFER OPERArION 

The single-transfer operation consists of one transfer cycle. In the cycle, 
the requesting agent performs one data transfer with one handshake on SC3* and 
sends an end-of-cycle indication on SC2*. To complete the handshake, the 
replying agent provides SC4*. 

During a read operation, the replying agent provides data on the AD31* through 
ADO* lines. The replying agent asserts the REPLIER READY signal on SC4* when 
it has placed valid data on the AD31* through ADO* lines. The requesting 
agent asserts EOC on SC2* and REQUESTOR READY on SC3* when it is ready to 
accept data from the bus. When both agents hold SC3* and SC4* active, the 
handshake occurs and the data transfer occurs synchronous with the clock edge. 

Figure 3.8 shows a block diagram of the read operati.on and Figure 3.9 shows 
the signal sequences for the read operation handshake. 

Ourin~ a write operation, the requesting agent provides data on the AD31* 
through ADO* lines. The requesting agent asserts the EOC on SC2* and the 
REQUESTOR READY signal on SC3* when it has placed valid data on the AD31* 
through AOO* lines. The replying agent asserts REPLIER READY on SC4* when it 
has accepted data from the bus. When both agents hold SC3* and SC4* active, 
the handshake occurs and the data transfer occurs synchronous with the clock 
edge. 

Figure 3.10 shows a block diagram of the write operation and Figure 3.11 shows 
the signal sequences for the write operation handshake. 

3.3.1.2 SEQUENTIAL-T~4NSFER OPERATION 

The sequential-transfer differs from the single operation in that the 
operation consists of multiple data transfers. Figure 3.12 shows a block 
diagram of a t~ ;cal sequential-transfer write operation and Figure 3.13 shows 
the timing sequence for the handshake. The timing diagram for a read 
operation is the same except that the requesting agent is holding SC6* 
inactive during the request phase of the transfer cycle. 

An agent recognizes the difference between a one-transfer operation and a 
sequential transfer operation by inspecting the handshake signals on SC2*, 
SC3*, and SC4*. The handshake between the intermediate data transfers is 
different from the handshake for the final data transfer in that SC2* (EOC) 1S 

not asserted, as Figure 3.13 shows. 

The sequential transfers are terminated by an end-of-cycle indication from the 
requesting agent. In a sequential transfer, the replying agent must retain 
the initial operation definitions gained via the transfer control signal group 
during the request phase of the transfer cycle. That information applies to 
all data transfers in the sequential operation. 
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Figure 3.8. Block Diagram of Single-Transfer READ Operation 
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Figure 3.9. Timing for Single-Transfer READ Operation 
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Figure 3.10. Block 
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Figure 3.12. Block Diagram of Sequential-Transfer WRITE Operation 
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3.3.1.3 MESSAGE BROADCAST OPERATION 

The broadcast operation differs from the single-transfer operation 
areas. First, the request phase addresses mUltiple replying agents 
than only one agent. Second, the operation can only write data 
replying agents; it cannot be used to read data. Figure 3.14 shows a 
of a broadcast operation and Figure 3.15 shows the timing sequence 
handshake. 

MULTIBUS II 

in two 
rather 

to the 
diagram 
for the 

The broadcast operation is only for message space operations and requires a 
destination address of OFFH which is seen as all lows on the bus. 

In a broadcast, the replying agents do not respond with the normal handshake 
signal (on SC4*l. Instead, the requesting agent drilTes lTalld data onto the 
bus for eight clocks. Also the requesting agent asserts SC3* (L) for the 
eight clocks to signal that the data is valid. During the eighth clock the 
,requesting agent asserts SC4* (L) to signal the handshake. During the final 
transfer in the broadcast the requesting agent provides SC2* (EOC) in addition 
to SC3* and SC4*. In broadcast operation the requesting agent drives 
SC4*-SC8* which are normally drilTen by the replying agent. Since SC7*-SCS* 
are used by replying agents to signal agent errors, these lines are not used 
(driven high by the requesting agent) for broadcast operations. The handshake 
is highlighted in Figure 3.15. 

3.3.3 Transfer Cycle LOCK Operation 

By asserting SCl*, the bus owner may ignore any pending requests and LOCK the 
bus. If the bus owner locks the bus, then all agents in the resolution phase 
remain in that phase until the bus owner unlocks the bus. When SC1* is held 
active by the current bus owner, no other agent can become the bus owner and 
any multi-ported resources that are being accessed by the current owner remain 
unavailable to all other agents until SCl* is de-activated. Figure 3.16 shows 
the timing sequence for an agent locking the bus. 
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TRA.~SFER CYCLE 

Figure 3.14. Block Diagram of Broadcast Operation 
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( I : I I 
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Figure 3.15. Timing for Broadcast Operation 
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LOCK"'(SC1"') IL. ________________ ---l 
RE\lUEST 

PIIASE 
REPLY PHASE REQL'EST 

PHASE 
REPLY 
PIIASE 

REQL'EST I REPLY 
PHASE PHASE 

Agent"A"l'ertorms a 
LOLked Transfer Cycle 

J\Rent'"A"Perrorms a Agent"S-Per(orms an 
Locked Transfer Cycle Lnlocked Transfer C¥c1 

Agent"A"Perrorm s a 
Set of Locked Transfer Cycles 

Figure 3.16. Timing Sequence for LOCK* Signal operation 

3.3.4 Agent Errors 

MULTIBUS II 

During transfer cycles 
errors. Agent errors 
problem has occurred 
exception cycles nor 
however, terminate the 

the requesting agents will continually monitor for 
are generated by a replying agent to signal that a 
during the operation. Agent errors do not cause 
do they terminate arbitration cycles. They will, 
transfer cycle in which they are generated. 

Upon detection the replying agent will assert the replier ready line (SC4*) 
and use the SC5*, SC6*, and SC7* lines to signal the error condition. This 
state is held until the requesting agent asserts both the EOC and requestor 
ready lines. 

The SC* 1 ines are used to signa 1 the agent error condi t ion wh ich may be of 
five types: NACK (Negative Acknowledge), Transfer-width, Continuation, Data, 
and Transfer-Not-Understood. Below is a list that contains their definition, 
when they are detected, when they're signa lled, the cod ing 0 f the SC* 1 ines, 
and, though they aren't required for compliance with this specification, 
possible recovery actions. 

3.3.4.1 NACK (Negative Acknowledge) AGENT ERROR 

This error will occur when an otherwise legal operation is attempted to a busy 
replying agent (e.g. a message buffer is full). It is detected during the 
request phase of a transfer or after the request phase during replier decode 
and signalled on the first handshake after the request phase. Recovery may 
cons ist of trying the operat ion aga in at a la ter time. It is sen t by the 
replying agent holding SC5* and SC6* high with SC7* low. 
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3.3.4.2 TRANSFER-WIDTH AGENT ERRJR 

When the requested transfer width is wider than can be supported by the 
replying agent it will signal this error. It is detected during the request 
phase of transfers or aft~" the request phase during replier decode and 
signalled on the first handshake after the request phase. As a possible 
recovery action the operation may be tried as multiple transfers with reduced 
width. For example, a 32-bit transfer becomes two sequential l6-bit 
transfers. It is encoded by SC5* low and SC6* and SC7* high. 

This error is caused by an 2ttempt to send block trans fers to an agent that 
does not support block transrers or by block transfers that exceed the memory 
or buffer space of the replying agent. Detection occurs duri.ng the reply 
phase on the last valid handshake (EOC not active) and signalling takes place 
with the first handshake that has the invalid data cundition. A possible 
recovery action would be to issue another request phase apu continue the 
transfer with the data handshake in which the error was signalled. The error 
indication is sent by the replying agent holding SC5* high, SC6* low, and SC7* 
high. 

3.3.4.4 DATA AGENT ERROR 

This error is generated when there is a data integrity problem; for example, 
if parity on a m2mory board is incorrect. It is detected during data access 
and signalled during the reply phase on the handshdke wit- questionable data. 
Recovery from this error type depenJs upon the particula. implementation of 
the system. The replying agent codes this error by holding SC5* low, SC6* 
high, and SC7* low. 

3.3.4.5 TRANSFER-NOT-UNDERSTOOD AGENT ERROR 

This error is caused by any illegal request (e.g. 8- DC 24-bit wide messages), 
any illegal data phase (e.g. 24-bit block transfer), or any legal bus 
operation not supported by the replying agent that is not recoverable (e.g. a 
write to a read-only memory). This condition may be detected at any time 
during the transfer cycle and will be sigLdlled on the first handshake that is 
affected by the condition. Recovery from tb,s 2rr0r is usually not.possible. 
The cod ing for th is error is SC5* low SC6'\ 10"1. and scr high from the 
replying agent. 

3.3.4.6 AGENT ERROR TIMING SEQUENCE 

Figure 3.17 shows the timing sequence for a transfer cvde 
transfer-width error, and Figure 3.18 shows the timing for" 
that contains a continuation error. 
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When the requesting agent receives 
error forces the request ing agent 
during the next clock cycle, if it 

an error indication during a h3ndsh3k~, the 
to assert an END-Of-CYCLE sign, 1 on SC2* 

was not already the end of cycle. 

All operations within the replying agent stop until the requestilg a~ent sends 
the END-Of-CYCLE signaL onto the bus. 

3.3.4.7 PRIORITY Of ERRORS 

In general the first error reported 1S handLed and subsequent err ,rs are 
ignored. If errors occur at the same time, agent errors have a l0~er ~ri)rity 
than exception errors. See Priority of Errors under EXCEPTION CY':U': :)V":WIIE-w. 

1) Request phase agent errors take priori ty over reply pha-,e error:,. 

2) MUltiple request phase errors are prioritized in the fc,Llcwinf: clrder: 

a. Transfer Not Understond 
b. Width 
c. NACK (Negative Acknowledge) 

3) Multiple reply phase errors are prioritized 1n the fol'_owi Ig ocd~r: 

a. Transfer Not Understood 
b. Continuation 
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SCI" 
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SC2* I 

I I 
16, BIT EOC 32,IBIT 

I I 
5C3" lb' BIT JZ BIT 

'iC4" I!EIOHY 

SC3* lIE.IUI\Y Xl ERRUR 

926" 
1'0 ERRJR HEAD ERROR 

SC7* 
\U ERRUR ERH()R EHROR 
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PARITY PARITY PARITY PARITY PARITY 

SC9" 
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I I / 

I '~~ 
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Figure 3.17. Timing Sequence for Transfer Width Agent Error 
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r------__ ----~-------.~ 
L-____________ -+-________ .,.-____________ ...JI NOT ~OC K ED 

NO EOC NO EUe-
r-----------~r----

I \ '----6r----' 
16 BI T 

I 
I 

REQuESTOR 
READY 

16 BIT 

L-____________ ,-__ +-____ ~--------------~~ 
REPLIER 

READY 
r------------<~ 

ME\IORY 

____________ ~ ______ _+--------~---------+-~~----L-~------------~r____ 
NO ERROR 

NO ElIROR 

NO ERROR 

MEMORY 
I 

WRITE 

r--------+--------------~----------------~~ 

ERROR 
HANDSHAKE 

ERROR 
SIGNALLED 

PAR tTY 
I 
I 
~ 

NEXT 
CYCLE 

Figure 3.18. Timing Sequence for Continuation Agent Error 

3.3.5 Address Space Definitions in Transfer Cycles 

During the request phase, the requesting agent uses the SC4* and SC5* signals 
to select one of four independent address spaces on the Parallel System bus: 

SC5* SC4* Address Space Selected 

H H Memory space 
H L 1/0 space 
L H Message space 
L L Interconnect space 
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Each of the four address space'! has different characteristics, capabilities, 
and CIS'!'! in the MULT IBUS I I bus arch i tec ture. When an agent per forms a 
tranof~r cycle involving one of the address spaces, that agent is responsible 
for :ldhering to the protocol governing access to and use of that address 
space. 

The attributes for each address space is defined in the following paragraphs 
and summarized in Table 3.4. The description of each address space includes a 
figure showi~g the format for the address that is required within that address 
space. 

Table 3.4 Address Space Summary 

Address Address A~cess Transfer Sequential Number of 
Space Space Typ!! Width Trans fers Replying 

Size Agents 

Memory 232 Read /Wri te 8,16,24, Supported with one 
or 32 increment 
bits 

I/O 216 Read/Write 8,16,24, Supported without one 
or 32 increment 
bits 

Message 28 Write Only 32 Supported without one or 
bits increment more 

Inter-
214 connect Read/Write 8 bits Not supported one 

1.3.5.1 MEMORY SPACE ACCESS PROTOCOL 

The memory space defines the memory available on the Parallel System bus. The 
MULTIBUS II bus architecture defir,es the use of the memory space with specific 
protocol, as follows: 

1) The data width (during tlae reply phase of the transfer cycle) for a 
memory space operation must be either 8, 16, 24, or 32 bits. 

2) The address width (during the request phase of the transfer cycle) 
must always be 32 bits for an access to memory space. See Figure 
3.19. 

3) Requesting agents tha': access memory space must receive a response 
from only one replying agent. 
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4) Ther replying agent must increment the initial address given by the 
requesting agent to obtain the address for subsequent accesses of data 
when performing a transfer cycle that requires sequential accesses of 
memory. 

5) For sequential-access operations, the address incrementing algorithm 
varies depending on the data width that is required by the requesting 
agent. For an 8-bit transfer, the address is incremented by one at 
each access; for a 16-bit transfer, the address is incremented by two 
at each access, and so on. Refer to Figure 3.20. 

6) The MULTIBUS II bus architecture does not support agents that perform 
sequential memory accesses at the 24-bit data width or 16-bit data 
width not aligned on 16-bit boundaries. 

bIt 31 b I to 
r-----------------------------~ 

MEMORY ADDRESS 

LSB 

Figure 3.19. Address Format for Operations Using Memory Address Space 
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Figure 3.20. Block Diagram of Sequential Data Transfers 
in Memory Space 
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3.3.5.2 I/O SPACE ACCESS PROTOCOL 

The I/o space de fines the I/o devices that are ava i lab Ie on 
System bus. The MULTIBUS II bus architecture defines the use of 
on the Parallel System bus with specific protocol, as follows: 

MULTIBUS II 

the Parallel 
the I/O space 

1) The data width (during the reply phase of the transfer cycle) for an 
I/O space operation must be either 8, 16, 24, or 32 bits. 

2) The address width during the request phase of the transfer cycle must 
always be 16 bits for an access to I/O space. See Figure 3.21. 

3) Each I/O address must correspond to one and only one I/O device that 
can be a replying agent. 

4) Sequential accesses to I/O space are directed to the same I/o address; 
the replying agent does not increment the initial address for 
subsequent I/O operations when performing a transfer cycle that 
r(~t] lit. res sequential access to I/o space. 

5) The MULTIBUS II bus architecture does not support agents that perform 
sequential I/O accesses at the 24-bit data width or at the non-aligned 
16-bit data width. 

bilO 

I/O ADDHESS 

Figure 3.21. Address Format for Operations Using I/O Address Space 

3.3.5.3 MESSAGE SPACE ACCESS PROTOCOL 

The message space provides inter-agent communications on the Parallel System 
bus. The message passing capability, at its simplest, provides an interrupt 
signalling mechanism. Additi 
passing mechanism and data transmission. The MULTIBUS II bus architecture 
defines the use of the message space with specific protocol, as follo~s: 

1) The data transfer is one-directional, from the requesting agent to the 
replying agent(s). 

2) Only the basic interrupt handling mechanism is defined in this 
document. 

3) The data width for a message space operation must be 32 bits. 
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4) The address width (during the request phase of the transfer cycle) 
must always be 16 bits (a-bit source address and 8-bit destination 
address) for an access to message space. See Figure 3.22. 

5) The message space supports agents that perform broadcast operations to 
multiple replying agents. 

6) The message space supports sequential access operations. 

7) Sequential accesses to message space are directed to the same message 
address; the replying agent does not increment the initial address for 
subsequent message space operations when performing a transfer cycle 
that requires sequential accesses. 

8) The MULTIBUS II bus architecture supports two types of message space 
commands: unsolicited and solicited. Unsolicited messages are 
unexpected, bounded, interrupt messages that move small amounts of 
data or parameters. Solicited messages are negotiable, data messages 
that move blocks of data. Additional details are contained in the 
System Interface Specification. 

bi tl5 b,t8 b't7 bi to 

,SO,UR;E, AI~D~ES,S I D~ST~;IO,N -;OD~E~S I 
MSB LSB MSB UB 

Figure 3.22. Address Format for Operations Using Message Space 

3.3.5.4 INTERCONNECT SPACE ACCESS PROTOCOL 

The interconnect space provides configuration information for the resources on 
the Parallel System- bus. The interconnect space is intended to be a system 
initialization mechanism, but can also operate as a parameter passing 
mechanism. The MULTIBUS II bus architecture defines the use of the 
interconnect space with specific protocol, as follows; 

1) The data transfer is bi-directional (width is a-bits only.) 

2) Each agent on the ipSB bus must have its own unique cards10t address, 
assigned by the CSM. 

3) The address width (during the request phase of the transfer cycle) 
must always be 16 bits, with 9 bits of offset register address and 5 
bits of board identification address (2 bits are always 0). See 
Figure 3.23. 
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4) The protocol does not support sequential access or boradcast 
operations in the interconnect space. 

5) Bit 0 and bit 1 are always 0 in the addressing format for proper data 
alignment. 

b,t15 billl b,IIO b,12 bilO 

I c~~~ lID I ,REGISTER NUMRER, ,°° 1 
MSB LSB MSB LSB~ 

ALWAYS ZERO 

Figure 3.23. Address Format for Operations Using Interconnect Space 

3.3.6 Data Width During Transfer Cycles 

The data width for an operation is defined via the data-width parameter that 
the requesting agent places onto the SC2* and SC3* during the request phase of 
an operation. The selectable options are as follows: 

SC3* SC2* Data Width Selected 

H H 8-bit 
H L 16- bi t 
L H 24-bi t 
L L 32- bi t 

When requesting agents perform an operation on the Parallel System bus, the 
agents are allowed several data alignment options depending on the nature of 
the agents and the operation. Data alignment requirements for the four 
address spaces are described in three sections; alignment for agents doing 
memory, and I/O space operations, alignment for agents doing message space 
operations and alignment for agents doing interconnect space operations. 

3.3.6.1. DATA ALIGNMENT IN MEMORY AND I/O 

The protocol allows the use of seven data alignment options for requesting and 
replying agents that use the memory and I/O address space. 
The requesting agent controls the alignment of the interface by controlling 
the condition of address bits 0 and 1 via address lines ADO* and ADl* and 
controls the data width via the SC2* and SC3* lines on the interface. 
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Table 3.5 lists the alignment options for the interface. In Table 3.5, the 
columns represent the four bytes of the 32-bit address/data bus on the 
Parallel System bus; BYTE 0 is the least significant byte (AD7* through ADO*) 
and BYTE 3 is the most s igni ficant (AD31* through AD24*). 

Table 3.5. Data Alignments for Operations Using Memory And r/o Space 

Transfer Width Regues t Phase Bits Re2ly Phase Byte Al ignme nts 

8- bi ts 
8-bits 

16- bi ts 
16-bits 

24-bits 
24-bits 

32-bits 

Notes: 

Width Address AD3l*- AD23*- ADt5*- AD7*-
SC3* SC2* AD1* AD 0* AD24* AD16* AD 8* ADO* 

(Note 1) H H x: H I I D 
(Note 1) H H x: L I I D I 

(Note 1) H L x: H I I D D 
(Note 4) H L H L I D D I 

(Note 4) L H H L D D D 
(Note 4) L H H L D D D I 

(Notes 1,4) L L H H D D D D 

1. Identifies those alignments allowed with sequential transfer 
operations. 

2. Abbreviations 
D - Valid data on the bus. 
I = Invalid portion of bus; must be ignored by replying agent 

during write operations, but can be driven by requesting 
agent. 

X Either high or low logic level is acceptable. 
L Low (fa:se) logic level required. 
H High (true) logic level required. 

3. All unlisted configurations are not supported in the protocol 
and reported as transfer-not-understood errors. 

4. Requires a 32-bit agent. 

The alignment restrictions for sequential transfers are as follows: 

1) For a sequential 8-bit operation, the low address bit may be either 0 
or 1, depending on which byte is transferred, and the data is 
transferred on either Byte 0 or Byte 1. 

2) For a sequential 16-bit operation, the low address bit must always be 
o and the data is transferred on Byte 0 and Byte 1. 

3) No sequential 24-bit operations or 24-bit agents are supported. 
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4) For a sequential J2-bit operation, the least significant two bits of 
address must always be 00 and the data is transfered on Byte 0, Byte 
1, Byte 2 and Byte 3. 

3.3.6.2 DATA ALIGNMENT IN MESSAGE SPACE 

Table 3.6 shows the data alignments allowed for message space operations. The 
alignment restrictions for message space differ from those presented for the 
memory, I/O, and interconnect space for two reasons: 

1) An agent must know beforehand how much information to accept when it 
receives a message operation from some other agent on the Parallel 
System bus. 

2) Each address in message space identifies a logical module rather than 
a physical storage location. 

An agent uses message space to transfer thirty-two bit messages or to 
send/receive interrupts on the iPSB Bus. 

Table 3.6. Data Alignment for Message Space Operations 

Transfer Width 
Of Agents 

Request Phase Bits Reply Phase Byte Alignments 
Width Address 

SC3* SC2* AD1* ADO* 
AD31 *- AD23;'- AD 15"- AD 7*­
AD24* AD16* AD8* ADO* 

32-bits L L x x D D D D 

Notes: Abbreviations 
D Valid data on the bus. 
I = Invalid portion of bus; must be ignored by replying agent 

during write operations, but can be driven by requesting 
agent. 

L Low (false) logic level required. 
H High (true) logic level required. 

Figure 3.24 shows the format of a typical message on the Parallel System bus. 
Each requesting agent creates 32-bit messages containing five fields: 

1) address field identifying the requesting agent 
2) address field identifying the destination agent 
3) a field providing type specific information 
4) a field containing the type 
5) optional field(s) containing J2-bits of data 
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Each field of the message space operation is described in the following 
paragraphs. 

The source and destination address fields contain an B-bit identifier that 
uniquely addresses each agent for message operations on the Parallel System 
bus. The address fields contain B-bit identifier codes for each of the agents 
involved in the message passing operation, except for a broadcast operation. 
The source address field identifies the agent that sources the message, and 
the destination address field identifies the agent that receives the message. 

The type field provides a description of the operation that the agents are to 
perform. The type specific field changes functions depending on the type. 
Refer to the System Interface Specification. 

Ueques I Phase 

Handshake 1 

Handshake 2 

Handshake 3 

Handshake 8 

I nv& 11 d 

Not Used Must Have Valid Parity 

n bits 01 Dat: (II required) 

32 b,ts 01 Dat~ (,I required) 

32 bIts 01 Dat~ (,I required) 

(12 bylcs Maximum, 
Including hCdtlet) 

lleader 

Figure 3.24. 32-Bit Message Format Example 

The data fields contain the message information. 
wide. 

The information is 32-bits 

To send a message, a requesting agent transfers the fields onto AD31* through 
ADO* for the replying agent during a transfer cycle. The typical message 
consists of a sequential access in which the requesting agent performs one 
r.equest phase and extends the reply phase into multiple handshake cycles by 
withholding the end-of-cycle handshake. The replying agent reports any 
problems via the agent error lines. 

Refer to the System Interface Specification portion of the MULTIBUS II Bus 
Architecture Specification for additional information on message space. 

Refer to the section on Interrupts for more information on interrupts on the 
MULTIBUS II bus architecture. 
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3.3.6.3 DATA ALIGNMENT IN INTERCONNECT SPACE 

The protocol allows the use of one data alignment option for requesting and 
replying agents that use the Interconnect address space. The requesting agent 
controls the alignment of the interface by controlling the condition of 
address bits 0 and 1 via address lines ADO* and ADl* and controls the data 
width via the SC2* and SC3* lines on the interface. 

Table 3.7 lists the alignment options for the interface. In Table 3.7, the 
columns represent the four bytes of the 32-bit address/data bus on the 
Parallel System bus; BYTE 0 is the least significant byte (AD7*-ADO*) while 
BYTE 3 is the most significant byte (AD3l*-AD24 k ). 

Table 3.7. Data Alignments for Operations Using Interconnect Space 

Transfer Width Request Phase Bits Repl y Phase Byte Al ignments 
Width Address AD3l*- AD23*- AD15*- AD7*-

SC3* SC2* AD1* AD 0* AD24* AD16* AD8>~ AD 0* 

8-bits (Note 1) H H H H I D 

Notes: 1. Sequential transfer operations are not allowed In Interconnect 
space. 

2. Abbreviations 
D Valid data on the bus. 
1 = Invalid portion of bus; 

during write operations, 
must 

but 
be ignored by replying agent 
can be driven by requesting 

X 
L 
H 

3. All 
and 

agent. 
Either high or low logic level is acceptable. 
Low (false) logic level required. 
High (true) logic level required. 
unlisted configurations are not supported in 
reported as transfer-nat-understood errors. 

3.3.7 Data Alignment Error Reporting During Transfer Cycles 

the pro taco I 

All agents may check for transfer-width errors, including interface width 
mismatch and data misalignment problems. Table 3.8 shows the data alignment 
conditions that cause an 8-, 16-, or 32-bit agent to generate a transfer-width 
error on memory space or I/O space operations. 
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Table 3.8. Data Alignment and Width Errors for Memory 
and I/O Space Operations 

Reply Phase Da ta Al ignment Width Error Generator 

AD31*- AD23*- AD15*- AD 7*- 8- Bit 16- Bi t 32-Bit 
AD 24* AD16* AD 8* ADO Agent Agent Agent 

I I I 0 No No No 
I I D I No No No 

I 0 0 Yes No No 
I 0 D I Yes Yes No 

I 0 0 0 Yes Yes No 
0 0 D I Yes Yes No 

D D D 0 Yes Yes No 

Active, contains valid data. Notes: D 
I Ignored by replying agent, may be driven. 

A width error cannot occur in message space or interconnect space since each 
has only one allowable transfer width. 

3.3.8 Data Alignment Interface Example 

The data alignment on the Parallel System bus requires that the interface 
place all byte-aligned operations and all word-aligned operations onto the low 
order word of the data bus. This alignment policy forces particular interface 
constraints for agents. Figure 3.25 shows how 32-bit agents perform a 
word-swap operation. A word-swap for an 8-bit or 16-bit agent is not 
required. 

All agents with 8-bit interfaces must be connected to both low order bytes on 
the address/data bus, and must enable only one buffer depending upon the 
condition of address bit AD,)*. All 16-bit agents are connected directly to 
the low-order bytes; they do not require additional circuitry on the bus. All 
32-bit agents require a word-swap buffer to move data as required on the bus. 
Non-aligned sixteen bit and all twenty-four and thirty-two bit operations do 
not use the word swap buffer. 
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Figure 3.25. Interface Requirements for Data Alignment 
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3.3.9 Interrupts 

The MULTIBUS 11 bus architecture supports interrupts on the iPSB Bus through 
use of the messages. When an agent determines that it must send an interrupt 
message onto the ipSB bus, the agent requests access to the bus, performs a 
transfer cycle that sends an unsolicited message without a data field, and 
releases the bus. 

Figure 3.26 shows how the 32-bit interrupt message is encoded on the bus. An 
Interrupt message is an unsolicited message with a null data field. As the 
requesting agent performs the first part of the operation, it transfers an 
8-bit interrupt source lD (the lD of the agent sourcing the interrupt 
request), and an 8-bit interrupt destination 10 (the 10 of the agent that must 
service the interrupt request) onto the bus. In the second part of the 
operation, the (interrupt) requesting agent transfers an 8-bit reserved field 
(should be ignored) and an 8-bit type field. Refer to the System Interface 
Specification for more information on type field details. 

All agents receive the message information. Only the replying agent (the 
agent selected by the destination 10 to service the interrupt) responds to the 
message by interrupting its on-board processor and beginning an interrupt 
service routine. 

In Figure 3.27, a simple requesting agent requires service. The agent then 
forms an interrupt message with replying agent's address and puts the message 
on the bus. The replying agent converts the message into a local interrupt 
and initiates an interrupt service routine. The local replying agent then 
repsonds with service. 

32 B. t Message 
Formal 

AlJlI·-AD21· AD2~-ADI6. 

Jlcquest Phase [nval id 

Handshake 1 Not Used Must Have Val id Pari ty 

ADI~-AD8· AD7·-ADO· 

Interrupt "'ifJurce Interruptll:!stination 

Type Spec".e 0 

Figure 3.26. Interrupt Message Format 
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Figure 3.27. Interrupt Message Sequence 

3.4 EXCEPTION CYCLE OVERVIEW 

r---

MULTIBUS II 

ReceIver 
~lodul e 

I nIt la Ie 
Service 
Hout i ne 

The exception cycle is an error reporting tool. An agent initiates an 
exception cycle only as a result of sensing an exception. 

The exception cycle has two purposes in the protocol: first, it provides 
systematic termination of activity on the Parallel System bus and second, it 
provides idle-time (time required to re-start arbitration) on the bus before 
allowing agents to resume operation. The two purposes correspond directly to 
the two phases of the exce pt ion cyc le, the signa 1 phase and the recovery 
phase. 

The signal phase of the exception cycle begins when one or more of the 
error-detecting modules senses an exception and places an exception indication 
onto the bus. On receiving an exception indication, the requesting agent 
aborts any transfer cycles and inhibits them until the exception cycle is 
completed. An agent could be operating at any point in either an arbitration 
cycle or a transfer cycle when an exception terminates that cycle and starts 
an exception cycle. The net effect of the exception cycle is to terminate all 
bus activity and to hold the bus idle for a set amount of time. The signal 
phase continues until the error-detecting module deactivates the exception on 
the bus; which may be one or more clock cycles. 

The recovery phase of the exception cycle begins after the exception signals 
become inactive. The recovery phase is a fixed-duration delay that is 
required to re-start arbitration (arbitration may begin on the first clock 
after the exception signal is de-activated and transfer cycles three clocks 
after that). It may be llsed as a recovery period. 
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Figure 3.28 shows the effect of the eKception cycle signals on the other bus 
cycles. 

When an agent sends an exception the agent holds one of the exeption signals 
(BUSERR* or TIMOUT*) active for a minimum of one clock cycle. The agent may 
hold the exception signal active on the bus for any duration, however, doing 
so extends the signal phase of the cycle. On deactivating the signal, the 
agent places the bus into the recovery phase of the eKception cycle. 

3.4.1 Causes of EKception Cycles 

EKception cycles are caused when an agent senses an active exception signal. 
The Parallel System bus provides facilities for agents to sense and report two 
types of eKception: the timeout eKception and the bus error eKception. Any 
agent can detect these exceptions and start an eKception cycle at any time on 
the Parallel System bus. Each of the exceptions serves a different purpose. 

BUS CLU:K I 

1 1 1 1 

A1UlI'lltATlON cYClE SlUNALS ~ -=--=-=-=x'--_______ ~X\.... __ :__ 
1 I I 

rRANSFER CYClE SIGNALS ~I : : ---;:---.------.-----.--{c 
EXCEPTION CYCLE ~WNALS I: I 

(B{)SEIlH*. TIMEOUT") 1 I I~ I 
ElU~)Il I I_~I ___ 1 __________ _ 

SEi'<SED All Bus Error AltB lTHATION TCRJ'r"-1CN'IS~SR 
ActiVIty TermInated Removed l!ESU~ES RESutlE 

'-------..----­

EIUl(llt 
SIGNALLED 

Figure 3.28. EKcept10n Cycle Signal Relationships 

3.4.1.1 TIMEOUT EXCEPTION 

The CSM sends a timeout eKception onto the Parallel System bus wh~n .it detects 
that the duration between reply phase handshakes eKceeds 1.0 K 10 BCLK Cycles. 
The time limit configured in the CSM is the same for all types of transfer 
cycles and the same for operations to all address spaces. The Parallel System 
bus provides a dedicated line (TIMOUT*) on the bus for passing the timeout 
eKception among all agents. All agents must continually be aware of the 
condition of the timeout eKception signal, TIMOUT*, on the bus interface. 
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The timeout exception is a result of too much time between consecutive 
handshake signals during a transfer cycle. On sensing a timeout, the CSM 
activates the TIMOUT* signal immediately following the detection as long as 
the handshake has not yet occurred, implying that the CSM must monitor for the 
handshake up to the las t clock be fore signa 11 in g the t imeou to The signa 1 is 
one clock in duration. TIMOUT* termin:ltes both the arbitration cycle (agents 
must re-enter arbitration at the conclusion of the exception cycle) and the 
transfer cycle in all agents, and begins an exception cycle. 

Figure 3.29 shows the timing for signalling a TIMOUT* exception. As the 
figure shows, an agent can cause a timeout as a result of faulty handshake/ 
data transfer during the reply phase or as the result of a faulty address/ 
command tranfer during the request phase (i.e. addressing a non-existent 
agent). The timeout exception terminates the transfer cycles and arbitration 
cycles as shown in Figure 3.29. 

CO\l\!ANO 

'--- J----! 
I CUX:KS I 

I I I 

~------~------r: --4r~ 
I : I 

>-'r,f-+--------r------...,~ ~ 
'----~....../ I ' 

TIMECUI'''' 
SIGNAL 

I 

I~I-------I 
HE{~~~E,)T Silr\lAL --=REr=OI:-::E::R-"Y-~ 

1'IIA\E PHA~E PltA~E 
FALLT 

T1\IEOUT IN REQlEST PHASE 

I I j 10 1 --1 I-- 3---1 
I I ;ctJ)(1\S I I CUXJ{S I 
, I I ~!_~ ~"'I------...,...------t-I ---<f~~ 
, I I I :: ~ 

~ \Jlr,.o.'~oc 'i :----E= 
TIMEOtrr " 
SIGNAL 

~~' __ ---=-__ =-__ --.J 

HEI'LY ,)J{,\AL RECO\ERY 
PHA':>E PllA':iE PHA':>E 
FAULT 

TO!EOUT [N !lEPLY PHASE 

Figure 3.29. Signalling a TIMOUT* Exception 

3.4.1.2 BUS ERROR EXCEPTION 

Agents will assert the BUSERR* line whenever they detect a problem with data, 
address, or control information. All agents must continually monitor this 
line to ensure that information on the bus is valid with respect to the 
interface logic. 
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The Bus Error Exception will be generated whenever there is a parity error on 
the SC* lines. It will al~o be generated by parity errors on the AD* lines 
when specified as valid on the SC* lines, that is, during the request phase or 
handshakes. Parity is not checked during the assignment of slot and 
arbitration 1.D.'s. 

Some or all agents under certain conditions may detect and signal Bus Error 
Exception. The conditions are as follows: 

-All agents may monitor the parity of the SC* lines at all times. 

-A replying agent monitors the parity of the AD* lines during a request 
phase that asks for access to address spaces that it supports. An agent 
has the option of checking AD* line parity during request phases to other 
address spaces but only AD* lines valid for the specified address space 
may be checked. 

-A requesting agent monitors the parity of the AD* lines when handshakes 
occur during the reply phase of read operations without agent errors. 
Only AD* lines specified in the request phase as to data width and 
alignment (see Table 3.5) are checked. 

A replying agent monitors the parity of the AD* lines when handshakes 
occur during the reply phase of write operations without agent errors. 
Only AD* lines specified in the request phase as to data width and 
alignment (see Table 3.5) are checked. 

-All agents have the option to check AD* line parity when handshakes occur 
without agent errors. Only AD* line specified in the request phase as to 
data width and alignment (see Table 3.5) are checked. 

Detection occurs during the bus clock cycle that the error is present on the 
bus and signalled the bus clock cycle after detection occurs. Agents may hold 
the BUSERR* signal asserted in order to complete an operation in progress. 

Figure 3.30 shows the timing sequence for two cases of detection and 
signalling of a bus error exception. The first BUSERR* exception occurs after 
the request phase and terminates the transfer cycle during the request phase. 
The second terminates the transfer cycle during the reply phase. An agent 
asserts BUSERR* one clock cycle after it detects the exception. One clock 
cycle later, the exception cycle terminates both transfer cycles and 
arbitration cycles as shown in Figure 3.28. 
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Figure 3.30. Signalling a BUSERR* Exception 

3.4.2 Priority of Errors 

If mUltiple errors occur they are reported as follows: 

1) The first error detected is reported and subsequent errors are ignored 
except in the following cases. 

2) 

a. BUSERR* is monitored for one clock after the detection of an agent 
error. If a bus error is detected during that clock cycle it will 
be reported and the agent error is considered to be invalid. 

b. Whenever an agent error and a bus error are reported at the same 
time, in light of a. above, the agent error is considered to be 
invalid. 

When detected 
When TIMOUT* 

at 
and 

considered valid. 

the same 
BUSER-\{* 

time, exceptions override 
are reported at the same 

agent 
time, 

errors. 
both are 

3.5 CENTRAL CONTROL FUNCTIONS 

The Parallel System bus provides three system-level functions via the central 
control signal group. Those funct ions inc! ude a power-up sequence control 
(cold-start), initialization sequence control (warm-start), and powerfail­
recovery control. Each is described in the following paragraphs. 
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3.5.1 Power-Up Function (Cold-Start) 

The power-up reset, sometimes referred to as a "cold-start" reset, initializes 
all agents in the system. The sequence of events for an eKtended cold-start 
sequence is shown in Figure 3.31. The cold-start period provides two benefits 
in the system: it ensures a uniform initialization period for all agents on 
application of power, and it gives all agents in the system the opportunity to 
begin operation from a known state. 

On power-up, the CSM drives the DCLOW* and RST* signals active and drives the 
PROT* signal inactive within 1 ms. Thereafter, the CSM holds the DCLOW* 
signal active for 2.5 ms during the cold-start reset. The CSM holds RST* 
active for 50 ms (minimum) after de-act ivating the DCLOW* signal. If one or 
more agents require additional time to complete initialization operations, 
those agents may assert RSTNC* to eKtend the duration of the initialization 
period. RSTNC* inhibits all agents from starting bus cycles until all agents 
are ready to proceed. 

The combination of both DCLOW* and RST* active and PROT* inactive on the bus 
(from the CSM) identifies when an agent must perform a power-on reset. Any 
time that both RST* and DCLOW* are ac t ive and PROT* is inac t ive, agents may 
assume that a power-on initialization is occurring and should perform the 
power-up reset sequence. Both DCLOW* and PROT* from the CSM are asynchronous 
to the clock. However, both reset signals (RST* and RSTNC*) are synchronous 
to the bus clock. 

95% 

PCMR SUPPLY 

Figure 3.31. Power-on System Reset Sequence 
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3.5.2 Initialization Sequence (Warm-Start) 

The sequence of events for resetting a running system, sometimes referred to 
as a "warm-start", is shown in Figure 3.32. This type of reset is typically 
the result of pushing a front panel switch. The figure does not show the bus 
clock signal because of the extended time-span of the signals. However, both 
reset signals (RST* and RSTNC*) are synchronous to the bus clock. 

The CSM causes a warm-start sequence by activating RST* for a minimum of 50 
ms. Agents may extend the initialization period by asserting RSTNC*. As with 
the cold-start sequence, RSTNC* prevents all agents from starting bus cycles 
until all agents are reset. 

Unlike 
DCLOW*. 
sequence 
Parallel 

the cold-start, this "warm-start" reset sequence does not assert 
Agents that muqt differentiate between the two types of reset 

may do so by examining the condi t ion of the DCLOW* line on the 
System bus during the time that RST* is active. 

DCLOW* 

PflOT* 

RST* 

RSTNC* 

j 

WAIlJ\I· STAItT 
I NDI CATl 0t'I 

Figure 3.32. Warm-Start Reset Sequence 
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Figure 3.32a. Reset Sequence 

3.5.3 Power Failure and Recovery Sequence 

I 

MULTIBUS II 

ID X 

The CSM uses the powerfail and recovery sequence to provide orderly control of 
system shut-down and start-up during a power failure. The system power supply 
is expected to provide a power-fail signal to the CSM if the CSM is to provide 
power-fa i 1 and recovery sequences. When the AC in put power drops be low an 
acceptable value, the power supply asserts signals which inform the CSM of the 
power failure condition. Figure 3.33 shows a power failure and recovery 
sequence on the Parallel System bus. 

This sequence assumes that the system supports battery back-up and allows a 
reasonable period for the back-up and recovery sequences to execute. 

On learning of an imminent power failure (via an early warning signal from the 
power supply), the CSM asserts the DCLOW* signal onto the parallel System bus. 
An active DCLOW* signal informs all agents of the impending power failure a 
minimum of 6.5 ms before the power level drops below the minimum level for 
safe system operation. 

The power-down seq uence a llows from 6.0 to 6.25 ms for the so ftware to save 
system status. The CSM then asserts the protect signal (PROT*) to prevent any 
further accesses. A further period of 250 microsecond is included for the 
hardware to configure itself for power-down. 
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At this point the power may drop out completely or return to normal operating 
voltages. Note that the logic that drives the PROT* and DCLOW* signals from 
the CSM must be powered from a battery back-up source. 

In a case where transient faults cause a power fail, the power supply may 
recover dur ing the shutdown sequence. In th is case, the CSM guaran tees a 
DCLOW* active period of 7.5 ms so that the sequence goes to completion before 
recovery is allowed to occur. 

During the power down period, the CSM is not required to drive the BCLK* and 
CCI..K* signals. Typically the RST* and RSTNC* signals are not connected to 
battery back-up power. 

After power returns to its operating level and maintains that level for at 
least 1 ms, the CSM forces the DCLOW* signal inactive. A minimum of 2.5 ms 
after removing DCLOW*, the CSM deactivates the protect signal, PROT*. 

An agent determines whether or not a power failure occurred by examining the 
PROT*, DCLOW*, and RST* signals. A specific condition of the signals (DCLOW* 
inactive, RST* active, and PROT* active) provides an indication that a power 
failure has occurred. 

Both DCLOW* and PROT* are asynchronous to the bus clock. 

95% 95% 

POWER SUPPLY 

DC LOW,< \'-------JI! 

Figure 3.33. Power Failure Recovery Sequence 

A power-off sequence is defined for these systems which do not support battery 
back-up. This occurs when all supply voltages, including the +5 battery, go 
down. For such systems, DCLOW* must go active at least 2.5 ms before the 
~ower level drops below the safe operating level. PROT* and RST* will be held 
inactive during this peirod. The CSM may optionally attempt the power-fail 
sequence until such time as the power actually fails. 
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Power failure during a cold-start or during warm-start causes the CSM to not 
regulate the power shutdown. Either condition should be folowed by a 
cold-start sequence. If a warm-start occurs during a power shutdown, the CSM 
has the option of either executing the power shutdown and ignoring the reset 
command, or aborting the shutdown and initiating cold-st~rt on power recovery. 

3.6 STATE-FLOW DIAGRAMS 

This discussion of the Parallel System bus uses state-flow diagrams to 
describe the operation of agents on the bus. The state-flow diagrams separate 
the operation of an agent into several steps. The state-flow diagrams for 
requesting and replying agents are as follows: 

1) State-flow for requesting agents monitoring transfer cycles. 
2) State-flow for requesting agents in an arbitration cycle. 
3) State-flow for agents monitoring arbitration cycles. 
4) State-flow for requesting agents in a transfer cycle. 
S) State-flow for replying agents in a transfer cycle. 

The exception cycle does not have a separate state-flow diagram, however, it 
causes transitions in each of the five state-flows. 

3.6.1 Notation in the State-Flow Diagrams 

The state-flow diagrams use a consistent notation system in describing the 
transitions between states during an operation. 

Within each diagram there are various components. Each component is meant to 
describe, either graphically or in words, some aspect of the operation of an 
agent. The various states that an agent may assume are represented as 
circles. Transitions to other states are shown as arrowed lines and are 
labeled with a number that corresponds to the number of their description. 
Bold type is used for the name of conditions on the bus or of an agent. 
Generally, conditions are associated with transitions from one state to 
another. A condition that will cause a transition will be shown next to the 
arrowed line for that transition. Equals signs (=) are used to indicate th,~ 
state of individual lines or the components of a condition. An 'L', when used 
with individual signals, indicates that the signal has been asserted; when 
used with conditions it indicates that the condition has not been met. An 'H' 
is the inverse of 'L'. The state equations and conditions use "AND" to 
indicate when the AND operator is required and "OR" to indicate wh~n the OR 
operator is used. 

The initial transition from the CLEAR condition overrides all other conditions 
and transitions. If none of the conditions required for a transition from a 
given state occur then the agent will remain in that state. 
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3.6.2 State-Flow Sequence Ear an Agent Monitoring the Bus 

Figure 3.34 represents the state machines for agents monitoring the bus. All 
activ~ agents must continually monitor the bus to determine iE a transEer 
cycle 'is in progress. 

The following is an explanation of each condition and its various components. 

EXCEPTION: BUSERR*=L OR TIMOUT*=L 

This condition occurs whenever the BUSERR* or TIMOUT* line is active. See 
the section on Exception cycles Eor details. 

CLEAR: RST*=L OR RSTNC*=L' OR EXCEPTION 

This condition initializes the state machine and has the effect of 
synchronizing all agents on the bus. 

EOC HANDSHAKE: SC2*=L AND SC4*=L 

This condition indicates that the transfer cycle in 
completing. This condition is meaningful only iE there 
cycle in progress (agent is in the TRANSFER CYCLE state 
State Machine). 

progress is 
is a transEer 

of the Moni tor 

EXCHANGE: RESOLUTUlON-3 state AND SCl*=H AND (NO TRANSFER CYCLE state AND 
SCO*=H) OR (TRANSFER CYCLE state AND EOC HANDSHAKE) 

This condition indicates that exchange oE the bus ownership is possible. 
RESOLUTUION-3 state is the final state of a resolution phase. SCl*=H 
means that the bus is not locked. NO Ti.,INSFER CYCLE state and SCO*=H 
means there is not a transfer in progress and none starting. TRANSFER 
CYCLE state and EOC HANDSHAKE mean that the cycle in progress is 
completing. 

AGENT ERROR: SC5"'=L OR SC6*=L OR SC7*=L 

The replying agent is signalling an agent error. This condition is 
meaningful only if there is a transfer cycle in progress (agent is in the 
TRANSFER CYCLE state of the Monitor State Machine). 

Below is a description of each state and the transitions that are possible. 
Outputs are a description of agent activity on the bus during the time that 
the agent is in the state being described. 

INITIAL TRANSITION 
Transitions: The CLEAR condition aborts any cycle currently in 

progress. 

NO TRANSFER CYCLE state 
Description: The bus is idle and requesting agents are monitoring 

SCO*. 
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Outputs: None; all agents monitoring. 

Transitions: (1) All agpnts to Transfer Cycle state upon an agent 
asserting SCO* low (request phase). SCO*=L indicates 
the start of a transfer cycle, therefore all agents make 
the transition to the TRANSFER CYCLE state to track the 
transfer cycle. 

TRANSFER CYCLE state 
Description: Bus is busy with a Transfer Cycle. 

Agents are monitoring for end-oE-cycle indication. 

Outputs: None. 

Transitions: (2) All agents to No Transfer Cycle upon EOC HANDSHAKE 
condition since the EOC HANDSHAKE condition signals the 
end of the transfer. 

CLEAn 

EOC HANDSHAKE 

EXCEPTION: BUSERR*=L OR TIMOUT*=L 

CLEAR: RST*=L OR RSTNC*=L OR EXCEPTION 

EOC HANDSHAKE: SC2*=L AND SC4*=L 

EXCHANGE: RESOLUTION-3 state AND SC1*=H AND «NO TRANSFER CYCLE state AND 
SCO*=H) OR (TRANSFER CYCLE state AND EOC HANDSHAKE» 

AGENT ERROR: SCS*=L OR SC6*=L OR SC7*=L 

Figure 3.34. State-Flow Diagram for Requesting Agents 
Monitoring Transfer Cycles 
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3.6.3 State-Flow Sequence for an Arbitration Cycle 

Figure 3.35A represents the state-flow for requesting agents in an arbitration 
cycle and Figure 3.35B the state-flow for agents monitoring arbitration 
cycles. Only requesting agents will implement these states since only they 
may become bus owners. 

The state-flow for agents in an arbitration cycle is implemented to follow 
activities related to bus ownership. The following is an explanation of the 
conditions and their components that are used for this purpose. 

EXCEPTION: BUSERR*:L OR TIMOUT*:L 

This condition occurs whenever the BUSERR* or TIMOUT* line is active. See 
the section on Exception Cycles for details. 

CLEAR: RST*:L OR RSTNC*:L OR EXCEPTION 

This condition initializes the state machine and has the effect of 
synchronizing all agents on the bus. 

EXCHANGE: RESOLUTION-3 state AND SCl*:H AND (NO TRANSFER CYCLE state AND 
SCO*:H) OR (TRANSFER CYCLE state AND EOC HANDSHAKE) 

This condition indicates that exchange of the bus ownership is possible. 
RESOLUTUION-) state is the final state of a resolution phase. SCl*:H 
means that the bus is not locked. NO TRANSFER CYCLE state and SCO*:H 
means there is not a transfer in progress and none starting. TRANSFER 
CYCLE state and EOC HANDSHAKE mean that the cycle in progress is 
comple t ing. 

WIN: ARB5*-ARBO* signals match the agent's arbitration ID 

This condition occurs when, after entering arbitration resolution, the 
agent has the highest priority. 

AGENT ERROR: SC5*:L OR SC6*:L OR SC7*:L 

The replying agent is signalling an agent error. This condition is 
meaningful only if there is a transfer cycle in progress (agent is in the 
TRANSFER CYCLE state of the Monitor State Machine). 

LBREQ: 
This condition indicates that the agent desires to use the bus. 

The following are descriptions of each state and the transitions that are 
possible. Outputs are a description of agent activity on the bus during the 
time that the agent is in the state being described. 

INITIAL TRANSITION 
Transitions: The CLEAR condition aborts any cycle currently in 

progress. 
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NO ARBITRATION state 
Description: The agent does not require the bus. 

Outputs: None; arbitration not required. 

Trans i t ions: (l) Agent mus t move to the RESOLUTION state. LBREQ 
high means that the agent desires access to the bus. 
The agent can initiate an arbitration cycle in one of 
two ways depending upon HPRI. If the agent has a high 
priority request they may enter the arbitration cycle at 
the start of the next resolutiuon phase (EXCHANGE=H). 
If there is no bus request cycle (BREQ*=H), any agent 
may enter the resolution phase. 

RESOLUTION state 
Description: The agent is involved in resolving priority with other 

reques t ing agent as shown in Figure 3.35 B. The agen t 
will remain in the RESOLUTION state until they obtain 
ownership of the bus. 

Outputs: The agent asserts BREQ* and begins putting their 
arbitration 10 onto ARB5*-ARBO*. 

Transitions: (2) Upon EXCHANGE and WIN being valid agent moves to 
ACQUISITION state. If the agent loses in the resolution 
phase WIN=L and the agent remains in RESOLUTION state to 
resolve priority for next bus exchange. 

ACQUISITION state 
Description: Agent is the bus owner and performs transfer cycles. 

Outputs: Agent does READ's or WRITE's and sets BREQ* to inactive. 
ARB5*-ARBO* are inactive. 

Transitions: (3) With the EXCHANGE condtion val idated the agent is 
placed in the NO ARBITRATION state. Since EXCHANGE can 
only be met if the Transfer Cycle is complete, the agent 
will not lose ownership until the current transfer cycle 
is complete. Please note that the specification ensures 
that, after entering the ACQUISITION state, at least 
three clock cycles will occur before the agent can lose 
ownership of the bus. If the agent has not started a 
transfer by then he may lose the bus before starting the 
transfer. Further, if no other agents are requesting 
the bus (BREQ*=H) the RESOLUTlON-3 state will not be 
entered and, therefore, the EXCHANGE condition will not 
be me t. If the EXCHANGE condi t ion is not me t the 
current owner will remain the bus owner. This is known 
as parking. 
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CLEAIt 

LBHEt,/=1! AND(IlHEX,/*-1! Olt 
(HPRI =H AND EXlllANlE=H)) 

EXCHANUE=I! 
(i) 

EXCIIANtlE=1! AND \\'IN=1! 

EXCEPTION: BUSERR*=L OR TIMOUT*=L 

CLEAR: RST*=L OR RSTNC*=L OR EXCEPTION 

EXCHANGE: RESOLUTION-3 state AND SCl*=H AND «NO TRANSFER CYCLE state AND 
SCO*=H) OR (TRANSFER CYCLE state AND EOC HANDSHAKE» 

AGENT ERROR: SC5*=L OR SC6*=L OR SC7*=L 

WIN: ARB5*-ARBO* signals match requesting agent's 10. 

LBREQ: The agent desires to use the bus. 

Figure 3.35A. State-Flow for Requesting Agents 
in an Arbitration Cycle 

Figure 3.35B represents the state-flow that agents use to monitor the 
resolution phase of an Arbitration Cycle. Since three clocks are required in 
order to resolve arbitration (three clocks for the ARB5*-ARBO* lines to 
settle), this state machine monitors the bus and provides the agent with 
information as to what state of the resolution phase the bus is currently in. 
The following explains conditions that are relevant to the monitoring process. 

EXCEPTION: BUSERR*=L OR TIMOUT*=L 

This condition occurs whenever the BUSERR* or TIMOUT* line is active. See 
the section on Exception Cycles for details. 

CLEAR: RST*=L OR RSTNC*=L OR EXCEPTION 

This condition initializes the state machine and has the effect of 
synchronizing all agents on the bus. 
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EXCHANGE: RESOLUTlON-3 state AND SC1*=H AND (NO TRANSFER CYCLE state AND 
SCO*=H) OR (TRANSFER CYCLE state AND EOC HANDSHAKE) 

This condition indicates that exchange of the bus ownership is possible. 
RESOLUTION-) state is the final state of a resolution phase. SC1*=H means 
that the bus is not locked. NO TRANSFER CYCLE state and SCO*=H means 
there is not a transfer in progress and none starting. TRANSFER CYCLE 
state and EOC HANDSHAKE mean that the cycle in progress is completing. 

INITIAL TRANSITION 
Transitions: The CLEAR condition aborts any cycle currently in 

progress. 

NO ARBITRATION state 
Description: In this state either no resolution is in progress or it 

is the first state of the resolutuion. 

Outputs: None. 

Transitions: 

RESOLUTION-2 

(1) An agent has asserted BREQ* and 
Therefore the state machine makes 
track that the last clock that was 
the resolution phase. 

enters arbitration. 
the transltlon to 
the fi rs t state of 

Description: This state represents the second clock of the resolution 
phase; ARBS*-ARBO* are settling. 

Outputs: None. 

Transitions: (2) Bus progresses to RESOLUTION-3 state. 

RESOLUTION-3 
Description: By the end of this state the arbitration lines have 

settled with the ID of the highest priority agent. The 
bus remains in this state until bus ownership exchange 
is possible. 

Outputs: None. 

Transitions: (J) When the EXCHANGE condition is met bus ownership 
excha,lges and resolution is ready to begin again, 
therefore the state machine returns to the NO REQUEST 
state. 
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CLEAII 

BHEQ*=L 

EXCHANGE = fI 

ALWAYS @ 

EXCEPTION: BUSERR*=L OR TIMOUT*=L 

CLEAR: RST*=L OR RSTNC*=L OR EXCEPTION 

EXCHANGE: RESOLUTION-3 state AND SCl*=H AND «NO TRANSFER CYCLE state AND 
SCO*=H) OR (TRANSFER CYCLE state AND EOC HANDSHAKE» 

Figure 3.35B. State Flow for Agents Monitoring 
Arbitration Cycles 

3.6.4 State-Flow Sequence for Requesting Agents in a Transfer Cycle 

Figure 3.36 is the state-flow diagram for a requesting agent performing a 
transfer cycle. It represents the conditions of both the agent performing the 
transfer and on the bus. The following explains the various conditions. 
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EXCEPTION: BUSERR*=L OR TIMOUT*=L 

This condition occurs whenever the BUSERR* or TIMOUT* line is active. See 
the section on Exception Cycles for details. 

CLEAR: RST*=L OR RSTNC*=L OR EXCEPTION 

This condition initializes the state machine and has the effect of 
synchronizing all a~ents on the bus. 

ADDRDY: 

An internal condition that indicates that the request information can be 
driven val id in the next clock. Some implementations require time to 
drive the request information. 

OWNER NEXT CLK: (EXCHANGE=L AND ACQUISITION state) OR (EXCHANGE=H AND 
WIN=H) 

This condition indicates that the agent will be the bus owner in the next 
s ta te. ACQUIS ITION sta te and EXCHANGE=L means tha t the bus is not be ing 
exchanged therefore the current owner wi 11 also be the next owner. 
EXCHANGE=H and WIN=H means that the agent will become the owner in the 
next state. 

EOC HANDSHAKE: SC2*=L AND SC4*=L 

REQRDY: 

Interna 1 da ta valid timing for READ and WRITE on the bus. In the case of 
a READ it means the requesting agent will be able to finish taking in the 
data in the next clock. For READ's REQRDY may depend on SC4*=L (i.e. that 
the requestor can wait until the replier has provided the data and had 
some time to take it in before signalling the handshake). In the case of 
WRITE's it indicates that the data will be driven on the bus in the next 
state. For WRITE's this cannot depend upon SC4*=L. The requestor must 
supply data without waiting for the replier to be ready. 

EXCHANGE: RESOLUTION-3 state AND SCl*=H AND «NO TRANSFER CYCLE state AND 
SCO*=H) OR (TRANSFER CYCLE state AND EOC HANDSHAKE)) 

This condition indicates that exchange of the bus ownership is possible. 
RESOLUTION-3 state is the final state of a resolution phase. SCl*=H means 
that the bus is not locked. NO TRANSFER CYCLE state' and SCO*=H means 
there is not a transfer in progress and none starting. TRANSFER CYCLE 
state and EOC HANDSHAKE mean that the cycle in progress is completing. 

WIN: ARB5*-ARBO* signals match the agent's arbitration ID 

This condition occurs when, after entering arbitration resolution, the 
agent has the highest priority. 
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AGENT ERROR: SC5*=L OR SC6*=L OR SC7*=L 

The replying agent is signalling an agent error 

Below is a listing of the states and the transitions. The numbers for each 
transition correspond to the number of the transition in the diagram. 

INITIAL TRANSITION 
Transitions: The CLEAR condition aborts any cycle currently in 

progress. 

NO CYCLE IN PROGRESS state 
Description: Agent is participating in the resolution phase of 

arbitration and is not performing a transfer cycle. 

Outputs: None. 

Transitions: (1) Upon OWNER NEXT CLOCK and ADDRDY conditions agent 
progresses to REQUEST PHASE state. 

REQUEST PHASE state 
Description: Agent performs request phase of transfer cycle 

Outputs: Agent places address information on bus lines AD31*-ADO* 
and control informat ion on SC9*-SCl*. SCO*=L (Request 
Phase) • 

Transitions: (2) If REQRDY is validated (H) the agent moves to the 
REQUESTOR HANDSHAKE state or, 

(3) if REQRDY is not validated (L) the agent moves to 
the REQUESTOR HANDSHAKE WAIT state. 

REQUESTOR HANDSHAKE WAIT state 
Description: Requesting agent is not ready to perform the bus 

operation nor the handshake. 

Outputs: SCO*=H (reply phase), SCl* (lock), SC2*=H (not 
end-of-cycle), SC3*=H (requesting agent not ready), SC9* 
(even parity on SC3*-SCO*) 

Transitions: (4) Upon REQRDY agent moves to REQUESTOR HANDSHAKE 
state. 

Other: Some imp lementat ions may be ab Ie to preempt 
cycles in progress. Such implementations may make a 
transition from the REQUESTOR HANDSHAKE WAIT state to 
the ERROR EOC state upon detecting an Agent Error. 
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REQUESTOR HANDSHAKE state 
Description: The requesting agent is ready to perform operation 

Outputs: SCO*=H (reply phase), SC1* (lock), SC2* (not end-of­
cycle), SC3*=L (requesting agent ready), SC2* may be 
driven low only in this state or ERROR EOC state. This 
state is entered once per data transfer peirod. Once in 
this state the requesting agent sets SC2* at the proper 
level indicating whether this is the last data transfer 
or not. If the request is a write, the data must be 
valid the entire time the requesting agent is in this 
state. 

Transitions: (5) With SC4*=L (replying agent ready), SC2*=H (not end 
of cycle), REQRDY=L (requestor not ready), and AGENT 
ERROR=L the agent moves to the REQUESTOR HANDSHAKE WAIT 
state. This means that the current data transfer has 
finished, that th is is not the las t trans fer, and that 
no error occurred on the current data transfer. 

Transitions: (6) Or, sensing EOC HANDSHAKE, the agent completes the 
operation and returns to the NO CYCLE IN PROGRESS state. 

ERROR EOC state 

(7) Or, sensing SC2*=H (not end-of-cycle) and AGENT 
ERROR active (H), the agent moves to the ERROR EOC 
state. This represents terminating a block transfer if 
an Agent Error occurs. 

(8) Transitions to the same state are ordinarily not 
shown, however this transition represents handshaking on 
the last data transfer and being immediately ready for 
the next one. 

Other: Some implementations may be able to do 
back-to-back requests. In that case the request ing 
agent may make a transition from the REQUESTOR HANDSHAKE 
state to the REQUEST PHASE state if the proper 
conditions exist. 

Description: Agent has sensed an agent error or data width error from 
the replying agent. 

Outputs: SCO*=H (reply phase), SC1* (lock), SC2*=H (end of cycle 
for current operation), SC3*=L (requesting agent ready), 
Rnd SC9* (parity of low bits on SC3*-SCO*) 

Transitions: (9) Agent returns to NO CYCLE IN PROGRESS state. 

Other: Some implementations may be able to do 
back-to-back requests. In that case the requesting 
agent may make a transition from the ERROR EOC state to 
the REQUEST PHASE state if the proper conditions exist. 
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I SCZ"'=H I L ___________________________________ ~ 

EXCEPTION: BUSERR*=L OR TIMOUT*=L 

CLEAR: RST*=L OR RSTNC*=L OR EXCEPTION 

MULTIBUS II 

ADDRDY: An internal condition that indicates that the request information 
can be driven valid in the next clock. 

OWNER NEXT CLK: (EXCHANGE=L AND ACQUISITION state) OR (EXCHANGE=H AND WIN=H) 

EOC HANDSHAKE: SC2*=L AND SC4*=L 

REQRDY: Internal data valid timing for READ and WRITE on the bus. 

EXCHANGE: RESOLUTION-3 state AND SCl*=H AND «NO TRANSFER CYCLE state AND 
SCO*=H) OR (TRANSFER CYCLE state AND EOC HANDSHAKE» 

WIN: ARB5*-ARBO* signals match the agent's arbitration ID 

AGENT ERROR: ACS*=L OR SC6*=L OR SC7*=L 

Figure 3.36. State-Flow for Requesting Agents 
in a Transfer Cycle 
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3.6.5 State-Flow Diagraro for Replying Agents in a Transfer Cycle 

Figure 3.37 
operation. 
state-flow. 

represents the 
The follow ing 

state-flow for replying 
explains the conditions 

EXCEPTION: BUSERR*=L OR TIMOUT*=L 

agents in 
associated 

MULTIBUS II 

a transfer 
with this 

This condition occurs whenever the BUSERR* or TIMOUT* line is active. See 
the section on Exception Cycles for details. 

CLEAR: RST*=L OR RSTNC*=L OR EXCEPTION 

This condition initializes the state machine and has the effect of 
synchronizing all agents on the bus. 

ADDR: 

This condition is validated when the address on the bus during the request 
phase matches the address of the agent. 

REPRDY: 

Internal data-valid timing for READ and WRITE on the bus. In the case of 
a READ it indicates that valid data will be driven on the bus in the next 
clock. In the case of READ there can be no dependence upon SC3* or SC2* 
being active (L) as indicators. The replier must supply data without 
waiting for the requestor. In a WRITE operation it indicates that the 
replier will be able to finish taking in the data in the next clock. In 
this case REPRDY may depend upon on SC3*=L (i.e. the replier may wa it 
until after the data has been driven onto the bus and had time to take it 
in before signalling it is ready). 

INITIAL TRANSITION 
Transitions: The CLEAR condition aborts any cycle currently in 

progress. 

WAIT FOR REQUEST state 
Description: Agent is idle. 

Outputs: None. 

Transitions: (1) Upon sensing SCO*=L agent moves to ADDRESS DECODE 
state. 

Other: Some implementations do not require a state to 
perform the decode, and may have transitions to either 
REPLIER HANDSHAKE WAIT state or REPLIER HANDSHAKE state 
directly from the WAIT FOR REQUEST state. 

ADDRESS DECODE state 
Description: Agent checks to determine if its address matches that on 

the bus. 
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Outputs: None. 

Transitions: (2) If ADDR=L (address does not match) the agent returns 
to the WAIT FOR REQUEST state. 

(3) Or, if ADDR=H (address 
(replier not ready), agent 
HANDSHAKE WAIT state. 

matches) and REPRDY=L 
moves to the REPLIER 

(4) Or, if both ADDR and REPRDY are valid (H), the agent 
moves to the REPLIER HANDSHAKE state. 

Other: some implementations may require more than one 
state to decode. Such implementations must be able to 
preempt a decode and return to the WAIT FOR REQUEST 
state upon sensing EOC HANDSHAKE. 

REPLIER HANDSHAKE WAIT state 
Description: The replying agent is not ready to perform its part of 

the operation and will not complete its side of the 
handshake. 

Outputs: SC4*=H, SCS*=H, SC6*=H, SC7*=H, and SC8*=H. 

Transitions: (S) Upon REPRDY=H the agent moves to the REPLIER 
HANDSHAKE state. 

REPLIER HANDSHAKE state 
Description: The agent waits in this state until the requestor 

completes its side of the handshake. When this occurs 
both the agents have completed the transfer. 

Outputs: 

Transitions: 

SC4*=L (replier ready); AD3l*-ADO* (in the case 
READ); SC5*, SC6*, SC7* (error report ing); and 
(parity) • 

of a 
SC8* 

Agent Errors may only be signalled in this state. This 
state is entered once per data transfer period. Read 
data and SC7*-SC5* must be valid the entire time the 
agent is in this state. Once an Agent Error is reported 
the replier remains in this state until SC·2*=L. 

(6) Upon SC3*=L (requesting agent ready) and SC2*=H (not 
EOC) and REPRDY=L and AGENT ERROR=L the agent moves to 
the REPLIER HANDSHAKE WAIT state. 

(n Or, SC2*=L (EOC) the agent moves to the WAIT FOR 
REQUEST CYCLE state. 

(8) Normally transitions to the same state have been 
omitted, however this transition represents handshaking 
the current data being immediately ready for the next 
one. 
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MULTIBUS II 

SC3. =L AND SC~ =11 
AND REPRDY=H 

AND AGENT ERROR=L 

CLEAR: RST*=L OR TIMOUT=L OR EXCEPTION 

AGENT ERROR: SC5*=L OR SC6*=L OR SC7*=L 

ADDR: Condition valid when address on the bus matches the address of'the 
agent. 

REPRDY: Internal data-valid timing for READ and WRITE on the bus. 

Figure 3.37. State-Flow Diagram ~or Replying Agents 
in a Transfer Cycle 
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3.6.6 Effects of Exception Cycles on State-Flow Diagrams 

As Figure 3.34 through 3.37 show, a system exception always returns an agent 
to the idle state of the state-flow diagrams. During the exception cycle, the 
requesting agents are held in the initial state of each state-flow diagram 
until the exception indication is removed from the bus. The clock cycle after 
the exception has been removed the agents begin re-arbitrating for the bus. 
Three clock cycles after that transfer cycles may begin. 

In all cases, the exception forces the requesting and replying agents into the 
initial state of the arbitration state-flow and the transfer cycle state-flow. 

3.7 CENTRAL SERVICES MODULE 

The central services module (CSM) must be installed in cardslot 0 in the ipSB 
bus. The CSM provides certain system-level services and functions common to 
all bus agents. The system services provided by the CSM ensure uniform system 
operation; that is, the CSM provides the coordination required among the three 
types of bus cycles. The five system services provided by the CSM are: 

1) Monitor for timeout error conditions and drives the timeout error. 

2) Generate RST*, DCLOW*, and PROT* on power-up and power-fai 1. 

3) Assign an arbitration ID to each agent during reset of the system. 
The CSM assigns a separate and unique arbitration ID to the other 19 
agents on the iPSB bus. This initialization occurs during the 50 ms 
reset operation, when DCLOW* and PROT* are inactive while RST* is 
active. However, at least one BCLK* must elapse before the CSM sends 
the first cardslot ID onto the bus. This allows agents time to 
prepare for the operation. 

4) Assign a cardslot ID to each cardslot in the system during reset. The 
CSM assigns a separate and unique cards lot ID to 19 agents in the iPSB 
bus. This initialization occurs during the 50 ms reset operation. 
When DCLOW* and PROT* are inactive while RST* is active. However, at 
least one BCLK* must elapse before the CSM sends the first cardslot ID 
onto the bus. This allows agents time to prepare for the operation. 

5) Provides a central source for BCLK* and CCLK*. 
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4. ELECTRICAL CHARACTERISTICS 

4.1 GENERAL 

This section provides the electrical characteristics and connector pin 
assignments for the signals on the Parallel System bus. 

4.2 AC TIMING SPECIFICATIONS 

All agents with interfaces to the Parallel System bus must adhere to two 
general categories of timing requirements: requirements for boards driving 
signals and requirements for boards receiving signals. In both cases the 
timing requirements are given with respect to the system-wide bus clock 
(BCLK*) received at the ~pecific board. The tlmlng diagrams previously 
presented in this section have been amended to show relevant timing 
parameters. Figures 4.1 through 4.6 and Tables 4.1 through 4.9 provide timing 
specifications for the Parallel System bus. 

All timing parameters listed or shown in this section are in nanoseconds 
unless otherwise specified. The maximum bus trace length between any two 
agents must be less than or equal to 16 inches. The maximum trace length on 
the bus is 16.8 inches. The maximum stub length on agents interfacing to the 
bus must be less than 2.5 inches. 
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Table 4.1. Clock Specification 

Parameter Number Parameter BCLK* CCLK*(note 2) 
Description Min. Max. Min. Max. 

tl (see Figure 4.1) Rise Time 2 10 2 10 
t2 (see Figure 4.1) High Time 40 infinite 15 infinite 
t3 (see Figure 4.1) Fall Time (note 5) 2 7 2 7 
t4 (see Figure 4.1) Low Time 40 infinite 15 infinite 
t5 (see Figure 4.1) Period 99.9 DC 49.95 DC 
t6 (see Figure 4.1) Clock-To-Clock 0 +10 (see note 3,4) 

Notes: 1. All measurements in nanoseconds unles s otherwise noted. 
2. The frequency of CCLK* is twice that of BCLK*. 
3. Clock skew between BCLK* and CCLK* , due to differences in 

backplane propagation, is less than or equal to 5ns (CCLK* may 
be faster due to its lighter loading; some agents may not 
receive this signal). 

4. Clock skew at CSM connector edge; based on Note 3 CCLK*-to-BCLK* 
skew on the bus can be -5ns to +lOns. 

5. The BCLK* and CCLK* transition time from 
is required to be less than or equal to 2 

r--------------- 15 ________________ ~ 

2.4 V 

055V 

BCU<* Signal 

24V 

O.55V 

CClli* Signal 

2.0V to 
nsec. 

Figure 4.1. BCLK* and CCLK* Timing Relationship 
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Table 4.2. Timing Parameters for Signal Driver 

Signal Names tClock-to-Data tHold toff 
Maximum Minimum Maximum 

AD31* - ADO* 40 8 40 
PAR3* - PARO* 40 8 40 
SC9* - SCO* 40 7 31 
BREQ* 40 7 40 
ARB5* - ARBO* (note 4) 40 7 40 
TIMOUT* 40 7 40 
BUSERR'~ 40 7 40 
RST* 40 7 40 
RSTNC* 40 7 40 
LACHn 40 8 40 

Notes: 1. The minimum ton mus t be greater than or equal to the minimum 
tHOLD. 

2. Toff is the turn-off time. 
3. All of the parameters are specified at the driver for a 50pF 

capacitive load over the temperature and voltage range of the 
driver. 

4. During the resolution phase of arbitration the maximum 
propagation delay from ARBn* to ARBn-l* is 40n9. 

BCLKO' 

ICWCK'DATA 

SIGNAL ------~-------------{I 

I---TUN 

Figure 4.2. Driver Timing Parameters 
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Table 4.3. Timing Parameters for Signal Receivers 

Signal Names tSETUP tHOLD 
Minimum Minimum 

AD31* - ADO* 30 5 
PAR3* - PARO* 30 5 
SC9* - SCO* 30 4 
BREQ* 21 4 
ARB5* - ARBO* 40 4 
TIMOUT-k 30 4 
BUSERR* 21 4 
RST* 30 4 
RSTNC* 21 4 
LACHn 30 5 

Notes: 1. The amount of time lost due to backplane transmission line 
requirements has been taken into account in calculating the tsu 
times from the tcd times. The time delay is the sum of two bus 
propagation delays (25 ns) plus the maximum clock skew (5 ns) 
for all signals except the open-collector and SC9*-SC~k lines. 
These add to a total bus loss of 30 ns for non-open-collec tor 
signals and for the SC9*-SCO* signals. The bus loss for 
open-col lee tor signa Is is 39 ns. The SC9*-SCO* signa Is have a 
bus loss of 30 ns when driven and have a bus loss of 39 ns when 
riot driven. 

2. The maximum clock skew between any two agents must be less than 
or equal to 5 nanoseconds. 

3. Tsetup and Thold for ARB5*-ARBO* are only valid at the end of 
the RESOLUTION-3 state. 

SIGNAL VALID 

Figure 4.3. Receiver Timing Parameters 
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Table 4.4. Cold-Start Control Timing 

Parameter Description Min. Max. Units 

tl (see Figure 4-4) DC power set-up to DCLOW* msec 
t2 (see Figure 4-4) Cold-reset duration 2.5 msec 
t3 (see Figure 4-4) Warm-reset duration 50 msec 
t4 (see Figure 4-4) RSTNC* set-up to RST* 1 BCLK 

inac t ive period 

ALL SUPPLY Cold Start Indication 

DC LOW* 

PROT* 
~----------t3 ____________ ~ 

RST* 

HSTNC* 

Figure 4.4. Cold-Start Timing Parameters 
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Table 4.5. Warm-Start Control Timing 

Parameter 

tl (see Figure 4.5) 
t2 (see Figure 4.5) 

DC LOW* 

PROT* 

RST* 

RSTNC* 

Description 

RST* pulse width (CSM) 
RSTNC* set-up to RS~k 

(inactive) 

-- 11 -----1 

WAH~I' STAIIT 
INDICATION 

Min. 

50 
1 

Figure 4.5. Warm-Start Timing Parameters 
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Table 4.6. Power Failure and Recovery Timing 

Parameter Description Min. Max. Units 

tl (see Figure 4.6) DC power hold from DCLOW* 6.5 msec 
t2 (see Figure 4.6) PROT* delay from DCLOW* 6.0 6.25 msec 
t3 (see Figure 4.6) DC power set-up to DCLOW* 1 msec 
t4 (see Figure 4.6) RST* delay from DCLOW* 6.5 7.0 msec 
t5 (see Figure 4.6) RST* set-up from DCLOW* 0.5 msec 
t6 (see Figure 4.6) RST* act ive from PROT* 50 msec 
t7 (see Figure 4.6) DCLOW* pulse width 7.5 msec 
t8 (see Figure 4.6) PROT* hold from DCLOW* 2.0 2.5 msec 
t9 (see Figure 4.6) RSTNC* set-up to RST* 1 BCLK 

period 

95% 
ALL ,)II!'PLY ------------{ 

EXCEI'r+5BATIEIlY 
~ ______ t7 -+-~====-~~~ f'QWVCr Failure Hecovery Indication 

DC LOW", IJ----- t 1 ----I 

P HOT'" 

RST'" 

RSTNC'" 

Figure 4.6. Power Failure and Recovery Ti~ing Parameters 

4.3 DC SPECIFICATIONS FOR SIGNALS 

All agents on the Parallel System bus must adhere to the DC requirements 
presented in Tables 4.7 through 4.9. 
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Table 4.7. DC Specifications for Signal Drivers 

Signal Names Signal Drivers/Locations Signa 1 101 Ioh Co 
Drive min. min. (pF) 
Type (rna) (rna) 

AD31*-ADO'" Reques t ing and replying Tri 48 -3 500 
(note 5) agents 

PAR3*-PARO* Req ues t ing and replying Tri 48 -3 500 
agents 

SC9*-SCO* Reques t ing and replying Tri 64 -3 500 
agents 

BREQ* Reques t ing agent O.C. 60 (note 4) 500 
ARB5*-ARBO* All agents a.c. 60 (note 4) 500 
BUSERR* Req ues t i ng and replying O.C. 60 (note 4) 500 

agents 
TIMOUT* Central Services Mod u 1e TTL 41l ·-3 300 
LACHn* Connected to ADxx* 1 ines (re fe r to the AD line s) 

and received only 
RST* Central Services Module TTL 48 -3 300 
RSTNC* All bus agents TTL 60 (note 4) 500 
DCLOW* Central Services M.odule TTL 48 -3 300 
PROT* Centra 1 Services Module TTL 48 -3 300 
BCLK* (note 2) Central Services Module TTL 60 -3 120 
CCLK* (note 2) Central Services Module TTL 60 -3 120 

Notes: 1. Abbreviations: 
Ioh High output current drive @ 2.4V 
101 Low output current drive @ 0.55V 
Co Maximum distributed capacitive load distributed over the 

len~th of 20-slot backplane. 
Tri 3-state driver 
O.C. Open-collector dr.iver 
TTL Totem-pole driver 

2. The BCLK* and CCLK* signa 1s mus t be driven from the midd Ie 0 f 
the backplane by two sets of drivers, each driving half of the 
backplane if the number of agents in the backplane exceeds 
twelve. The maximum skew between the two halves of either BCLK* 
or CCLK* must not exceed 1 nanosecond at the CSM connector. 

3. All thr.ee-state signals must be actively driven high when 
required. 

4. The high level output leakage (Ioh) of the open-collector 
signals must be less than to 400 microamps at 5.25 volts. 

5. The 101 for AD3l*-ADO* must be guaranteed at the connector. If 
a driver/receiver pair are used vs. a transceiver, then the IiI 
of the receiver on the driving agent must be subtracted from the 
101 of the driver. 
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Table 4.8. DC Specifications for Signal Receivers 

Signal Names Signal Receiver Locations Iil+lozl Iih+lozh Ci 
(max. ) (max. ) (max. ) 

(ma) (ua) (pF) 

AD31*-ADO* Requesting and replying -1 100 20 
agents 

PAR3*-PARO* Requesting and replying -1 100 20 
agents 

SC9*-SCO* Requesting and replying -1 100 20 
agents 

- ,~Q* Requesting Agent -0.9 100(note 5) 20 
ARB5*-ARBO* All agents -0.9 100 (note 5) 50 
r~USERR* Requesting and replying -0.9 100(note 5) 50 

agents 
EMOUT* Requesting agents -1 100 20 
LACHn* On ADxx* lines for agents -1 100 10 
RST* All bus agents -1 100 12 
RSTNC* All bus agents -0.9 100(note 5) 20 
DCLOW* All bus agents -1 100 12 
PROT* All bus agents -1 100 12 
BCLK* (note 3) All bus agents -1.5 100 8 
CCLK* ( note 3) All bus agents -1.5 100 8 

Notes: 1. Abbreviations: 
Iih High input current load 
IiI Low input current load 
lozl Leakage for three-state high impedance low output. 
Iozh Leakage for three-state high impedance high output. 
Ci Capacitive load presented by driver/receivers. 

2. The 101 and loh values are as follows: 
Minimum 101 at Vol=0.55 volts 
Minimum loh at Voh=2.40 volts 

3. The BCLK* and CCLK* signals must be driven from the middle of 
the backplane by two sets of drivers, each driving half of the 
backplane if the number of agents in the backplane exceeds 
twelve. The maximum skew between the two halves of either BCLK* 
or CCLK* must not exceed 1 nanosecond. 

4. The high level output leakage (Ioh) 
signals must be less than or equal to 
volts. 

of the open-collector 
400 microamps at 5.25 

5. The open-collector driver's high-level output current (Ioh, note 
4 above) must not be confused wi th 10 zh. The val ue spec i fied 
here is the maximum lin allowed for open-collector receivers. 
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Table 4.9. Backplane Termination Requirements 

Signal Names Location of Termination Te rm ina t ion 
To 5V (ohms) 

(+ 5%) 

Termination 
To Gnd (ohms) 

(.:!:. 5 %) 

AD31*-ADO* Both ends of backplane 330 470 
PAR3*-PARO* Both ends of backplane 330 470 
SC9*-SCO* Both ends of backplane 220 330 
BREQ* Both ends of backplane 220 330 
ARB5*-ARBO* Both ends of backplane 220 330 
BUSERR* Both ends of backplane 220 330 
TIMOUT* Both ends of backplane 330 470 
LACHn* Not required (see ADxx* lines) none none 
RST* Both ends of backplane 330 470 
RSTNC* Both ends of backplane 220 330 
DCLOW* Both ends of backplane 330 470 
PROT* Both ends of backplane 330 470 
BCLK* Farthest point from driver 110 120 
CCLK* Farthest point from driver 110 120 

4.4 CURRENT LIMITATIONS PER CONNECTOR 

Tables 4.10 and 4.11 give the voltage and current requirements for a system 
using only the Parallel System bus and for a systP.'TI using both the Parallel 
System bus and the iLBX bus portions of the ~1',1,TlBUS II architecture. The 
voltage specifications at the connector are measured over the full current 
range. 

Table 4.10. Power Limitations for a One-connector Agent 
(for and Agent Using only the Parallel System Bus) 

Minimum Nominal Maximum Maximum 
Volts Volts Volts Amps 

+4.90 +5.00 +5.25 9.0 
+4.90 +5.00 +5.25 2.0 (Battery) 

+11.40 +12.00 +12.60 2.0 
-11.40 -12.00 -12.60 2.0 

o V 15.0 (note 1 ) 

Notes: 1. On all cards10ts except cardslot 0 which has a maximum of 14 
AMPS at 0 V. 

2. Voltages are measured at the connector of each board. 
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Table 4.11. Power Limitations for a Two-Connector Agent 
(for an Agent Using Both the iPSB Bus and the iLBX II Bus Connectors) 

Minimum Nominal Maximum Maximum 
volts volts volts Amps 

+4.90 +5.00 +5.25 15.0 
+4.90 +5.00 +5.25 2.0 ( Battery) 

+11.40 +12.00 +12.60 2.0 
-11.40 -12.00 -12.60 2.0 

o V 22.0 (note 1) 

Note: 1. On all cardslots except cardslot 0 which has a maximum of 21.0 
AMPS at 0 V. 

4.5 PIN ASSIGNMENTS 

The pin assignment for the 96-pin connector to the Parallel System bus is 
listed in Table 4.12. 
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Table 4.12. Parallel System Bus Connector Pinout 

Connector Pin Number Row A Row B Row C 

1 o Volts PROT* o Volts 
2 +5 Volts OCLOW* +5 Volts 
3 +12 Volts +5 Battery +12 Volts 
4 o Volts (note 1) SOA (note 3) BClX* 
5 TIMOUT* SOB (note 3) o Volts 
6 LACHn* (note 2) o Volts CClK* 
7 ADO'~ AOl* o Volts 
8 AD 2* o VA Its AD 3* 
9 AD4'~ AD 5* AD6* 

10 AD 7* +5 Volts PARO* 
11 ADS'k AD 91' ADIO* 
12 AD 11* +5 Volts AD12* 
13 AD13* AD14* AD15* 
14 PARl* o Volts AD16* 
15 AD17* AD18* AD19* 
16 AD2 (p~ o Volts AD21* 
17 AD21* AD23* PAR2* 
18 AD 24* o VA I ts AD25* 
19 AD26* AD27* AD 28* 
20 AD29* o Va 1 ts AD30* 
21 AD31* Reserved PAR3* 
22 +5 Volts +5 Volts Reserved 
23 BREQ* RST* BUSERR* 
24 ARB5* +5 Volts ARB4* 
25 ARB3* RSTNC* ARB2* 
26 ARB1* o VA I ts ARBCPk 
27 SC9* SC8* SC7* 
28 SC6* o Va 1 ts SC5* 
29 SC4* SC3* SC2* 
30 -12 Volts +5 Battery -12 Volts 
31 +5 Volts SCl* +5 Volts 
32 o VA 1 ts SCo* OVal ts 

Notes: 1. In slots 1-19 pin 4A is a 0 volts pin. This pin signals to a 
CSM module whether it must perform its CSM function (if not 0 
volts). In slot 0 pin 4A is used for the second BClK* driver on 
the CSM module in systems that contain more than 12. slots. 
BClX* is then routed through pin 4C to the left half of 
backplane. 

2. Slot 0: Pin 6A is the second CCLK* driver for systems 
conta1n1ng more than 12 slots; CClX* is the routed to pin 6C to 
the left half of the backplane. 
Slot 1-19: Pin 6A is the LACHn* signal. 

3. Signal lines SOA and SOB are reserved for the Serial System Bus; 
refer to the chapter concerning the iSSB and the appendix for 
Recommended Backplane Design Practices. 
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5. COMPLIANCE LEVELS 

5.1 INTRODUCTION 

This section defines the variability allowed within agents on the Parallel 
System Bus (iPSB bus) portion of the MULTIBUS II Bus Architecture. The 
purpose in defining the limits of variability is to assure the maximum amount 
of upward compatibility. In most cases, agents designed to different levels 
of compliance create a system with an over-all compliance of the least complex 
agent. 

5.2 DATA PATH 

The ipSB bus allows agents with 8-bit, 16-bit, and 32-bit data paths to 
co-exist on the data bus. Data path refers to the largest data width that the 
agent can transfer. The bus allows consecutive transactions that are directed 
to different agents of varied bus width. Agents with higher levels of data 
transfer must support all lower levels of compliance. 

5.3 ADDRESS PATH 

The iPSB bus has a 32-bit address path. 
memory space must implement all 32-bits. 
the lower 16 bits. 

5.4 COMPLIANCE CODES 

Agents on the bus that interface to 
All agents on the bus must implement 

The codes assigned to the various areas of compliance for the ipSB bus are as 
follows: 

o Type of device - requesting agent 
- replying agent 
- both 

o Data Path Width - 8-bit 
- 16-bit 
- 32-bit 

RQA 
RPA 
RQA/RPA 

08 
016 (implies 08) 
032 (implies 016 and 08) 

o Message Support - Interrupt Message INT 
- 32 bit M32 (implies INT) 

(full message capability) 
- none 

o CSM Module Support - on-board C 
- not on-board 

o Sequential Transfer Support - on-board S 
- none 
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o Power Fail Support - on-board pF 

5.5 COMPLIANCE STATEMENT EXAMPLE 

The compliance statement for an ipSB bus compatible board should be clearly 
defined in the board-level specification for the agent. Omission of any 
particular compliance code is interpreted as non-support or the capability. 

As an example a requesting/replying agent that can perform 8-bit, 16-bit, and 
32-bit data transfers and 32-bit message operations would be marked as 
follows: 

RQA/RPA 032 M32 

A replying agent that can perform 32-bit data transfers with no message 
support would be marked as follows: 

RPA D32 
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CHAPTER 6 
SYSTEM INTERFACE SPECIFICATION 

1.1 SCOPE 

The Multibus II System Interface specification provides information on how the 
various bus structures work together to provide a system architecture. 

This specification presents the system architecture considerations required 
for building a Multibus II system that uses more than one of the bus 
structures within the architecture. The purpose of the System Interface 
Specification is to ensure direct connect of two separate implementations of a 
Multibus 11 system or direct connection of a future system implementation with 
a current one. 

The specification applies to Multibus 11 microprocessor computer systems or 
portions of them where: 

o An implementation of the Multibus 11 system requires more than one of 
the interfaces defined in the Multibus II bus architecture. 

o The implementation of a current Multibus II system may be redesigned 
to upgraded in the future, but must operate compatibly with the 
current system implementation. 

1.2 OBJECT 

The Multibus 11 bus architecture defines four separate address spaces within a 
system. Those address spaces are called Interconnect, I/O, Memory, and 
Message. ~ot all addresses spaces are supported on each bus. This system 
Interface Specification describes the address spaces and identifies the busses 
on which the an agent can access the address space. 

1.3 ARCHITECTURE OVERVIEW 

The Multibus II bus architecture provides five interfaces that are used to 
construct a system. Those interfaces are: 

0 the Parallel System Bus (iPSB bus) in terface 
0 the Local Bus Extension Bus ( iLBX 11 bus) interface 
0 the Serial System Bus (iSSB bus) interface 
0 the Single Board Extension Bus (iSBX bus) interface, and 
0 the Mult ichanne 1 bus interface 

In many cases, a task can be preformed satisfactorily on more than one 
interface. Figure 1.1 shows how the interfaces work together in a Multibus 11 
bus architecture. 
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Figure 1.1 MULTIBUS II Bus Architecture 

This chapter of the mu1t ibus II specification defines the uses of the three 
new busses within the Multibus II bus architecture: the Parallel System bus 
(iPSB bus), the Local Bus Extension (iLBX II bus), and the Serial System bus 
(iSSB bus). In defining uses for each bus, the text develops a model to 
describe the requirements for transferring information on the different 
interfaces within the architecture. 

1.4 DEFINITIONS 

The following definitions apply to the System Interface Specification. This 
section contains only general definitions; more specific definitions are 
provide in other sections as appropriate. 

Requesting Agent: 

Initiator Module: 

Selector Module: 

Replying Agent: 

The agent that initiates a transfer operation on one 
of the busses. The requesting agent is comprised of 
two modules, the Initiator module and the Selector 
module. 

The module within a requesting agent that initiates an 
operation on the media. 

The module within the requesting agent that sends the 
operation onto the media and directs it to the proper 
destination. 

The agent that cooperates with the requesting agent to 
complete the transfer operation. On any transfer 
operation, at least one replying agent is involved. 
Certain busses in the Multibus II architecture place 
restrictions on replying agents and their involvement 
with transfer operations. The replying agent is 
composed of two modules, the Mult iplexor module and 
the Receiver module. 
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Multiplexor Module: 

Receiver Module: 

1.5 THE INTERFACE MODEL 

The module within replying agents that decodes the 
destination address and decides whether or not to 
receive an operation from the bus. 

The module within replying agent that performs the 
operations that its local MUltiplexor module accepts 
from the bus. 

Figure 1.2 shows the interface 
including the ipSB bus, iLBX II 
requesting agent and the replying 

model for the Multibus 
bus and iSSB bus. The 

agen t. 

II architecture, 
figure shows the 

The requesting agent consists of two modules, the Initiator module and the 
Selector module. The Initiator module initiates an operation by assembling an 
operation. Then the Initiator module places the operation into a buffer 
wi th in the Se lee tor mod ule. The Selec tor mod ule examines the operat ion and 
determines which of the three busses will carry the operation. In doing so, 
the Selector module isolates the Initiator module from the particulars of the 
bus protocols. This presents the Initiator module with a uniform software 
interface for all operations. 

The replying agent also consists of two modules: the Multiplexor module and 
the Receiver module. The Multiplexor module monitors each bus interface on 
the agent. The functions performed by the Multiplexor module depend on which 
bus or busses connect to the agent. The Multiplexor module receives 
operations from a bus and buffers them for the Receiver module. The Receiver 
module performs the operation requested by the Initiator module. 
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Figure 1.2 MULTIBUS II System Interface Model 
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In several cases, agents have a choice as to which transfer mdedia to use in 
preforming an operation. As an example, a message space operation may be 
routed either serially on the iSSB bus or in parallel on the iPSB bus. Each 
type of operation in the Multibus II bus architecture must satisfy three 
requirements regardless of the bus through which it is routed. The 
requirements are: 

o Each Initiator module must be able to unambiguously select a bus over 
which to route an operation. The determination is based solely on 
local addressing within the agent. 

o The Selector module must recognize the bus selection done by the 
Initiator module without direct intervention by the Initiator module. 

o The protocol required on each bus must be invisible to the- software in 
the Initiator and Receiver modules. 

The hardware circuitry within the Selector module and the Multiplexor module 
is significantly reduced by including in a Multibus II system only those 
busses that are required. For most operations, the Multibus II bus 
architecture allows transparent interchange of busses as system requirements 
change; examples are message space operation interchanges from the ipSB bus to 
the iSSB bus and memory space operation interchanges from the ipSB bus to the 
iLBX II bus. 
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1.5.1 Initiator Module 

The Initiator module on the requesting agent is the initiator of a data 
transfer operation. It is responsible for supplying to the Selector module 
all information necessary for the Receiver module to perform the transfer 
operation. The Initiator module passes media-independent information to the 
Selector module for transmission. The content of this information identifies 
the transfer media for the operation. 

1.5.2 Selector Module 

The Selector module on the requesting agent identifies the transfer media via 
the information from the Initiator module. The bus selection by the Selector 
module may be either a static or a dynamic selection based on the information 
from the Initiator module. The Selector module separates the four address 
spaces and routes operations at each address space onto the proper bus. 

1.5.3 Multiplexor Module 

The Multiplexor module on the replying agent monitors the activity of the 
busses to which the agent is connected. The module is responsible for 
following all bus protocols and for actively monitor operations on the busses. 
However, only those operations that address the Multiplexor module are 
received and buffered. 

If addresses, the Multiplexor module stores the operation; if not, the 
Multiplexor module ignores the operation. The Multiplexor module may 
translate data from a media-dependent form on the bus to a media-independent 
form for use by the Receiver module. Some implementations of replying agents 
may require that the Multiplexor module perform operations independent of the 
Receiver module and on receiving a command from the Selector module (such as a 
reset operation). 

1.5.4 Receiver Module 

The Receiver module within the replying agent performs the operation in most 
cases. More than one replying agent may be involved in a single trans fer 
operation; therefore, more than one Receiver module may be active at any given 
instant. After it receives an operation, the Multiplexor module notifies the 
Receiver module that the operation is present. The Receiver module obtains 
the operation from the buffer and performs it; specifics of the operation 
depend on the purpose of the Receiver module. 

-417-



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA MUlTIBUS II 

1.6 ADDRESS SPACE DESCRiPTIONS 

The Multibus II bus architecture supports four address spaces: 

o Interconnect 

o Memory 

o I/O 

o Message 

Used for board identification, system 
and board speci fie fune t ions such 
diagnostics, and configuration. 

configuration, 
as testing, 

Used for accessing physical memory devices for data 
and code storage and retrieval. 

Used for accessing peripheral devices such as 
communication controllers and mass storage devices. 

Used for inter-module, inter-agent, and interprocessor 
communications ranging from interrupts to negotiated 
data movement. 

Each of the address spaces is defined on at least one of the three busses in 
the Multibus II system. Table 1.1 shows the configurations that are allowed 
among the four address spaces and the five busses within the Multibus II bus 
architecture. In a case where several busses share access to one address 
space, the system designer assigns each module a unique address (as seen by 
the Initiator module) through which it is accessed. 

In addition to the three busses in the Multibus II bus architecture, the iSBX 
bus is accessed through the I/O space and the Multichannel bus is accessed 
through a combination of the I/O space and the memory space. The iSBX bus and 
the Multichannel bus are carry-over architectures from the original Multibus I 
architecture. As such, both the iSBX bus and the Multichannel bus interfaces 
are defined in separate specifications and not covered within this document. 

Table 1.1 Address Spaces Available For Agents In A MULTIBUS II System 

Agent Interconnect Memory 1/0 Message 
on the Space Space Space Space 

ipSB Bus Yes Yes Yes Yes 

iLBX II Bus Yes Yes No No 

iSSB Bus No No No Yes 

iSBX Bus No No Yes No 

Mu 1 t ichanne 1 Bus No Yes Yes No 
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2. INTERCONNECT SPACE OPERATION 

2.1 INTRODUCTION 

The purpose of interconnect space in the Mu1tibus II bus architecture is to 
allow flexible system configuration and diagnostic capability. Agents use the 
interconnect space to initialize, configure, control, test, and monitor 
board-specific functions. Agents on the ipSB bus or the iLBX II bus require a 
ded ica ted interconnect address. In a sys tem, the in terconnec t space for an 
iPSB bus interface on an agent may (but is not required to) be the same 
physical address space as the interconnect space for an iLBX II bus interface 
on that same agent. 

The 2.1 gives an overview of the attributes available for an agent operating 
in interconnect address space. The description includes a figure showing the 
format for the address that is required within the interconnect address space. 

Table 2.1 Interconnect Address Space Summary 

o Supports agents on both the iLBX II bus and the ipSB bus. 
o Supports 8-bit data transfers. 
o Supports both read and write operations to the interconnect space. 
o Does not support data transfer operations other than selection of one 

of 512 registers within the agent. 
o Supports point-to-point operations (sequential access and broadcast 

operations are not supported). 
o Supports cards10t 10 of 0 to 19 for ipSB bus. 
o Supports cardslot 10 of 24 to 29 for iLBX II bus. 
o Supports 16-bit addresses (5- bi ts for cardslot ID address, 9- bi ts for 

register number, and 2-bits that are always zero), as follows: 

bitl5 bttll billO bit2 bi to 
I CFtSUj>T ~D I REGISTER NUMBER I 00 I 

MSB LSB MSB LS B '------.,,--' 

I 
ALWAYS ZERO 

2.2.1 Interconnect Address Assignment 

Each agent that has an iPSB bus and/or an iLBX II bus interface must have an 
interconnect address. On both the iLBX II and the iPSB bus, the intereconnect 
10 is the cards lot ID that is assigned on power-up. 

-419-



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA MUlTIBUS II 

Each cardslot in the ipSB or iLBX II backplane is assigned an interconnect 
address. The iLBX II cards lot IDs are 24 through 29. The iLBX II cardslot ID 
of 24 always contains the primary requesting agent. The iPSB bus cardslot IDs 
are 00 through 19. The ipSB cardslot ID of 00 always contains the agents with 
the CSM functions. 

The interconnect address consists of two parts: a cardslot ID and a sequence 
of up to 512 register numbers at that cardslot. Support of registers 0 and 1 
(the Vendor lD Registers) within each cardslot is required if the cardslot 
contains a bus agent. Support of registers 2 through 511 (user-defined) is 
optional. 

Fiiure 2.1 shows a diagram of the register set within the interconnect address 
for an agent. Each agent in a Multibus II system has a separate interconnect 
address and a separate set of interconnect registers. 

Bit Pos i t Ion 5 
6 3 2 o 

Register 0 Vendor Identification Number (low) 

Register Vendor Identification Number (high) 

Registers2-511 Board Specific Attributes 

Figure 2.1 Interconnect Space Format 

2.1.2 Vendor Identification Registers 

Registers 0 and 1 within the interconnect address sapce hold the 16-bit vendor 
identification (Vendor ID). Figure 2.1 shows the format of the Vendor lD 
registers. The Vendor ID is a licensed ID that Intel Corporation assigns to a 
vendor of Multibus II products to uniquely identify each vendor. 

The Vendor ID of OOOOH is reserved for use by all non-licensed vendors. 

Interconnect registers 0 and 1 are read-only registers; write operations to 
these registers are ignored. 

2.1.3 User-Defined Registers 

Registers 2 through 511 are user-defined within the interconnect space. These 
registers may be read/write, write-only (e.g., a reset register), or read-only 
registers, depending on the application requirements. This allows more 
flexible configuration of the board. 
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2.1.4 Example of Using The Interconnect Address 

Figures 2.2 and 2.3 provide an example of an agent using Registers 0 through 8 
in the interconnect space. The agent in the example is a memory board with an 
interconnect register set defined as shown. The quantity and functions of the 
interconnect registers are defined by the vendor of the memory board. 

In th is examp Ie, Registers 0 and 1 con ta in the Vendor ID, 4321 H. Fo 1 lowing 
the Vendor ID, Registers 2 and 3 contain the board ID, 1234H. Registers 4 and 
5 con ta in the revis ion number for the board, 0005H. The next two regis ters 
(Registers 6 and 7) define the starting 64K byte address boundary for the 
on-board memory space and the last register (Register 8) defines the quantity 
of 64K byte blocks of memory on-board. 

Of these registers, only the starting memory address registers (Registers 6 
and 7) and the memory size register (Register 8) are read/write registers. 
All others are read-only registers. All registers should be initialized on 
power-up and Registers 6, 7, and 8 may be reconfigured during normal board 
operation if required. 

BI t POSI t Ion 6 5 4 3 2 o 

Register 0 Vendor IdentIfIcation Nunberllow) 

Regl ster Vendor IdentifIcation Numbedhlghl 

Register 2 Board [dentl f,cat'on Numberl low) 

RegIster 3 Board [dentdleatlon Number Ih Igh) 

Register Board ReVISIon Numbedlowl 

Register 5 Board ReVISIon Number I hIgh l 

RegIster G Startlllg ~.,mory Addressl61K byte increments, low) 

Rellister StartlngMemoryAddressl64Kbyte increments, hIgh) 

RegIster 8 Memory S,ze164K byte increments) 

RegIster 9 ReservedlNot used In thIS example) 

Reglster511 ReservedlNot used In th,s example) 

Figure 2.2 Interconnect Template Fo, Memory Board Example 
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Bit Posllion 7 6 :; 4 3 2 0 

Register 0 0 0 0 0 0 0 ] 
Register 0 0 0 0 0 I 
Register 2 0 0 0 0 ~ 
Reg I ster 3 0 0 0 0 0 0 I 
Register 4 0 0 0 0 0 0 I 
Register 5 0 0 0 0 0 0 0 0 I 
Regl s ter 6 S tartong Memory Address (low orner )Rea,VWr i te 

Register 7 Starting Memory Address(h,gh order lReadNrote 

Register 8 Memory Size Read/Wr I te 

Figure 2.3 Interconnect Register Contents For Memory Board Example 

2.2 INTERFACE MODEL FOR INTERCONNECT SPACE 

Figure 2.4 shows the model for an agent-to-agent operation in the interconnect 
space. 

The interconnect space in a Multibus II system is partitioned by cardslot in 
the backplane. Within each cards lot ID, an agent may further partition the 
interconnect space into a maximum of 512 8-bit registers. 

The interconnect space does not support sequential operations. This 
simplifies the logic within the MUltiplexor module for interconnect space 
operations. 
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Figure 2.4 Interconnect Space Interface Model 

2.2.1 View From The Requesting Agent 

On detecting an interconnect space operation, the Selector module converts the 
operation to a format compatible with the bus onto which the operation is 
targeted. The requesting agent performs an operation to a specific device 
within the intp~connect space by referencing the interconnect address of that 
device. The interconnect address is simply a combination of the cardslot ID 
for the replying agent and a register number within the interconnect space for 
that replying agent. 

The Initiator module that does not directly access interconnect space may 
still use the interconnect space by referencing the interconnect addresses 
through a window, either in the processors memory space or I/O space. This 
method is referred to as either memory-mapping or I/O-mapping the interconnect 
space. 

2.2.2 View From The Replying Agent 

The Multiplexor module on the replying agent must be able to identify an 
interconnect operation that is directed to its Receiver module. The 
Multiplexor module does so by comparing its cardslot ID with that contained in 
the interconnect operation (for an ipSB bus operation). For an iLBX II bus 
operation, the Multiplexor module compares the cardslot ID from the inter­
connect operation with a dedicated value in the agent. 
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If the cardslot ID of the agent does not match the address in the interconnect 
operation, the MUltiplexor module does not pass the operation to the Receiver 
module. If the cardslot ID dose match, then either the Receiver module or the 
Multiplexor module performs the read or write operation with the selected 
interconnect register. 
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3. rIo ADDRESS SPACE OPERATIONS 

3.1 INTRODUCTION 

Agents use the I/O space in the Multibus II bus architecture for controlling 
peripheral devices on the iPSB bus. The typical I/O space operations pass 
commands and parameters to communications controllers or mass storage devices. 
I/O space operations never involve more than one replying agent. 

In the Multibus II system, an I/O device has a unique address at which it is 
accessed. However, only ipSB bus agents can access I/O space; the iLBX II bus 
and the iSSB bus agents are not allowed access to I/O space in the Multibus II 
architecture. 

Table 3.1 gives an overview of the attributes available for an agent operating 
in I/O address space. The description includes a figure showing the format 
for the address that is required within the I/O address space. 

o 
o 
o 
o 

Supports 
Supports 
Supports 
Supports 

Table 3.1 I/O Address Space Summary 

agents on the iPSB bus only. 
both read and write operations. 
8-bit, 16-bit, 24-bit, and 32-bit data transfer operations. 
sequential transfers to an I/O address with no address 

increment. 
o Supports point-to-point operations (broadcast operations are not 

supported). 
o Supports l6-bit addresses for an operation, as follows: 

b,t 15 bit 0 

I/O ADDRESS 

MSS LSB 

3.2 INTERFACE MODEL FOR I/O ADDRESS SPACE 

Figure 3.1 shows the interface model for I/O space accesses in a Multibus II 
sy'stem. The I/O space allows different agents to use data widths of 8-bits, 
16-bits, 24-bits, or 32-bits, and to perform either single or sequential 
accesses. In each case, the MultipleKor module identifies the type of 
operation. A typical function of an I/O space operation is to control a 
peripheral device such as serial communications or mass storage. 
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Figure 3.1 I/O Space Interface Model 

3.2.1 View From The Requesting Agent 

The ipSB bus is the only bus in the architecture that supports I/O space as 
defined in this System Interface Specification. During an I/O space 
operation, the Initiator module provides an I/O space address to the Selector 
module. On sensing the I/O address, the Selector module converts the I/O 
address into the protocol required for the iPSB bus and sends the operation 
onto the bus. If the Initiator module cannot directly access I/O space, 
memory mapping can be used. 

3.2.2 View From The Replying Agent 

The Multiplexor module watches for its address on the ipSB bus. If the 
address occurs, the MUltiplexor module causes the Receiver module to perform 
the operation at the I/O address specified by the Initiator module. 

Sequential access operations are allowed to I/O space, however, "the system 
designer must ensure that the replying agent does not increment the initial 
I/O address. The same I/O address is used for all data transfers during 
sequential access operations. 
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4. MEMORY ADDRESS SPACE OPERATIONS 

4.1 INTRODUCTION 

Memory space is the most familiar address space of the four defined 1.n the 
Multibus II bus architecture. Agents use memory space for storing and 
retrieving both data and code. Operations in memory space can occur on either 
the iLBX II bus or the ipSB bus. Memory space operations never involve more 
than one replying agent. 

An agent accesses memory space by providing a unique address which refers to a 
specific memory location. Agents use the memory space to address memory 
modules on replying agents. Memory modules typically consist of RAM devices 
and ROM devices, though memory mapping of other devices 1.S possible if 
supported by the Initiator module. 

Table 4.1 gives an overview of the attributes available for an agent operating 
in memory address space. The description includes figures showing the format 
for the address required on both the iPSB bus and the iLBX II bus agents 
accessing the memory address space. 

o 
o 
o 
o 

Supports 
Supports 
Supports 
Supports 
address. 

Table 4.1 Memory Address Space Summary 

agents on the ipSB bus and 
read and write operations. 
8-bit, 16-bit, 24-bit, and 
sequential transfers with 

on the iLBX II bus. 

32-bit data transfers. 
replying agent incrementing the 

o Supports point-to-point operations (broadcast operations are not 
supported). 

o Supports 32-bit addresses for iPSB bus operations and 26-bit addresses 
for iLBX II operations, as follows: 

bit 31 
ipSB Bus Format 

bit 0 

MEMORY ADDRESS 

MSB LSB 

bit 0 

iLBX II Bus Format MEMORY ADDRESS 

MSB LSB 
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4.2 INTERFACE MODEL FOR MEMORY ADDRESS SPACE 

Figure 4.1 shows the system interface model for memory space. Memory space 
supports varying data widths and sequential accesses, both of which must be 
monitored by the Multiplexor module. Operations in memory space usually 
consist of read and write operations in RAM devices or read operations in ROM 
devices. 

Inlliator Rpce,ver 
Modul e Module 

jLocal 
Bus 

Lucal I 
Bus 

Selector Multiplexor 
Module Module 

J I ~ 
< ,LBX I I Bus 

A 
, v 

iPSB Bus 
~ 

Figure 4.1 Memory Address Space Interface Model 

4.2.1 View From The Requesting Agent 

The requesting agent consists of the Initiator module and the Selector module. 
The Initiator module accesses Memory space by initiating an operation that 
contains a memory address. That operation may involve agents on either the 
iLBX II bus or the ipSB bus; both support Memory space operations. The system 
designer must divide the memory space within the system into two non­
overlapping areas; one dedicated only to the iLBX II bus and one dedicated 
only to the ipSB bus. 

The Selector module in the requesting agent is responsible for ensuring that 
agents do not send one operation onto both the iLBX 11 bus and the ipSB bus. 
The Selector module interprets the address associated with each operation and 
selects the appropriate bus structure for the operation. 

-428-



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA MULTIBUS II 

4.2.2 View From The Replying Agent 

If a replying agent includes an interface to both the ipSB bus and the iLBX II 
but, the Multiplexor module monitors for its address on both busses. 

If two different operations (one on the iPSB bus and one on the iLBX II bus) 
arrive at the replying agent simultaneously, the Multiplexor module arbitrates 
between the two requests. As a result of operation of the arbitration 
algorithm in the Multiplexor module, the higher priority access gains service; 
the lower priority access is postponed by delaying the completion of the 
handshake. 

On completing the arbitration, the Multiplexor module gives the Receiver 
module an address from the highest priority requcbL That memory address 
refers to a unique memory location at which the Receiver module performs the 
operation, either read or write. 

Replying agents may perform sequential transfers in memory space; however, the 
Multiplexor module must increment address. During a sequential access to 
memory space, the replying agent increments the initial address by 1, 2, or 4 
bytes to produce the new address for the next data transfer. 
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5. MESSAGE SPACE OPERATIONS 

5.1 INTRODUCTION 

The Multibus II bus architecture uses message address space for the 
implementation of multiple processor architectures that require interprocessor 
communication. Message address space is accessible to agents on the ipSB bus 
and the iSSB bus. 

Agents utilizing the message address space are assinged a message space 
add ress. Th is add res s is used by the agent to recogn ize mes sages routed to 
it. In addition, one address (OFFH) is designated as a broadcast address 
which all agents recognize. This addressing scheme allows any agent to send a 
message to any other agen t wi thou t regard for the receiving agen t's loca 1 
environment. This decoupling effect significantly simplifies the software 
required to perform interprocessor communication in the open system 
environment of the Multibus II bus architecture. 

Table 5.1 gives an overview of the attributes available for an agent operating 
in message address space. These attributes apply to both the ipSB bus and the 
iSSB bus agents. 

Table 5.1 Message Address Space Summary 

o Supports agents on both the ipSB bus and the iSSB bus. 
o Write only operations (requesting agent to replying agent). 
o Varying message packet sizes up to 32 bytes in 4 byte increments. 
o Sequential transfer on iPSB. 
o Broadcast operat ions ,to all replying agen ts (255 maximum). 
o Supports 8-bit addresses (8-bits for destination agent address, 8-bits 

for source agent address), as, follows: 

bi t15 bit8 bi t 7 bit 0 

SOURCE ADDRESS 

MSB LSB MSB LSB 
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5.2 INTERFACE MODEL 

Figure 5.1 shows the message space interface model. The only change over the 
previous interface model is to replace the Selector module and Multiplexor 
module with more capable message modules. In addition to the added 
capability, the Message modules retain the Selector module and Multiplexor 
module functions. The Initiator module and Receiver module remain unchanged. 
The following sections describe the function of the Message modules for the 
local bus interface and the iSSB/iPSB bus interface. 

InItiator Rece I ver 
Module Modul e 

I Local 
Bus 

Local I 
Bus 

Message Message 
Module Module 

1 iSSB Bus I 
11 ) iPSB Bus 
~ 

Figure 5.1 Message Space Interface Model 

5.2.1 Local Bus Interface 

The Message module is responsible for providing a highly capable interface to 
the Initiator module and Receiver module. This interface is intended to 
enhance the performance of an agent by decoupling the local bus from the iPSB 
bus and the iSSB bus, and by off-loading time consuming data copy operations. 
This interface is not part of this specification. It is only described at a 
high level as needed to clearly specify the message address space of the iPSB 
bus and the iSSB bus. 

One possible implementation of this interface would be to use a FIFO structure 
(either in shared memory or in the Message module) to pass short messages over 
the local bus. These messages could be used to either directly send a message 
(unsolicited message) or to control a larger data transfer (solicited 
mes sage) • 
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For larger data transfers, DMA 
used to move the data block. 
sufficient buffering to decouple 
bus or the iSSB bus. 

controllers in the Message modules would be 
The Message modules would also contain 

the operation of the local bus from the ipSB 

5.2.2 iSSB/iPSB Interface 

The ~Lssage module is responsible for providing a compatible interface to the 
iSSB bus and/or the ipSB bus message address space. Operations in message 
address space consist of transferring packets between agents. A packet is a 
group of 4 to 32 data bytes which comprise a message or fragment of message. 
Detailed packet formats are provided in section 5.6 of this specification. 

The use of packets to transfer messages on the iSSB bus and the ipSB bus 
provides two benefits. First, packets limit the time anyone agent may hold 
the bus, allowing a worst case access time to be ca lculated (essential for 
real time applications). Second, bounded length packets can be easily 
buffered in the Message module. This allows transfers on the ipSB bus and the 
iSSB bus to be decoupled from the local bus on both agents. This enhance 
system performance by maximizing the available bandwidth of all buses in the 
system. 

P3ckets on the iPSB bus and the iSSB bus carry the same logical information. 
The only difference between the message address spaces on the two buses is the 
encapsulation and transfer protocol (e.g. The iPSB bus uses byte parity and 
sequential transfers). Further details are provided in the respective bus 
specifications. 

Typical packet formats for the ipSB bus and the i:,',S3 bus are shown in Figures 
5.2 and 5.3 respectively. Each contains the same five fields: destination 
address, source address, type, type specific, and data. Each is described in 
more detail in the following paragraphs. 

The destination address field identifies the agent where the Receiver module 
exists. This field identifies an unique Receiver module (and agent) with 
values O-OFEH. The value OFFH identifies a broadcast to all agents. This 
field is required in all packets. 

The source address field identifies the Initiator module (and agent). This 
field may only contain values between 0 and OFEH. This field is required in 
all packets. 

The type field identifies the further fields in the 
specification defines six types and their subsequent fields. 
are reserved. This field is required in all packets. 

pacKet. This 
All other types 

The type specific field is an addltionul control field used for some f>1cket 
types. Further definition of th" field is provided later in tnis 
specification. When this field is labeled "reserved", it may not be used and 
its contents are not guaranteed. This field is required in all packets. 
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The data field definition is based on the type field. Details are provided 
later in this specification. In general this field is variable in length from 
a to 28 bytes in 4 byte increments. 

I 

Request Phase 
I 
I 
I 

Handshake 1 
I 
I 
I 

Handshake 2 

Handshake 3 

Handshake 4 

Handshake 5 

Handshake 6 

Handshake 7 
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Data Byte 
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Figure 5.2 Typical iPSB Packet 

Mes s age Sequence .. 
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Figure 5.3 Typical iSSB Packet 
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5.3 MESSAGE MODEL 

The message address space 1S used in the Multibus II bus architecture for 
interprocessor communication between modules on different agents. This 
section presents a basic model for th is communica t ion mechanism which is used 
in conjunction with the interface model to further define message address 
space operation. 

All messages used for interprocessor communication can be classified as 
"interrupt-like" or "data-like." This specification defines these as 
unsolicited messages and solicited messages respectively. 

5.3.1 Unsolicited Messages 

Unsolicited messages may be viewed as "intelligent interrupts" within the 
Multibus II bus architecture. These messages provide up to 255 interrupt 
sources (the number of valid source addresses) and allow status information to 
be directly attached via the data field. Attaching the status information in 
the data field eliminates the need for additional operations prior to 
servicing the interrupt. 

5.3.1.1 CHARACTERISTICS OF UNSOLICITED MESSAGES 

The general characteristics of an unsolicited message are: 

o Unpredictable arrival 
o Bounded length 
o Require bounded delivery time 

The interrupt nature of unsolicited 
destination agent unpredictable. This 
always be able to accept these messages. 

messages makes the arrival at any 
implies that the Message module must 

The interrupt nature of unsolicited messages also tends to bound their lenght. 
The limit set for the Multibus II message address space of 32 bytes 
accommodates the vast majority of requirements for status information 
associated with an interrupt. The 32 byte bound also allows all unsolicited 
messages to be transferred in a single packet. This simplifies the problem of 
unpredictable arrival by simply requiring the Message module to be capable of 
receiving and buffering one or more packets. 

The interrupt nature of unsolicited messages also adds a "real time" (i.e., 
response required in a bounded time period) requirement to their delivery. 
Even with careful functional partitioning, where the most time critical events 
are confined to a single agent, there will still be some less demanding tilDe 
critical operations between agents. In message space, the bounded packet size 
and deterministic access protocols for the ipSB bus and the iSSB bus are 
designed to meet the needs of these systems. 
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5.3.1.2 UNSOLICITED MESSAGE TYPES 

This specification defines the following five unsolicited message types: 

o Unsolicited output message 
o Unsolicited output broadcast message 
o Reset message 
o Buffer request message 
o Buffer grant message 

The following paragraphs in this section provide a brief description of each 
type. Detailed packet formats are presented later in Section 5.6. 

The unsolicited output message may be viewed as the generic interrupt. This 
message allows the Initiator module to interrupt the Receiver module and 
simultaneously provide up to 28 bytes of user defined status information. If 
the data field is not used, this message functions like a standard interrupt 
signal line, providing an interrupt signal and source vector (i.e. source 
address). The data field allows for enhanced performance by eliminating the 
need for the Receiver module to poll the Initiator module via memory, I/O or 
interconnect address space for the status information. 

The unsolicited output broadcast message is logically identical to the 
unsolicited output message. The only difference is that the unsolicited 
output broadcast message is received by all agents in message address space. 
Note that a broadcast on the ipSB bus or the iSSB bus disbles the handshake 
protocol (i.e. acknowledge) and therefore, reception of a broadcast is not 
guaranteed without a higher level message exchange. Typical uses for 
broadcast are requests for a resource or repetitive signalling (e.g. time of 
day clock, watchdog timer signals, etc.). 

The reset message is a special unsolicited message type that allows the 
Initiator module to reset another agent in the system. This message carries 
no data field. The reset operation is performed via a hardware signal from 
the receiver's Message module. This message never directly reaches the 
Receiver module. 

The buffer request and buffer grant messages are unsolicited messages used to 
set up a solicited message transfer. These messages have predefined data 
fields which are described in detail in Sections 5.5 and 5.6. The buffer 
request message is used to setup a DMA controller in the initiator's Message 
module and to request a buffer from the Receiver module. The buffer grant 
message is used to set up a DMA controller in the receiver's Message module 
and to inform the initiator's Message module that the transfer can-begin. 

5.3.1.3 LOCAL MESSAGES 

Local messages are unsolicited messages used only for communication between 
the Initiator module or Receiver module and their respective Message modules. 
These messages do not pass across the ipSB bus or iSSB bus and, therefore, are 
not part of this specification. 
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They are only mentioned in this specification where needed for clarity. 
Specific implementations of the Message module can define these messages as 
required. 

5.3.2 Solicited Message 

Solicited messages are used to move 1.l10cks of data between agents in the 
Multibus II bus architecture. These messages provide the capability of moving 
data with minimum involvement by the Initiator module and the Receiver module. 

5.3.2.1 CHARACTERISTICS OF SOLICITED MESSAGES 

The general characteristics of a solicited message are: 

o Data intensive (up to 64k bytes) 
o Arrival is negotiable 

The data intensive (i.e. no "reasonable bound") nature of solicited transfers 
prevents them from being handled as unsolicited messages are. It is 
impractical to require agents to provide buffering for large quantities of 
data whose arrival is unpredictable. 

Fortunately, the nature of solicited messages is such that their transfer is 
always negotiable. For example, a file access on a disk is not something that 
happens spontaneously; rather, it is a predictable event that is planned for 
by the receiver of the data. For the message address space, the negotiation 
process is done with unsolicited messages. 

5.3.2.2 DATA PACKETS 

Solicited messages 
unsolicited message. 
32 bytes or less, it 
solicited messages. 

cannot be transferred in a single 
Since the message address space limits 
is necessary to define a data packet 

packet like an 
all transfers to 
for transferring 

The data packet follows the standard packet format shown in Figures 5.2 and 
5.3. The data field is used to carry fragments of the solicited message. The 
initiator's Message module is responsible for creating these packets and the 
receiver's Message module is responsible for reassembling them. -A solicited 
message may require one or more data packets depending on its length. A 
detailed packet format is presented in Section 5.6. Further description of 
the control fields is presented in Section 5.5. 
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5.3.2.3 LIAISON ID 

Th~ need fo multiple packets in a solicited operation leads to a problem in 
lJent; fying the packets at the Message module. In order to permit multiple 
soli,;ted operations, these packets contain an identification number referred 
to as a liaison ID. The liaison ID is a number assigned by a Message module 
for binding (associating) a response packet with one it is sending. More 
details are provided in the solicited message transfer discussion in section 
5.5. 

5.3.2.4 DUTY CYCLE 

The hlgh 3.'eed of the ipSB bus compared to local buses creates a potential 
problem for soliciLed transfers. If a 32 bit Initiator module is sending a 
solicited message to a 16 bit Receiver module, the Receiver module may not be 
able to service packets as fast as they arrive, assuming they are sent back to 
back. Thp result of this condition would be many NACKs on the ipSB bus which 
reduces system performance. The duty cycle parameter for a solicited transfer 
is provided to minimize this problem. This value, assigned by the Receiver 
module, specifies the required delay, in microseconds, between transmitted 
packets needed to guarantee that the Message module is not overrun. 

5.4 UNSOLICITED ~ESSAGE TRANSFER 

A typical unsolicited message transfer is shown in figure 5.4. The following 
p~ragraphs describe the transfer process in more detail. 

The Initiator module is responsible for generating the unsolicited message. 
The transier begins when the Initiator module passes the message to its 
Message module. 

The initiator's Message module is responsible for creating a packet from the 
message. Depending on the message type, this may involve no specific action 
(e.g. unsolicited output message). The initiator's Message module then 
transmits the packet to the receiver's Message module. 

The receiver's Message module is responsible for monitoring message address 
space for a valid address (i.e. its Receiver module's address or the broadcast 
address), If a valid address is recognized, the packet is buffered and 
checked for errors. If the packet is error-free, the receiver's Message 
module signals the Receiver module that a message has arrived. 

Upon being signaled that a message has arrived, the Receiver module interprets 
and processes it as it would any other interrupt. 
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Figure 5.4 Typical Unsolicited Transfer 

5.5 SOLICITED MESSAGE TRANSFER 

A typical solicited message transfer is a shown in figure 5.5. This transfer 
can be divided into three phases: the negotiation, the transfer, and 
completion. 

5.5.1 Negotiation Phase 

Solicited messages must negotiate for buffer space before a transfer can take 
place. This negotiation is performed by a pair of unsolicited messages: the 
buffer request and the buffer grant. 

The Initiator module begins a solicited operation by passing buffer request 
message to its Message module. The data field of the buffer request message 
contains an address pointer to the solicited message and its length. The 
address pointer is a physical address into the Initiator module's memory. 

The initiator's Message module saves the address pointer and creates a buffer 
request packet. The data field of the packet contains only the length and a 
liaison !DIS (assigned by Message module) which is used to bind the buffer 
request message to the corresponding buffer grant message. 
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The address pointer remains in the Message module. This packet is transmitted 
to the receiver's Message module. 

The receiver's Message module recognizes the packet by its destination address 
field (supplied by the Initiator module), buffers it and checks it for errors. 
If error-free, the Receiver module is signaled that an unsolicited message has 
arrived. 

The Receiver module recognizes that the message as a buffer request by the 
value in the type field. It then proceeds to allocate a receive buffer equal 
to or less than the requested length <may even be 0). The Receiver module 
then creates a buffer grant message containing in its data field an address 
pointer to the buffer, its length, the liaision ID/S (for binding) and a duty 
cycle parameter for source flow control. This message is passed to the 
receiver's Message module. 

The receiver's Message module saves the address pointer and length and creates 
a buffer grant packet. The packet contains only the length, the liaison lO/S 
to bind it to the corresponding buffer request, a liaison lO/R (assigned by 
Message module) which is used to bind data packets to the buffer grant, and 
the duty cycle parameter. The address pointer remains in the Message module. 
This packet is transmitted to the initiator's Message module. 

The initiator's Message module recognizes the packet by its destination 
address (supplied by the Receiver module), buffers it and checks if for 
errors. If error-free, the Message module recognizes the type and liaison 
ID/S fields and completes the negotiation phase by saving the length, liaison 
ID /R and duty cyc Ie parame ters. This packet is not sen t to the Ini t iator 
module. 

5.5.2 Transfer Phase 

Upon completion of the negotiation phase, the transfer phase is automatically 
initiated. In this phase, the solicited message is transferred from the 
Initiator module's buffer to the Receive module's buffer by the respective 
Message modules using a series of data packets. The Initiator module and 
Receiver module do not participate in this phase. 

The initiator's Message module builds data packets by directly accessing the 
Initiator module's buffer. These packets consist of up to 28 bytes of data 
(solicited message fragment) and the liaison lD/R to bind the packet to a 
buffer at the receiver's message device. These packets are sent to the 
receiver's Message module at a rate specified by the duty cycle parameter. 

The receiver's message device recognizes the packet by its destination address 
(supplied by the initiator's Message module) buffers it and checks it for 
errors. If error-free, the message device puts the data directly into the 
Receiver module's buffer. 
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5.5.3 Completion Phase 

The completion phase occurs immediately after the last data packet has been 
transferred or an irrecoverable error occurs (recoverable errors are dealt 
with in the ipSB and the iSSB bus specifications). During this phase there 
are no packets transferred on the ipSl\ bus or iSSB bus. All activity is 
either within the Message modules or on the Message module's local buses. 

During the completion phase, the Message modules clear any internal state 
related to the transfer and send a local message to the Initiator module and 
Receiver module. This local message is referred to as a general COlll, ~2tion 

message and is used to indicate the status of the transfer on termination. 

Initiator 
Module 

I 
I 
I Message r-+- Module , 
, 

I 
I 

iSSB Bus 

iPSB Bus 

I BUFFER 
Store Address ,REQUEST PACKET 

and Assigh ~ 
Llason ID/S 

Store Length 
and Begin 
Transfer 

I 

BUFFER 
GRANT PACKET ... 

I DATA PACKITS 
I , 
I 
I , 
I 
I 
I 
I , 

Generate , 
'G eneral Conpl eli orj 
I Me ssage 
1_------

... 

( Destination) 

( Source ) ::====:::=:==:: 
( 3FH ) 

( L,ason EYR) 

( Da ta ) 

1 
I 

Mes sage ~ Receiver 
Module Module 

I 
I 

Store Address I 
and Length I 
and Assign I 
L,ason IO/R I 

1 
I 
I 
I 

I 
I 
I 
I 
I 
I 

I Generate I 
'General Ccrnpletio~ 
I Me ssage 'r 
I ~, 

I I 

Allocate Buffer 

Figure 5.S Typical Solicited Message Transfer 
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5.6 PACKET FORMATS 

This section specifies the packet formats for the message space. Table 5.2 
summarizes the packets defined in this specification, listing their type and 
referencing a figure containing the format for the iPSB bus and the iSSB bus. 
Note that in the figures the iPSB bus fO""Illat is shown only for the l6-bit 
transfer. Details of the 32-bit transfers are plovided ln the ipSB Bus 
Specification. 

Table 5.2 Packet Formats On The Bus 

Packet Type 

Unsolicited Output Message Packet 
Upgolicited Output Broadcast Message Packet 
Reset Message Packet 
Buffer Request Message Packet 
Buffer Grant Message Packet 
Data Packet 
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Type Field 

OOH 
OlR 
10H 
24H 
35H 
3FH 

Figure 

5-6 
5-7 
5-8 
5-9 
5-10 
5-11 
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On the iSSB Bus 

Message Sequence 
LSB 

Destination Address Source Address 

Reserved X Data(up to 28bytesl 

On the iPSB Bus 

Address-Data Lines AD15'" to AD8'" AD7* to ADO'" 

Source De s tin at i on 
Address Address 

Reques t Phase 

Handshake 1 Reserved OOH 

H~ndshake 2 Subsequent Transfers are 
16-bi ts or32-b1 ts wide 

Figure 5.6 Unsolicited Output Message Packet 
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On the iSSB Bus 

Message Sequence 

LSB 

-,-X~_OF_FH_-LX-L-S_OU r_ce_Ad_dre_ss-LX--L--°_l H~X,---->--J 
L---r-r----

Reserved X Data(28 bytesmax,mum) 

On the ipSB Bus 

Address-Da ta Li nes ADI5"'toAD8* AD7* to ADO'" 

Source FFH 
Address 

Reques t Phase 

Handshake Reserved OIH 

Subsequent Transfers are 
I6-bi ts or 32-bi ts wide Handshake 2 

Figure 5.7 Unsolicited Output Broadcast Message Packet 
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On th" iSSB Bus 

Message Flow 

LSB 

Destination Address ::;ource Address Reserved 

On the ipSB Bus 

Address -Data Lines AD! 5* to ADIl* AD7* to ADO" 

Source Dest Inat ion 
Address Address 

Reques t Phase 

Handshake 1 Reserved IOH 

~-

Figure 5.8 R2set ~essage Packet 
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On the iSSB Bus 

Message Sequence 

LSB 

DestInatIon Address Source Address 

On the ipSB Bus 

Address-Data LInes AD15* to AD8* AD7* to ADO* 

Source DestInation 
Address Address Reques t Phase 

Handshake 1 Reserved 24H 

. 

Handshake 2 Length 

Handshake 3 Reserved LI ason JD/S 

Figure 5.9 Buffer Re&et Message Packet 
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LSB 

TECHNICAL DATA 

On the iSSB Bus 

Message Sequence .. 
Destination Address Source Address 

Liason 1O/S 

On the ipSB Bus 

Address-Data Lines AD15* toAD8* AD7* toADO* 

Source DestinatIon 
Address Address Reques t Phase 

Handshake 1 Llason ID/S 35H 

Handshake 2 Length 

Handshake 3 Duty Cycle Llason ID/S 

Figure 5.10 Buffer Grant Message Packet 

-446-

MUlTIBUS II 

Duty Cycle 



TOSHIBA INTEGRATED CIRCUIT 

LSB 

TECHNICAL DATA 

On the iSSB Bus 

Message Sequence .. 
L:\ Source Address 

Llason lD/R X Data(2Sbytes maximum) 

On the iPSB Bus 

Address-Data Lines AD15" to ADS" AD7" to ADO" 

Reques t Phase 

Handshake 1 

Handshak~ 2 
I 

I 

Source Des t I nat ion 
Address Address 

Liason ID/R 3FH 

Subsequent Transfers are 
16- bit s or 32bits wide 

Figure 5.11 Data Packet 
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BAC 84110 

MULTIBUS II 

BUS ARBITER/CONTROLLER 

DATA SHEET 

AUGUST 1985 

TOSHIBA CORPORATION 
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BAC (Bus Arbiter/Controller) 

GENERAL DESCRIPTION 

The MULTIBUS II Bus Arbiter/Controller (BAC) is an 84-pin, CMOS component that 
embodies the Arbitration and system control line functions of the MULTIBUS II 
Parallel System Bus (iPSB). The BAC provides bus arbitration for systems with 
mUltiple masters, is processor independent and conforms to the MULTI BUS II bus 
archi tec ture speci fica t ion. Figure 1 presents its pin configuration and 
Figure 2 presents a block diagram of the BAC. 

FEATURES 

o Provides standard MULTI BUS II bus interface 
o Reduces component part count and board area 
o Reduces board design and debug time 
o Provides the arbitration and control logic for MULTIBUS II agent on the 

Parallel System Bus (iPSB) 
o Permits an ipSB bus agent to behave as requestor and/or replier on the bus 
o Processor independent local bus interface 
o Supports maximum bus speed at 10 MHz 
o Generates and checks parity for System Control lines 
o Supports Burst Transfers 
o Companion to Message Interrupt Controller (MIC) 

Note: 
An asterisk following a signal name indicates that the signal is active When 
low. 

The following are trademarks of Intel Corporation 
iLBX, iSSB, iSBX, MULTICHANNEL, and MULTIMODULE. 
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PIN CONFIGURATION 

!63 161 160 158 155 154 151 148 146 145 142 
I LOCK*I REQU I ADDO*IGRANTAI PAR3*loTHER I CLK ITIMOUTI IBUS 10BREQ*1 GND 
I I ESTA I I I I READY I I / ERR* I I 
I 1 I I 1 I I / / I I 
166 164 162 159 156 /49 150 147 144 143 140 I 

IIBREQ*I ARBINI 1 LAST 1 PRIO 1 LAST IREADYBI PAR1*1 PAR2*lwRITE*/ LACHNI OBUS 
1 INA* 1 RITY lOUT I / / / I / ERR I I 5* I 
I I 1 I / / / I I I I I 
167 165 I 157 153 152 I 141 139 I 
I SELE I WID I I PARO*I vcc I GND I I ARB I ARBINI 
I CTB* I THO* I I I I I I OUT4 I 4* I 
I I I I I I I I I I 

173::-8 -+13:-::7--1 169 168 I 
I SPACE I SPACE I 
I 1* I 0* I 
I I I 
/72 i7l 173 
1 WIDTH 1 LAST I VCC 
1 1* I INB* I 
1 I I 

175 170 174 
1 REQU 1 DIRECI GND 
1 ESTB I I 
1 1 I 

i76 /77 178 I 
I AGERRO IAGERR1 I READYA I 
I 1 I I 
I I I I 
179 180 I 
I SELE I AGERR2 I 
I CTA* I I 
I I I 

BAC 

181 i83 I 17 III 
IBROAD I N.C. I I CDIS*I vcc 
I CAST I I C I KEY I I 
I I I I I 
182 11 12 15 18 110 
I RSEL11 RSELOIGRANTBI ADD1*1 RI04 I RI02 
I I I I I I 
I 1 I I I I 
184 13 14 16 19 115 
I EINT 1 RRW I RSTNC*IDBERR*I RESET I RI03 
I I I I I I 
I I I I I I 

112 
I GND 
I 
I 
114 
I RIOO 
I 
I 
113 
I RI01 
1 

I 

I ARB I ARBIN I 
I OUT3 I 3* I 
I I I 

133 135 134 I 
I vcc I ARB I ARBINI 
I I OUT2 I 2* I 
I I I I 
173::-2 --i-.::I 3-;-1---+::1 3:-::-6--1 

I GND I ARB I ARBINI 
I I OUTl I 1* I 
I I I I 
1-28~~1-2~9-~13~0--1 

I SC8* I ARB 1 ARBINI 
I I OUTO I 0* I 

1 __ +1 ::-:---+-:1 =-_1 
126 127 I 
I SC7* I SC6* I 

117 120 
I SCO* I SC2* 
I I 
I I 
116 118 
I SCOELI Sc1* 
I I 
I I 

I I I 
I I I 
1-23,---r-12-=-5--1 

I SC5* I SC4* I 
I I I 
I I I 
122 124 I 
I SC9* I SCOEH I 
I I I 
I 1 I 
119 121 I 
I SC3* I GND I 
I I I 
I I I 

Figure 1. Pin Configuration (Component Side Perspective) 
84-Pin PIN GRID ARRAY PACKAGE 
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PIN FUNCTION DESCRIPTION 

The Bus Arbiter/Controller component I s pin functions are categorized as the 
ipSB Bus interface signals, Primary and Secondary Agent Interface signals, 
Address Path Control signals, Error signals, and Register signals. Tables 1, 
2, and 3 describe the BAC pin functions. Some of the signals perform dual 
fuu~tions depending upon whether the agent is a requestor or replier on the 
iPSB bus. These dual function signals are described below in Table 2. 

SYMBOL 
(NAME) 

ARBINO*-ARBIN5* 

(Arbitration 
lines Input) 

ARBOUTO-ARBOUT4 

(Arbitration 
lines Output) 

IBREQ* 
(Bus Request 
Input) 

OBREQ* 

(Bus Request 
Output) 

IBUSERR* 

(Bus Error 
Input) 

Table 1: BAC Interface pin Descriptions 
(Refer to Figure ,3) 

I/O 

I 

o 

I 

o 

I 

DESCRIPTION 

Direct input from ARBO*-ARB5* lines of the iPSB 
bus. Used in bus arbitration by a requesting 
agent. Also used to input Arbitration and Slot 
I.D.s during Reset initialization. 

Output of the Arbitration I.D. register through 
external inverting open collecter drivers to 
ARBO*-ARB4* lines of ipSB bus when arbitrating. 
(ARB5* is driven separately if a high priority 
request is implemented.) 

Direct input from the BREQ* line of the ipSB bus. 
Used in the arbitration protocol. 

Output through external inverter and inverting 
open collector to BREQ* line of ipSB bus. Part 
of the arbitration protocol. Also used to enable 
ARB5* in case of a high priority request. 

Input of BUSERR* line of iPSB bus. Used to 
detect error and reset the BAC internally on its 
arbitration and transfer states. If relevant, 
sets a bit in the ERROR Register and causes the 
ElNT signal to go active on the agent interface. 
Also registered by the BAC and output on the 
agent interface for use by other logic on the 
board. 
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OBUSERR 

(Bus Error 
Output) 

TIMOUT 

(Timeout) 

RESET 

(Reset) 

RSTNC* 
(Reset not 
completed) 

SCO*-SC9* 
(System 
Control lines) 

o 

I 

I 

I 

I/O 

Output through external inverting open collector 
driver to the BUSERR* line of ipSB bus. Used to 
indicate parity errors on the SCx* and ADxx* 
lines of the iPSB bus. The SCx* parity is 
computed internal to the BAC. The ADxx* parity 
is computed externally on a per-byte level and 
qualified internally by the BAC for validity of 
byte transfer on a per-cycle basis. 

Input of the TIMOUT* line of iPSB bus through an 
external inverter. Used to detect time-outs and 
to reset the BAC internally on its arbitration 
and transfer states. If relevant, sets a bit in 
the ERROR Register and causes the EINT signal in 
the agent interface to go active. 

Input of the RST* line of ipSB bus through an 
external inverter. Used to reset the BAC inter­
nally and enable initialization of the I.D. 
registers. 

Input of the RSTNC* line of the ipSB bus and used 
to keep the BAC component under reset. 

Bidirectional lines used to input/drive the SCO*­
SC9* lines of the iPSB bus through two external 
5-bit transceivers. 

-----.--------------------------------------------------------
SCOEL-SCOER o 

LACHN I 

(Latch) 

Direction control for the two external trans­
ceivers on the SCO*-SC9* path. The partitioning 
of the SCx* lines between the two transceivers 
corresponds to the Owner/Replier roles. SCOEL is 
active on the BAC that owns the ipSB bus. SCOER 
is active during the request phase on a Requestor 
and during the reply phase on a Replier. The 
only exception is in case of a Broadcast opera­
tion when the Requestor drives SCOER during the 
reply phase as well. 

Input through external inverter of one of ADO*­
AD19* lines of ipSB bus as selected on the back­
plane and used to validate the Arbitration and 
Slot I.D.s to be registered under reset initial­
ization. 
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CLK 
(Clock) 

SYMBOL 
(NAME) 

REQUESTA 

(Request) 

REQUESTB 

(Request) 

PRIORITY 

(Priority) 

GRANTA 

(Grant) 

TECHNICAL DATA SAC 84110 

I Input through an external inverting receiver of 
the BCLK* line of the ipSB bus. 

Table 2 BAC Agent Interface Pin Descriptions 
(Refer to Figures 6, 7, and 8) 

I/O REQUESTOR/REPLIER 

I REQUESTOR 

I REQUESTOR 

I REQUESTOR 

o REQUESTOR 
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DESCRIPTION 

Input from primary agent indicat­
ing a request for the iPSB bus. 
Should be held active until GRANTA 
output is received by the agent. 

Input from secondary agent 
indicating a request for the iPSB 
bus. Should be held active until 
GRANTB output is received by the 
agent. 

Input from either the primary or 
secondary agent qualifying 
REQUESTA/B as high priority. 
Should be mUltiplexed externally 
and held active until the corre­
sponding GRANTA/B output is 
received by the agent. This 
signal is also driven around the 
BAC to the iPSB bus as the ARB5* 
line. Hence, it should be stable 
when the BAC is in the midst of 
arbitration. 

Output to the primary agent 
indicating ownership of the ipSB 
bus. Used to remove REQUESTA (and 
PRIORITY) input. Active for at 
least two clock cycles and with­
drawn when request phase of 
transfer cycle occurs (i.e., SCo* 
low). May be used to output 
enable on-board address buffers. 
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GARANTB o REQUESTOR 

(Grant) 

READYA I REQUESTOR 

(Ready) 

REPLIER 

READYB I REQUESTOR 

(Ready) 
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Output to the secondary agent 
indicating ownership of the iPSB 
bus. Used to remove REQUESTB (and 
PRIORITY) input. Active for at 
least two clock cycles and with­
drawn when request phase of 
transfer cycle occurs (i.e., SCO* 
low). May be used to output 
enable on-board address buffers. 

Input from primary requesting 
agent indicating readiness as 
below: 

Of request phase information 
(WIDTHO*-WIDTH1*, 
SPACEO*-SPACEl*, WRITE*). 
Address validity is implied. 

Of reply phase 
(LASTlNA*) 

information 

During the reply phase this input 
indicates the validity of write 
data or readiness to read data. 

Input from primary replying agent 
indicating readiness of reply 
phase information (AGERRO-2). 
Input indicates validity of read 
data or readiness to consume write 
data. 

Input from secondary requesting 
agent indicating readiness as 
below: 

Of reques t phase informat ion, 
the BAC 84110 assumes a write 
transfer width of 32 -in message 
space. BROADCAST must be 
specified if required. 
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READYB 

(Ready) 

WIDTH 1*­
WIDTH 0* 

(Width) 

SPACE 1*­
SPACEO* 

( Space) 

WRITE* 

(Write) 

TECHNICAL DATA 

I 

I 

I 

I 

REQUESTOR 
(Cont'd) 

REPLIER 

REQUESTOR 

REQUESTOR 

REQUESTOR 

-456-

BAC 84110 

- Of reply phase information, 
LASTINB* must be hardwired low 
for a MIC interface but may 
be used in a more general 
message implementation. Data 
must be valid on the bus by the 
next cycle. 

Input from secondary replying 
agent indicating readiness of 
reply phase information (AGERRO-
2). Input indicates validity of 
read data or readiness to consume 
write data. 

Input from primary requesting 
agent indicating width of re­
quested transfer as one of 8-, 
16-, 24-, or 32-bits and qualify­
ing a request phase READYA. 
Encoding is as follows: 

8-bit 
16-bit 
24-bit 
32-b it-

WIDTH 1* 
H 
H 
L 
L 

WIDTH 0* 
H 
L 
H 
L 

Input from primary requesting 
agent indicating the address space 
of the requested transfer as one 
of memory, I/O, message, or inter­
connect and qualifying a request 
phase READYA. Encoding scheme is 
as follows: 

Memory 
I/O 
Message 
Interconnect 

SPACE 1* 
H 
H 
L 
L 

SPACEO* 
H 
L 
H 
L 

Input from primary requesting 
agent indicating requested 
transfer to be either read or 
write and qualifying a request 
phase READYA. Asserted for a 
write. 
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BROADCAST I REQUESTOR 

(Broadcast) 

I REPLIER 

LASTINA* I REQUESTOR 

(Last Input) 

LASTINB* I REQUESTOR 

(Last Input) 

OTHERREADY 0 REQUESTOR 

(Other Ready) 

o REPLIER 
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Input from secondary requesting 
agent indicating the requested 
transfer is a Broadcast and 
qualifying a request phase READYB. 
Must be active during entire 
transfer cycle. 

Input from secondary agent 
indicating that selection as a 
replier is in the broadcast mode 
and qualifying SELECTB*. Must be 
valid starting from when SELECTB* 
goes active to the last data 
handshake. 

Input from primary requesting 
agent indicating the current 
READYA should correspond to an EOC 
on the ipSB bus. 

Input from secondary requesting 
agent indicating the current 
READYB should correspond to an EOC 
on the iPSB bus. For a MIC 
component implementation, this 
input is hardwired active low. 

Output to either primary or 
secondary requesting agent 
indicating readiness in the 
previous cycle of other agent 
involved 1n a transfer cycle 
(i.e., SC4* active). This signal 
is generated internally by the BAC 
to a requesting agent in case of a 
Broadcast transfer. 

Output to either primary or 
secondary replying agent 
indicating readiness in the pre­
V10US cycle of other agent 
involved in a transfer cycle 
( i • e " SC 3* ac t i ve ) . 
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LOCK* I REQUESTOR 

(Lock) 

SELECTA* I REPLIER 

(Select) 

SELECTB* I REPLIER 

(Select) 

AGERRO- I REPLIER 
AGERR2 

(Agent Error) 
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Input from primary requesting 
agent indicating that the bus is 
to be locked. 

Input from primary replying agent 
indicating that the BAC should 
execute as a replier the ipSB bus. 
Selection is based on the space 
and address information received 
by the on-board selection logic 
from the bus during a request 
phase. 

Input from secondary agent (MIC) 
indicating that the BAC should 
execute as a replier the iPSB bus. 
Selection is based on a destina-
tion address match in message 
space. If selection is in the 
Broadcast mode, the BROADCAST 
input should be simultaneously 
activated. 

Inputs shared between primary or 
secondary replying agent indicat­
ing the nature of agent error and 
qualifying a reply phase READYA or 
READYB respectively. This error 
is combined with any ipSB protocol 
violations detected internally by 
the BAC before being driven onto 
lines SC5*-SC7* of the iPSB bus. 
Encoding scheme is as follows: 
(L=Low, H=High) 

AGERR 2 0 
Reserved H H H 
Reserved H H L 
Agent Data Error H L H 
NACK Error H L L 
Trans fer Not L H H 

Understood 
Continuation Error L H L 
Width Error L L H 
No Error L L L 
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LASTOUT 0 REPLIER 

(Last Output) 
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Output to either primary or 
secondary replying agent indicat­
ing last data transfer (i.e., SC2* 
active in previous cycle). 
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Table 3 Address Path Control, Error Control, and 
Register I/O Control Pin Functions. 

CATEGORY SYMBOL I/O 
(NAME) 

ADxx* Path Controls PARO*-PAR3* I 

Error Controls 

Register I/O 
controls 

(Parity) 

ADDO*-ADDl* 

(Address) 

DIREC 

(Direction) 

DBERR* 

(Bus-Error) 

EINT 

(Error 
Interrupt) 

RIOO-RI04 

(Register 
I/O) 

RSELO-RSELI 
(Register 
Selection) 

RRW 
(Register 
Read/Write) 

I 

o 

0 

0 

I/O 

I 

I 
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Parity inputs from on-board parity 
checkers for bytes 0-3 of the ADxx* 
bus. Low for invalid parity. 
Qualified internally by the BAC to 
drive OBUSERR. 

Least significant two bits of the 
ADxx* bus as seen during a request 
phase on the iPSB bus. 

Transmit/Receive direction control 
for transceivers in the 
address/data and parity paths. 
Valid for all phases on Requester 
or Replier. 

For use by the agent interface 
logic to sense a BUSERR*. 

Interrupt signal to the primary 
agent indicating a relevant Bus 
Error, Timeout or Agent Error. 

Bidirectional data lines used to 
read/write to the Arbitration, Slot 
or Error Port as needed. 

Input to select between three 
internal registers. 

Read/Write selection inputs for 
registers. High for a write. 
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Miscellaneous 

A 
(} 

I!: 
N 
T 

I 
N 
T 
E 
R 
F 
;, 

E 

CDIS* 

LOCAL ASCESS 

~EQ.UEST 

SELECT 

I Input to the SAC component. This 
signal allows board testers to 
disable the outputs, allowing 
external logic to drive the output 
pins. The inputs are not affected 
by this signal. 

P 
A 
R 
A 
L 
L 
E 

sex. L 

REPLIER 
STATE MACHINE 

S 
Y 
S 
T 
E 
M 

RESET, B 
EXCEPTIONS U 

PARITY I ;'-4--t~----t S 
ADXx.* BUS PARITY CHECKER/GENERATOR", 

.;DDRESS/DATA 
_'}-R-"-t-IT'------I BUFFER CONTROL 

DIREC 

Figure 2 SAC Component Diagram 
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FUNCTIONAL DESCRIPTION 

INTRODUCTION 

The Bus Arbiter/Controller (BAC) provides a generalized interface to the 
Parallel System Bus (iPSB) of the MULTIBUS II architecture. It performs the 
functions of arbitrating for ownership of iPSB bus and conducting bus transfer 
and exception cycles as a requestor or replier. In addition the BAC supports 
parity generation on the SCx* lines, parity checking functions on the SCx* and 
ADxx* lines, and error reporting to the host CPU. For those designs migrating 
to full message passing, the BAC provides a direct interface to the Message 
Interrupt Controller (MIC) component. 

The BAC has four interfaces: the ipSB bus interface, the Host Interface 
(primary and secondary agent) in the on-board local environment and the 
Register Interface. The iPSB bus interface, as stated above, supports 
arbitration, transfer cycles as a requestor/replier and handling of exception 
cycles on the iPSB bus. Arbitration and Slot IDs received over the iPSB bus 
from the Central Services Module (CSM) under reset initialization are 
registered on-chip using the ARBINx*, RESET and LACHN inputs. Arbitration is 
supported in both normal and high priority modes by interfacing with the ARBx* 
and BREQ* lines of the iPSB bus. Transfer cycles are handled by receiving and 
driving the SCx* lines. Exception cycle support is through the interface with 
the BUSERR* and TIMOUT* lines. The inverted BCLK* is used for internal 
clocking of all synchronous events. 

The host interface consists of a primary and secondary agent interface. The 
primary agent interface is targeted towards any general purpose processor type 
host and supports requestor and replier functions. As a requestor, the 
primary interface support consists of arbitration in normal or high priority 
mode, transfers in all four address spaces (memory, I/O, message, and 
interconnect), trans fer widths of 8-, 16-, 24-, and 32-bi ts, and transfer 
options (read/ write, block or locked). As a replier, the primary agent 
interface supports' all the above options and reporting of agent errors in the 
replier mode. 

The host secondary agent interface (used by the Message Interrupt Controller) 
support consists of requestor and replier functions and arbitration in normal 
or high priority modes. Some features of this interface are not used by the 
MIC component. As a requestor, the interface supports the message address 
space, 32-bit wide transfers, write only operations, block transfer options, 
and broadcast capability. The replier mode supports all the above and the 
reporting of agent errors. Figure 3 illustrates the BAC component interfaces 
as implemented in a single board computer environment. 

The high priority and agent error reporting inputs are shared with the primary 
agent and need to be multiplexed externally as appropriate. Of these, the MIC 
does not use the high priority input, the burst tansfer capability or the 
broadcast feature. However, these features may be used in an upgraded level 
of message space support. 

The register interface support consists of three internalS-bit registers. 
Table 4 lists these registers and their functions. These functions support 
the on-chip registration of the arbitration and slot 1.0. numbers supplied by 
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the CSM during initialization. The BAC also provides a third register which 
holds the latest error information received from the ipSB bus. 

TRANSFER 
CYCLE 

CONTROLS 

TRANSFE.'l 
CYCLE 

ERRORS 

Table 4 BAC Register Description 

1 NAME 1 FUNCTION 1 
1-------------1-----------------------------------------I 
1 SLOTID 1 Holds the slot I.D. of the board 1 
1-------------1-----------------------------------------I 
1 ARBID 1 Holds the arbitration I.D. of the 1 
1 1 board. 1 
1-------------1-----------------------------------------I 
1 ERROR 1 Indicates nature of bus error, 1 
1 1 timeout, or reported agent errors. 1 
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Figure 3 BAC Component Interface In Single Board Computer Environment 
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MODES OF OPERATION 

An agent may interface with the BAC as a requestor or replier. All inputs and 
outputs to the Bus Arbiter/Controller are synchronous with BCLK* with the 
exception of the Register Mode Signals (RIOO-RI04, RRW, LOCK*, RSELO-RSELl), 
EINT and the Arbitration lines (ARBINO*-ARBINS*). The synchronized I/o 
results in a generalized interface suitable to most kinds of devices. For 
each agent that is asynchronous with BCLK* and depending on the modes 
supported by each agent, up to three (3) input signals (REQUESTA/B, 
SELECTA* /B*, READYA/B) may have to be synchroni zed externa 11y. Synchronous 
agents, like Message Interrupt Controller, do not require additional 
synchronization overhead. The following section defines the signal level 
protocol and presents the relative handshake timings of each of the various 
operation protocols: 

Initialization Procedure 
Arbitration Protocol 
Requestor Protocol 
Replier Protocol 
Address/Data Bus Control 
Parity Checking 
Host Error Reporting 
Register Access Protocol 

INITIALIZATION PROCEDURE 

The Bus Arbiter/Controller component is initialized by the Central Services 
Module over the iPSB bus. During RST* active, the CSM sends each agent its 
ARBITRATION I.D. and SLOT LD. over the ARBO*-ARB4* lines. The BAC receives 
the I.D.s via the ARBO*-ARB4* lines and registers them internally. The 
ARBINS* is used to select between the two registers (Arbitration and Slot) 
and the LACHN input is used to validate the I.D. This initialization occrus 
for every slot on the iPSB bus backplane in conformity with the MULTIBUS II 
bus specification during every cold and warm reset. The RESET input to the 
BAC is used to initialize all internal state information. 

ARBITRATION PROTOCOL 

The BAC component arbitrates for iPSB bus ownership in response to a request 
from the primary or secondary agents (REQUESTA/B) _ input from the Host 
interface. The PRIORITY input may be activated by the requesting agent to 
qualify the Request as a High Priority. This input is shared between the 
primary and secondary interfaces. In response to a request, the BAG activates 
OBREQ* and places its Arbitration I.D. onto the ARBOUTO-ARBOUT4 lines. The 
ARBOUTS line is absent in the BAC component and may be optionally generated 
externally as shown in Figure 3. When the BAC component becomes the ipSB bus 
owner (i.e., successfully completes an arbitration cycle) it activates 
GRANTA/B at the agent interface. On receiving the GRANTA/B, the agent should 
wait for one cycle before disasserting the REQUESTA/B and PRIORITY inputs. In 
case of an exception error occuring on the first cycle of iPSB bus ownership 
(causing the GRNATA/B to be withdrawn due to loss of bus ownership), this 
delay ensures the BAC component continues to arbitrate for access of the ipSB 
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bus again. This procedure is consistent with the error signalling protocol 
discussed later in this data sheet. The local agent (primary or secondary) 
has three bus cycles to complete the request phase. The BAC waits for a 
READYA/B input to validate the request phase information at its inputs before 
doing a request phase of a transfer cycle. 

It is possible that the BAC component may be parked on the ipSB bus at the 
time a REQUESTA/B is received. If the BAC component can retain the iPSB bus 
ownership at this point, the GRANTA/B will be issued in the next clock cycle 
without undergoing arbitration. Figure 5A below illustrates the timing of the 
relevant arbitration signals. 

The BAC component does not guarantee a maximum latency from a REQUESTA/B to 
the start of arbitration or the duration of arbitration itself. For further 
detail on the arbitration protocol, please refer to the MULTIBUS II specifica­
tion. 

In the event that both REQUESTA and REQUESTB a.re active simultaneously at the 
time of acquiring ownership, the BAC component issues a GRANTB. This gives 
message space operations (at the secondary interface) a lower latency. 

At the primary agent interface, it is possible to lock out the secondary agent 
as well as all other bus agents once access has been gained. The LOCK* input 
from the primary agent undergoes a maximum two cyc Ie internal delay before 
appearing on the iPSB bus as SCl* active. The BAC asserts SCl* by the reply 
phase of a transfer cycle. However, SCl* stays active and the BAC component 
continues to retain bus ownership until two cycles after LOCK* is disasserted. 
During the period that SCl* is active, the BAC component internally disables 
the REQUESTB input. 

Any interface to the BAC component that intends to use the lock feature must 
account for the delay between asserting or disasserting LOCK* and the 
corresponding ac tion taken by the BAC component on tDe ipSB bus. Figure 5B 
below illustrates a transfer cycle that has a single c:'cle reply phase. LOCK* 
is asserted at the time of the request phase READYA in order that SCl* gets 
asserted during the reply phase. In a board deslgn, awareness of the 
criticality of the interface for this feature and as.mrance that the LOCK* 
input is valid ahead of the requirement un the ipSB bus is necessary. 

ARBITRATION_ -OWNER 

RECiUESTA,/B I J 
I 

PRIORITY I ¢-Noima I-Hlgh I 
I I 

I I i1 
I I : ARB,I D ~ 

OBRECi* 

AREOUTO-ARBDUT4 

I I -
I I , 

Figure Sa Arbitration Signal Protocol 
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Figure 5B Lock Signal Protocol 

REQUESTOR PROTOCOL (Refer to Figures 6A through 6F) 

In response to a REQUESTA/B, the BAC component activates a GRANTA/B output 
upon acquiring ownership of the ipSB bus. The GRANTA/B may be used to enable 
the Host address buffers. Simultaneously, the BAC component activates DIREC 
which turns the ADxx* bus transceivers around and sends the address onto the 
iPSB bus. In response to the GRANTA/B, the primary or secondary agent must 
estabilsh the address on the ADxx* bus and all the required request phase 
information at the BAC component inputs (SPACEO*, SPACEl*, WIDTHl*, WIDTHO*, 
WRITE*, and LOCK*). For the secondary agent, the only relevant input is 
BROADCAST since the BAC component assumes all the other request phase 
information. The agent then pulses the READYA/B input for one cycle. 
Depending on the delay between the GRANTA/B and the READYA/B, one of two 
situations may occur as shown in Figures 6A and 6B. 

Case 1: 

CASE 2: 

The situation shown in Figure 6A occurs when the READYA/B 
is seen active on the clock edge after issuing a GR&~TA/B. 
It is possible to have such an implementation by 
establishing the READYA/B at the same time as the REQUESTA/ 
B or by feeding the GRANTA/B back through combinational 
logic as the READYA/B. Upon rece1 v1ng the ready 
indication, the BAC component drives the request phase 
informa tion on to the ipSB bus and asserts SCO*. The 
GRANTA/B is disasserted immediately after the request phase 
occurs on the iPSB bus. 

The situation in Figure 6B occurs when READYA/B does not go 
active in the cycle after GRANTA/B but is active one cycle 
later. This causes the GRANTA/B to be kept active for 
three cycles, with the request phase occuring on the third 
cycle. This option permits the agent one extra cycle to 
establish all the required request phase information and 
then pulse the READYA/B. 
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During the request phase of the transfer cycle, the ADO*, ADl* bits of the 
ADxx* bus are received by the BAC component from the ADDO* and ADDl* input 
pins as if they were on the iPSB bus. This information is subsequently used 
by the ADxx* pari ty checking logic. The BAC component a I so reads in the 
PARO*-PAR3* inputs during the request phase and drives OBUSERR, if necessary. 

It Ghould be noted from Figures 6A and 6B, that the BAC compOne!1t is cA.pable 
of going from the request phase to the reply phase with no idle cycles. The 
same READYA/B input to the BAC component is used to signal the requestor half 
of the handshake on the iPSB bus (i.e. activate SC3*). Thus, if the READYAB 
input is active during a request phase (i.e. when SCO* is active), this will 
be interpreted as a reply phase ready. If the READYA/B is not active during 
th~ request phase, the BAC component waits for it to go active before 
asserting SC3*. 

Each handshake concludes on seeing SC4* go active while SC3* is active as 
shown in Figure 6C. The end of transfer is indicated by asserting LASTINA*/B* 
low while asserting READYA/B high. This assertion results in the BAC 
component ac tiva ting SC2* and SC3* simul taneous ly. The BAC component responds 
to any errors reported by the replying agent on lines SC5*-SC7* by activating 
SC2* unconditionally on behalf of the host and terminating the reply phase as 
shown in Figures 6E and 6F. 

By keeping the READYA/B active during a burst transfer, burst (back-to-back) 
transfers are possible. Many agents cannot handle data at this rate and hence 
must pulse READYA/B for one cycle each time. 

It is the responsibility of the host to ensure that write data is valid or 
read data consumable when issuing a READYA/B. 

The BAC component's OTHERREADY output signal is used to indicate readiness of 
the other agent in a transfer cycle. As a Requestor, this output corresponds 
to sensing SC4* active in the previous cycle. This signal may be used 
typically while performing Reads in order to consume the read data and then 
activate the READYA/B, so that the BAC component may complete the handshake. 

For a broadcast operation, the secondary agent needs to assert BROADCAST along 
with all the request phase information and keep it asserted until the end of 
transfer. Figure 6D shows the signal protocol for a broadcast operation. The 
requesting BAC component drives both nibbles of SCx* lines (by keeping both 
SCOEH and SCOEL active) during the entire transfer cycle. The burst transfer 
feature is a valid option and for each data transfer, the requesting BAC 
component asserts SC3*, waits for 7 bus clocks and handshakes with SC4*. On 
the last transfer, SC2* is asserted along with SC3*. 
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REPLIER PROTOCOL (Refer to Figures 7A and 7B) 

All agents, except the requesting agent, are potential repliers and actively 
decode request phase information. During every request phase occuring on the 
iPSB bus, the BAC component on each module latches in all width, space, 
read/write and ADDO*/l* information from the iPSB bus. Selection as a replier 
is an on-board function and is performpd (independent of the BAC component) by 
decoding the ADxx* lines and SC4*, SCS* (space) as seen when SCO* goes active. 

The BAC component is informed of its role as a replying agent by the 
SELECTA*/B* input going active as shown in Figure 7A. Upon being selected as 
a replier, the BAC component activates SCOEH to drive the higher nibble of the 
SCx* lines. If the transfer operation is a read, the BAC component 
simultaneously activates the DIREC output as well. 

The SELECTA*/B* input should be kept active for a least two cycles. On the 
second cycle or later, the BAC component expects a READYA/B from the host. 
This indicates that the host is ready with "write data" or is ready to consume 
"read data" on the next cycle. Based on the READYA/B input the BAC component 
activates SC4* and looks for an SC3* from the replier to conclude this data 
transfer handshake. If during the handshake, the requestor had asserted SC2* 
as well, then an end-of-transfer is understood. If an SC2* was not received, 
the replying BAC component expects further READYA/B inputs from its host. 

As in the case of the Requestor, the Replier needs to pulse the READYA/B input 
to the BAC component for one clock at a time unless the replying host can 
handle burst (back-to-back) transfers. 

Any Agent Errors are input to the BAC component at its AGERRO-2 pins and held 
active until an end-of-transfer (SC2* active) is seen on the ipSB bus. 

The BAC independently checks the request phase information on the ipSB bus for 
any violations of the MULTIBUS II protocol. This includes the following 
protocol violations: 

Message requests of 8 or 24 width 
Message read requests 
Interconnect accesses other than 8 bits wide 
Interconnect accesses with either ADl* or ADO* low 
Memory or I/O access of 16 width with ADl* and ADO* both low 
Memory or I/O access of 24 width with ADl* low 
Memory or I/O access of 32 width with either ADl* or ADO* low 
Sequential transfers in interconnect space 
Sequential non-aligned transfers in memory or I/O space 

Agnet reported errors are 
"not understood" errors. 
(as described in Table 5) 
agent reported errors. 

overridden by internally diagnosed errors to become 
The resultant errors appear on the SCS*-SC7* lines 
when a READYA/B input is received to va 1 ida te the 

As a replier, the BAC component outputs two signals, OTHERREADY and LASTOUT to 
the host interface. These are delayed versions of SC3* and SC2* respectively 
for use by the on-board logic. 
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The protocol for a broadcast transfer as a replier consists of asserting the 
BROADCAST input at the sames time as the SELECTB* input is asserted. The 
BROADCAST input must be held active until the transfer cycle is completed. 
This protocol is shown in Figure 7B. In this case, the BAC component does not 
activate SCOEL since all the SCx* lines are driven by the Requestor BAC com­
ponent. The READYA/B and AGERRO-2 inputs are ignored since the handshake 
sequence is controlled by the Requestor BAC component. The BAC componen't 
outputs OTHERREADY and LASTOUT are defined as in the case of a regular 
transfer. 

Table 5 Agent Error Types and Related SC Lines 

AGENT ERROR SC7* SC6* SCS* 

Reserved Low Low Low 
Reserved Low Low High 
Data Error Low High Low 
NACK Low High High 
Transfer-Not-Understood High Low Low 
Continuation High Low High 
Transfer-Width High High Low 
No Error High High High 

ADDRESS/DATA BUS CONTROL 

The BAC component does not receive or drive the ADxx* bus (except for the ADO* 
and ADl* inputs used for parity qualification described earlier). The DIREC 
output of the BAC component is used by the host to change the direction of the 
ADxx* bus transceivers around. These transceivers are normally turned inward 
for reading the AD lines (DIREC inactive). The DIREC output goes active 
during the Request phase on a Requestor and during the Reply phase for writes 
on a Requestor and for reads on a Replier. (Refer to Figures 6C, 6D, 7A, and 
7B. ) 
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PARITY CHECKING AND PROTOCOL VIOLATIONS 

The BAC component checks parity on the SCx* bus on every bus clock cycle and 
drives OBU5ERR in case of an error. In addition, it qualitifes the byte-level 
parity inputs received from the on-board ADxx* bus parity checkers. The 
parity inputs to the BAC component (on PARO*-PAR3* lines) are internally 
qualified as follows to drive OBU5ERR in the next cycle: 

1. 

2. 

For request phase (5CO* active), all BAC components in the 
system check parity as follows: 

PARO*-PAR3* are assumed valid if the access was to memory space. 

PARO*-PARl* if the access was to any other space. 

During the reply phase, parity checking is based on the width, 
space and ADO*, ADI* signalled in the request phase. This 
information uniquely identifies the valid bytes of data transfer 
and hence the valid PARO*-PAR3* inputs as detailed in the 
MULTIBUS II specification. The BAC component only checks parity 
when transfer handshakes occur without agent errors being 
reported. That is, 5C3* and 5C4* must both be active in that 
cycle and 5C5*, SC6* and SC7* must be inactive at the time. 

The responsibility of checking parity is decided as follows. If 
the trnasfer is a Read, the Requestor BAC component does the 
checking. If the transfer is a Write, the Replying BAC 
component(s) does(do) the checking. 

The BAC component checks for ip5B protocol violations in the reply phase of 
every trans fer cyc Ie. A bus error is genera ted in ei ther of the fo llowing 
illegal situations: 

a. 

b. 

If the 5C2* input is active while the SC3* input is inactive 
during the reply phase. 

If any of the 5C5*-5C7* inputs are active while the SC4* input 
is inactive during the reply phase. 

HOST ERROR REPORTING (Refer to Figure 7C) 

The BAC component has an error reporting protocol that supports the MULTIBUS 
II architecture. It includes Bus Errors, Timeouts and Agent reported Errors. 
The role of the primary and secondary agent interfaces is extended to this 
protocol. 

As discussed earlier, the secondary interface is dedicated to message support 
for a MIC-like device. Such a device would have an error reporting path to 
the host CPU that is limited to its activity on the ipSB bus. Message related 
errors are typically recoverable in software and an error reporting path 
dedicated to message traffic is therefore justifiable. 
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The BAC component has a separate error indication line to the host CPU called 
EINT. Errors reported on EINT are linked with ownershi~ of the ipSB bus. The 
window (X) for reporting errors on EINT is delayed one cycle from the duration 
of bus ownership. Further, to prevent duplication of error reporting from the 
BAC component and from the message device to the host CPU, the BAC component 
ignores all errors that can be associated with message transfers. The window 
(y) for ignoring errors ~tart~ on thp cycle after a message request phase 
(i.e. SCO* active) and terminates on the cycle after the EOC handshake (both 
cycles inclusive). 

In summary, from the window S during which errors are reported on EINT, all 
errors occuring in window{s) Yare blocked out since these are reported 
through the message device. 
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Figure 7C Error Detection Windows on iPSB Bus 
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The nature of an error is identified in an Error Register internal to the BAC 
component that can be read by the host CPU. The EINT signal can be cleared by 
writing to this register. The register access protocol is discussed in the 
Register Access Protocol section of this data sheet. 

It is possible for multiple errors to occur while the first error is being 
serviced. The only error that must not be lost to the host CPU is a Bus 
Error. The BAC component guarantees that any Bus Error that occur while a 
previous error is pending in the Error Register will be registered separately 
and made known to the host CPU when the current error is cleared. In such a 
situation, the EINT line will pulse inactive for a minimum of 2 bus clock 
cycles less 20 nsec. 

The host CPU recovery mechanism needs to reside entirely on-board. Any 
accesses to resources on the iPSB bus to aid in the recovery may cause further 
agent errors or exceptions that may make the recovery impossible. 

REGISTER ACCESS PROTOCOL 

The Bus Arbiter/Controller has three (3) 5-bit registers that may be accessed 
by the agent interface over a 5-bit bus (RIOO-RI04). These registers are the 
SLOTID register, the ARBID register, and the ERROR register. Table 4 
described these registers. The SLOTID and ARBID registers are initialized by 
the CSM during the iPSB bus system cold or warm reset period. All three 
registers can be read by the Host CPU via the RIOO-4 bus of the BAC component 
by sui ta bly set ting the RSELO-RSELI and RRv.' inputs. The ARBID register 
contains the priority number used in arbitration and may be written into via 
the RIO bus as well. The SLOTID value is the board's physical slot location 
and cannot be changed except through another CSM initiated reset. 

The Error register value reflects the cause of the EINT signal. This register 
contains a snapshot of the val ue of the TIMOUT* Ii ne and any Agent Errors 
received on a specific cycle along with the value of the BUSERR* line on the 
following cycle. This snapshot enables the host CPU to decide the validity or 
otherwise of the agent error bits based on the Bus Error information. If the 
Bus Error bit is active, the agent error bits should be treated as invalid. 
Writing to the ERROR register serves to clear the EINT output. 

The templates for these registers, as they appear on the RIO bus, are shown in 
Table 6. Note that the register val ues as they appear on the RIO bus are 
positive high true and inverted from the iPSB values. Figure 8 specifies the 
valid control sequences for reading or writing to these registers and Table 7 
lists the related timing information. 
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Table 6 Template for BAC Registers 

Register RI04 RI03 RI02 RIOl RIOO 

ARBID ARM ARB3 ARB2 ARB 1 ARBO 

SLOTID ARB4 ARB3 ARB2 ARB 1 ARBO 

ERROR BUSERR TlMOUT SC7 SC6 SC5 

When the RSELO, RSELI and RRW inputs are all low, the BAC component puts the 
RIO bus in tristate mode, allowing it to be used by external on-board logic. 
To read any register, the RSELO and/or the RSELI inputs need to be asserted as 
shown in Figure 8 while keeping RRW low. Table 7 shows the duration when read 
data is valid on the RIO bus. 

Writing to the ARBID or ERROR registers requires RRW to be asserted high. The 
RSELO input is asserted high to select the ERROR register. No data needs to 
be setup since writing to the ERROR register is only a command write that 
causes the EINT output to be disasserted. The actual register clear occurs 
when the earlier of RRW and RSELO is disasserted. The sequence of asserting 
or disasserting these control inputs is not important. However, a minimum 
window of 30 nsec. is required when both inputs are asserted. 

To write to the ARBID register, the RRW and RSELI inputs are asserted high. 
The required ARBID value is setup on the RIO bus. The actual write occurs 
when the earlier of RRW and RSELI is disasserted. The actual sequence of 
disasserting these command signals is not important. However a minimum window 
of 30 nsec. is required during which both input~ are active. With respect to 
this window, the RIO bus inputs must be valid for a minimum duration before 
and after command deactivation. If the RSELI active period extends outside 
the RRW active window, due care must be taken in driving the RIO bus 
externally to prevent contention wi th the BAC component. This is because 
activating RSELI alone corresponds to reading the ARBID register. 

If the BAC component is currently using the ARBID in arbitration at the time 
the host CPU tries to write to it, the value written is stored in a temporary 
1a tch wi thin the BAC component. In such a case, the actual update of the 
ARBID occurs later and is transparent to the host CPU. This may be verified 
by reading the ARBID register later. 
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VALID CONTROL TRANSITIONS 

RflELO, 1 STABLE 

RIOO-4 VALID OUTPUT DATA 

REGISTER READ 

RSEI.O 

RHW 

HIOO-4 

REGISTER WRITE (ARB REG) 

Figure 8 BAC Register Access Protocol 
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Table 7 Register Interface Read/Write A.C. Timing Parameters 

1 PARAMETER IMIN(ns) IMAX(ns)I DEFINITION 1 

1-----------1-------1-------1----------------------------------------------1 
1 TIll 50 1 RIO outputs valid after RSELO,l asserted 1 
! ! (RRW 10\01) 
1-----------1-------1-------1----------------------------------------------
1 T 1 ° 1 1 RIO outputs valid after RSELO,l diasserted 
1 2 1 1 1 (RRW high) 
1-----------1-------1-------1----------------------------------------------
1 T3 Notel 1 50 1 - 1 RSELO,1 stable high duration 
1-----------1-------1-------1----------------------------------------------
1 T4 Notel 1 50 1 - 1 RRW stable high duration 
1-----------1-------1-------1----------------------------------------------
1 T5 Note2 1 30 1 - 1 Input data valid before RSELl, RRW going low 
1-----------1-------1-------1----------------------------------------------
1 T6 Note2 1 5 1 25/- 1 Input data valid after RSELl, RRW going low 
1-----------1-------1-------1----------------------------------------------
1 T7 Note3 1 25/0 1 - 1 Input data enable after RRW high 
1-----------1-------1-------1----------------------------------------------
1 T8 Note3 1 1 1 RRW high delay from RSELO,l assert 

Notel: T3 and T4 should have a minimum overlap of 30 ns. 

Note2: Data validity is with reference to earlier of RSELI and RRI{ going low. 
Writing to the ERROR register is a command only and has no associated 
input data. If RSELl remains high for more than 5 ns. after RRW goes 
low, then T6 max. is 25 ns. to prevent bus contention. 

Note3: T7 min. of 25 ns. is intended to prevent RIO bus contention and is 
relevant only if T8 exceeds 5 ns. else min. T7 is o. 

BUS ERROR JAMMING PROTOCOL 

The occurrence of an exception c0ndition (Bus error or Timout) leads to 
termination of transfer cycles in progress, allowing all agents up to 3 bus 
cycles to recover. At the end of this period, a new request phase may occur. 

It is conceivable that repliers on the iPSB bus, typically running 
asynchronously to the bus, have not recovered in this duration of 3 bus cycles 
and as such would be unable to decode the new request phase. 

The BAC component has a feature whereby a replying agent on the primary 
interface may gain additional recovery time from exceptions by jamming the 
BUSERR* line until recovery is complete. This results in the exception cycle 
being extended and all arbitration and transfer activity being disabled. 

At the time of an exception signal being received, the BAC component could be 
in one of two conditions: 
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1. The BAC component could already have been selected as a replier. In 
this case, the handshake signals could be in one of the following 
situations: 

a. 
b. 

c. 

d. 

2. The 
the 

a. 

b. 

c. 

An EOC handshake occurs (i.e. SC2* and SC4* active). 
A non-EOC handshake occurs (i.e. sc3* and SC4* active, SC2* 
inactive.) 
The host CPU has signalled a READYA i~ a previous cycle and is 
waiting for a handshake (i.e. SC4* active and SC3* inactive). 
The host CPU is not yet ready (SC4* inactive and READYA is 
inactive). 

BAC component has not yet been selected. 
following situations may occur: 

In this case, one of 

The BAC component is J Jst being selected. (Selection 
corresponds to SELECTA* goin~ active). 
The BAC component gets sel~cted on the :ycle after the 
exception. 
The BAC component never gets selected. 

The BAC component interface requires that the on-board logic that generates 
the READYs and monitors the handshake signals should also interface to the 
TIMOUT* line (registered externally) and the DBERR* line from the BAC 
component. Any exception occurring while active as a Replier should be 
treated as equivalent to LASTOUT and be matched with a READYA. If such a 
READYA has not already been issued to the BAC component before the exception 
occurring, it must be issued on the cycle of the exception or one cycle later, 
failing which the BAC component activates the OBUSERR output until the READYA 
is received. 

Figures 9A and 9B illustrate the possible scenarios discussed above. The EXC* 
signal is a virtual signal. It is normally an "OR" of IBUSERR* and TIMOUT and 
received by the BAC component. Where a JAM is indicated, the EXC* signal 
corresponds to the OBUSERR output of the BAC component. 

In case la of Figure 9A the exception does not affect the recovery of the host 
CPU. Therefore, the BAC component does not expect a READYA. In case lb, the 
host CPU may be performing the next data access cycle before the delayed 
exception is noticed. It may, hence, be necessary to jam the bus if the host 
CPU cannot recover in time. In case IC, the host CPU would receive the 
delayed exception and interpret it as the EOC handshake, thus recovering 
safely. The situation in case ld, Figure 9B, is similar to lb and would cause 
the host CPU to receive the exception in the midst of a local data access 
cycle. 

In cases 2a and 2b (Figure 9B), the host CPU is in the midst of an on-board 
access when it receives the exception and a corresponding READYA is called 
for. In case 2c, the host CPU either does not intend to select itself or else 
receives the exception before it is committed as a Replier. In both 
situations, the BAC component is unaffected. 
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Figure 9A Bus Error Jam Protocol 
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SELECTA* 
- h I 

i 
READYA 

-EXc* 

1 

~J1 --------II I 
CASE ld 

SC4* I 

SC2* 
I 

SC3* I I 

SC(ol* -h 

SELECTA* 1 r 

READYA pn CASE 2a 

SC~ -h 

SELECTA* 1 I 
CASE 2b 

EXC* I 1 JAM JAM I 
I'--- .t 

READY A 

Figure 9B Bus Error Jam Protocol (CONT.) 
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ABSOLUTE MAXIMUM RATINGS 

SYMBOL ITEM RATING 

VCC VCC Supply Voltage with respect to Vss -0.3V to 7V 

VIN Input Voltage -0.3V to VCC+0.3V 

TSrG Storage Temperature 

TOPR Operating Temperature 

D.C. CHARACTERISTICS (BAC: TA = OoC to 70°C, VCC = 5V ! 5%) 

SYMBOL 
VIL 
VIH 
VOL 
VOH 
ICC 
IlL 
Notel 

IIH High level input current 
Note 1 

IOZ Tri-state leakage current 
Note 1 

IOL Low level output current 
Note2 

IOH High level output current 
Note2 

V ZAP Electrostatic discharge 
Note3 

CONDITION I MIN.ITYp.1 

VOL=0.4V 

VOH-2.4V 

I I I 

I 2.0 
I 
1-1. 5 
I 
I 500 
I 

Notel: Direction of current may be out or in (source or sink). 

10 

10 

For CLK,ARBINO-ARBIN5,and PARO-par3, IIL=400uA (with pullup) 

Note2: Measured at TTL levels of 0.4V and 2.4V 
EINT,DIREC,and DBERR are double buffered and have IOL=6.0mA and 
IOH=6.0mA 

UNIT 
V 
V 
V 
V 

rnA 
uA 

uA 

uA 

rnA 

rnA 

V 

Note3: Minimum electrostatic discharge voltage on any pin per MIL-STD-883, 
Method 3015. 

CAPACITANCE (BAC: TA = OoC to + 70°C, VCC = 5V + 5%) 

SYMBOL PARAMETER I Typ.1 UNIT 
COUT OUTPUT CAPACITANCE I 7 I pF 
CIN INPUT CAPACITANCE EXEPT CLKI 5 I pF 
CIN CLK INPUT CAPACITANCE I 10 I pF 

As a guideline, maximum capacitance of twice typical may be assumed. 
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AC CHARACTERISTICS 

CLK 
Hvf \ 1.4V f 

SIGNAL r""~'1 9 VAI,ID 

Figure 10 Driver Timing Parameters 

CLK -~/ \ 14Vf 

SIGNAL ----------1"":::["" r 
Figure 11 Receiver Timing Parameter 

The following AC specifications for the BAC component are derated for 
commercial operating ranges of temperature and voltage. 

A minimum on-board clock skew (for CLK at the chip inputs with respect to 
BCLK* on the iPSB bus) of -0.5ns and a maximum of 3.5ns is assumed. This 
includes the change in thresholds from the bus logic levels to the 
conventional TTL midpoint level of 1.4V for the clock signal. 

The on-board loading of the BCLK* signal should be restricted to the test 
specifications of the AS804A-type devices (as shown in Figure 4). All timings 
are with respect to CLK (not BCLK) in nanoseconds and measured to 1.4V 
thresholds. For the S38-type devices (shown in Figure 4), a minimum delay of 
2.5 ns and a maximum of 12.5 ns is assumed to 1.4V thresholds. 

All output timings are specified at 50pF loadings wi th a few exceptions as 
noted below. Output loading should be restricted so as to guarantee that the 
skew time between TTL logic levels is 2ns or better for all BAC component 
outputs. 
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(VCC = 5V ! 5%, TA = OoC to 70°C) 

tsuMIN I tCOMIN I tcoMAX ItHOLOMIN I I , 
NAME 'tco tco 1 t HOLO 'UNIT TEST CONDITIONS' , , , , 

I (Rise/ I I , 
BUS INTERFACE , Fall) , , , , , , , 
ARBINO*-ARBIN5* 22 , , 0 , nB , 

Note 1 , nB , 
ARBOOT4 5.0 36 I nB , 
ARBOUTO 5.0 60 , nB , 
IBREQ* 22 0 , nB , 
OBREQ* Note 2 4.0 20 nB 1 
LACHN Note 3 28.5 2.5 nB , 
TIMOUT Note 3 28.5 2.5 ns , 
IBUSERR* 22 0 ns , 
RESET Note 3 28.5 2.5 ns , 
RSTNC* 22 0 nB , 
OBUSERR Note 2 4.5 23.5 ns , 
SCO*-SC9* Note 2 24 4.5 29 2.5 nB , 
SCOEL-SCOEH Note 2 5.0 125/19.5 nB 1 

1 ns , 
AGENT INTERFACE , ns , , ns , 
GRANTA/B 5.0 , 33 ns , 
OTHERREAOY 5.0 33 ns , 
LASTOUT 5.0 33 ns 
DBERR* 5.0 30 ns 
DIREC Note 2 6.0 27/28 ns 
REQUESTA/B 30 2 ns 
PRIORITY 30 2 ns 
READY AlB 40 2 ns 
WlDTHO*-WIDTH1* 30 2 ns 
SPACEO*-SPACE1* 30 2 nB 
WRITE* 30 2 ns 
BROADCAST 30 2 ns 
LASTINA*/B* 30 2 ns 
LOCK* 30 2 ns 
SELECTA*/B* 30 2 ns 
AGERRO-AGERR2 30 2 ns 
ADDO*-ADD1* 24 3.5 ns 
PARO*-PAR3* 7 9 nB 

-486-



TOSHIBA INTEGRATED CIRCUIT 
BAC 84110 TECHNICAL DATA 

Note 1: Maximum delay from ARBIN*(N) to ARBOUT(N-l) = 22ns 
Minimum setup of ARBIN*(O) at end of arbitration phase 30ns 

Note 2: Load Capacitances: 

Note 3: 

For the following outputs of the BAC, the A.C. timings have been 
specified at reduced load capacitances: 
lSpF: ARBOUTO-ARBOUT4, SCOEL-SCOEH, OBUSERR, OBREQ*, SC8*-SC9* 
30pF: SCO*-SC7* 
Derating of all outputs increased load capacitance is as follows 
(Max lOOpF): 

Single buffered outputs 
Double buffered outputs 
Triple buffered outputs 

tpHL 

-O.lSns/pF 
0.08ns/pF 
0.07ns/pF 

tpLH 

0.07ns/pF 
0.034ns/pF 
0.016ns/pF 

Derating figures are normalized over commercial operating ranges 
of temperature and voltage and subject to a maximum of 100 pF 
loadings. 

The following inputs to the BAC component are received from the 
iPSB bus through external inverters on the same chip so that the 
relative skew between them does not exceed l.Sns: CLK, RESET. 
TIMOUT and LACHN. 
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CONSIDERATIONS FOR INTERFACING WITH THE BAC COMPONENT 

1. The following agent side inputs need to be synchronized external to the 
BAC component with the CLK input: 

REQUESTA/B, SELECTA*/B*, READYA/B 

Other agent inputs are qualified by these inputs and, therefore, may be 
activated in advance of these synchronized inputs. 

2. The following inputs are shared between the primary and secondary agent 
interfaces: 

PRIORITY, AGERRD-AGERR2 

If these inputs are used by both interfaces in any application, external 
mUltiplexing is required. An OR gate is adequate to achieve the 
mUltiplexing of the AGERRO-AGERR2 lines if both agent interfaces ensure 
that these signals are kept inactive. 

3. On becoming the bus owner, a primary or secondary agent has 3 cycles to 
assert SCO* on the iPSB bus and thus begin a transfer cycle. This 
translates to assserting the READYA/B input to the BAC component either in 
the same cycle or in the cycle after receiving the GRANTA/B as illustrated 
in Figures 6A and 6B respectively. Delaying the READYA/B beyond this 
point may result in loss of bus ownership. However, the BAC component 
does not disassert the GRANTA/B and continues to drive the lower SC* 
lines. Consequently, bus conflicts may result on the ipSB bus on the 
ADxx* and SCx* lines. When designing a single board computer, care should 
be taken to guarantee a READYA/B in response to a GRANTA/B wi thin the 
permitted 2 cycles. 

4. It is recommended that all message accesses be restricted to the secondary 
port to ensure consistency with the EINT logic. 

5. The BAC component does not guarantee correct operation if a Requesting 
agent selects itself over the iPSB bus. Every agent that supports a 
replier needs to disable its decode/select logic during its own request 
phase. The GRANTA/B output may be used for this purpose. 
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OUTLINE DRAWING 

The Bus Arbiter/Controller is packaged in an 84-pin, PGA. Figure 12 illus­
trates the package and Figure 1 shows the pinout. 

-e. 
o .. 
0> 
H­
o 
o 
'" 

4 32±0.51 

2.03± 0.38 

2.54±051 

Unit in mm 

Oc~ __________ ~~ 

27.94±051 .\ 

Figure 12 BAC Pin Grid Array Package Dimensions 
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HIC 84120 

MULTIBUS II 

MESSAGE INTERRUPT CONTROLLER 

DATA SHEET 

AUGUST 1985 

TOSHIBA CORPORATION 
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MIC (MESSAGE INTERRUPT CONTROLLER) 

GENERAL DESCRIPTION 

The Message Interrupt Controller (MIC) component implements a subset of the 
MULTIBUS II architecture unsolicited message passing protocol providing the 
interrupt capability for iPSB bus agents. 

FEATURES 

o Provides the interrupt capability to agents interfacing to the Parallel 
System Bus (iPSB) of MULTI BUS II architecture. 

o Implements the interrupt message receiving and generation functions for its 
host CPU. 

0 Interfaces to host CPU, to the iPSB bus, and to the Bus Arbiter/Controller 
(BAC). 

0 Processor independent 
0 Companion to the Bus Arbiter/Controller 

Note: 
An asterisk following a signal name indicates that the signal is active when 
low. 

The following are trademarks of Intel Corporation 
iLBX, iSSB, iSBX, MULTICHANNEL, and MULTIMODULE. 
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PIN CONFIGURATION 

DO IBADOo*IBAD02*IBAD04*IBAD06*IBAD07*IBAD08*IBADI0*IBADI2*1 
51 I 50 I 48 I 46 I 44 I 42 I 40 I 38 I 36 I 

I I I I I I I I I 
Dl GND IBADOl*IBAD03*IBAD05*1 +5v I N.C. IBAD09*IBADll*1 GND I CLK 
53 52 I 49 ! 47 ! 45 ! 43 I 41 ! 39 ! 37 I 35 ! 34 I 

I I I I I I I I I 
I D3 D2 I BAD 14* I BAD 13* I 
I 55 54 I 32 I 33 I 
I I I I 
I D5 D4 I TSTSL* I BAD 15* I 
I 57 56 I 30 I 31 I 
I I I I 
I D7 D6 I BSC7* I TSTOUT I 
I 59 58 I 28 I 29 I 
I I I I 
I N.C. +5V I GND I BSC6* I 
I 61 60 MIC I 26 I 27 I 
I I I I 
I CS* GND I +5V IBSC5* I 
I 63 62 I 24 I 25 I 
I I I I 
I RESET MINT IBSC3* IBSC4* I 
I 65 64 I 22 I 23 I 
I I I I 
I RD* WR* IBSCO* IBSC2* I -
I 67 66 I I KEY I 20 I 21 I 
I 

-
I I I 

I WAIT * GND Al IMTOUT I CDIS* I +5V IREQSTBIGRANTBIAGERRII GND I TSTIN I 
I 68 1 3 I 5 I 7 I 9 I 11 I 13 I 15 I 18 I 19 I 
I I I I I I I I I I 
I A2 AO IDBERR*I SELB* IREADYBI N.C. I AGERR21 AGERRO I +5V I I 
I 2 4 I 6 I 8 I 10 I 12 I 14 I 16 I 17 I I 
I I I I I I I I I I 

Figure 1. Pin Configuration (Component Side Perspective) 
68-PIN PIN GRID ARRAY PACKAGE 
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PIN FUNCTION DESCRIPTION 

The MIC component consists of three interfaces: the 
Host CPU interface, and the BAC interface. Table 
signals which realize each of these interfaces. 

ipSB bus interface, the 
1 describes the set of 

Table 1 MIC Component Signal and pin Functions 

SYMBOL (NAME) I/o DESCRIPTION 

@(Host Interface) This interface consists of 16 signal 
lines 

D7-DO (Data Bus) 

A2-AO (Address Bus) 

RD* (Read Command) 

WR* (Wri te Command) 

CS* (Chip Select) 

I/O 

I 

I 

I 

I 
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Used by Host CPU to access the 
internal registers of the MIC com­
ponent. All accesses are required 
to be byte-wide. 

These three signal lines carry the 
address of the internal register 
or port that is to be accessed. 

Must be asserted each time the 
Host CPU wishes to read an inter­
nal register or port of the MIG 
component. This signal is only 
driven by the Host CPU, it must 
stay asserted until the WAIT* 
signal is deasserted. 

Must be asserted each time the 
Host CPU wishes to write to an 
internal register of the MIC com­
ponent. This signal is only 
driven by the Host CPU interface 
and must stay asserted until the 
WAIT* signal is deasserted. 

When asserted indicates the MIC 
component has been selected. The 
MIC performs the requested 
operation (read or write) only 
when this signal is asserted 
during the command assertion time. 
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WAIT* 

RESET 

MINT 

TECHNICAL DATA 

(Wait) 

(Reset) 

(Message 
Interrupt) 

o 

I 

o 

MIC 84120 

Asserted by MIC component when 
not ready to complete the Host 
CPU's requested read or write 
cycle. Its assertion is con­
trolled by the internal timing of 
the MIC. The signal is asserted 
after a Host access (as specified 
in the Host Interface Timing 
section) and stays asserted until 
the desired operation is com­
pleted. In the case of a read 
operation, deassertion signals 
that the read data on the data 
bus is valid. In the case of a 
write operation deassertion indi­
cates the operation has been com­
pleted. 

When asserted resets all 
internal state machines 
pointers. Neither the 
interface nor the iPSB bus 
will function until this 
deasserted. No internal 

the Mle' s 
and FIFO 
Host CPU 
interface 
signal is 
funcitons 

are performed until this signal is 
deasserted. 

NOTE: RESET must remain active for 
at least 3 clock (CLK) periods. 

Output signal from MIC component 
to Host CPU logic. 
Asserted under any of three condi­
tions: 

1. The receive FIFO is not empty 
and the associated interrupt 
enable bit is set. 

2. The Message Transmit FIFO is not 
full and the associated inter­
rupt enable bit is set.-

3. Transmission error has occured 
during the sending of a message 
packet on the iPSB bus and the 
error interrupt enable bit is 
set. 
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MINT 

CDIS* 

@(iPSB Bus 
Interface) 

TECHNICAL DATA 

(Message Interrupt) 0 
(cont'd) 

(Chip Disable) I 

MIC 84120 

The host controls these interrupt 
enable bits via the Control 
register. The exact cause(s) of the 
signal's assertion can be obtained 
by reading the Status Register. The 
Host CPU software must set the 
appropriate interrupt enables for 
the MIC component to correctly 
signal interrupts from any of the 
three possible sources. These 
interrupt enables are defined in the 
Control Register template section of 
this data sheet. 

As an input to the MIC component, 
this signal allows board testers 
to disable the outputs. When this 
signal is asserted (low), it causes 
all outputs of the component to go 
into their high independence 
state. This allows external logic 
to drive the output pins. The 
inputs are not affected by this 
signal. 

This interface consists of a 16-
bit bi-directional address/data 
bus and 7 command signals that map 
to some of the iPSB bus SCx* lines. 
These signals are required to be 
synchronous to the BCLK* falling 
edge. 

BADI5*-BADOO* (Buffered Address I/O 
and Data Bus) 

A 16-bit bi-directional bus used by 
the MIC component to receive ipSB 
bus operations in the message space 
and to transmit the requested 
interrupt message onto the iPSB 
bus. This is a three-state bus and 
is always turned inward toward the 
MIC component (received) unless the 
MIC component has an ipSB bus 
request pending and receives a grant 
from the Bus Arbiter/Controller in 
response to its bus request. 
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BADIS*-BADOO* (Buffered Address I/O 
and Data Bus) 
(cont'd) 

Under these conditions, the MIC 
component drives the request phase 
as well as the data phase informa­
tion of its message space WRITE 
operation onto this bus. 

BSC7*-BSC2* , 
BSCO* 

(Buffered SCx* 
Command Lines) 

I Received only by the MIG component. 
Provides request phase and reply 
phase iPSB bus state information to 
the MIG component. The definition 
of these signals is the same as 
that of the corresponding iPSB SCx* 
signals. 

@(Bus Arbiter/ 
GontrollerCBAC) 
Interface) 

This interface consists of a group 
of six control signals and a 3-bit 
wide agent error bus. These 
signals are used during arbitration 
and the request and reply phases of 
the MIC controller's ipSB bus 
interface transactions. All of 
these signals are required to be 
synchronous to the falling edge of 
the ipSB bus clock (BCLK*). 

REQSTB 

GRANTB 

(iPSB Bus Request 
to the BAC) 

(iPSB Bus Grant 
from the BAC 
Component) 

o 

I 

Asserted by MIC component when the 
XMIT FIFO is not emp ty. When 
asserted it signals that the MIC 
requires access to the ipSB bus. The 
MIC component waits for the assertion 
of the grant from the Bus Arbiter/ 
Controller (GRANTB) before it starts 
the request phase of a message 
transfer bus operation. 

Assertion of this signal indicates 
the MIC component can start its re­
quest phase in either of the next two 
clock cycles. The BAC ini t ia tes the 
request phase (drives the appropriate 
SCx* signals and output enables the 
ADxx* path) the clock cycle following 
the assertion of the READYB signal by 
the MIC component. 
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READYB 

SELB* 

TECHNICAL DATA 

(Ready Handshake 
Input to the 
BAC Component) 

(MIC Select to 
the BAC) 

o 

o 
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Asserted by the MIC component to 
signal its readiness for consump­
tion of information on its Buffered 
Address and Data Bus (BADI5*-BADO*) 
when it is a replier. It is also 
asserted to indicate the validity 
of information driven onto the 
BAD15*-BADOO''< signal lines when it 
is a requestor. 

When the MIC is a requesting agent 
its assertion of READYB during the 
request phase guarantees that the 
address information on the BAD15*­
BADOO* bus stays valid during the 
current and following clock cycle. 
During the reply phase, the READYB 
assertion indicates that on the 
following clock cycle the BAC can 
assert SC3* (requestor ready) on 
the ipSB bus. The MIC component 
keeps the data on the BAD15*­
BADOO* lines asserted until the 
clock cycle in which BSC4* is 
asserted. 

When the MIC component is a 
replying agent, the assertion of 
the READYB signal indicates to the 
BAC component that the MIC has 
accepted the reply phase informa­
tion and hence the BAC must assert 
SC4* on the iPSB bus on the follow­
ing clock cycle. The MIC monitors 
the BSC3* to identify the requestor 
ready indication on its own. 

When asserted indicates the MIC 
component has selected itself as 
the replier of the current bus 
operation on the iPSB bus inter­
face. Reply phase handshakes 
directly on the bus are ~ot per­
formed by the MIC component. The 
Message Interrupt Controller com­
ponent only signals its handshake 
via the assertion of the READYB 
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SELB* 

MTOUT 

DBERR* 

TECHNICAL DATA 

(MIC Select to 
the BAC) 
(cont'd) 

(iPSB Bus Time 
Out) 

(iPSB Bus Error) 

AGERR2-AGERRO (Agent Error 
Signals) 

CLK (Clock Input to 
the MIC) 

o 

I 

I 

o 

I 
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signal and the BAC performs the 
handshake by asserting the appro­
priate SCx* signals. 

When asserted, this signal 
indicates that the current bus 
operation was aborted because of 
a time-out condition. The MIC 
controller terminates its cycle 
if engaged in the current trans­
action. 

When asserted this signal 
indicates that the current bus 
operation was aborted because of 
a bus error (parity, etc.). The 
MIC controller terminates its 
cycle if engaged in the current 
bus transaction. 

When asserted these signals 
indicate one of three agent errors: 
Message Negative Acknowledge, 
Transfer Not Understood, and 
Continuation Error. The MIC 
component only generates the 
Negative Acknowledge the 
Continuation Error and the Transfer 
Not Understood Error encodings. 
The AGERR2-AGERRO are only asserted 
during the reply phase when READYB 
is asserted. 

All BAC and iPSB bus related 
outputs of MIC component are 
synchronized to this signal. It is 
required to be synchronous to the 
iPSB bus clock (BCLK*~ and its 
relative skew is required to be not 
more than 3.5 ns. 
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FUNCTIONAL DESCRIPTION 

INTRODUCTION 

The MULTIBUS 11 Bus architecture uses a message address space for implementat­
ion of mUltiple processor (multiple agent) systems that require interprocessor 
communication. The message address space is accessible to agents on the 
Parallel System Bus (iPSB). Message used in interprocessor communications are 
ca tegori zed as "interrupt-like" and "data-like". The Message Interrupt 
Controller (MIC) component provides the "interrupt-like" capability to agents 
interfacing to the iPSB bus. This component implements a subset of the 
unsolicited message types as described in the System Interface Specification 
of the MULTIBUS II Specification Handbook. The MIC is a specialized component 
having three interfaces; the ipSB bus interface, the host CPU interface, and 
its Bus Arbiter/Controller (BAC) interface. Figure 3 illustrates the MIC' s 
interfaces to the iPSB bus, the Host CPU, and the Bus Arbiter/Controller 
component. As shown, the MIC is a companion to the Bus Arbiter/Controller and 
is upward software compatible for those applications migrating to full message 
passing. 

1 HI.( 

MI:.T 

C01,TROL 

ONBJARlJ 
3YSTEM 
BUS 

1 LBX II 

Figure 3. MIC Host CPU, BAC and iPSB Bus I/F Requirements 
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ipSB INTERFACE 

The MIC component's iPSB bus interface is responsible for supporting the 
protocol of both a requesting and a replying agent on the Parallel System Bus 
(iPSB). All iPSB bus operations performed by the MIC component are write 
cycles in the message space with a width specification of 32-bits. As a 
replying agent, this interface monitors the bus cycles on the ipSB bus 
decoding the message space. If the request phase of a bus operation maps to 
the message space and the destination address matches to that of MIC's 
programmed Host I.D., the MIC component then replies to the transfer cycle and 
handshakes wi th the bus via the BAC component. Upon handshake for the 
interrupt message, the MIC component queues the source ID of the sender in its 
internal receive (RCV) FIFO if the Type Field of the transmitted packet 
matches that of an unsolicited message output request (OOH). It then asserts 
its interrupt line (MINT) to its Host CPU interface (i.e., via an interrupt 
controller). The Host CPU, upon servicing the interrupt, must access the 
MIC's appropriate internal registers to obtain the source ID of the 
interrupting agent as well as any other relevant information via the MIC's 
Host CPU interface. 

The MIC component provides queuing for up to four iPSB bus interrupt messages 
in its Receive FIFO. This interface generates a NACK Agent Error on the iPSB 
bus if during the request phase there is no free space in the MIC's RCV FIFO. 
Error handling in the reply phase is described in Table 2. 

Table 2. Reply Phase Error Handling 

BAC 
Type=OOH EOC Action 

Reported Errors 
No Yes Yes Queue Packet in RCV FIFO 
No Yes No Continuation Error 
No No Yes Transfer Not Understood Error 
No No No Transfer Not Understood Error 

Yes Yes Yes BAC Drives Errors on iPSB Bus 
Yes Yes No BAC Drives Errors on iPSB Bus 
Yes No Yes BAC Drives Errors on iPSB Bus 
Yes No No BAC Drives Errors on iPSB Bus 

The iPSB bus interface also supports the protocol for a requesting agent and 
is responsible for the transmission of interrupt message requests generated by 
its Host CPU. This interface monitors the message transmit (XMIT) FIFO for 
pending messages. If the XMIT FIFO is not empty, it requests ownership of the 
iPSB bus by asserting the bus request line to the BAC (REQSTB). Upon receipt 
of a bus grant (GRANTB) from the BAC, the MIC component performs the 
unsolicited output message transfer cycle by driving its address -information 
onto the BADl5*-BADOO* bus. Timing for this operation is presented in the 
Signal Interface Protocol and Timing Diagram Section of this data sheet. 

If an attempt to transmit a packet results in a bus error other than a NACK, 
an error packet is queued on the Host CPU interface. If the attempt results 
in a NACK, the transmission is retried up to 8 times without Host CPU 
intervention. The MIC component uses the binary backoff scheme detailed in 
Table 3. If the last retry is also NACK'ed, an error packet is queued for the 
Host CPU as in the case of bus error. 

-501-



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

Table 3. Binary Backoff/Retry Scheme 

Delay 
Retry No. (Microseconds) 

1 2 
2 4 
3 8 
4 16 
5 32 
6 64 
7 128 
8 256 

HOST CPU INTERFACE 

* TRANSMIT 0 1 2 7 8 
ATTEMPT , , -'----','- ... !--I 1--' 

2' 
DELAY IN 

uSEC. 256 
4 ' __ I 1 __ ' 

* 0= 1st NACK 
as follows: Delay calculated 

(2n ) x 10 x BCLK 
period where n = Retry # 

Timing is based when last NACK is received 
Retry Timing based on 10MHz BCLK 

(period = 100 nsec) 

On the MIC's Host CPU interface, the component behaves like a slave I/O port 
to the host CPU. It provides a register-based interface by which the host CPU 
sets up its control and output message commands and receives source and status 
information on incoming interrupts. This interface consists of five registers 
and two ports. Table 4 lists the names and functions of these registers and 
ports. 

Table 4. Names and Functions of MIC Registers and Ports 

Name 

Status Register 

Host ID Register' , , 
Configuration 
Register , 

I , 
Control Register' , , 
Command Register , 
Data Port I , 

, 
Error Port I , , 

, 
, 

Read/Write 

Read 

Read/Write 

Read/Write 

Read/Write 

Read/Write 

Read/Write 

Read/Write 

Function 

Used to indicate the status of transmit 
and receive FIFOs, transmission error and 
failure to initialize the MIC after a 
Reset. 
Contains host CPU unique ID. Written only 
during initialization, read only during 
normal 0 eration of the MIC. 
Allows the host CPU to configure static 
attributes of the MIC. Can be read any 
time. Written to only during initializa­
tion of the MIC. 
Allows the host CPU software to dynamically 
control the Interrupt Enables for different 
sources of interru t in the MIC. 
Used for messages synchronization between 
the host CPU and the MIC. 
Maps to the Message Transmit FIFO when 
wri tten to, and maps to the Mess,age Receive' 
FIFO when read from. , 
Host CPU reads this port in response to an , 
interrupt and the ERROR STATUS bit is set , 
in the status register. When written to, I 
clears the ERROR STATUS bit in the status , 
register. , 
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All the registers and ports are read/write. However, some of these registers 
are read-only during the MIC's normal operations and write operations to these 
registers cause the MIC component to perform specific control functions. 
Specifically, the Host ID and Status registers can only be read during normal 
operation (i.e., after initialization) of the MIC component and writes to this 
register toggles the MINT interrupt signal if asserted and a write to the 
status register causes a device reset. The Configuration register is also 
read only during normal operations. The Control and Command registers are 
true read/write registers. The DATA port and the ERROR port are also 
read/write, but the functions performed or values returned vary based on the 
operation. The exact functions of these registers and ports. as well as 
accessing protocols are described in the Software Interface Section of this 
data sheet. 

Access to these registers and ports allows the Host CPU to send or receive 
interrupt messages as well as receive error messages. The Host CPU interface 
can deposit interrupt message requests in the Transmit (XMIT) FIFO and remove 
messages from the Receive (RCV) FIFO by writing to or reading from the 
associated FIFO. Both FIFOs are mapped to the DATA port. The exact protocol 
of sending and receiving interrupt message information and details of the 
MIC's initialization and error reporting are described in the Software 
Interface Section of this data sheet. 

BUS ARBITER/CONTROLLER INTERFACE 

The interface to the BAC component is both as a replying and a requesting 
agent on the ipSB bus. When the MIC component needs to initiate a bus cycle 
on the iPSB bus, it must arbitrate for ipSB access rights with its Host CPU 
and other MIC devices on that iPSB module. This arbitration is performed by 
external logic if there is more than one MIC or host CPU on a given module, 
otherwise, the arbitration can be done entirely by the BAC component. In 
either case, the MIC component asserts its bus request signal and waits for a 
grant (GRANTB) from the BAC component. Upon obtaining the bus grant, the MIC 
component behaves like a requesting module to the secondary agent (Agent B) 
interface of the BAC component which inherently supports the MIC's 
requirements. The MIC component's interface to the BAC also provides the 
handshaking signals used when the MIC component is a replying agent on the 
ipSB bus. A detailed description of the relevant signals and the protocol 
involved is presented in the BAC Interface Timing Section of this data sheet. 
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SIGNAL INTERFACE PROTOCOLS AND TIMING DIAGRAMS 

The Message Interrupt Controller component has three interfaces: the Host CPU, 
the Parallel System Bus, and the Bus Arbiter/Controller. This section 
presents the timing diagrams as well as a brief description illustrating the 
access protocol of these interfaces. The relevant BAC component handshake 
signals are discussed in the ipSB bus interface section because these two 
interfaces (BAC and iPSB bus) operate simultaneously when the MIC component is 
either a requestor or replier. 

The MIC component interfaces to the BAC component via the BAC I S secondary 
(Agent B) interface, allowing for a direct (no external TTL) interface between 
these two components. 

HOST INTERFACE TIMING 

The Host interface allows the Host CPU to perform byte-wide read and 
operations on the internal registers and ports of the MIC component. 
access protocol allows for dual-handshaking between the Host CPU and 
component. 

HOST INTERFACE READ CYCLE 

write 
The 
MIC 

In this operation, the Host CPU performs the read operation by asserting the 
Chip Select (CS*) and the read command (RD*) signal. If the CS* signal is not 
asserted during the command assertion time, the MIC component is not selected 
and no operation is performed. The MIC component responds with the assertion 
of the Negative Acknowledge Handshake (WAIT*) signal. The read data is valid 
when the MIC component deasserts the WAIT* signal. The Host CPU samples the 
read data and upon completion must deassert its command signal to indicate the 
completion. The relevant signals and their timings are illustrated in Figure 
4. When a read operation by the Host CPU causes the deassertion of the 
Message Interrupt (MINT) signal, the deassertion takes place after the WAIT* 
signal is removed with the timing shown in Figure 4. 
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~ tl I t5 

cs* 
I tz lt6 

AO-AZ VALID 

tZl ts 

RD* \. /,'1' 

~t3 
~ 

tZ2 - f-I t4 d- t7 

KX VALID / 

--1 _tg 

WAIT* 

DO-D7 

MINT 

Figure 4. Host Interface Read Cycle Timing 

HOST INTERFACE WRITE CYCLE 

In this operation, the Host CPU performs the WRITE operation by asserting Chip 
Select (CS*) and the Write command (WR*) signal and driving the write data on 
the data bus within a maximum delay. The MIC component responds by asserting 
the WAIT* signal. When the MIC component completes the write operation, the 
WAIT* signal is deasserted. Upon deassertion of the WAIT* signal, the Host 
CPU must deassert its command signal. The relative timing and involved 
signals are described in Figure 5. This figure also shows the MINT 
deassertion in case the Host CPU write operation forces such action to take 
place. 

tzo 

MINT _____________________________________ --J)(~ ____________________ _ 

Figure 5. Host Interface Write Cycle Timing 
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HOST INTERFACE SOFTWARE CONTROLLED RESET 

The Host CPU I s software can force the internal non-Host interface logic, the 
FIFO pointers, as well as other internal registers to assume their reset 
conditions by writing to the Status Register when the MIC component is in its 
normal operating condition (INITDONE asserted). The reset occurs upon the 
deassertion of the WAIT* signal. Subsequent accesses to the affected logic 
reflects the reset condition. The MINT signal also gets deasserted if it was 
asserted prior to the software reset. After executing this function, the Host 
CPU's software must perform the MIC' s ini tia I i za t ion sequence to return the 
device to its normal operating mode. The initialization sequence is presented 
in the section entitled INITIALIZATION AND TRANSMIT, RECEIVE AND ERROR 
PROTOCOLS. 

NOTE: The reset will only occur when the MIC component is in a quiescent state 
with respect to the ipSB bus. That is, if the reset is requested when the MIC 
component is engaged in an iPSB bus transaction, the Host CPU will be delayed 
(via WAIT*) until the iPSB bus transaction completes. Hence, software is not 
required to guarantee that the ipSB bus interface is idle before issuing a 
reset request. 

PARALLEL SYSTEM BUS AND BUS ARBITER/CONTROLLER INTERFACE ACCESS TIMINGS 

The ipSB bus and BAC component interfaces always operate simultaneously when 
the MIC component is either a requesting or a replying agent on the ipSB bus. 
As described in the MULTIBUS II Specification Handbook, only write operations 
can be performed in the message address space. When the MIG component is a 
requesting agent on the iPSB bus, it generates an unsolicited output message 
via a write operation on the ipSB bus. As a replying agent in the message 
space, the MIC component behaves like a storage element accepting wri te 
operations in the space. The following sections illustrate the timing 
diagrams for both the BAC and iPSB bus interfaces. 

MIC COMPONENT AS A REQUESTING AGENT 

The timing diagram in Figure 6A shows all the relevant signals in the MIC I s 
iPSB bus and BAC interfaces when the MIC component is acting as a requesting 
agent on the iPSB bus. All ipSB bus operations by the MIC component are write 
operations in the message address space with a width specification of 32-bits. 
The MIC's arbitration, request and reply phases are shown in Figure 6A and 6B. 
As shown, the MIG component drives its address information onto the Buffered 
Address and Data Bus (BAD15*-BADOO~') following the receipt of a grant, GRANTB, 
from the BAC component. The MIC component signa Is its readine·ss for the 
request phase by asserting the Ready Handshake Input signal (READYB) to the 
BAC component. It continues to drive its address information on BAD15*-BADOO* 
bus during the next clock cycle. The following clock cycle, the write data is 
driven onto the BAD15*-BADOO* bus. Upon initiating the request phase of the 
write operation, the MIG device drives its reply phase data for at least 
another two clock cycles and handshakes with the BAC component via assertion 
of the READYB signal. The MIC component monitors the Buffered System Control 
(BSC4*) signal for replier ready indication before completing its reply phase 
(i.e., stop driving the data on the BAD15*-BADOO* bus). 
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Figure 6A. MIC As a Requesting Agent on the ipSB Bus 
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MIC COMPONENT AS A REPLYING AGENT 

The timing diagram in Figure 6B illustrates the relevant signals in the iPSB 
bus and the BAC component interfaces of the MIC component when it is perform­
ing as a replying agent to an ipSB bus operation in the message address space. 
The signals used in performing as a replying agent are similar to those used 
as a requesting agent. The HIC component signals its selection as a replier 
by asserting the SELB* signal. The reception of the reply phase data informa­
tion is indicated by asserting the READYB signal. The MIC component monitors 
the BSCO*, BSC2* - BSC7* for various iPSB bus status and control information. 

0 1 3 4 5 6 '7 8 9 10 

I I I I I I I I 

HAJJ, l~- 00 * -C0-< D > 
B2CO* ~ 
FSC2* ~ ! 
BSC3* \ ! 
BSC4* V 
BSC5* ~ 'CY 
BSC6* ~ 'Cf 
BSC7* v:y 

SELB* \ I 
READYB 1\ 

I I 
0 2 4 5 6 B 9 10 

Figure 6B. MIC As A Replying Agent on the ipSB Bus 
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SOFTWARE INTERFACE 

This section presents the internal registers accessible by the Host CPU and 
the protocol that software running on the Host CPU must follow for proper 
operation. The basic elements of an Interrupt Message packet as supported on 
the MIC component will be discussed. Next, the format of the MIC's internal 
registers, their definitions and supported functions will be presented. 
Finally, the Host CPU software sequences for proper initialization, Interrupt 
Message transmission, Interrupt Message reception and error recovery are 
described. 

INTERRUPT MESSAGE PACKETS 

The MIC component supports three types of packets on the Host CPU interface 
and one type of packet on the iPSB bus interface. The three packet types the 
host CPU interface supports are: Interrupt Message Received packet, Interrupt 
Message Sent packet and Interrupt Message Error packet. The iPSB bus 
interface packet is an unsolicited output message that is exactly 4 bytes 
long. That is, it contains no data, only the standard 4 byte header 
described in the MULTIBUS II Architecture Specification Handbook. 

HOST CPU INTERFACE PACKETS 

The Host CPU deposits an Interrupt Message Sent packet into the Transmit FIFO 
to be transmitted over the iPSB bus to another module. The Interrupt Message 
Packet Received is a 4 byte sequence that the Host software must read from the 
Receive FIFO when an iPSB bus Interrupt Message packet is received. The 
Interrupt Message Error packet is a packet of information that is provided to 
the Host CPU if an error or a combination of errors occurs during the 
transmission of the Interrupt Message packet on the iPSB bus. 

The MIC component does not queue any interrupt messages received that have 
suffered from any type of bus errors or in which the type field does not match 
OOH. The byte-ordered structure of these packets as viewed from the Host CPU 
interface is shown below: 
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Byte iF 
1 
2 
3 
4 

Byte iF 
I 
2 
3 
4 

Interrupt Message Received 
Packet 

Information Type 
Destination I.D. 
Source LD. 
Message Type (OOH) 
Undefined 

Interrupt Message Sent 
Packet 

Information Type 
Destination I.D. 
Source I.D. 
Message Type (OOH) 
Request LD. 

Figure 7. Byte-Oriented Structure of Interrupt Message Packets 

Destination LD.: For the Interrupt Message Packet Sent this is the LD. 
of the remote host for which this packet is intended. 
For the Interrupt Message Packet Received this is the 
LD. of the local host. It will be exactly the value 
programmed in the HOST ID register. 

Source 1. D. : 

Message Type: 

Request I.D.: 

For the Interrupt Message Packet Sent thi s is the 1. D. 
that the remote Host will see as the source of this 
message. Note that the MIC component does NOT over­
write this with the value of the Host LD. register. 
For the Interrupt Message Packet Received this is the 
I.D. the sending Host used. 

An 8-bit value that identifies the message type for an 
interrupt message (OOH). For the Interrupt Message 
Packet Sent this value is overwritten with OOH by the 
MIC component before the packet is sent over the ipSB 
bus. For the Interrupt Message Packet Received this 
value will be OOH. 

A 4-bit value that identifies the different Interrupt 
Message packet requests between the Host CPU and its 
message device, the MIC component. "This value is saved 
by the MIC component and returned to the Host CPU with 
the Error Packet if transmi t errors are encountered, 
facilitating the binding of an Error packet with the 
original request that failed. Note that only the four 
low-order bits are used. 

The Interrupt Message Error packet is identical to the Interrupt Message Sent 
packet that encountered the transmission error in all of its fields except the 
value returned in the Request 1.D. field also contains an encoding of the 
error. This packet (See Figure 8) is returned when the Host CPU reads from 
the Error port upon detection of a message transmission error. 
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Byte if 
1 
2 
3 
4 

Interrupt Message Error 
Packet 

Information Type 
Destination LD. 
Source LD. 
Message Type (OOH) 
Request LD. 

Byte 4 Request 1.0. 

Request LD.: 

07 ------------------------) DO 
I I I I I I I I I 
I I I 0 I I I I I I 
I I I I I I I I I 

I I 

-----) REQUEST LD. 

-----------) RETRY EXPIRED 

--------------) BUS ERROR 
-----------------) TIME OUT 

Figure 8. Interrupt Message Error Packet Format 

The Request LD. used in the Interrupt Message Packet 
Sent that encountered the transmission error. 

Retry Expired: This bit if set indicates that the MIC completed its 
entire retry strategy and was NACK'ed on each attempt. 

Bus Error: 

Timeout: 

This bit is set when the corresponding error is detected 
on the iPSB bus. 

This bit is set when a timeout condition is detected on 
the iPSB bus. 

ipSB BUS INTERFACE PACKET 

The iPSB bus interface of the MIC component generates. message space bus 
operations on the iPSB bus that follow the standard Message Space packet 
format as described in the MULTIBUS II Specification Handbook. - The width 
specified by the MIC is always 32-bits. The reply phase of the message space 
write cycle only contains one data transfer. The Interrupt Message.packet as 
displayed on the iPSB bus is shown below: 
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IAD31*-AD24*IAD23*-AD16*1 AD15*-AD8* AD7*-ADO* 
ipSB bus Invalid I nva 1 id Interrupt Interrupt 
Request Phase Source I.D. IDestination I.D.I 

Not Used Not Used Type I Type I 
iPSB bus Must have Must have Specific I Information I 
Reply Phase Valid Valid (Reserved) I (OOH) I 

Pari t;t Pari t;t I I 

Figure 9. Interrupt Message Packet 

The above iPSB bus packet organization is transparent from the software on the 
Host CPU. It is enforced by internal controls of the MIC component 
implementing the MULTIBUS II message space protocol (Refer to MULTIBUS II 
Architecture Handbook Specification). The Type Specific is undefined for 
unsolicited output messages. 

INTERNAL REGISTERS AND PORTS 

The Host CPU interface to the MIC component supports five internal registers 
and two ports. The names and functions of these structures were presented in 
Table 4. The operations on these ports allow the Host CPU to send or receive 
the interrupt message packets as well as retrieve the Interrupt Message Error 
packets discussed above. The registers are used for configuration and control 
of the MIC component as well as obtaining status information. The addresses 
of these ports and registers and further detailed description of each follows: 

Table 5. MIC Register Names and Addresses 

Register/Port Name Register Address 

Status o 
Host LD. 
Configuration 2 
Control 3 
Data Port 4 
Error Port 5 
Command 7 

STATUS REGISTER 

During normal operation of the MIC component , this register is read-only and 
returns the status 'of the Transmit and Receive FIFOs and reports any pending 
error conditions. The register contains 4 status bits as detailed below in 
Figure 10. This register may also be written to. Writing to this register 
·will cause a software reset of the MIC component. The MIC ensures that any 
ongoing iPSB bus transactions are completed before the reset actually takes 
effect. The actual data written is ignored but must be OOH for 
compatibility with future products. (Refer to Table 6; Figure 10.) 
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Symbol 

XMTNF 

RCVNE 

XMTERR 

TECHNICAL DATA 

D7 ------------------------> DO 
I I I I I I I I I 
I I 0 I 0 I 0 I 0 I I I I 
I I I I I I I I I 

I 

'--> ----> 
------> 

XMTNF 
RCVNE 
XMTERR 

--------------------------> INITDONE 

Figure 10. Status Register Template 

Table 6. Description of MIC Status Register Bits 

Bit 1fo 

o 

1 

2 

Description 

This bit is set if the transmit FIFO is not 
full. The MIC component generates an interrupt 
to the Host CPU if this bit is set and the 
corresponding interrupt is enabled. It is set 
after both hardware and software resets. It is 
also set when the stored message is sent out 
onto the iPSB bus and the transmit FIFO is 
therefore capable of accepting a new message for 
transmission. 

This bit is set if the receive FIFO is 
non-empty, (that is, containing one or more 
messages and indicating that the MIC component 
has received messages from the iPSB bus). When 
set it generates an interrupt if enabled through 
the Control Register. It is deasserted upon 
reset and when the Receive FIFO is emptied of 
all.its queued messages. 

This bit is set by the iPSB bus interface when 
the most recent transmit attempt has suffered 
some sort of an error. This bit if set 
generates an interrupt if the corresponding 
enable bit in the Control Register is set. Both 
hardware and software resets clear this bit. 
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INITDONE 

HOST I.D. REGISTER 

7 This bit is cleared if the MIC component has not 
been initialized after either a hardware or a 
software reset. It is set upon writing to the 
Host 1.D. Register. When this bit is set, it 
indicates that the initialization is complete. 
Host CPU software must set up the Configuration 
Register before writing to the Host 1.D. 
register, initialization sequence and causing 
this bit to be set. 

This register performs different operations depending on whether the MIC 
component has been initialized or not. 

After reset (when the INITDONE bit in the Status register is 0) software must 
write its host I.D. (OOH-OFEH) into this register. This I.D. will be used to 
match incoming interrupt messages on the iPSB bus. This write also concludes 
the initialization of the MIC component and sets the INITDONE bit in the 
Status register. 

After initialization, reading this register returns the previously programmed 
Host 1.D. value. 

Writing to this register after initialization performs a special (optional) 
"End of Interrupt" (EOr) function. The MINT line is unconditionally 
deasserted for 200ns and then allowed to resume its earlier value. The actual 
data written is ignored but must be OOH for compatiblility with future 
products. The EOI function is described more fully in the Operating 
Procedures Section of this data sheet. 

CONFIGURATION REGISTER 

This register is an 8-bit read/write register that allows the Host CPU 
software to configure static attributes of the MIC component. It can only be 
written to before initialization is complete (while INITDONE=O). It can be 
read any time. When the MIC component does not allow the programming of a 
given attribute, the returned value is what the MIC component is set to 
operate with internally. The template for this regist'er and its field 
definitions are described below in Table 7, Figure 11. 
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D7 ------------------------> DO 
1 1 
1 0 0 0 0 0 0 0 0 1 

l-r~~--~~~._~~._I 
I 
1 __ > 

----> 
------> 

----------> 

-----------------> 

DMAWIDO 
DMAWIDI 
FIFOWIDO 
FIFOWIDI 

MIC 

Figure 11. MIC Configuration Register Template 

Table 7. Description of the MIC Configuration Register Bits 

Symbol 

DMAWIDI-O 

FIFOWIDO-l 

MIC 

Bit 1f 

1-0 

3-2 

7 

Description 

These two bi ts encode the width of the Host 
CPU's data path for DMA transfers. The MIC does 
not allow any width other than 8-bits, 
therefore, the value returned in this field is 
always for a width of one byte (00). 

This field specifies the width of the processor 
local bus. This is fixed at 8 bits for the MIC 
component, therefore the value returned in this 
field is always 00. 

This bit is statically set in the component and 
is not programmable. In the MIC component this 
bit is set to a 0 indicating that this message 
interface device is a MIC component. 
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CONTROL REGISTER 

The Control Register is an 8-bit read/write register used to allow the Host 
CPU software to individually enable the three different interrupt conditions 
that are possible. This register's template and its field definitions are as 
described in Table 8, Figure 12. 

D7 
I 
I 0 
I 

------------------------> DO 
I I I I I I I I 
I 0 I 0 I 0 I 0 I I I I 
I I I I I I I I 

I 
I --> XMTIE 

> RCVIE 
> ERRIE 

Figure 12. Control Register Template 
(Description in Table 8) 

Table 8. Description of the MIC Control Register Bits 

Symbol Bit iF 

XMTIE o 

RCVIE 1 

ERRIE 2 

Description 

This bit is the Transmit-FIFO-Not-Ful1 interrupt 
enable. When set, it allows the MIC component 
to generate an interrupt to the Host (MINT 
signal asserted) when the Transmit FIFO is not 
full (XMTNF = 1). This bit is cleared on both 
hardware and software reset. 

This bit is the Receive-FIFO-Not-Empty interrupt 
enable. When set, it allows the MIC component 
to generate an interrupt to the Host CPU when 
the Receive FIFO is not empty (RCVNE=I). Both 
hardware and software resets clear this bit. 

This bit when set allows the MIC component to 
generate an interrupt when the transmission of 
an Interrupt Message Request results in an error 
(XMTERR=1). Both hardware and software resets 
clear this bit. 
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COMMAND REGISTER 

This register is used to terminate FIFO operations. A read from this register 
terminates the reception of a packet from the Receive FIFO. A write to this 
register terminates the transfer of a packet to the MIC component for 
subsequent transfer over the iPSB bus. The data written is ignored but must 
be OOH for compatibility with future products. 

DATA PORT 

This port maps to the Message Transmit FIFO when it is written to, and maps to 
the Message Receive FIFO when it is read from. 

To extract a received packet, the host must perform 5 separate byte-wide read 
access to this port. The first byte contains the number of following bytes and 
for the MIC component this value is always 4. The next 4 bytes contain the 
received packet with format as detailed in the Interrupt Message Packet 
section presented earlier. After the 4 data bytes are read, a read must be 
issued to the Command Register to terminate the transaction. The Receive FIFO 
internal pointers are not updated to reference the next packet (if any) in the 
Receive FIFO until the Command Register is read. If more than four reads are 
issued to the DATA port before reading from the Command Register, the actual 
data returned on the extraneous reads is undefined. However, the FIFO 
pointers will only be adjusted after a read is issued to the Command Register. 
To transmit an interrupt message, the Host CPU must write the Interrupt 
Message Sent packet to the DATA port using 4 separate byte-wide write 
operations. These 4 writes must then be followed by a write to the Command 
Register to terminate the transaction. The MIC component initiates the iPSB 
bus send operation only after the write is issued to the Command Register. 

ERROR PORT 

The Host CPU ~xtracts an Error Packet from this port in response to an ipSB 
bus transmissio,,- error signalled by the XMTERR bit being set in the Status 
Register and an interrupt if the Transmit Error Interrupt is enabled. This 
procedure is similar to extracting an Interrupt Message Received packet from 
the DATA port. Five separate byte-wide reads must be issued to the Error 
port. The first read returns the number of following bytes and will always be 
4. The next 4 bytes contain the Error packet. The entire transaction must be 
terminated by a WRITE to the Error port. The actual data used in the write is 
immaterial but must be OOH for compatibility with future products. 

INITIALIZATION AND TRANSMIT, RECEIVE AND ERROR PROTOCOLS 

This section presents flowcharts of the steps the Host CPU software must 
follow to guarantee correct operation of the MIC component. The following 
sections present the protocol for Initialization, an Interrupt Message 
Transmit, an Interrupt Message Receive, and an Interrupt Message Error 
recovery. Finally, the use of the EOI function is described. 
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INITIALIZATION PROTOCOL 

The MIC component enters its initialization mode on hardware and software 
reset. When the MIC device is in this mode, the INITDONE bit in the Status 
Register is set to O. The MIC component exits this mode and enters normal 
operation mode when the Host CPU software writes its Host I.D. into the Host 
l. D. Regis ter. At this point. the INITDONE bi t is set to 1 in the Status 
Register. When initialization is done, the values of the Host l.D. and the 
Configuration registers are frozen and cannot be changed without a reset. The 
MIC component will neither initiate nor respond to ipSB bus operations when it 
is in its initialization mode. The following initialization steps are 
required. This sequence assumes the MIC device has been reset via hardware or 
software. 
Step 1 Read Status Register, the value OOOOOOOlB must be obtained. Otherwise 

the component is not operational. 
Step 2 Write the desired configuration values into the Configuration 

Register. 
Step 3 Read the Configuration Register to check the actual configuration the 

device will use (OOH will be returned). 
Step 4 Set any desired Interrupt Enable bits in the Control Register. All 

interrupts are disabled after Reset. If no change is desired, this 
step can be skipped. 

Step 5 Write the Host I.D. into the Host I.D. Register. This terminates the 
initialization sequence. The INITDONE bit in the status Register will 
now be set. 

INTERRUPT MESSAGE TRANSMISSION PROCEDURE 

This section describes the steps the 
Interrupt Message on the iPSB bus. 
presented. This is followed by an 
polling. 

host software must follow to transmit an 
First, a simple scheme using polling is 
interrupt driven mechanism that avoids 

As depicted in Figure 13A, the host software first establishes that the 
Transmit FIFO is not full by polling the XMTNF bit in the Status Register. 
The host then writes 4 separate bytes to the Data Port: the Destination I.D., 
the Source ID, the Type (OOH) and the Request I.D. These four wri tes are 
terminated with a write to the Command Register. The actual data used for the 
write is ignored but must be OOH for compatibility with future products. 

The MIC component initiates the iPSB bus tranfer on the wri te to the Command 
Register. Therefore, if the host does not perform four writes to the Data 
Port before it writes to the Command Register, the MIC component will 
construct and transmit an iPSB bus packet with the existing contents of the 
unwritten fields. 
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NO 

NEED TO SEND 
INTERRUPT 

MESSAGE 

PERFORM 4 WRITES 
DATA PORT DEST ID 
DATA PORT SRC ID 
DATA PORT TYPE 
DATA PORT R~UEST ID 

MIC84120 

Figure 13A. MIC Interrupt Message Transmission Flowchart (Polling version) 

Figures 13B and 13C describe one possible way of using the XMTNF interrupt to 
avoid polling. Figure 13B describes the synchronous "top half" and Figure l3C 
specifies the associated interrupt handler. This scheme assumes a (software) 
queueing mechanism for messages that are generated for transmission while the 
MIC component is busy. Initially, the XMTNF interrup~ is assumed disabled and 
the message queue marked empty. 

To transmit a message a host must first determine if the HIC component is free 
and there are no other queued messages. If this is the case, the same 
register operations (four writes to the Data Port followed by a write to the 
Command Register) as before are performed. In the event that the MIC 
component is busy, the message is queued for transmission and the XMTNF 
interrupt enabled via the Control Register. (Figure 13B details this 
sequence). 
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The MINT interrupt handler (Figure 13C) "dequeues" messages and initiates 
transmission if an earlier transmission completes and there are queued 
messages. The procedure described here has the advantage that XMTNF 
interrupts are caused only when there are queued messages. Note that some 
mutual exclusion mechanism is needed to protect the software message queue 
from simultaneous access by the sychronous portion and the interrupt handler. 

Message transmission and receive operations as well as Error packet retrieval 
may all be fully interleaved as distinct registers and operations are used in 
each case. 

NO 

NO 

ENABLE XIlTNF 
INTERRUPT 

YES 

PERFORM 4 WRITES 
DATA PORT DEST ID 
DATA PORT SRC ID 
DATA PORT TYFE 
DATA PORT REQUESTID 

Figure 13B. MIC Interrupt Message Transmission Flowchart 
(Interrupt Driven Version) 
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lW 

YES 

PERFORM 4 WRITES 
DATA PORT DEST ID 
DATA PORT SRCID 
DATA PORT TYPE 
DATA PORT REQ.UEST ID 

HANDLE OTHER 
INTERRUPT 

CAUSES 

Figure 13C. MIC Interrupt Message Transmission Flowchart 
(Interrupt Driven Version) 
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INTERRUPT MESSAGE RECEIVE PROTOCOL 

Upon queuing of an interrupt message from the iPSB bus interface, the MIC 
component signals the host CPU by setting the RCVIE bit in the Status register 
and generating an interrupt if the RCVNE interrupt is enabled. The host CPU 
software must handle this condition as follows: 

MINT INTERRUPT RECEIVED 

YES 
(RCVNE=l) 

PERFORM 5 READS: 
DATA PORT COUNT 
DATA PORT DEST ID 
DATA PORT SRC ID 
DATA PORT TYPE 
DATA PORT NOT USED 

Figure 14. MIC Interrupt Message Receive Protocol 

As shown above, 5 reads must be issued to the DATA Port. The first returns 
the number of following bytes. (In the case of the MIC component, this will 
always be 4.) The 4 follwing reads return an Interrupt Message Received 
packet. The transaction must be terminated by a read from the Command 
Register. Message transmit and receive operation as well as Error packet 
retrieval may all be fully interleaved as distinct register and operations are 
used in each case. Note that it may be desirable to loop in the interrupt 
handler until all messages queued in the Receive FIFO are removed. 
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MESSAGE TRANSMIT ERROR RECOVERY 

When transmitting an unsolicited output message packet on the ipSB bus, the 
MIC component may suffer from a variety of errors: Bus Error, Time Out, Agent 
Errors, and Negative Acknowledge. Bus Error, Time Out, and Agent Errors are 
treated as general transmission errors by the MIC component and the XMTERR Qit 
in the Status Register gets set. The Negative Acknowledge is treated 
differently. If the MIC component receives a NACK (encoded on the Buffered 
System Control lines BSC7*-BSC4*) and no other errors on a given message occur 
in the message operation, it retries the transmission according to the retry 
scheme -described earlier in Table 3. If the last retry receives a negative 
acknowledge (NACK), the MIC then asserts the XMTERR bit in the Status 
Register. The XMTERR condition will also cause an interrupt if the XMTERR 
interrupt is enabled. 

The Host CPU, in response to an interrupt and detection of an error condition, 
should perform the following procedure: 

MINT INTERRUPT RECEIVED 

PERFORM 5 READS: 
ERROR PORT BYTE COUNT 
E~OR PORT DEST_ I.D. 
ERROR PORT SRC.I.D. 
ERROR PORT TYPE 
ERROR PORT REI<.I.D. 

Figure 15. MIC Message Transmit Error Recovery Flowchart 

The procedure for recovering an Error packet from the Error Port is similar to 
that described for Interrupt Message Received packets. 5 byte-wide reads must 
be issued to the Error port. The first byte returns the number of following 
bytes. (This will always be 4 for the MIC component.) The next 4 bytes form 
the Error packet. The write to the Error port terminates the transaction. 
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The Request LD. returned will match that used in the transmit attempt that 
failed. 

Message transmit and receive operating as well as Error packet retrieval may 
all be fully interleaved as distinct registers and operations are used in each 
case. 

USE OF EOI FUNCTION 

The MIC device provides an "End of Interrupt" function (writing to the Host 
LD. register after initialization) that unconditionally deasserts the MIC 
component interrupt line (MINT) for 200ns. This is useful if MINT is 
connected to an edge-triggered Programmable Interrupt Controller (PIC) 
interrupt request input. 

MINT continuously reflects the OR'ing of all three interrupt conditions 
(XMTNF,RCVNE, and XMTERR) each qualified by its enable bit (XMTIE, RCVIE, and 
ERRIE respect i vely). Therefore, if MINT is as serted because more than one 
interrupt condition has arisen and the interrupt handler exits without 
clearing all the conditions, MINT will stay asserted continuously. If MINT is 
connected to a level-triggered PIC Interrupt Request input, a new interrupt 
request will be generated and software can then clear the pending conditions. 
However, if MINT is connected to an edge-triggered PIC Interrupt Request 
input, the PIC will not under these circumstances see an edge to cause it to 
generate another interrupt at the CPU. 

Therefore, in the edge-triggered case, if the Host CPU cannot guarantee that 
it will handle all interrupt conditions before the MINT interrupt handler is 
exited, it must issue the EOI command to the MIC component before exiting the 
handler. This will guarantee a transition on MINT and avoid the possibility 
of deadlock. Issuing an EOI in this manner in the level-triggered case will 
do no harm 

Note: The only action performed by the EOI command is the 200ns deassertion 
of MINT. No internal state is changed or cleared. 
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ABSOLUTE MAXIMUM RATINGS 

SYSBOL ITEM RATING 

VCC VCC Supply Voltage with respect to Vss -0.3V to 7V 

VIN Input Voltage -0.3V to VCC+0.3V 

TSTG Storage Temperature 

TOPR Operating Temperature 

D.C. CHARACTERISTICS (VCC = 5V ~ 5%, TA = OoC to 70°C) 

SYMBOL PARAMETER 
I I I I I I 
ITEST CONDITIONSIMIN. ITYP. IMAX. IUNITI 

ICC Power Su rnA 
VIL V 
VIH V 
IlL Low Level Input Current uA 

Note1 

VOH IOH--2.6 rnA V 
IOL Low Level Output Current rnA 
IOH High Level Output Current I rnA 
IOZH Three State High Level I 101 uA 

IOZL 
Note4 

V ZAP 
Note3 

Leakage Current I I 
Three Sta te Low Level I -10 I uA 

Leakage Current I I 
Electrostatic discharge 1500 I V 

I I 

Notel: For CLK, IlL = -400uA min. (with pullup) 

Note2: Bidirectional signals have a clio = 12 pF typo 

Note3: Minimum electrostatic discharge voltage on any pin per MIL-STD-883, 
Method 3015. 

Note4: For BADO-BAD15 and DO-D7, I02L = -400uA min. 

CAPACITANCE (VCC = 5V ~ 5%, TA = OoC to 70°C) 

SYMBOL PARAMETER ITYP.luNIT I 
COUT OUTPUT CAPACITANCE I 7 I pF I 

CIN CLK INPUT CAPACITANCE 110 I pF I 
INPUT CAPACITANCE EXEPT CLK I 5 I pF I CIN 
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A.C. CHARACTERISTICS 

Host Interface Read CYCLE 

I· , 
cs * 

I t2 I • 6 

AO-A2 VALID 

t2l ts 
, I 

1\ /. 

WAIT* 

DO-D7 

Ht3 
H t 7 

t22 _ J t4 

kX VALID 

--l f--tg 

II. I NT 

Figure 16. Host Interfase Read Cycle 'l';,uing 
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SYMBOL 

t1 

t2 

t3 

t4 

t5 

t6 

t7 

t8 

t9 

t21 

t22 

PARAMETER 

CS* Setup to Command 

A2- AO Setup to Command 

Command to WAIT* Valid Delay 

DATA" Min. Setup to WAIT* 
Rising Edge 

CS* Hold from RD* Inactive 

A2-AO Min. Hold from RD* 
Inactive 

DATA Hold from Command 
Inactive 

Min. Command Inactive Pulse 
Width 

MINT Deassertion Setup Time to 
WAIT* Inactive 

Command to WAIT* Deassertion 
(Software reset will delay 
WAIT* deassertion until the 
MIC is inactive with respect 
to ipSB bus) 

RD* active to D7-DO active 

MIC84120 

MIN. TYP. MAX. UNIT 

o 

o ns 

47 ns 

400 ns 

o 

35 ns 

4 47 ns 

30 ns 

10 ns 

415 677 ns 

5 53 ns 

Note1: The above A.C. parameters for any signal output from the MIC is for a 
maximum capacitive loading of 50pf over Commercial voltage and 
Temperature margins. 

Note2: All output AC specifications are for a 50pf maximum capacitive 
loading. If additional capacitive load is introduced to the output 
signals, the derating guideline is given below: 

tpHL = 0.12ns/pF tpLH = 0.09ns/pF 

-527-



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA MIC84120 

Host Interface Write CYCLE 

10 20 t15 

1018 1o}7 ---I 

1016 

VALID 
DO-:r;~ 

MINT 

t19--\ 

-X 
Figure 17. Host Interfase Write Cycle Timing 

(VCC = SV + S%, TA = OoC to 70oC) 

SYMBOL PARAMETER MIN. I TYP. MAX. UNIT 
I 

tIO CS* Setup to WR* 0 I 
tll A2- AO Setup to WR* 3S I ns 
tI2 WR* assertion to WAIT* Valid I 47 ns 

Delay I 
t13 Write DATA Valid Delay from I 387 ns 

WR* Command I 
tI4 CS* Hold from WR* Inactive 0 I 
tIS A2-AO Hold from WR* Inactive 3S I ns 
tI6 DATA Hold from WAIT* Inactive 0 I 
tI7 Min. Command Inactive Width 30 I ns 
tI8 Min. Command Hold Time from 0 I 

WAIT* Inactive I 
tI9 MINT Toggled Level Setup Time 10 I ns 

to WAIT* Inactive I 
t20 Command to WAIT* Deassertion 41S I 677 ns 

I 

Note 1: The above A.C. parameters for any signal output from the MlC is for a 
maximum capacitive loading of 50pf over Commercial voltage and 
Temperature margins,. 

Note2: Software reset will cause WAIT* deassertion to be delayed until the 
MIC component is inactive with respect to the iPSB bus. 

Note3: All output AC specifications are for a SOpf maximum capacitive 
loading. If additional capacitive load is introduced to the output 
signals, the derating guideline is given below: 

tpffi. = 0.I2ns/pF tpLH = 0.09ns/pF 

-528-



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA MIC84120 

ipSB and BAC. Interface A.C. Timing 

I I TCD I TH I TSU I TOFF I 
I I/O SIGNAL IMIN.IMAX.IMIN.IMAX.IMIN.IMAX.IMIN.IMAX.I UNIT 
I 0 REQSTB I 5 I 63 I I I I I I ns 
I I GRANTB I I I 4 I I 35 I I I ns 
I I/O BAD15*-OO* I 6 I 55 I 3 I I 22 I 6 I 55 I ns 
1 0 READYB I 5 I 57 I I I I I I ns 
I I BSCO*, 2*-7* I I I 3 I I 22 I I I ns 
I- I RESET I I I 3 I I 22 I I I ns 
I 0 SELB* I 5 I 67 I I I I I I ns 
i 0 AGERRO-2 I 5 I 64 I I I I I I ns 
I I DBERR* I I I 4 I I 35 I I I ns 
I I MTOUT* I I I 3 I I 22 I I I ns 
I I TSTSL* I I I 35 I I 35 I I I ns 
I I TSTlN I I I 35 I I 35 I I I ns 

TCD=Clock-to-Data Time,TH=Hold Time,TSU=Setup Time,TOFF=Turn-Off Time 

Notes: 
1. All signal s associated wi th these interfaces are synchronous to the 

lOMHz clock input. (Min. clock low period 35 ns; Min. clock high 
period 35ns). 

2. All output AC specifications are for a 50pF maXLmum capacitive 
loading. If additional capacitive load is introduced to the output 
signals, the derating guideline is given below: 

tpHL change = Add/Subtract O.12ns/pF 
tpLH change = Add/Subtract O.09ns/pF 

3. All Setup, Hold and Clock-to-Data timing parameters are specified with 
respect to the rising edge of the CLK clock input. The rising edge of 
this clock is assumed to be the same as the falling edge of the ipSB 
bus clock, BCLK* (with a skew of less than or equal to 3.5ns). 

-529-



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA MIC 84120 

OUTLINE DRAWING 

The MIC component is packaged in a 68-pin PGA. Figure 18 illustrates the 
package and Figure 1 specifies the pinout. 

Unit in mm 

@@@@@@@@@V o 
@@g@@@@@@@@ 
@@ ~@ 
@@ @@ 
@@ @@ 
@@ @@ 
@@ @@ 
@@ @@ 
@@FO ~@@ 
@@@@@@©@o@@ 

@@@@@@@@@ 
254±0.3 I 

I 27.94±O.51 
2 5.4± 0.3 6 

2.03±0 38 

2.41±O.51 

Figure 18. MIC Pin Grid Array Package Dimensions 
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C2MOS VOICE SYNTHESIZING LSI 

T6803 

December 1st, 1984 

Revised edition August 1st, 1985 
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VOICE SYNTHESIS LSI T6803 

1. General Description 

The T6083 is a single chip PAR COR voice synthesis LSI with a built­

in voice data ROM (64K bits) and ~ow-pass filter circuit. 

2. Featrures 

o PARCOR system 10 kHz sampling voice output. 

o Built-in 64K bits ROM for voice data. 

o The dedicated ROM can be externally connected. (Max. 2M bits) 

o Max. 63 speech phrases are selectable. 

(64 or more phrases can be specified when a microcomputer is con­

nected.) 

o Various bit rates are selectable according to quality of sound 

(9.8, 5.6 and 2.5 Kbps). 

o 3 steps of speech speed can be changed over. 

o Built-in butterworth three stage low-pass filter. 

o 5V single power supply. 

o Low current consumption by C-MOS process (2mA when a low-pass 

filter is used.) 

o Power standby mode available (3 ~A). 

* PAR COR is the voice analysing and synthesizing method depend 

by Nippon Telegram and Telephone Public Corporation (NTT). 

Toshiba's voice synthesizing LSI has been developed under the 

direction of NTT. Patent Nos. are No.7544l8, 876024 and 

1045100. 
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3. Examples of Voice Synthesizing System Configuration 

When a voice synthesizing system is composed using the T6803, 

there are two types of configuration; CPU control type using a 

microcomputer, etc. and manual control type using SW, etc. 

In both types, connection of dedicated mask ROH is possible. 

Refer to (3). 

(1) CPU control type 

The basic configuration is the 2 chips configuration of CPU 

+ T6803. 

LPF DAO 

6 OUT IN 
SELo-5 

1 
START T6803 CPu 
EOS 

STBY 
2 SPI.2 

CPUM 

r 1 1 
VDD 
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(2) Manual control type 

The configuration is a minimum system and the 1 chip configura­

tion of T6803. 

APD LPF VM LPF DAO 

~~:d--,-~-~:~~6~~SE~ 
OUT IN 

L ____ ...J 

T 6 80 :l 

,...----, , , 
L ____ -l 

I 
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4. LSI's Specifications 

CKl 

CK2 

SELO-5 

START 

CPUM 

64UP 

EOS 

SP1.2 

(1) Block Diagram 

STBY ACL APD 

"l E-< 
H NHE-< 

DAO 
LPFOUT 

LPF'IN LPF1'.2 

E-< 
H 
0 
0 
0:; 
H 
0 

H 
0 
0:; 

0 HOH VOICE SYNTHESIZED E-< 
000:;0 " 0 

0:; !':::::~o 0 
H 0;:"0:; CIRCUIT 0 

0 E-<OH 
:>i zoo 

H 
,... 0 

0 00 0:; 
a:; 

'"' z 
0 
0 

E-< 
0 VOICE DATA ROM "' z 
H 

Wl.T7 EV TS.TSN TDAI.TFIO 

FOR TEST 

(2) Specifications for voice synthesizer 

System 

Number of arithmetic bits 

Sampling frequency 

Interpalating calculation 

Frame length 

PARCOR 

15 bits 

10 kHz 

Available 

10 mS/20 mS 

ROM ADR RST 
ALD.DTRD.¢2 

00-3 

DI 

(Selectable for every phrase .•.• L/I ROM) 
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Since the T6803 has the built-in filter circuit, voice can 

be output only when a speaker and speaker driving amplyfier are 

externally mounted to the voice output system. 

When the capacity (64K bits) of built-in ROM of the T6803 

is insufficient in (1) and (2), it is possible to expand the 

capacity by externally mounted ROM. 

(3) Expansion of capacity by dedicated 11ASK ROM 

T6 80:3 

STBY Dr 

1 

T6772 

T6684 

8 ROM CONTROL SIGNAL 

! ! 
T6772 or 
T6684. " -- - -- - --- ---

(MASK ROM) 

I ! I , 
1 ROM DATA I 1 (SERIAL) 

1 STBY 

64K bit dedicated mask ROM for voice 

(connectable up to max. 8 pieces) 

128K bit dedicated mask ROM for voice 

(connectable up to max. 16 pieces) 
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Bit/frame 

Sound source 

Number of filter stages 

Synthesized sound 

DA converter 

50 bit/56 bit/98 bit 

(selectable for every phrase 

2 kinds 

8 stages/IO stages ( " 

Melody /voice ( " 

9 bits voltage type 

(3) Specifications for low-pass filter 

Type Butterworth 

No. of filter orders 3 stage of LPF 

L/I ROM) 

" ) 
" ) 

Filter characteristic 2 kinds (set up through the external 

terminal) 

Cut off frequency 2 kinds " 

Circui t sys tern Switched capacitor 
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(4) L/l (LABEL/INDEX) ROM 

L/l ROM is a ROM used to set up actual start address of DATA 

ROM, synthesizing conditions, and internal/external 

ROM designation, corresponding to phrase code (LABEL) selected by 

SELO to 5 terminals, and the following data are internally set up 

automatically in the indirect designation mode (64UP = "L"): 

Address 20 bits 

Synthesizing conditions Following 5 data can be set up: 

<I> Frame length (lams or 20ms) 

Q) Bits/frame (98 OJ: 56 or 50) 

(j) Voice source (A or B) 

® Filter stage (10 or 8) 

G> Melody (Melody or voice) 

ROM designa tion Built-in/externally mounted ROM 

The above-mentioned INDEX data can be designated to all 

combinations of SELO to 5 terminals (max. 63 .•• I to 63 except 0). 

(5) Vioce data ROM 

PARCOR analyzed voice data (64K bits) have been set. 

[Note] L/l ROM and voice data ROM are MASK ROMs and contents desired 

by user will be incorporated at time of development. 
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5. Operational Description 

(1) Speaking phrase setting and speaking start instruction 

There are two methods available for setting speaking phrases 

and directing start of speaking. 

1 Indirect setting (64UP = "L" level) 

o This is a method to use L/T ROM which is provide in the T6803. 

speaking phrases are set by combinatin of SELO to 5 (1 - 63) 

terminals and when the speaking start instruction START is 

input, the speaking of set phrases is started. 

[Example 1] The speakings of LABEL 1 and LABEL 3 

SELD 

SELl 

~----~\~\ --~r----~ 

----------------------~\r\----~ 
SEL2-5 

------------------------~iri---------------------
START ______ ----'nL-_____ ---'" ..... ' __ ~n'-;:::==== 
EoS ! ~L.. ______ ...J 

<¢ LABELl SPEAKING c:> LABEL3 SPEAKING 

o There is the EOS terminal for an output signal to monitor 

whether this LSI is speaking or the speaking ended. This EOS 

terminal becoems "H" level when the speaking START signal is 

input and becomes "L" level when the speaking ends. 

o SELO to 5 and START input of T6803 are as illustrated below. 

It is possible to make the speaking using only one of the 

SELO to 5 with the START terminal set at "H" level. 
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[Input] 

[Example 2) 

SELD 
I 

SEL5 

START6---------------~ 

- T6803 INTERNAL 

} TO VI ROM 

READ IN SIGNAL 

Pharase setting by SELD to 5 and speaking start (START input 

= "H" level) 

SELO ______ ~n~ ________ ~,~,------------
-----~:~ SELl 

SEL2-5 ______________ -;::::::::::::~~~::::~~------~~:: 

EOS '--__ --', 

¢ LABELl SPEAKING <> LABEL2 SPEAKING 

,0 Example 1 is valid when SELD to 5 data lines are used commonly 

together with other peripheral devices, while in Example 2, 

SELO to 5 become the exclusive use data lines but it is pos­

sible to reduce number of lines to be connected by one line 

if the START terminal is se tat "HI! level when connec ting to CPU. 

2 Direct setting (64UP = "H" level) 

o If number of phrases is over 63 phrases, it becomes possible to 

directly set synthesizing conditions and start address when the 

1'\4 UP terminal is set at "H" level. 
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o In case of the direct setting, data are set at the SELO to 3 

terminals and written T6803 by the START signal, and types of 

data to be transferred (synthesizing conditions, start address, 

forced stop) are designated by the SEL4 and SEL5 terminals. 

o Combinations are as shown in the following tables: 

SEL4 SEL5 Kinds of Data SEL3 SEL2 SELl SELD 

0 0 Start address MSB LSB 

1 0 
Syn thesi zing Voice ROM De- Melody Bit/ 
condi tions 1 source signation Frame(l) 

~~ 

0 1 
Synthesizing Bit/ Frame Filter 
condi tions 2 Frame (2) length 0 stages 

y~-v 

1 1 Forced 
s,top * * * * 

1 "H" Level * : Don't care 

o "L" Level 

~ 0 1 
Inout p~ ~ Input Pl.n 0 1 

SELD 98 bit 98 bit SELD 10 stages 8 stages 

SELl Voice .source Melody SELl >< ~ 
SEL2 

Built-in External 
ROM ROM 

SEL2 20 ms 10 IDS 

SEL3 56 bit 50 bit 

SEL3 
Voice Voice 

source A source B 

Synthesizinf, condition 1 Synthesizing condition 2 
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o 

SELC}-{l 

SEL4 

SELS 

START 

TECHNICAL DATA 

* vfuen 98 bit is designated in Bit/Frame (1), Bit/Frame (2) 

(50/56) becomes invalid. 

Data transfer 
64 UP= ·H" LEVEL 

'-----"~'---
J L-____________ ~\~ 

L--____ ~\~ 

(*): Synthesizing condition 

,~ 
SPEAKING L FORCl'.[1 

~ START STOP 

(**): Address 

o Either synthesizing condition 1 or 2 can be first set. In 

addition, when synthesizing conditions were set several times, 

the conditions that have been finally set become valid. 

o When transferring address data, divide 4-bit data into 5 times 

and transfer them from XO to X4 successively. If synthesizing 

condition have been set during transfer of address data, after 

the forced stop, transfer address data again from the first. 

o The synthesizing conditions are initialized (the state where 

synthesizing condition data become zero) at time of ACL or 

STBY. Except ACL and STBY, they are held until they are 

written again (including the indirect setting). 

o Speaking is automatically made after 5 times of address 

transfer. 
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o The forced stop can be input in any state. 

o Addresses Xc to X4 correspond to DATA ROM addresses as 

follows: 

DATA ROM 
Address 

A,.oA,. A15"vA'2 A, , "v As A7 "v A. A3 A2 A, Ao 

SELO"v 3 Same as Same as Same as Same as 
SEL3 SEL2 SELL SELO right right right right 

Xc "v 4 '--X4-.-1 LX3 J '-X2~ LXl~ 

(2) Forced stop of speaking 

There are 3 methods to stop voice speaking by force. 

1 Forced stop at time of indirect setting (64 UP = "L" level) 

o It is possible to switch speaking phrases by force. 

SEL n 

Therefore, when the speaking end phrase is set at one 

of 63 LABELS, it is possible to effect the forced stop by 

inputting this LABEL. 

:==J<~ ____________ S_P_E_A_K_I_NG __ P_HR_A_S_E ________ ~X SPEAK ENDING PHRASE 

XO 

START 

EOS 
~~~~~~tn~_ 

r::;> SPEAKING START ¢ SPEAKING STOP 
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Further, the forced change of a speaking phrase is possible 

by starting a desired phrase. 

Chanp,e speaking prase A with B 

SEL n J _______ S_P_EA_K_I_N_G_P_HR_A_S_E_A _____ -'X SPEAKING PHRASE B 

START 

S> SPEAKING START OF A 
STOP c:t> SPEAKING START OF B 

2 Forced stop at time of direct setting (64 UP = "H" level) 

o As described in the above (2)-2 , the forced stop of speaking 

at time of the direct setting is possible when-SEL4 and SEL5 

are set at "H" level and the START signal is input. 

o As the forced change of a speaking phrase in the direct setting 

mode is impossible, to make the speaking phrase change, once 

perform the forced stop and then, start the speaking. 

3 Speaking stop by ACL input 

The ACL terminal is a terminal used to initialize the T6803 

system at time of POWER ON by a capacitor connected to this 

terminal and an internally provided resistor. The T6803 is 

also ini tialized when a "L" level signal is input to this 

terminal from the outside. It is therefore possible to stop 

the speaking by inputting a "L" level signal to this terminal 

during the speaking. 
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(3) Standby operation 

o The T6803 has the standby function. When a "H" level signal 

is input to the STBY terminal, the T6803 is put in the standby 

mode, which can be released by inputting a "L" level signal. 

o The T6803 outputs APD (Audio Power Down) signal to control 

POWER ON/OFF of an external audio circuit, interlocking with 

the standby mode. This signal is set at "H" level in the' 

standby mode and at "L" level when the standby mode is released. 

w.M...---l"'"""'-_____ ~-----~ .... U ____ nu ___ :~D'2 

----J::;G \...--.001
0 
m-s - STANDBY ----+-IJ--i, '--s -

STBY 

DAO 

APD 

o APD output becomes "H" level at the same time when STBY input 

becomes "H" level, but DAD output becomes "L" level " 30ms 

later. 

Further, DAD output becomes VDD/2 level at the same time when 

STBY input becomes "L" level, but APD output becomes "L" level 

'" 30 ms later. 

o ACL input becomes "L" level in the standby mode. 
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a As the T6803 is initialized for 30ms af~er the standby mode 

is released, no external control is accepted during this 

period. 

Note: When a pul-down resistor is provided in SELO to 5 and 

START input terminals by mask option, SELD to 5 and START 

input terminals should be set at OPEN or GND ievel in the 

standby mode. 

(4) Chattering preventing circuit 

o In the manual control mode (CPUM = "L" level), the chattering 

preventing circuit is actuated to prevent malfunction of the 

switches connected to the START input and SELO to 5 terminals. 

The chattering preventing time is about 20ms and when the 

switches are stably kept at "H" level for about 60ms after 

they are depressed, the speaking is started. 

If the switches are anced released and depressed again, they 

should be- kept at "L" level stably for about 60ms. 

Switch input 

o In the CPU control mode (CPUM- "H" level), the chattering 

preventing circuit is not actuated, enabling the pulse operation. 
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(5) Speech speed 

Speech speed is changable by setting SPI or SP2. 

Slow speed 1. 24 x normal speed. 

Fast speed 0.76 x normal speed. 

a) manual control 

~ slow normal fast 

SPI WI open open 

SP2 open open WI 

VDD 

16 
SP2 15 
TSN 14 

TS 13 
12 

b) CPU control 

~ slow normal fast 

SPI VDD GND GND 

SP2 GND GND VDD 
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6. Low-pass Filter 

The T6803 has built-in butterworth three stage low- pass filters 

used by the latest switched capacitor technology and it is possible 

to output synthesized sound by connecting a speaker amplifier circuit 

externally. 

(1) Filter characteristic selecting function 

The filter built in the T6803 have four kinds of character­

istics. Anyone of the characteristcs can be selected by 

setting LPFl and LPF2 terminals. 

LPFI Filter shape change-over terminal 

LPF2 Cut-off frequency change-over terminal 

Filter type-l (LPFl="L" level) Filter type-2 (LPFl="H" level) 

Va(dB) 

o r-------:st=~- -~ \----'4-'< 
LPF2-H 

LPF2=L LPF2=L 

L------+---l----- f (Hz) 
L-___ -+_+......: ___ f(Hz) 

3041< 381< 3.041< 3.8k 

(The cut-off frequency shown is a value when oscillation 

frequency of T6803 is 800 kHz.) 

(2) When no built-in filter is used 

Since the power supply (VSS2) for the low-pass filters built-in 

the T6803 separated from the power supply (VSSl) for the 

digital synthesizer, when a filter circuit is connected extermely 

as illustrated below, it becomes possible to save power of the 

built-in low-pass filters. 
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To external filter circuit 

With LPFl LPF2, LPFIN and VSS2 connected to VDD , open 

LPFOUT and VM' 

(It is not feasible to save power of the digital synthesizer 

and use the low-pass filters only.) 
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7. Pin Description & Pin Connection 

(1) Pin Description 

PIN NO. CONFIGURA TION 
PIN NAME 

DIP HFP PULL-UP/ DESCRIPTION 

42 PIN 44 PIN I/O -DOWN 
RESISTOR 

VSS2 1 18 (*) - OV 

LPF2 2 19 Change-over input of low-pass filter 

LPFl 3 20 
Input wi thout cha rac teris tic 

LPF OUT 4 21 Output - Low-pass filter output 

VM 5 22 Output Reference voltage output for low-pass 
fil ter 

LPF IN 6 23 Input wi thout Low-pass fil ter input 

DAO 7 24 DAC - D/A converter output 
Output 

audio --~ APD 8 25 Output - Power down output for external 
ci rcui t ._--

TDAI 9 26 Input ,.i thout Test input 
"."-

TFIO 10 27 Output - Test outpu t 

r/J2 11 28 Output - Clock pulse to external ROM 
--

EV 12 29 Input Pull-down Input terminal for test 
--

ROMADR RST 13 30 Address reset output to external ROM 
Output -

ALD 14 31 Start address set pulse to " 
DI 15 32 Input Pull-up Data input from external ROM 

DTRD 16 33 Data read pulse from external ROM 

D3 17 34 

D2 18 35 Output 
kddress data output from external ROM -

Dl 19 36 

DO 20 37 

VSSI 21 38 (*) - OV 

SELO 22 40 

SELL 23 41 

SEL2 24 42 

SEL3 25 43 Input Phrase selection input 

SEL4 26 44 

SEL5 27 1 

(*): Power Supply 
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PIN NAME 

START 

64 UP 

TECHNICAL DATA 

PIN NO. 

DIP ~lFP 

42 PIN 44 PIN 

28 2 

29 3 

CONFIGlRATION 

PULL-UP/ 
I/O -DOWN 

RESISTOR 

* 

1-------+----1-----I np u t wi tho u t 
STBY 30 4 

DESCRIPTION 

Speaking start instruction input 

Direct/indirect designation mode 
chanl!e-over innut 

Power down input 

EOS 31 5 Output - END OF SPEECH Output 

CPUM 32 6 Chattering prevention YES/NO Change_ovel 
Input without input. 

CKI 33 7 Input without 
~-----+---r----r~--i-----1 Ceramic vibrator connecting pin 

CK2 34 8 Ou tput -

ACL 35 9 I/O - Power ON auto clear, Schmitt input .. 1 

Test output 

WI 36 10 
~-------+---r---~Output 

T7 37 12 

Timing signal output 

TS 38 13 

TSN 
~-----+---r---~Input 

39 
Test input 

14 li 
SP2 40 15 
~-----t---r---~Input * Speaking speed change-over inpu:: ~ 
~S_P_l ______ +-_4_1 __ +-_1_6 __ 4-~~4-______ -r ________________________________ __ 

VDD 42 17, 39 ~~~;~~ - +5V 

Pull-down 

* Pull-down resistor Yes/No can be designated by the mask option. 

Option Designation START, SELO '" 5 SPl, 2 

No designa tion No No 

Option 1 No Pull-down 

Option 2 Pull-down No 

Option 3 Pull-down Pull-down 
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TS 
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WI' 

ACL 
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1" 0 ... 
I "'I ." 01 33 CKI 

CD 
<n ¢2 11 <: 0 32 CPUM 
<n H (;> 

~ EV 12 l"l (I] 31 ros 
I ROM AOR RST 13 

Of CK2 
30 STBY 

MUP 

DI,.." " 28 h START NC 

SEL5 

"1 1'" D2 18 25 SEL3 

Dl 19 24 SEL2 

lXJ 20 23 SELl 

VSS1 21 22 SELD 
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8. System Configuration Diagram 

(1) S' 1 ~ng e c h' ~p sys t em 

CD HFP 

"l ill :oj ?l 9l 1'l. ~ illl tQ 

@ S '" E-< > '" 0 .., '" ...1 UJ 
'" "<> 

.., 
Ci 0.. 

E-< "" 0:: r.. 
"" 34 D3 '" E-< .... 

0:: 
c:> 

:l5 D2 "" 
36 D1 

::; 
0 
0:: 

37 DO 

~ Vs Sl T6803S 

~ 
40 

VDD (T OP VI EW) 
SELD 

41 SELl 

4< SEL2 

r-- ..:2 SEL3 

r-~ SEL4 .... 
cO 0:: 0.. ". ::; 
...1 -< :::> <Xl 

~ ~ 
.-< 

'" \...1 '" E-< .. E-< '" '" 0 OJ OJ <0 OJ 0 0 o "" 
~ -< '" ~ "' " "I "'I cr> 

tn~ 

R =25k.Q 
Cl-l.UF 
C2~100pF 

f1R 

111 ~ 

~ 

~~ r.. 
0.. VM ...1 

LPF OUT 
21 

LPFl 
20 

LPF2 
jlg 

VSS2 ~ 
VDD 

17 

5 P1 
16 

SP2 15 

TSN ~ 
TS ~ 
T7 ~ 

.... 0 ,. z 

0 :::I .... 
C1 

c:z C2 
"'CSB800A 1 , . 

CPU OR MANUAL SW 
* 

.. 'n't 

TO AUDIO C IRCUI T 

FILTER SELEC TI OR 

(VDD OR GND) 

V DD 

J CPU OR 
MANUAL SW 

* Connect to VnD when the system is connected to CPU, and connect to GNn when 
connected to l1A~IUAL SI.j. 

** Speed change-over can be also set externally. 

(Example) 
J. 71--+_1--- VDD 

SP 1 16 1--+-1---, 
S P2 15 1--+-+---. 
TSN 14 

TS 13 

T7 12 

(When the pull-down resistor is 
available by the mask option.) 

Note 1. Position the ceramic vibrator and capacitor, which are to be connected 
to CKl and CK2 terminals of T6803 at locations very close to CKl and 
CK2. 

2. Do not use terminals as a reley terminal except NC terminal. 

-555-

.T6803 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

® DIP 

R -25k!l 
Cl-lpF 

CPU OR ~UAL SW C2=100pF 

TO AUDIO { 
CIRCU IT 

CSB800A * 
1'1'", 

G2 C2 

C1~ 
~O 

'" ; :; '" <L !'- <0 ., .. '" '" .... 0 1'4L~ .. '" '" '" '" '" '" '" '" '" '" 0' " !'-
~ I~ ~ :i lea ... 0. ... ., 

<=l 0. 0. ,. ... ... ::> 0 III ::> a; ..:> > ea CIJ ... 0 0. <>1 ... ... fS <>1 
0 '" <0 '" '" I "~ · 

T 68 0:3 (TOP VI E W) ... ... 
=> ~ N N .... 0 .... 0 

'" r.. ,., ,., ,., 0 <=l ..: .... 
CIJ 0. ~ 0. ~ 0. ~ ~ R ~ ~ > ..:> ..:> ..:> 

.... " '" .. -~ 10 !'- !D '" S1 ::4 : 

'-- '--

"'--v--' 

CONNECT TO VDn OR OND ACCORDING 
TO USED FILTER 

f@ 
:i a; <=l 

~ ~~~ 
.... 
<=l 

~ '" .. ., 
.... .... .... 

1< ~ i!J ~ gj .. '" '" .... 0 
..:> ..:> ..:> ..:> ..:> 
<>1 <>1 <>1 ~ <>1 

'" '" CIJ ca 

El ... '" N .... S <=l A A <=l 

<0 !'- <Xl '" @ .... .... .... .... 

'" '" 

.... 
CIJ 
CIJ 
> 

oJ 

~ 

* Connect to VDD when the system is connected to CPU, and connect to GND 
when connected to MANUAL SW. 

** Speed change-over can be also set externally. 

vDD 
(Example) 

(When the pull-down resistor is 
available by the mask option.) 

Note 1. Position the ceramic vibrator and capacitor, which are to be connected 
to CKI and CK2 terminals of T6803 at locations very close to CKI and CK2. 

2. Do not use terminals as a reley terminal except NC terminal. 
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(2) ROM Expansion System 

1 MFP 

" " " " " " " " " " " " " " :z: :z: :z: :z: :z: '" :z: z z :z: z :z: :z: z 

35 NC 

36 NC 

37 NC 

38 NC NC 20 
~ VDD T6772(TOP VIEW) NC 19 

40 NC VDD rll-
41 NC NC 17 

t3- .... NC 16 aND OJ 

"' ~ TS NC 15 .... ~ OJ 

"' .. 
Q 

"' Q :; :; 
Q 8 ~ " N '" .... ..... H 0 " 0 0 N 

Q :z: Q Q Q Q .. "' z "' :z: '" ... 

~LL 1-3 ;:J J '"LI-L~~ ~ 
it 

I --=E C1 

'" '" M 0 en co li (0 I!) ~l~l '" '" '" '" N N N N 
Q H fjt;~~8 H Q 0 Z 

"' Q .. '" '" H 

? .... .. "' ~ H < H 
Q .... .... ... 

~ 0. 

2! H 
D3 .. VM 

~ :; LPF OUT D2 0 

~ "' LPF1 D1 
37 LPF2 
38 DO 

39 V SS1 T680:3S VSS2 

40 VDD VDD 
SELO (T OP VIEW) SP1 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

44 PIN MINI FLAT PACKAGE 
(MFP 44-4 BS) r I Itt OSPITCH 

Unit in mm 

n-----------------.-

1 --+---1 22 
, 21 

36 I 20 

:17'1 ~'19 
36 MARKING ~ 
:19 (GND) --- - (aND) 17 

! ! AREA I 

L_-+_~ 

14.0±O.1 

(18.2±0.:l ) 

MARK 

~ 
(06 ) 

;1 J 
j/\ lIUUUU UUUUUU 

~ ..... 
o 

T 
15.2±0.:I 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

Unit in nun 

42 il 40 39 38 37 36 35 34 33 32 31 20 29 28 27 26 25 24 23 22 

1 2 3 4, 5 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

15.2 4±0.25 

SO 

rt 
I I, ~ 
, I' r 

.y 
3° 

+ O~ 
0.25_ OOS 

2.54±025 05±0~5 

15.3-174 

1.4±0~5 

(Note) Lead pitch is 2.54 and tolerance is ±O.25 against theoretical center 

of each lead that is obtained on the basis of No.1 and No.42 leads. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

9. APPLICATION OF AUDIO CIRCUIT 

.. 
't 
o 
o ... 

~--+-----, '''~ ~' •• 
... 

------VDD 

or GND 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

10. ELECTRICAL CHARACTERISTICS 

(1) ABSOLUTE MAXIMUM RATINGS (VSSl=VSS2=OV) 

SYNBOL ITEM RATING UNIT 

VDD Supply Voltage VSS-0.3'" VSS+6·0 V 

VIN Input Voltage VSS-0.3 '" VDD+O·3 V 
VOUT Ouptut Voltage VSS-0.3 '" VDD+O.3 V 
Tstg Storage Temperature -55", 125 °c 

Topr Operating Temperature -10", 55 ·c 
Tsol Lead Temperature 10 sec 260 ·C 

(2) DC CHARACTERISTICS (VSSl=VSS 2=OV. VDD=5V. Ta=25°C Unless otherwise specified 
limit value MIN. and MAX. values are defined by their absolute values.) 

SYMBOL PARAMETER APPLIED TERMINAL CONDITIONS 

VDD Supply Voltage VDD -
IDDO(I) Supply Current (1) VDD VDD=5V 

*1 
IDDO(2) Supply Current (2) VDD VDD=5V 

IDDS Supply Current during VDD VDD=5V power down 

fOSC Frequency range CKI VDD=3.9", 5. 7V 

VIR 
High level input Except ACL, LPFIN VDD=3.9'" 5. 7V voltage 

VIL 
Low level input Except ACL. LPFIN VDD=3.9'" 5. 7V voltage 

RpDel ) Pull down registorel) SPI, SP2 *2 -
RpD (2) Pull down registor(2) SELO'" 5, START *2 -
RpU Pull up regis tor Dl :-

IIH High level input Except TS. TSN. VIN=VDD current EV *3 

IIL Low level input - VIN=OV current 

IOH High level output Except DAO. ACL, VOUT=VDD-0.4V current LPFOUT CK2 

IOL 
Low level output 

" VOUT=0.4V current 

VOUT 
D/A converter output 

DAO No load voltage 

ROUT D/A converter DAO impedance 

*1 Condition of low pass filter is not active. (VSS2=VDD) 
*2 Apply only pull down regis tor is built-in. 
*3 Apply only pull down regis tor is not built-in. 
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LIMITS 

MIN. TYP. MAX. 

3.9 5 5.7 

- 1.2 2.7 

- 0.7 1.5 

- - 3 

760 800 840 

VDD-0.8 - V 

0 - 0.8 

- 500 -
- 30 -
- 500 -
- - 5 

- - -5 

-0.4 - -
0.4 - -
0 - VDD 

35 50 65 

T6803 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

(3) AC CHARACTERISTICS (VSSI =VSS2=OV, VDD=5V, CL=15pF, Ta=-lO", 55°C) 

Unless otherwise CPUM=High level, 64UP-Low level) 

SYMBOL PARAMETER CONDITION MIN. TYP. 
tpWH High level START pulse width 4 
tpWL Low level START pulse width 64UP="H" 24 

tcycle START cycle time 64UP="H". 32 

ts Data set up time - 2 

- 2 
th Data hold time 64UP="H" 18 
tPEl EOS Delay time (1) - -
tPE2 EOS Delay time (2) - -
tEP START set up time 0 -

SWITCHING CHARACTERISTICS TEST WAVEFORM (CPUM="H") 

SELCl-!3 \ vIH vlH V 
,vIL vIL t\ 

t. th 

vIH \ vIH v1L START 
tPWH tpWL 

tcvcle 

EOS 
vOH 

vOLl 

~ I tEP 

tpEl I 

MAX. 

2 
2 

-

(4) ANALOG CHARACTERISTICS (Unless otherwise VSSl=VSS2=OV, VDD=5V, Ta=25°C) 

SYMBOL PARAMETER Applied CONDITION MIN. TYP. MAX. Terminal 
VIN Range of input voltage, LPF IN VDD=3.9 '" 5. 7V 1.2 - VDD-1.2 
VOUT Output voltage LPF OUT " 1.2 - VDD-1.2 

- LPFl="L", 1Hz", 1kHz -0.5 0 +0.5 
VG Voltage gain - LPFl="H", 1Hz", 1kHz -4.5 -4 -3.5 

- LPF2="L" 2.88 3.04 3.20 
fc Cutoff frequency 

LPF2="H" 3.6 3.8 4.0 -
THD Total harmonic distortion - VIN=l Vp-p - - 1.0 
RIN Input registance LPF IN ,1.0 4.0 -
ROUT Output registance LPF OUT - 1.0 1.5 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

C2MOS VOICE SYNTHESIZING LSI 

T6721A (VOICE SYNTHESIZING LSI) 

T6772 (64K DEDICATED MASK ROM) 

T6684 (128K DEDI CATED MASK ROM) 

1 Nov. 1983 
REV. 1 Jun. 1984 
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TOSHIBA INTEGRATED CIRCUIT T6721A,T6772 
T6684 TECHNICAL DATA 

[1] General 

The C2MOS voice synthesizing LSI systems T6721A, T6772 and 

T6684 are the e3sy-to-control voice synthesizing LOt~ POWER LSI systems 

with the following features. 

T6721A C2MOS Voice Synthesizing LSI 

T6772 C2MOS Mask ROM dedicated for Voice Data (64K bit) 

T6684 C2MOS Mask ROM dedicated for Voice Data (128K bit) 

(1) The voce synthesizing system is of PARCOR type". € kHz sampling 

voice output. 

(2) C2MOS +5V single power supply with low power consumption. 

(T6721A 2. 5mW TYP-, T6 77 2 O. 2mI' TYP, 16684 O. 3mI' TYP.) 

(3) Easy connection to a microcomputer. 12 kinds of command write, 

4 kinds of synthesizing system status read, voice data ROM data 

read, and genration of BUSY si~al and END OF SPEECH signal are 

possible. 

(4) It is possible to m3ke power down of the entire synthesizing system 

and to output signals for power down of the externally mounted 

audio circuit by means of commands from a microcomputer. The 

latter only is also possible. 

(5) The manual use without a microcomputer connected is also possible. 

In this case, the sequential speech for every phrase (HALT/START) 

or ENDLESS LOOP speech is possible. 

(6) Synthesizing conditions can be selected and speed of speech is 

changeable. (bit rate: 2.4, 4.8 and 9.6 kbps; sound source: 

2; number of filter stages: 8 or 10; speed of speech: 10 stages) 
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TOSHIBA INTEGRATED CIRCUIT T6721A,T6772 
T6684 TECHNICAL DATA 

(7) It is possible to store data other than voice data in the voice 

data ROM and use them by CPU. 

(8) Max. capacity of voice data is 8M bit Max. at time of Mask ROM. 

(9) The ceramic oscillator used for oscillation provides stable speech. 

(10) The built-in voltage type DA converter (9 bits) improves accuracy 

of voice output. 

* PARCOR is the voice analyzing and synthesizing method developed by 

Nippon Telegraph and Telephone Public Corporation, and our voice 

synthesizing LSIs have been developed under the guidance of Nippon 

Telegraph and Telephone Public Corporation. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

[2J Configuration of Voice Synthesizing System LSI 

T6721A,T6772 
T6684 

When a voice synthesizing system is composed using the voice synthe­

sizing LSI systems. 

T6721A Voice Synthesizing LSI 

T6 772, T6684 Dedicated Mask ROM 

there are tow types of configuration: CPU control type by means of a 

microcomputer and other CPU and manual control type using no CPU. 

(1) CPU control type 

The basic configuration of the system of this type is the 3 chip con­

figuration composed of CPU, T6721A and (a) dedicated mask ROM (s). 

If ROM capacity is insufficient, multiple ROHs can be parallelly 

connected. (Refer to p29.) 

ILP~ VDD r UDIO +KITH 
APD DAO ACL 6 ROM CONTROL SIGNAL 

2 !mY J. 1 
ms T6721A 1 T6772 or T6684 

CPU ClC SYNTHESIZ-
(MASK ROM) 

H 

ING LSI 

" wri 
RIJ 1 J. T T l': Do-D3 

ROM SERIAL DATA I T 1: 1 
4 b>t BUS 

DAO DA Converter Output APD Audio Power Down 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

(2) Manual control type 

SYNTHESIZING CONDITION 
SETTING PIN 
(FIXED AT VDD OR GND) T67Z1A 

~ RESET SW 

rL 

T6721A,T6772 
T6684 

M-START 
1 

DI~-------L----~~---------L----~----L-_______ ...... 

MANUAL START SW 
4 

As T672lA LSI has a built-in voltage type DA converter, it is necessary 

to externally provide LPF (low-pass filter) and AUDIO AMP as shown in 

the above diagram. 

(3) Block diagram of each LSI 

ACL APD DAO 

CKl 

CKz 
ROM 

CE 

WR 
VOICE 

RD SYNTHESIZING 
CIRCUIT 

DI 
VDD 

E5S GND 

BSY 

SP0:-3 AND REP. OD DO-D3 
BR. l"R.EXP. LOSS 

T672lA Voice Data Dedi-

cated Mask ROM 

T6772, T6684 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

[3J Specifications for Voice Synthesizing Section 

(1) Operation unit 

Type 

No. of operation bits 

PARCOR type 

15 bits 

T6721 A, T677~2 
T6684 

No. of digital filter stages 

Clock frequency 

8 and 10 states are selectable 

Sampling frequency 

160 kHz 

8 kHz 

Loss effect in digital 
filter 

Available and non-available are 

selectable 

Available Interpolating calculation 

(2) Others 

Sound source One of 2 voice sources is selectable. 

Unvoice source : white noise 

Non-linear conversj.on Available for 48 bits/frame 

Total speech time 

Repeat bit 

Systematically, possible to expand the voice 

RO~ capacity up to 8 ~ bits. In the case of 

2.4 kbps, the total speech time is about J. 

hour. 

Available and non-available are selectable. 

(3) Changeability of synthesizing conditions and speech length 

Selection shown in the followinR table is possible for 6 synthesizing 

conditions. This selection, however, is made at time of voice analvsi~ 

and selected conditions are set through the dedicated PINs when the 

manual control mode is used or by the CPU when the CPU is used. 
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TOSHIBA INTEGRATED CIRCUIT T6721A,T6772 
T6684 TECHNICAL DATA 

Type of Loss 

! 
Bit/ Frame 

Repeat Number of 
sound source effect frame length filter stages 

Pitch 
1 

None I 48 20mS Available 10 

Triangle I 

I I Available 96 1 OmS None 8 wave 

Selection of magnifications shown in the following table is possible 

for speech length assuoing that length of original sound is x 1.0. 

I CODE (HEX~ I I 2 3 4 5 6 7 8 I 9 A 

I (*) I xO. 7 I xO. 8 xO.9 xl. 0 xl. I xl. 2 xl. 3 xl." I xl. 5 xl. 55 

(*): Magnification of speech length 

This selection can be made by a command from CPU or through the decicated 

PIN when the manual control system is used. Differing from the above 

selection of synthesizing conditions, however, this selection is inde­

pendent of the voice analysis. 
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TOSHIBA INTEGRATED CIRCUIT 
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[4J Operation under CPU Control 

T6721A,T6772 
T6684 

Any control concerninp; synthesizinF: operation itself of the synthe­

sizing system is not required for CPU. Controls required for CPU are 

(1) instruction for speech start and stop, (2) assignment of phrases 

to be spoken, and (3) others. 

Flows of control signals and data between CPU and the voice synthe­

sizing system may be classified into the follow 4 flows. Further, CPU 

M PIN of T6721A must be connected to VDD when the CPU control. 

(1) General 

CO Write operation from CPU to voice synthesizer system 

CE LJ 

WR ---u- SYNTHESIZIN G 
CPU SYSTEM 

4-BIT T6721A 
COMMAND VOICE ROM DATA 

Do-D~ 

The synthesizing system is selected by CE and a 4 bit code on DO~ 

D3 is written by WR. This 4 bit code coresponds to 12 types of 

commands which specify operation of the synthesizing system, and 

to parameter data for incidental synthesizing conditions and speech 

length or to the start address data specifying the phrases in the 

voice ROM. 

CD Read operation from voice synthesizinF: system to CPU 

The synthesizing system is selected by CE and a 4 bit data is read 

on Do ~ D3 from the synthesizing system by RD. Content of this 4 

bit data is 4 types of internal status of the synthesizing system 

or data in the voice ROM. 
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CE L.S 

Rii -U-
CPU 

4-BIT 
STA'lUl OR 

DO-D3 ff)4 DATA 

SYNTHESIZING 
T6721A 
VOICE ROM 

SYSTEM 

T6721A,T6772 
T6684 

CD EOS (END OF SPEECH) and BSY (BUSY) signals from voice synthesiz~ng 

system to CPU 

CPU 

CE ""L-l 

WE ::u-T 
OR RD I I 

, ' 
CPU 

BSY~ 

SYNTHESIZING SYSTEM 
T6721A 
VOICE ROM 

SYNTHESIZING SYSTEM 
T6721A 
VOICE ROil! 

EOS is the signal that is generated from the synthesizing system for 

about 20ms when the speech ended to inform CPU of the end of speech. 

BSY is generated for a period during which control by CPU is un­

desirable for the synthesizing system. That is, this is the period 

of data transfer in T672lA during power on Auto Clear or im­

mediately after WR and RD are accepted. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

T6721A,T6772 
T6684 

HoW'€ver, no output is provided as long as CE is at "H" as output 

is resulted from AND tvith CE in T672lA. (Refer to Page 23 

EOS has no relation with CEo 

G0 Generation of code data showing end of selected pharase from voice 

ROM to T672lA. 

The synthesizing system stops speech by this END code (END CD) 
and generates the above-mentioned EOS. Hhen the synthesizing 

system is forced to stop speech by STOP command or power dotVn com­

mand, EOS is not generated. 

END CD code is added at time of voice analysis and ROM data prepa-

ration. 

(2) Types of commands and operation of the synthesizing system 

Q) SPDN (SYSTEM POloJER DOWN) 

o Stops oscillation of T672lA and reduces power to the entire synthe­

sizing system. 

o Places AUTIO POh'ER DOHN OUTPUT APD at "H" level. 

o Places ACL at "L" level and fixes the synthesizing system at the 

reset status. (Synthesizing conditions and speech length are also 

cleared, accordingly and reset is required when power is ON.) 

(%) SAGN (SYSTEM ASGIN) 

o Releases SYSTEll POWER DOWN status. 

o After the release, there is the power on transient status for about 

average 30ms. BSY is generated during this trqnsient status. 

o APD is kept at "H" level. Therefore, prior to starting speech, 

it is necessary to make AAGN shown below. 

o It is necessary to take a time of more than 30ms before SAGN is 

made after SPDN. 
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TOSHIBA INTEGRATED CIRCUIT 
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Q) APDN (AUDIO POVJER DOI.IN) 

o Places AUDIO POHER DOVIN OUTPUT APD at "H" level. 

® AAGN (AUDIO ASGIN) 

o Places APD at "L" level. 

T6721A,T6772 
T6684 

* APDN and AAGN are available during speech, so suited to the speaker 

ON/OFF key (SW) by use of the touch key provided to CPU. 

(2) SPLD (SPEED LOAD) 

o Speed of speech (slow, fast) is set by this command and 1 nibble 

(4 bits) data that successively writes. 

® CNDT<D( CONDITION <D) 

o Type of sound source and availability of loss effect calcula­

tion are set by this command and succeeding 1 nibble data. 

(J) CNDT CV (CONDITION CV) 
o Similar to CNDT <D, this command sets bit/frame, frame length, 

availability of repeat and number of filter states. 

* Parameters that are set in Gl, ® and (J), above, are kept till 

they are reset or cleared by SPDN. 

® ADLD (ADDRESS LOAD) 

o The start address of the voice data ROM corresponding to the phrase 

to be spoken or to the data in the voice data ROM to be read is set 

by this command and succeeding 5 nibbles (20 bits) data. 

® RRDH (Rm! READ l~ODE) 

o This is a command for setting a mode to read data in the voice data 

ROM. Under the normal mode other than this mode, the status is read 

by IDi. 

o This mode is released when another command is written. 
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T6721A,T6772 
T6684 

a The low order 4 b~ts of 8 bits of ROM data coresponding to the ROM 

address that have been set by ADLD in ® are taken into T6721A by this 

command. These 4 bits are output to the bus lines DO'" D3 by next RJi 

and at the same time, the high order 4 bits are taken into T6721A. 

Address is advanced in order by the succeeding read and data is 

read every 4 bits. 

o This function makes it possible to take other data than voice 

analysis data into the voice data ROM and use it (particularly ef­

fective for phrase start address labelling that is described later). 

@ STRT (START) 

o This command starts the speech. 

a Releases the status "RO}f DATA ERROR". 

@ STOP (STOP) 

a This command forces the speech to stop and resets the synthesizing 

system. 

o Synthesizing conditions, speech length ~nd APD status are held by 

this comm~. 

~ NOP (NO OPEPATION) 

a No OPERATION. ROM READ MODE is, however, released by this command. 

0) Redundant Command 

o 4 types of redundant codes are available. Although there is no 

effect even when these redundant codes are read, the status 

"COMMAND ERROR" becomes "HI! level. 
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LIST OF COt,~t-WWS, RD 

Name 9 code I BSY generat- Cautions for ing leng th (Tq\ 
D. D2 D,D 0 =6.25.us TYP) generation 

SPDN 4 Tq\ 
1001 MAX. ~ 

-II 
SAGN I~. APD remains 

" lOll "H" level at ~ 

"" I I '" APDN 

I 
w 

" 
I 1010 OJ 

'"' '" 
I 

I 

c 
AAGN '" " 

e.u 
0100 0(; 

c '" 0 

I 

.,;, ..... 
ad- "" '" W RRDM ROM start '" ..c 

u 
1000 II Tq\ r;: :z 

;:l ress must '"' ~ rJl 

'"' Note 1 MAX. have been 0 T< 
W set .... c 
rJl '"'.=: I~ t: '" u 0:: ..... Co'" "" ROM start ad- '" 6 ·CJ CJ Co t: .... ress must ..c rJl "" ~ ..c 

STRT have been ..c 
Tq\ 

set. W CJ et ;: ..... 
0001 4 Synthesizing o.=: t: 

:z t: w .... "" ~..AX. :: CJ 
.-j Note 1 conditions "" oc .; E 

have been 
,...; c '"' must :: ..... 0 

o '"' "" 4-< 
set. ..c: :: .... '"' "''''' ,...; '" '" C. 

i :> 
t: '" STOP 

" 
..... ..c 

0010 W 
0 
t: 

"" NOP 

I 
" 

..... 
0000 9 

en REDUNDANT 
COMMAND " 

llxx 

-577-

0 

0 

0 

0 

0 

0 

0 

0 

0 
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Operation 

Pm.er down of the en- I 
tire synthesizing system I :5 :; . 

I 
:':~f5 Reset ! 
c "' C <: z 

I "" 
0; 

"".=: c 
Release of LOwn .. <C pouer I Z "" I c cr. "" 0:: CJ 

, etc!) 

i 
rJl C ~ 

Brings APD to "u" level CJ '" E-< rn .=: <c I t': ~ E-' 

'" or. 

i - "" III C 0 
l"L" level 

I 0:: 
'" W Brings APD to I 

i 

Sets ROM READ MODE 

rJl 

Starts the speech CJ 
eo 
c~ 

If the succeeding ROll ;Sp 
at "H" level u~ data is not 

"" for 1 frame, status ROM t: c 
released. "'<: DAl:A Err is w"" cO:: 

0 
Ztf) 
~ 

I CE-< 
Speech stop and reset <c<c 

""E-< 
(synthesizing condi- "'tf) 

tions and APD are held) Z 0 
C w 
0:: 

'" '""" o NO OPERATION 
I 

rn 0 
C'J E 
CJ 

..... '" ,"..c: 
0 Status COMMAND Err be- "" w 

comes 1. 



TOSHIBA INTEGRATED CIRCUIT T6721A,T6772 
T6684 

a 
.~ 

..J 
u 
;:l 

'" ... 
til 
t:: .... 
Q) ..... 

..0 

.Q -;;:: 
N 

t:: 
0 
::; 

" C ... 
til 
C .... 
Q) .... 

.Q 

.Q .... 
z 
~ 

TECHNICAL DATA 

*: (BSY="L") 

1- ! N d BSY generat- I Cautions for arne, co e . 
D D D D I ~ng length (Till generating Operation 

• 2 1 0 =6.25.11s TYP) 

I 

I I ! 
SaD I 

I 4 Till Sets speech length 0101 i 
0 

MAX. I ..:: Il(, 
(speed) I 

XXXX 
u t:: I 

II Q) .... 
I ., ., 

c.. .Q 

CXDTCD 
., ., 
Q) .... 

II DO,D] must ..:: o Sets synthesizing OllO .u ~ ~ 
con-

be "0". ditions CD 
XXOO II 

oc 8 c .... c 
'" ~ Q) 

C};DT\l) ~ t.J ~ ~ 
0 

DIll II "0 "" "0 0 Sets synthesizing con-
Q) 

~ 

I 

e 00 ditions (2) 
XXXX II '" C '" 0 .... 0 .... '" .... 

'" ;:l '" A D L D 
Q) "0 Q) 
c..~ c.. i 0 "0 

o 0 II Q) 
II .... Q) 

1 1 .Q .... .Q .1 '" <:! 

X,X,X,X , II .uo :- .u 
Data of ow c 0 .., 

c .... c Q) 

II all 20 til .u 0 Sets ROM start address X2 X2X2 Y. 2 
.., :::l .., co 

bits must ~ .u .... '" 20 bits. 
X,X3X, X, II :::l m :::l Q) 

be set • o .u 0 t:: 
..:: ., 

<5l 
Q) 

X.X.X.X • II "'~ 00 

X,X,X,X. II 

BSY generating length Cautions for Operations other than 
(Till z 6. 25ps TYp) generating principal operations 

Status read Should not be per- 0 Status or ROM data 

RD 4 Till tA.AX. formed when BSY is be- read.' 
ROM Data read ing generated. 0 Release of 2 nibble 

II TIll MAX. Note 1. and 6 nibble modes. 

Note 1. l20ps TYP. is required for a period from setting of RO~ address by 6 

nibble instruction to RRDM or STP~ command write. Similarly, l20ps 

TYP. is also required for a period from RRDM to mr and succeeding 

each RD. 
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TOSHIBA INTEGRATED CIRCUIT T6721A,T6772 
T6684 

T6721A 
INTERNAL 
SIGNAL 

T6721A 
INTERNAL 
SIGNAL 

TECHNICAL DATA 

The timing that the operation of each command starts after each 

WR is in some point of time in a period from the edge of 

.:P. to end of ESY. The timinf!; chart ig shown belm'. 

[ 

911 

912 

INTERNAL 
BSY 

[ 

SPDN 
APDN 

AAGN 
STOP 
NOP 

SAGN 

(crE"="L") 

WR 

1'1 

STRT 

(1r'F:="L" ) 

RD 

Do-3 

OPERATION START 

OPERATION START 

U T1' , 

n L..--__ IL 
I 

I 
I 
I 

~ 
SPEECH START 

LJ 
0 
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INTEGRATED CIRCUIT 
TOSHIBA 

TECHNICAL DATA 
T6721A,T6772 

T6684 

(3) Setting of parameter8 for synthesizing conditions and soeech length 

Paraneters for synthesizinp conditions will be determined separately 

upon consultation with custoners at the initial stage of the develop­

ment on the basis of their requirements for speech quality, ROM capacity, 

etc. These parame ters a're se t by the above-nen tioned comrrands CKDT CD , 
C::DT CD and SPLD and the succeedi.ng 1 nibble data on the bus lines DO '\, 

D3' These parameters rr.ust have been properly set prior to the speech 

and also, must not be reset during the speech. 

Syn thes i.zin1' Conditions and Bus Line Da ta 

~ Synthesizinr, Synthesizing 
B C tion conditions CD conditions CD us 0 

Line" CNDT CD CrmT CD Data Orr 

a 
Sqund source shape 

I 
48 bits/frame 

pitch 
D3 

1 
Sound source shape 

96 bits/frame 
triangle wave 

I 
I Loss effect 

a 
I calculation I 

20 ms/fratle 
D2 

None 

1 I " Available 
I 

10 ms/frar.le 

a Repeat avail-
able 

Dl 

~I 
Must be set at 0 

Repeat None 

0 Filter 10 stages 
DO f--- Must be set at a 

1 Filter 8 sta"es 

Magnification 0 f c; c'peec h L engt h an d B US L' ~ne D t a a 

Bus line data 1 2 3 4 5 6 7 8 9 A 

Magnification of 
xO.7 xa.s xa.9 xl. 0 xl. 1 xl. 2 xl. 3 xl. 4 xl. 5 xl. 55 speech length 

'~en the recundant codes a,B,C,D,E and F are set, the marnification becomes 
xl.O. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

T6721A,T6772 
T6684 

Voice synthesizing bit rate is selected through the combinaiton 

of D3 and D2 of the synthesizing condi tions (1) in the above table. 

2.4 kbps 

4.8 kbps 

9.6 kbps 

48 bits/frame and 20 ms/frame 

48 bits/frame and 10 ms/frame 

96 bits/frame and 10 ms/frame 

(4) Symthesizing system status output (statu's) 

Unless the sys tern has been placed in POl-' READ 140DE by Coomand RRDM, 

when the read is performed from CP~, a 4 bit status is read out and 

the status of the synthesizing system can be known. To release this 

mode, execute cotm:Iands (NOP, etc.) other than RRDl1. Names of status 

and corresponding bus lines, and conditions for formation and releas­

ing are shown in the following table. 

Correspond- Status Conditions for formation ("H") Conditions for 
ing bus line name releasinp: 

I 
I (1) lmen a redundant command is STOP 

CONMAND I written. \<Then POHER ON 
D3 (2) When write/read is made I CLEAR. 

ERROR during BSY is being I During POPER 
generated. i DOPN 

I 

.. 'hen the speech has started and Same as above, 
ROM DATA all voice data in the first frame and when normal 

are at "H" level. That is,when data has been ob-
D2 ERROR ROM CHIP that did not exist has tained by next 

been selected or when it has start. 
started from address in which 
any data did not exist. 

Dl 
POI.rER .. 'hen the synthesizing system is At time of POWR . 
DO.'N in POWER DOWN status. ON. 

EOS When no voice is synthesized. Durinll" voice is be-
DO END OF 

(SPEECH) 
ing synthesized. 
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TOSHIBA INTEGRATED CIRCUIT T6721A,T6772 
T6684 

T 6 7 21A 
INTERNAL 
SIGNAL 

T 6 7 2 lA 
INTERNAL 
SIGNAL 

TECHNICAL DATA 

The timing chart for format~on and releasing of each status is shown 

below. 

CD COMMAND ERROR 

(CE= "L") REDUNDANT COMMAND 

WR -----,U STOP COMMAND(RESE~) ISU 

~--t~~~ is _-

Ii 0LI __ _ COMMAND 
ERROR 

(CE="L") 

WR -------,U 
(FORMATI ON) 

( 

___ ---1-_--'1 
COMMAND 
ERROR ----------------~ll~-------------

CD ROM DATA ERROR 

(CE= "L") STRT 

(RELEASING) 

TF ------,U~------------------------

Fl 

ROM DATA 
ERROR 

____________ ~n~ ________ ~n~ ______ _ 
___ ~X~ ____________________ ~X~~~~ 

RE3UDI' OF IREVIO\B MEANINGLESS RESULT OF NEW .JUDGEMENT 
.JumEMENT 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

T672lA 
INTERNAL 
SIGNAL 

POI1ER DOWN 
(CE="L") 

roWER 
DOWN 

® EOS (END OF SPEECH) 

(CE="L") 

SPDN 

u 

STRT 

u 

T6721A,T6772 
T6684 

END OF SPEECH 
\7tBY END ~ ) V CODE IN ROM 

n~~n n~~~n~~ __ 
S'I~ _______ ~ __ ------~ EOS 

(5) Setting of nOM start address 

Q) Voice data RON structure and ROM data output 

DI 

-::!-
~ I 

~o Ii MEMORY 
S~ 

UNIT ... ~ 
~~ fi 

DTRD T --
ALD PRESEITABLER4 RI!S3 COUNTER 

I 
(T6721.A) (VOICE DATA ROM) 

No, of address bltB 
'"'''''''''''' 20b1 ts 

No. of Mem~~:.~~.?"'i~\.;n ts 

The structure of Voice Data ROM and principal interface signals with 

T672lA are shown above. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

The voice data output operation is executed as shown below: 

(i) Selection of phrase to be spoken 

T6721A,T6772 
T6684 

ROM start address 20 bits for the phrase are set from CPU by ADLD 

command and succeeding 5 nibble (20 bits) data to be output to 

the bus lines. At this time, load pulse ALD is once generated 

from T6721A to the presettable address counter every 1 nibble. 

(ii) Start of speech 

When STRT command is written from CPU, the address counter starts 

to count from the start address, and counted data are converted 

to serial data DI through the parallel serial conversion and 

transfered to T6721A. The transfer timing of this parallel serial 

conversion and this address count are controlled by DTRD pulse. 

At this time, a waiting time of TYP 120 ps is required for the 

systematic reason from completion of address setting in (i) to 

STRT command write. 

(iii) Stop of speech 

Unless the speech is forced to stop by STOP command, SPDN command, 

etc., the count in (ii) is continued until END Q) code comes 

appear in voice data. 

CD Definite setting method of ROM start address 

The setting sequence of the above (j) - (i) is as follows. 
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TOSHIBA INTEGRATED CIRCUIT T6721A,T6772 
T6684 TECHNICAL DATA 

CPU Data from CPU 
ROM address bus line (MSB) (LSB) Operation to 

D. Do D,. Do Au A" All A:7 As Ao 

I Command 

Ilst data 

/2nd data 

i3rd data 

14th data 

15th data 

ADLD 11 0 0 1 
I x. X2 X, xol I * * * *1 * * * *1 * * * * * * * * I x, x. x. Xol 

IX7 x. X. x~1 I * * * *1 * * * *1 * * * * I X7lf6 X. x~1 x, x. x, leo I 

IXHx,oX9 x.1 I * * * *1 * * * * IXu x,o X9 Xa I X7 LX. ~ I x, x. x, leo I 

Ix,• X,~ Xl. X. 21 I * * * * IxiS x,~ x... x.. 21 x.. 1 xlO Xg x" [ X, x. x. x.. I x. x. x, Xc I 

* denotes indefinite values. 

* Use of Labeled Start Address 

When the above start address Xo ~ X19 is generated each time a 

phrase is assigned by CPU, load applied on CPU software will in­

crease in proportion to increase in kinds of phrases. In addi­

tion, if it becomes necessary to change contents of phrases, not 

only the voice data ROM but also CPU side software must be changed. 

Therefore, when serial numbers (labels) are assigned to phrases 

and labels are generated at CPU software side without generating 

physical addresses of these phrases, load at CPU side can be re­

duced. 

For this purpose it is possible to use a method in which physical 

address of each phrase is stored in a part of the voice data ROM 

address space, that ROM address is used as a lable, which is then 

address loaded (ADLD) by CPU, and physical start address is read 

by RRDM and reloaded to select a phrase. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

ADDRESS ROM DATA 

ADLD 

RRDM'iir--+--

CPU 

lABEL IS LOADED BY ADLD 
AND START ADDRESS VOICE DATA ROM 
IS READ BY RRDIoI. 

ADLD 

CPU 

START ADDRESS VOICE DATA ROM 
IS RELOADED BY ADLD. 

(6) BSY Output 

T6721A,T6772 
T6684 

The period in which BSY signal is generated from T672lA is that period 

during which WR and RD from CPU must not be accepted by the synthesiz­

ing system. If WR or RD is performed disregarding this period, the 

synthesizing system does not accept WR or RD at all or operates un­

certainly and the internal status may possibly becomes uncertain. 

In this case, however, status COMMAND ERROR is formed to give a warming. 
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T6684 

T6721A 
INTERNAL 

SIGNAL 

TECHNICAL DATA 

\~en BSY signal is generated, length of the period of BSY signal 

generation is either CD or CD, below. 

® Period from rise of \-IF or lTIl pulse fro.m CPU to completion of com­

mand data transfer process in the synthesizing system. 

CE l 
WR OR RD 

T¢ 

r 
¢l 

I 
I ¢2 
I 
lINTERNAL BSY 

BSY 

* BSY = CE·internal BSY 

* T0 = 6.25us TYP. 

* When rise of WR or P1l and CD of <P2 fall in the diagram are 

close together, tl + t2 may be further lengthened 1 T¢ length 

in some cases due to delay of signal transmission in LSI. 
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TECHNICAL DATA 

T6721A,T6772 
T6684 

Command RRDM and 
succeeding RD 

WR or RD other 
than above (ex­
cluding command 
STOP) 

Command WR or RD 
during BSY by 
command STOP. 

WR or RD of 
command STOP 

Internal BSY 
generating period 

(tl + t2) 

are counted. 

Synthesizing system operatl.on by w'R OL KlJ 

during internal BSY generating period 

WR or RD in tl term WR or RD in t2 term 

From rise of WR to I 
rise of next ¢2 I 
after 9 falls of ~2 

11 T~ Max. including WR or RD is inhibited 
char~cteri~tic and COMMAND ERROR of I 

WR or RD is accepted 
uncertainly, and un­
certain operation 
and status are re­
sulted. Length of 
internal BSY signal 
may be extended in 
some cases. 

conslderatlon. the status is formed 1 
From rise of WR to 
rise of next ¢2 
after 2 falls of ~2 
are counted. 
4 T$ Max. including 
characteristic II 

consideration. 

4 T¢ Max. including 
characteristic 
consideration. 

Ditto. However, I 
previously written I 
STOP command (RESET) I 
may be executed and 
ERROR released imme­
diately in some cases. 

WR or RD is inhibitec 
and COMMAND ERROR is 
formed 

COMMAND ERROR is 
formed. 

Ditto. However, 
COMMAND ERROR may 
be released in some 
cases. 

Therefore, it is necessary for CPU to perform write or read after 

checking ~ signal or to take a sufficient interval between each 

write or read. 

<il Power ON transient status period 

When the synthesizing system is placed in On status by turning the 

power switch ON or by SAGN command, AUTO CLEAR (ACL) is generated 

for a fixed time (about 30 ms) by the capacitor which has been 

externally mounted on T672lA ACL terminal and the synthesizing system 

is initialized. This period is power ON transient status and BSY 

will generate during its length. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

T6721A,T6772 
T6684 

'men the power on is made by SAGN command, differing from the 

normal case, fall of BSY signal begins to generate during ~R is 

at low level, not from rise of WR. 

SAGN 

WR 

POWER ON 

INTERNAL BSY ~rJ------------------~Jf~--~ 
------------- tl ------....jo~t~ .... __ __ 

(7) EOS Output 

AT the end of speech, the speech is stopped by END CD code that has 

been set at ti,e end of a phrase in the voice data ROM and the ETIS 

output is placed at low level for about I frame (20 or 10ms TYP). 

When the speech is forced to stop by STOP or SFmJ command, no EOS out­

put is generated. Further, if the speech is restarted when EOS is at 

LOW level, the EOS output is placed at high level. 

The relationship with status EOS is shown below. 

END OF SPEECH 

V 
STATUS I 

EOS ------------~. 

FOR 1 FRAME 
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TOSHIBA INTEGRATED CIRCUIT 
TECH NICAL DATA 

(8) Summary of principal precautions under CPU control 

<D Connect T6721A CPUM PIN to "R". (Page 8.) 

T6721A,T6772 
T6684 

CD BSY output is the output from AND of T6721A internal BSY signal and 

CEo Therefore, when ~ is at "R" level, there is no 1lSY output. 

(Page 23.) 

Q) In l4]-(2) "Types of commands and operation of synthesizing system" 

(Pages 10 to 15), the following instructions should be particularly 

observed: 

(i) 1nr or ~ must not be performed when internal BSY signal is 

being generated. (Pages 13, 14, 22, 23 and 24.) 

(ii) APD output is placed at "R" level by command SPDN and is also 

placed at "R" by next command SAGN. It should be made ot "L" 

level by AAGN command. (Page 10, 11.) 

(iii) In RD operation, the status is normally read out. (Pages 11 

and 17.) To read ROM data, it is necessary to set mode by 

command RRDM. 

(iv) It is necessary to take 120 ~s TYP for a period from ROM data 

start address setting to next RRDM or START command write. 

In the similar manner, 120 ~s TYP is also required from read 

after RRDM to RRDM and each interval of subsequent reads. 

(Pages 13, 14 and 20.) 

(v) RRDM, STRT, 2 nibble and 6 nibble commands must not be 

executed during the speech. (Pages 13, 14.) 

(vi) It is necessary to take a time more than 30 ms before command 

SAGN is executed after SPDN command. (Page 10.) 

(vii) Time required for each command to start to operate after write. 

(Page 15.) 

® Timing for formation and release of each status. (Pages 17 to 19.) 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

[5] Operation under Manual Control 

T6721A,T6772 
T6684 

The operation under manual control is performed by M·START PIN, the 

swi tch externally mounted on ACL PIN and control code END GJ and END 

(1) generated from the voice data RQ}I of T6721. Connect CPUM PIN of 

T6721A to "L". 

(1) General 

CD Reset of synthesizing system 

(V Speech start 

CD Stop by end of speech 

® Repeat of a series of speeches 

CD Set of synthesizing. conditions 

and speech length 

(2) Reset operation 

ACL SW ON 

M· START S,. ON 

END OJ Code 

END (1) Code 

Set of T6721 dedicated PIN level 

o After ACL switch is tUFned from ON to OFF, AUTO CLEAR (ACL) is 

generated for a fixed time (about 30ms) by the capacitor externally 

mounted 0n PIN, and the synthesizing system is initialized. 

During this period, the M·START switch is not accepted. This reset 

operation is used when the speech is forced to stop or the system 

is initialized. 

o When the power switch (Pages 41"-40) in the configuration circuit is 

turned from the OFF position to the ON position, ACL is generated 

as in the above case. If the power ON status is once turned to 

the OFF status and then, to the ON status again, a time of more 

than lOOms is required for turning OFF the power supply. 

(3) Start operation 

The start operation is initiated by the ~'START switch. 
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T6684 TECHNICAL DATA 

When H· START switch is normally depressed, T6721A will start the 

speech after the chattering preventive time (about 2Oms) has passed. 

1 FRAME (20 OR 10ms TYP •. ACCORDING TO SYNTHESING CONDITIONS) 

I 
M·START 

I I I STROBE 

M·START ~ ~ ru ~ 
ACL 

INTERNAL n IL M· 8T ART 

STATUS llJRING mSPEllSION I DURING I EOS OF SPE&:H SPEECH 

M·START switch must have been steadily depressed for more than 2 

frame leng th . 

Chattering of M·START switch must be less than 20ms at both ON and 

OFF sides. 

(4) Setting of parameters for synthesizing conditions and speech length 

These parameters are set by connecting the T6721A synthesizing condi­

tion setting pins (6 pins) for the manual control to "H" or "L". 

These synthesizing conditions have been already selected at time of 

the analysis. 

~ Level EXP LOSS BR FR 

L 
I 

Sound source Loss effect 48 bits/frame 20ms/frame 
shape pitch calculation - None 

" triangle 
1 

" 
1

96 H bits/frame lOms/frame 
wave Available 

~ Leve REP OD 

L I Repeat -
I Available 

I Filter - 10 stages 

H Repeat - None Filter - 8 stages J 
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TOSHIBA INTEGRATED CIRCUIT T6721A,T6772 
T6684 

SP3, SP2, 

TECHNICAL DATA 

Set the T672IA speech length setting pins(SP3'" Spa) for the manual 

control to the codes shown in the following table. 

SPI 
and Spa Code I 2 A 

Hagnification of 
xO.7 xO.8 xl. 55 speech length 

When 0, B, C, D, E and F are set, the ma~nification becomes xl.O. 

(5) HAL7/START and ENDLESS LOOP speech 

2 types of speeches are possible by the stop code END Q) and the ROM 

address initialize code END (2) arranged in the voice data RON. 

Select either one of tnese codes. 

ACL 
I 

START 

HALT 
START 

I 
I 
I 
I 

I 
HALT 
START 

I 
RETURN 

ACL switch 

M.START switch 
Phrase I 

END Q) code 

1 Phr ... 2,3 •.• " •• 01> 

No sound 
END <Zl code 

HALT/START Speech 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

[6J Dedicated Mask RO~l 

(1) Use of multiple dedicated mask RO~w 

On T6684 l28K RO~, the speechable times without using repeat bits 

are as follows: 

2.4 kbps 

4.8 kbps 

9.6 kbps 

53 sec. 

26 sec. 

13 sec. 

T6721A,T6772 
T6684 

If time is insufficient, mUltiple mask RO~B can be used when they are 

parallelly connected. The connection in this case is as shown below: 

T6721A 

FROM CPU 

All address counters that have been built in RO}w always perform the 

same count and each ROM selects itself by its built-in chip selecter 

according to address. Therefore, the individual chip select signal 

to each ROM from CPU or T6721A is not required as shown in the figure. 

In this case, current consumption of unselected ROM is TYP. 20~A/ROM. 

(Refer to electrical characteristics.) 

Max. Connectable ROMs Total speech time (sec. ) 

No.of con- Total No. 2.4 4.8 9.6 
nectable ROl""-B of bits kbps kbps kbps 

T6772 64 kbits 8 5l2K 210 105 50 

T6684 128 kbits 16 2M 850 425 210 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

(7J PIN DESCRIPTION & PIN CONNECTIONS 

(1) PIN Description 

T6721A,T6772 
T6684 

(1)-1 T6721A(Voice synthesizing LSI) 

PIN NO. r Structure 
, 

PIN Name FF 
( ) :DIP! I/O Pull-up / down i 

Functional Explanation 

W 
I 

1 (5) Output -
i 

Output for test. 
! 

I 

I 

1 
I Input for TDAI 

! 
3 (6 ) Input Pull-down 

test. To be con-

I nee ted to GND. 

TFIO i 4 (7) I Output 
I 

- I Output for test. 

I i DAC I DA CONVERTER Output. Output DAO 6 ( 8) I 

I 

I 
I - I 
I 

Output I of VSS during power down. 
I 

I 
I i 

APD 7 (9) I Power down output for 
I I 

ex-

I 
i 

, ternal audio circuit. 
I 

, 

02 8 (10) 
, Clock pulse to ROM or P-ROM 

; 
i I/F LSI. , 

I i 

I 
PD I 9 (11) i Power down to ROM or P-ROM 

I 

i i 
I/F LSI. 

1 Output -
ROM ADR 11 (12) I I Address reset to ROM or P-ROM 

RSL i I/F LSI. 

ROM RST 12 (13) 
Initialize to ROM or P-ROM 
I/F LSI. 

ALD 13 (14) I Sart address set pulse to ROM 
or P-ROM I/F LSI. 

i 

(15) I Input 500krl I Data input from ROM or P-ROM 
DI 14 

Pull-up I/F LSI. 
I 

DTRD 15 (16) Output - Data read pulse to ROM or P-
ROM IfF LSI. 

I 

D3 18 (17) 
3-state 

D2 19 (18) bi-direc 
4-bit bus line 

-tional - Input during WR is "L". 

Dl 21 (19) bus 
Output during ro; is "L". 
Hi-Z at other occasions 

DO 22 (20) 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

I PIN NO. I Structure 
PIN Name : FP r I/O Pull-up/down 

! ( ): DIP, 

GND I 23 (21) f 
I Power I 24 

(42) I supply -
VDD I 51 

I , 

- I 

(22) I ! 25 WR 
I I 

, 

500k" 

1
26 

Input I 

-
(23) I 

I 

Pull-up 
RD 

I I 

I ; : 
- i CE 27 (24) i : 

i ! I 

(25) i BSY I 28 
! I 

(26) : 
Output -

EOS i 29 i ! 
, 

(27) ! 

I 

I CPUM 31 Input 

i 
None 

1 

I 

I -- (28) ACL 32 I/O -I 
I 

TPN 33 (29) I I Pull-down 

M'START 
I 10m~ '" 50m~ 

35 (30) Input 
Pull-down 

CKI 36 (31) None 

CK2 38 (32) Output -

EXP 39 (33) Input None 
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1 

I 

I, 

i 
! 
I 

I 

I 

1 

i 
i 

I 

I 

I 

T6721A,T6772 
T6684 

Functional Explanation 

OV 

+5V 

Write pulse input of command, 
data, etc. under CPU control. 

Read pulse input of status,ROM 
data, etc. under CPU control. 

Chip enable pulse input under 
CPU control. 

'-
BSY Output 

Output at end of speech 

Fixed to high level under CPU 
control. Fixed to low level 
under CPU control. 

Power ON auto clear pin. 
Schmitt input 

Input for test. To be con-
nected to GND. 

Start switch under manual con-
trol. 

Connection pin for ceramic 
oscillator (Murata Ceralock) 

Connection pin for ceramic 
oscillator (Murata Ceralock) 

Connected to high or lm·7 level 
under of manual control accord-
ing to fixed synthesizing con-
ditions. 



TOSHIBA INTEGRATED CIRCUIT 

PIN Name 

REP 

OD 

BR 

FR 

TE:: 

SPO 

SPl 

SP2 

SP3 

LOSS 

TS 

TSN 

TECHNICAL DATA 

PIN NO.i Structure n r! ~~/~~I~~~<7--~ 
( ) :DIpl I 0 I Pull-up/down 

I 40 (34)i I 

41 (35)' 

I 43 (36)' , 

I 44 (37), i I 
I 45 ( 38)1 ! I 

I 
I 

I 46 (39)1 
i i 
I Input ; None 
I 47 (40)i : 
I 

! (41)1 
I 

49 , 

i I 
i 52 (1) 

! I I 

I 

I I 

I 53 (2) I I 

I 
I 

54 (3) I 

I 
I 

I Pull-down I 

I 
56 (4) I I 

I 

-597-

T6721A,T6772 
1'6684 

Functional Explanation 

Connected to high or low 
level under of manual control 
according to fixed synt 
ing conditions. 

Input for test. To be 
nected to GND. 

Speech length can be se 
by connecting this inpu 
to high or low level un 
manual control. 

Same as EXP '" FR. 

Input for test. To be 
nected to GND 

hesiz-

con-

t up 
t pin 
der 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

T6721A,T6772 
T6684 

(1)-2 T6772, T6684 (Mask ROM) 

PIN 
! PIN NO. ! Structure 

Functional Explanation Name I FP, I/O Pull-up/down , ( ): DIp! 

DO I 1 (17) : 
I 

(18) : 
4-bit bus line I Dl 2 

, 

(19) I Input Address data input at sett-
D2 i 4 None ing of start address. 

i 

D3 
I 

5 (20) i 
I I 

~Dm 
I 

(21) i 
I Data r~ad pulse from synthe-
I 6 
I I 

sizing LSI. 

I 

Serial data output to syn-
DI 7 (22) 3-state 

I 
thesizing LSI. Hz during -output nons election and power down. I , , 

I 
(23) I 

I 

ALD b I Start address set pulse from 
I synthesizing LSI. ! 

, 

(24) I ROM F T 
I 

9 Initialize from synthesizing I 

i 
LST. I 

I I 

, 
I ROM LJh Address reset from synthe- I 

RS1 I nput one 

I sizing LSI. I . - . - . 

11 (25) I N 

i 
(2,,) I I 

Power down from synthesizing 
PD I 13 

I LSI. 
! 

(27)[ 
i Clock pulse from synthesizing 

02 14 ! LSI. 

18 I 

Power I V ,D 39 (28) i +5V 
I 
I - I 

GND 42 (15 ) 
supply I 

I 

OV 

i 50C'kl1 
TS 43 (16 ) Ic~ Jt Pull-down Input for test 

.. --, --- -- ---

L TSO 29 (17) Output 
Output for U'3 t. - (N. C. for T6772) 

,-, 

* T6684 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

(2) PIN CONNECTIONS 

(2)-1. T6721A DIP 42PIN 

N 

I~ 
:::; 

I~ N C) >< 0. ~ s:: r "-< 0. '" '" ~ 
;;.: 

" '" 5 ~ > 01 " c_ ... '" :J " co '"' :) 

36 35 C4 33 32 31 20 29 28 27 26 25 

: 6 7 2 1A 

(TOP VIEW) 

4 5 6 7 B 13 15 16 17 18 

0') 

~ '" '" :;: ::: ° '" N 
P:: 

... ,... 
~ 

'" ~ ::J < 'S m GO ..:; - '" -
m ~ '"' '" '" '" < '" '" '" ~ 

'"' ... 
~ ~ 
<: 02 
:::; 

~ 

T6721A FP 56 PIN 
E-< 

'" '" 
'" 0." 

E-- '" 0. '"' OJ s; I;:; :0 Ie'} )>-t 

'" '" iil " 0 " "'" 0 " " 
0 0. o 01" ... '" z 0 '" ,"co z " Z £- '" 0 Z (il'::: 

45 44 4342 4140 39 38 37 3635 C4 33 3231 2029 28 

SPO 
SP1 

NC 
SP2 

NC 
VDD 

SP3 
LOSS 

TS 
NC 

TSN 

'"' 
(.) ~ 
Z 2§ 

£-

S " 00 N 0 
Z '" 0. ... 0. 

'" 0 '" £-

(.) ... £- '" ~ '" ') (.) to 
z m IZl ~ 0 a: ..,. zO 

a: a: ,.., 
0 

a: '" 0 0 

'" '" 
'" 0 
a: 
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li'3 l~ 

24 Zl 

19 20 

-

l~ 
22 

21 

'" 5 

RD 
WE 
VDD 

GND 

DO 
D1 
NC 
D2 

T6721A,T6772 
T6684 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

(2)-2. T6772, T6684 DIP 28 PIN 

~ + 
::: ;,.. * ~ 

~ 

<: 0 
z 

§ ~ ~ co 
N co 2 ~ '"" g OJ Z 

>- ..,. "- J: '" - - ;,.. 0 

0 g c 0 0 '-' " c 0 0 0 0 0 0 
:z ;:. z :z :z 0 z '" z z z z ;z; 

OJ 
OJ ;,.. .... 
~ 

" '" N. C for T6772 

* "'''' ( ) for T6684. 

T6 7 72, T6684 FP 43 PIN 

NC 
NC 
NC 
NC 

VDD 

NC 
NC 

GND 

'CNC)TS 

* 

* * 

00000 goo 0 0 0 000 
z ~ ~ z z ~ z z z z z z z z 

34. 33 32 3130 29 28 27 26 25 24. Z3 22 21 

8 .... 0 
COz 

T6772 
T6684 

(TOP VIEW) 

N to @ .... >7 .... 0 .... 0 
A A '" :;: OJ ;z; OJ z 

IS a:: a:: 
;:s a:: 
iil '" .. 

;:s 
0 a:: 
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AN 
P<..,. 

* N.~ 
**C 

NO 
NC 
VDD 

NC 
NC 
NC 

for T6772 

for T6684 

T6721A,T6772 
T6684 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

T6721A,T6772 
T6684 

[8] System CONFIGURATION DIAGRAM R ~ 5.1 Kfl 

(1) LSI Connections 

(1)-1. CPU Control Type Cz = lQ8P"P' 

CD FLAT PACKAGE ..J.. RESET SW 

lS~ 

TO AUDIO CIRCUIT 

CERAMIC 
OSCELLATOR 

CSB 640A i 

SKi,5 44 43 42 41 40 39 38 3736 ;x, 34 33 32 31 30 29 28 

46 ~ ~ 5 '-.) 0 ~ p.. N 0,-1 E-o 0 z 1-' :I co I'" I'" 
I ' 

:zoo ><;::.::::z::,:::O:;Zp..o~:ZOQ) 
47 SPI J:; L:a (.) 0 ~ E-< « 8 ril;o 

48 NC 'i' 
49 SP2 

50 NC 

:I 

'I'67Z1A 

(TOP VIEW) 

CE 27 

RD 26 

Wl'i. 25 

VDD 24 

GND 23 

! 
i 
I 
I 
i i 
! 

, 

I 

I i 

51 VDD 

52 SP3 

53 LOSS 

54 TS 
! 

DO 22 f-----'-----
55 NC I--! 0 

I- .56 TSN~;:-o~ ~N 
!I: z;Eo-; Eo< z;::. <t:-s. 
12345678 

14 131211 10 9 8 

15 NC 

16 NC 

17 NC 

L 18 VDD 

19 NC 

20 NC 

'" .... o co E-o 0 Eo< Cl 
0.. :z: OJ z OJ ~ 

II: 0::'" 

:10:: :I 
00 0 
0::< 0:: 

(M:irIA 

7 6 5 4 3 2 1 
H 0 to N co ~ co 
0 0:: 00 :z. 00 

!:; 

dO;L) 

00000000000000 

TS 43 n 
GND 42 ~~ 

NC 41 

NC 40 

VDD 39 I-­
NC 38 

NC 37 

NC 36 

NC 35 

%i Z Z :z. :z. z z z z z Z.Z z :z-
21 22 23 24 25 26 27 28 29 30 31 32 33 34 

~Go 

BSY 

C"lC 

RD 

7>r 

!* 

Notes: 1. The ceramic oscillator and capacitor connected to CK1. and CK2 

of the T6721A should be arranged close to CKl and CK2· 

2. Other than NC terminal should not be used as relay terminals. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

T6721A,T6772 
T6684 

R = 5.1 Kn 

<I> DIP 

02 = lOOP!' 

B8Y 

CE 

WR 

fi 

414039 38 37 36 
". ... ~ >< c:: :::: 
p.. p.. "1 '" '" m '" '" '"" 

T 6 72 

" ~ ,., 
5 '" p.. '" '" '" ,.:; 

'"" '"" '" '"" 1 2 3 4 5 6 

3534 33 32 31 30 29 2827 26 25 24 
",p.. p..". ... 

'" z I~ ::>i 

1~ I~ I~ 0"1 ><", '" ::;: p.. => c:: IZ1 0 0 .... Eo- p.. 
.... :.') " A (TOP VIEW)§ ::>i 

I 

I i I 

DO 

D2 I 
TO AUDIO CIRCUIT [_+-________ _ 

1 
28 27 26 25 24 23 22 21 20 19 18 17 1~ 
~~~ t;;~~Q~8f:\S8~!:2 

~~ < ~ 0 
O~ ll'i H 

T"'r, 7"" 2 (TOP VIEW) 

rErE rErE!i22 rErE~~!i~rE 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Notes: 1. The ceramic oscillator and capacitor connected to CKl and 

CK2 of the T6721A should be arranged close to CKl and CK2-

. . l 

2. Other tnan NC terminal should not be used as relay terminals. 
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TOSHIBA INTEGRATED CIRCUIT T6721A,T6772 
T6684 TECHNICAL DATA 

(1)-2 Manual Control Type 

CD FLAT PACKAGE 

Connected to VDD or GND according RESET SW RZ = 5.1Kn 

to fixj1ed
l 

SlynltheSiS cond
l 
itionr' ·I'~I" I ~ 

I I I' ~-l~ Rl~, lS~5s8 
; I I i l f~2 i ! Cln 1 I' 

CZ=100PF 

TO AUDIO CIRC 

; 1,··1 ~ ~ 44 43 4.24.l40 39 38 37363534. 3332 313C 29 28 
'TIll ""It.,.. C 

"-:~: t!l ~ 0 ~ ~ ~ g g ~ £ ~ I~ ~ ~ I~ I~ 
I -481e ~ 

I 

UIT 

~ 49 SP2 CE 27 i 
50 Ie 

,-- 51 VID 

52 SP3 

53 LO$ 

.-54.TS 
55 t£ 

t- 56 'lSN .. 
k ~ 
1 2 

T6721A iiiS26 H 
~ TOP VIEW) iiR 25 r-t 

VIlD 24.t-t-t------O"-.'o- VDr 
GND 23t--t+-----.-..:; 

~t;; I022 

o~ "' .. [g Dl21 
5!:S §i.~ §: !il~~ ~~ :5 !S ~ = N~ 20 

~o 

~~ 
3 4 56 7 8 9 1011 121314151517/~D2", 

15 Ie 
16 NC 

17 NC 

18 VID 

19 NC 

20 Ie 

r [ I 
5 4. 3 2 1 

S ~ ~ S S 

(a.:UA a:0J.) 

!Hl!;nl~!il!iHl~~~!i1££ 

II 
TS43 ~' 

GND4.2 -
NC 4.1 

NC 4u 

VIlD 39-

NC 38 

NC ~7 

Ie 36 

NC 35 

n~~24.~!~~~3Cn~33~ I 

Notes: 1. The ceramic oscillator and capacitor connected CKI and CK2 

of the T6721A should be arranged close to CKI and CK2' 

2. Other than NC terminal should not be used as relay terminals. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

@ DIP 

Connected to VDD or GND according 
to fixed synthesis conditions. 

R1 = loon 
R2 - 5.~kn 

C1- 1 ,uF 

vm 
I 

9P 
,;,.9 

! ! ,~ , 

~O AUDIO I 
CIRCUI'" -------------' 

I 
I 

C2 - ~OOPF 

1. _ 
, .,. .,. 

c8B ~I-- : 
6~Af211 

I I I ! I 

J 
I ! 

I 

I I I I 

~
28 2'7 26 25 24, 23 22 21 20 1918 1'716 15 

~.; ~ ~~~t; ~ A ~ A ~N A 8 ~ ~ 
> II: 1X4~ < ~ 0 

~ T677; (TOPVIEW) 

I 
~~~~~~~~~~~~~~ 
1 2 3 4 5 6 '7 89 ill II um M 

T6721A,T6772 
T6684 

Notes: 1. The ceramic oscillator and capacitor connected CKl and CK2 

of the T6721A should be arranged close to CKl and CK2. 

2. Other than NC terminal should not be used as relay terminals. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

[91 ELECTRICAL CHARACTERISITCS 

ABSOLUTE MAXIMUM RATING 

T6721A,T6772 
T6684 

(Applicable to the T6721A, T6772 and T6684.) 

SYMBOL I ITEM I 
RATING ! UNIT I 

VDD I Supply Voltage -0.3 'C 6.0 V 

VIN i Input Voltage : -0.3 'C VDD+O. 3 i V , I , 

Tstg 
I 

Storage Temperature I -55 'C 125 ! °c I 

Topr l Operating Temperature J -10 'C 55 I °c 

T6721A AC CHAR;.CTERISTICS 

SYMBOL I PARAMETER 
I 

TEST CONDITION STANDARD i. 
I MIN. 1 Typ.1 MAX. ! UNIT 

twcs i CE Fall -+ WR Fall time , 
I i VDD = 5V 200 i - I - i ns 

I 
, , i I 

I WR Pulse width .. I 
4 ! twcc i ! - I - I ~s 

I I 

tWCR I 
WR Rise -+ CE Rise time I .. I 200 I - i - I ns 

i I 
I I ! 

tWDS I WR Fall Time -+ Effective data 
i 

.. 
i 2 ! - I - I ~s 

I time I 

tWD WR Rise -+ Data hold time ! 
" I 

I 
I I 10i - - ~s 

WR, RD Rise -+ BSY Fall time " 
I 

1 I 2 tCBY - I - ~s 

tRCS I CE Fall -+ RD Fall time " 2001 - - ns 
I 

41 
I I tRCC RD Pulse width 

I 
.. 

I - - \.IS I 

RD Rise -+ CE " 1 I 
I tRCR Rise Time 

I 
200 - I - ns 

tRDS RD Fall -+ Effective data time " - - 2 \.IS 

RD Rise -+ 
Effective data 

" 1- 2 tRDH - \.IS hold time 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

Definition of T6721A AC Characteristics 

T6721A,T6772 
T6684 

C1l"--_ ,..-____ _ 

\;lL IlL 

I~--------~-e-H----J 

WR _____ ~_----: ..... V1H 

\ Va j 
'wee I twD 1 

DO - D3:--------+~-:~: I 
~ II 

BS'Y----+-=Th~OH __ 

$~-

tCBY 

CE 

\ VIL V1L 

l tRCS J 
tRCH I 

I 
\VlH } VlL 

RD 

'RCC I tRDH 

17 VOH f".. 
I\. VOL V 

-+---+--
'RDS 

BSY VOH 

\ 
-+--f--
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

T6721A,T6772 
T6684 

T6721A DC C~ARACTERISTICS (GND=OV, VDD=5V, Ta=25°C, Unless other wise specifed.) 

(Standard MIN. and MAX. values are defined by their absolute values.) 

SYMBOL PARAMETER APPLICATION 
I 

CONDITIONS 
STANDARD UNIT 

PIN MIN. TYP. MAX. 

VDD I Supply Voltage VDD I 
- 3.5 I 5 I 5.7 I V 

IDD(l) 
i Current dissipation ! VDD=5V, Output i 0.5 

I 

I VDD 
I 

- I 1.2 rnA i during operation ! with no load ! 
Current during ! I I i t IDD (2) VDD 

I " I 
- i 0.2 3 IlA , power down i I ! 

I ! 

I Clock operation 
i VDD=3. 5",5. 7V , 

I 
! i 

i 160 ! 
fiJ 

I 
- Recommended 144 ! 176 

I 
kHz I frequency I 

I circuit I 

fOSC ! " oscillation " I CK2 " " 608 1640 i 672 I kHz 

VIH I "1" 
I 

input voltage I Except ACL VDD=3.5 "'5. 7V VDD-0.8 : - i VDD I V 

VIL 1"0" " I " I " 0 - i 0.8 I V I 

I "I" 
t 

Except ACL, Output no 
IVDD-0.4i I i 

VOH output voltage - VDD I V 
I DAO, CK2 load I I t 

I "0" " " i " I I 0.4 
, 

VOL 0 i - t V 

RINP(l) 
! Input pull-down M·START 

I I 
- I 

30 
I - I krl I resistor 

RINP (2) " pul-up " I DI,WR,RD,CE i i 500 
I - i krl - ! I 

Except TPN, I I 

I ! 
IIH "1" input current MSTART, TS , TSN: VIN=VDD I 

- i 
- 5 I IlA 

: I 

IIL ItO" " 
Except DI, I VIN=OV - I - -5 IlA 
HR. RD. rr 

IOH(l) ''1'' Output current (1) EOS. BSY i VOUT=VDD/2 -0.4 I - I - rnA 

IOH(2) " (2) DO '" D3 VOUT=VDD-0.4V I -0.2 I - I - I rnA 

IOH(3) " (3) 0:..W.APD,TFIO " -0.2 I I - rnA ! - ! 

i Except (1) • I I 
IOH(4) " (4) (2).(3). CK2 " -0.2 ! - - rnA 

DAD and ACL 
I 
I 

IOL(1) "0" " (1) EOS, BSY VOUT*0.4V 0.8 
I - rnA i -

IOL(2) " (2) DO '" D3 " 0.8 - - rnA 

IOL(3) " (3) 0"w ,APD. TFIO " 0.5 - - rnA 
IOL(4) (4) SallE as IOH(t.) " 0.2 i - - rnA 

VOUT 
D/A converter out-

DAO 
At time of output 0 - VDD V 

put voltage with no load 

RoUT " " impedance DAO - 50 - krl 
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I 

TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

T6721A,T6772 
T6684 

T6772 DC CHARACTERISTICS (GND=OV, VDD=SV, Ta=25°C, Unle~s other wise specifed.) 

(Standard MIN. and MAX. values are defined by their absolute values.) 

SYMBOL I PARAMETER APPLICATION CONDITIONS STANDARD UNIT PIN I MIN. ! TYP. MAX. I 
I 

, 

I 
I 

I i I VDD i Supply Voltage VDD - ! 3.5 5 5.7 V 
I : 

i Current dissipation i I 

I I VDD=5V, output I 
I 

IDD(l) during operation i VDD I - 40 80 uA 
i (at selection) 

! 
with no load I I ! 

I Current dissipation I I 
IDD(2) I during operation VDD " : - 20 40 

! 
uA 

I (at nonselection) 

I 
i Current during , 

I IDD (3) VDD " - : 0.2 
I 

3 uA power down 
! 

I 

I 
, 

i 

f0 
Clock operation 

VDD= 3.5 'C 5 . 7V 144 
1

160 I 176 I kHz frequency -
I i 

I "1" 
I 

VDD-{).81 
, i 

Vm input voltage I All-inputPIN " - VDD I V 

VIL "0" " " " 0 - 0.8 I V 

VOH "I" output voltage DI Output no load VDD-0.4 - VDD I V 

VOL "0" " " " 0 I 0.4 I V - i 
1m "1" input current All-inputPIN VIN = VDD 5 1 

uA - -

IIL "0" " " VIN = OV - - -5 uA 

IOLK 3-s tate output OFF 
DI o !I. VIN::;: VDD ±S uA - -leak 

lOR "1" output current " VOUT=VDD-0.4V -0.2 - - rnA 

IOL "0" " " VOUT=0.4V 0.2 - - rnA 
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TOSHIBA 
INTEGRATED CIRCUIT 

TECHNICAL DATA 

OUTLINE 

56-4 HS 
[10] Outline Drawings 

56 PIN FLAT PACKAGE 

~ " 

I 

lOp' ~ch 

, 
, I 

45 44 43 42 41 40 39 38 37 36 35 34 33 32 31 30 29 28 

46 

I~+~I 47 

48 

I ,,""0 i 
2~ 49 

26 50 

( VDD) i- ('~ I 
25 - 51 

(V DD) 24 52 

, I ' 23 53 

I--T~~ 22 54 
21 55 

20 56 

[AI 19 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

',." 
0 :Y 

20.0±0.1 

1 MARK 

____ 1 __ -

2.6±0.4 

(2 5.2±0.4) 
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T6721A,T6772 
T6684 

Unlt In mm 

-

26±04 

N 
o 

.. f 
~I 
Nt 

,.., 
'ij 
a 

"" M 

.. 
0 

-Ii 
<0 
N 

"' t-
o 

1 
I 
I 
I 

I 
I 
, 
i 

:;'1 
0' 

+11 
N 
0'. , 
,.., 
'-../ i 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

43 PIN FLAT PACKAGE 

OUTLINE 

43-4HS 

T6721A,T6772 
T6684 

Unlt In mn:. 

~~5 
II , 0 • 

\ \ I I _.w P 1 ten 
•• j 

I 

I I ~ 1 
t 

I : 
I 

<D 

"', 
34 33:l2 31 30 29 28 27 26 26 24 26 22 21 l 

I 1-+-1 
I 

35 

I 
: 

36 I 

37 
i i 

I 'm~:~," + 'I 

I 

38 20 
~ 

Mi " ' 

39 (VDD) 
0 1 c T- - 19 - -H I -H 

IVDD)18 0: '" 40 

I I I 

"'I CO> 

41 
M I M . 

17 I ~ " 

L_I_~ 
I 

42 16 
I 

43 15 
I 
I 

A I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 

1 

;Y '" 

1 
·c I 

0 

-H 
<0 
N 

I 
20.0±O.1 

MARK 

------~ 

I 
- I(,--_El _El El _El El EI-+-t El_El EI_El EI_C El --) - 1::3! 

•

2.6±0.4 ~ 2.6,!:O~ ~ 
. _ (25.2±04) c' 

r---------------------------------------------~. 0 
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TOSHIBA INTEGRATED CIRCUIT 

R15 

·1 ><. 

'" ;::; 
r­
o 

TECHNICAL DATA 

28 Z7 26 25 24 Zl 22 2: 20 1" 18 17 16 15 

12 345 67 8 9 Nil U ~ M 

37.4MAX. 

o 2 MAX. 

T6721A,T6772 
T6684 

Unlt l.n mm 

Note: The lead pitch is 2.54'llrn and the tolerance is ±O. L ,1,:11 agains t the 

theoretical cente;:- of each had that is obtained OJ :he basis of 

No.1 and No. 28 leads. 
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T6684 

R 1.5 

TECHNICAL DATA 

Uni t in mm 

~ I 

~~~~~~~~~ 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

I' 
53.6 MAX , I 15.24:::025 

I 

--f,'l-_~' : -:------Io:-r 1 

I i Y +01 

~ 11." ~'H", 
~ I r-' _0-__ 1_5._3-_1_7._4 __ • i 

2.54±0 25 0.5±O.15 

1.4±O.15 

Note: The lead pitch is 2.S4mm and the tolerance is ±O.2Smm against the 

theoretical center of each lead that is obtained on the basis of 

No.1 and No. 42 leads. 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA T6667 

ADM SINGLE CHIP VOICE SYNTHESIS LSI T6667 

[1] General Description 
The T6667 is an ADM type voice synthesis CMOS LSI with a built-in 64K bit 
voice data ROM. 

[2] Features 
o Built-in 64K bit voice data ROM. 
o Selectabel four kinds of bit rates (5.5, 8, 11, and 16 Kbps). 
o Easy phrase selection 
o Easy phrase repetition 
o Speech phrases at random 
o Built-in lO-bit D/A converter. 
o Selectable of crystal and RC oscillation circuit by masking. 
o Power down by the standby function 
o Low voltage operation 
o Low power consumption 

[3] Block Diagram 

SEL0"-4 

START 

CPUM 

:l2UP 

REPEiI.'l 

RANDOM 

ACR 

EV 
TEST 

EXT· RUN 

XT XT 

A B T 
S 0 0 
o I I 
I :I 2 
2 

P 
a 
C 

DI 

-613-

SYNTHESIS 
ADM 

CIRCUIT 

D/A 
CON­
VERTER 

DAO 

VDD 

GND 

4/1 ROM: DATA ROM START AND 
STOP ADDRESS TABLE. 

DATA ROM: VOICE DATA ROM 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA T6667 

[4] Pin Connections 
z 

'" ~ .. />< E-I OJ C\l ...-i 0 

~ [(l", '" '" 52 i'3 '" ,.; 2 0 Eo-! ;:II « « III a:I E-! 

POO Tl 
VSS NO 

NO NO 
NO NO 
NO NO 

VDD TOP VIEW NO 
NO NO 
XT T2 
XT EV 
NO DI 

RANDOM DAD 
rl C\l t"')"<:11 

o rl N t') o ~ E--4 ~ Pot E-I ~ 

'" '" '" '" Zo.'l~~~i:1i D 
ril 5::1 Eq 1%1 <: 
rJJ ra 00 OJ co f-i 0 r::') P-t 

OJ "1 
0:: 

[5] Examples of System Configuration 

5 
SELO-4 H FILTER DAD 

& AMP START 

32UP " '" CPUM VDD 
CPU BUSY '" '" ACR .. 

REPEAT XT 

~ RANDOM -lfT 

CPU Control 

5 
SELO-4 

START DAD 

REPEAT 

RANDOM CPUM 

ACR 

XT 

XT 

vDD 

Manual Control 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

T 6 8 3 1 

C2-MOS LSI for SPEECH ANALYSIS and SYNTHESIS 

The T683l is a single chip C2-MOS LSI for SPEECH ANALYS:S and SYKTHESTS 

by the ADN (Adaptive Delta Modulation) method, which has an inter!'al 64 Kbit 

MASK RO'1 for speech data. And is suitable for human voice and various sound 

ef feet. 

1. FEATURES 

o The T683l has two functions, SPEECH ANALYSIS (RECORDING) and SPEECH 

S\~THESIS (PLAY BACK). 

o The internal 64 Kbit MASK RON for speech data is provided. 

Some external memory (max. 128 hDit) can be connected. 

For SPEZCH AKALYSIS function, RA'1 is necessary as external memory. 

For long SPEECH SYKTHESJ S, 2xtern,,1 RO~1 (MASK RaJ'.:: or PRO~1) is nf>cessary. 

o The T683l has PHRASE SELECTION function by 6 control inputs. (may. up 

to 61 phrases) 

o 5 stage KEY BUFFERs are provided for easy editing for phrases. 

o No memory l' consumed by NO-SPEECH (SILEKT) PHRASE. 

T6831 

o 4 kinds of BIT RATE (16, 11, 8, 5.5 Kbps) can be selected ;:or eash phras,-. 

The T6831 has a PO~ER STA~~-BY mode for low power consumption. 

o The T6831 has a POWER ON/OFF control output fer the external audio 

circuit. 

o On-chiJ.- oscillator circuit for 32 KHz crystal is provided. 

o 10 bits D/A convs~ter (voltage cype) is provided. 

o Both HAKGAL CONTROL and CPU CO!,TROL are available. 

o Single power sepply. (5V typ.) 

o Low pmver consumption. 300)JA tvp. in synthes~s (playing) mode, 500uA 

typo in analvsis (recording) mode ~ithout excernal load. 
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TECHNICAL DATA I T6831 

~. ELECTRICAL CHARACTERISTICS 

2.1 ABSOLUTE MAXIMUM RATINGS (Ta=25°C, except Topr and Tsto) 
co 

CHARACTERISTICS SYMBOL RATING UNIT 

Supply Voltage \'DD , -0.3 '" +6.0 V 

Input Voltage Vn; -0.3 '0 VDD+O. 3 \' 

Output Voltage I VOUT I -0.3 'u VDD+O. 3 I \' I 
Operating Temperature Topr -10 '" +55 °c 

Storage Temperature Tstg -55 '" +125 °c 

2.2 D.C. CHARACTERISTICS (GND=OV, VDD=5\', Ta=25°C, Unless othen-'ise noted) 

CHARACTERISTICS I SYHBOL TEST COKDITIOK HIK. TYP. I NAX. I L1KIT 

Operating Voltage I VDD 4.5 I i 5.7 I \' 
! 

I 

I play mode I - I 300 I - i I I , 
I I 500 I 

, 
POwer Consumption IDD 

, 
mode - I l1A , rec. -

I , 

I Stand-by mode I - ! - 3 ! I i , 

Oscillator starting time , Tsta I VDD=5\' I - I 3 I - i 3ec 

I SELO c, SEL5, START, I VIB I VDD-0.8 I I I 

Input I - I - I 
i REC, CPUM, APDI, STBY I 

, 
V , I I Voltage r 64K/l6K I VIL I i - - I O.S , 

I I I I 

I IIBI 
I i i 1 I VIK=VDD - I - i ALL INPUTs 

Input IILl VIK=O\' I -1 - I - I 
I I , 

uA Currenti IIB2 "1 VIl\=VDD I - I 150 - ! 
i SELO 'u SEL5, START I 

I 
IIL2 *1 VIN=OV I -1 

I 
i - I -

I 

i VOB i 
I VDD-0.4 I I 

I ! - I -
I Output Voltage 1dthout load , 

I i i 
V 

I VOL I , 
0.4 I I - ! -

IOHl I VOB=1/2VDD I 
I 1-0 . 4 

" 

i I - - I I EOS, BSY 
I 

I 
Output i lOLl VOL=0.4V 0.8 - I - i rnA 
Current i IOH2 VOB=VDD-0.40 I - i - 1-0.2 I 

Except EOS, BSY I I I I 

I 1012 i VOL=0.4\' I 0.5 ! - ! 
I I - I 

Output Resistance I DAO I ROUT I i - 50 - i I kr: 
Input Resj,s tance I ADI RIK I 

- 100 - I 
Note 1: Internal pull down resistor option. 
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TECHNICAL DATA T6831 

2.3 A.C. CHARACTERISTICS (VDD~5.0\', CL~15pF, T2~25°C) 

(1) SPEECH CYCLE 1 (at CPU MODE) 

':IEV :::, 
,~ . .Y\\.... --____ -1_ ,1-___ _ 

---, 

VI~VL\'IE VIENv p II 
------~l i 'tSTF I I--. ....... - _______ H ... ___ _ 

t ES: I 

---------*: HE:: 

. ~F • 

1.1 CiO ; .. _V. ~ 'ic~ ... -' r-" 
_________ ----'. __ \~,~-______ v~·:~·~~~-~·~f-----

;;:;~ I __________ ~~;\'r~E 
(:2) SPEE CH CY CLE 2 (a t cpr ~10DE) 

) 

I 

'I,-IE YIE\ 
YI::'~' '~vI:L 

------~4------~~,-o-~~-------I(·~'-----
tS'TS_. _' \:',,~"p ~ "-.l._. 

1'IE\\ \ \\ \\\,\\ \ )\\\\\ \ \ \\ 
\\\\1\\\\; '\"\\\ 
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ITEM SYMBOL I mK. MAX. UNIT 
SELECT SET UP TIME tSES i 2 I - ws 
SELECT HOLD TIME I tSEH i 2 - I1S 

START PULSE WIDTH *2 tSTP 4 - 1.15 

START SET UP TIME ! tSTS i 2 - US 

START HOLD TIME tSTH i 2 - us 
SELECT PULSE WIDTH *2 i tSEP " 

, 
-1 us . 

SPEECH RECOVERY TIME tSR I 32 i - , 
i ws 

REC SET UP TIME tRS 0 I - I l1 S 

REC HOLD TIME tRR 0 - us 
BSY DELAY TIME tBD - I 2 l1s I 

BSY PULSE WIDTH "1 tBP - SOO us 
EOS DELAY Tl'lE tED - 1000 us 

NOTE 1. Not key bu~fer full 

2. At manual mode 45ms min. 

(3) ME~10RY READ CYCLE 

, " ' 
-I --, 

----_____________ ~x;:: ,:~I:x~ __ _ 
NOTE 3. At 11 Kbps, 16 Kbps 

4. At 5.5 Kbps, 8 KODS 

ITE~l I SY~!BOLI S.51:-Dps I 
READ CYCLE TItlE (TYP. ) I tRC i 146S(48Tc) I 
CE PULSE ,,'IDTH (TYP. ) ! tCEP ! 

SKbps I llh'bps I 16Kbps 
9//(32Tc) I 732(24Tc) I 488(l6Tc) 

15(0.5T~) 

! Ul\IT 
: US 

I US 1 

ADDRESS SET UP TI~!E (TYP .. ~ tA,,' :132P,(43.5Tc),870(28.5Tc) ! 656(22.5Tc)j L.l.3(14.5Tc): lJS 

ADDRESS HOLD TUiE (TYP.) : tAH 12::(4Tc) 1 92(3Tc) I 31 (Tc ) I 3l(Tc) 1 

1.:5 

DATA S"~ ~1 UP TI~1E um:.) I tDS i 
I 2 i US 

DATA HOLD TUIE (~;n:. ) I tDH I 0 - I 1.25 

T0~30.5us at ~XIN=32/68Hz 
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TECHNICAL DATA 

(4) MEMORY WRITE CYCLE 1 (at 5.5 h~ps, 8 h~ps) 

twe 

hBO-1C ~ h'," Hm "" .,,;l, i ~OH ~~\~O~L ________________________________ v~o~,JXl~V~01~ __ 

'Al'l -, 

-==x UNLNOWh X: Ie 

(5) MEMORY WRITE CYCLE 2 (at 11 h~ps, 16 Kbps) 

DK'-" 
:, at' T ~ 

"Lwc 

~I.-\C-'E-~------------------------------~V-O~~;X: 1~,\-01-:---
IVOi. VALLe DATi. "0' "'-OL 

~--
i '7.J,.v,' , 7J...E I 

______________________________ ~' 'WP i __________ __ W' 'I-+,VO" 
I I' ~ 

I hOI' eLVa:.. ! ! 
'Dol I "CD" 

~ ~ 

----v UNKN OWN \ f:,' ,~'.~:, " OEV ~I.--__________________ _')\;. ,.,' VALID DJ,';:~. VCL;(\~ __ __ 

ITE!'1 SYMBOL! 5. 5h~ps I 8Kbps I llh~ps I 16Kbps IUl,IT 
WRITE CYCLE THIE (TYP. ) twc i 1465(48TQ.) I 977 (32Tc) 1 732(24Td I 488 (l6T,) i uS 
WRITE PULSE WIDTH(TYP.) t\lT I 15 (O.STc) i 

uS I 

ADDRES S SET UP TIHE (TYP .) tA\I' ; 1293 (42. 5T")i 837 (27. STell 685 (22. STd 1441(14. STd I uS 

ADDRESS HOLD TIHE (TYP. ) tAH I 122 (4 T¢) I 92 (3Tc) I 31 (Te) I 31 (Te) i :.;S 

DATA SET UP THIE (TYP. ) tDS I 15 (O.STO 1 US 

DATA HOLD TIME (TYP. ) tDB I 122 (4Tc) I 92 (3Tc) I 31 (Te) I 3l" (TG) I lC S 

Tm~30.5us at fXIN=3268Hz 
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TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

3. FUNCTIONAL SPECIFICATIONS 

3.1 GENERAL DESCRIPTION 

o The internal 64 Kbit MASK ROM and the 128 Kbit external memory 

(RAM or ROM) can be used independently or together. 

o Selection of phrases is possible ~ith SEL 0 to SEL 5. 

(up to 61 phrases) 

When speech analysis (i.e. recording) function is used, the R&~ 

is necessary as an external memory. 

4 klnds of bit rate (16, 11, 8 anc 5.5 h~ps) can be selected for 

each phrase. 

The T6831 has 5 stages key buffer and terminals of BSY and IOS for 

eas\" control by manual or CPt.:. 

3.2 PIN DESCRIPTIONS 

Pin No. Symbol Function Kate 

33 SEL 0 Phrase selection input terminals I input i 

( ( Possible to select max. 61 phrases. i actlve Hlgh 

38 SEL 5 No operatlon mode and forced stop mode Note 1 
are selected by all "a" or by all "1" Kate 3 

I respectively. 

39 START \-.1hen an one shot signal is given to this input 
terminal, the code set by the SEL o 'c 5 active High 
is taken in to the lnternal key buffers !\ote 3 
and the speech is started. : 

43 CPU~l 
I Manual/Cpt: control selection terminal. input 

I By setting this terminal in "H" level CPt: active Hlgh 

I 

control mode selected and by "L" level 
manual control mode is selected. 

32 BSY 
I 

BSY T6831 I indicates that the is executing output 

I 
the all clear (ACL) , is accepted the active Lm. 
forced stop instruction, is processing the i 
data immediately after the phrase selec- I 
tion input, or that the key buffers are 

I full. 
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TOSHIBA INTEGRATED CIRCUIT 
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3.2 PIK DESCRIPTIONS (Continued) 

Pin No. Symbol Function t;ote 

30 EOS EOS indicates the end of speech. Output 
It is on "LIT level when the speaking of all active Lo"" 
the speech data (including the data in the 

I key buffers) is completed. 
I 

47 REC Recording/Plav back selection input. input 
When the analysis (recording) mode is active High 
needed, it should be on "H" level and 
synthesis (play back) mode is needed, on 
fiL" level. 

46 ADI Audio signal input (for the rec. mode) ! input 
The snalized data corresponding to the analogue 
input to this terminal appear in DBO to 
DB7. ! 

! 
45 I DAO A synthesized 

,. output terminal (for output aUOlO 
the play back mode) . The synthesized audio analogue 
signal appears in this terminal ,.,'then the 
synthesis function is started. This 
terminal is on "VDD/2" level \.Jhen the 

I synthesis function is out of use and on 
I "GKD" level during the recording or stand-
I 

by mode. 
I 

44 I ACL An all clear input. The system is input 
ini tialized by setting this pin on tiL" active La", 
level or STBY input terminal on "Hit level. Kate 2 
It's pas sib Ie to activate the auto clear 
function by connecting the external capaci-

: tor between this terminal and Gl\'1J . 

circuit's and 
i APDI: 41 APDI An audio pO'i. ... 1er OOv.,TD input I 
I 

42 APDO output terminals. APDO is on !lEn level I 
input 

while the APDI terminal lS kept on "Hl! or active Hlgh 
ACL is kept on 1tT " to control the external L 

audio circuit. APDO: 

output 
active High 

40 STBY A stand-by control input. By keeping it 

I 
input 

on "H", the pO\>..1er do\."rn mode is selectee, active High 

I 

the on-chip oscillator stops and ACL is 

I activated, 
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TOSHIBA INTEGRATED CIRCUIT 
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3.2 PIN DESCRIPTIONS (Continued) 

Pin No. ! Symbol i Function Note 

1 'c 4 i DBO I Data bus (I/O terminal) for the external input/output 
53 'c 56 ( I memories. These are ou tpu ts of the ana- active High 

DB7 lized data in the recording mode and inputs 
i in the play back mode. 

~ 

5 'c 15 , ABO i Address bus for the external memories. output i 

I 
l 

I 
active High 

ABIO 

25 ! m6 , An output for the test signal I I , 

16 i eEl ; Chip enable outputs for the external output 
) , ( '{nen the 16 k'bi t memories Lm,' l , memories. are actlve 

23 C:::S used, one of these terminals is set on "L" I as AB11, 
, and the memory corresponding to is selected. AB12 
, I<'hen 64 Kblt memories are used, CEl anG actlve High 

CE5 are used for the chip enable, and CEI, 
i CE8 as ABll , AB12 respectively. 

i :7 R!\-: A readh,'ri te for the external output I output 
I , : memorles. \-,hen the T683l reads the ex-

f 

, i ternal memory, R!I<' is on "B" level and 
I v.Tri tes one, on ilL" level. 
I 

I I 
_. 

I 28 
i 

XIN Input and output terminal of the on-chip 
29 Xorr oscillator. , 32 L'lz crystal and capaci-

I 
I n 

I I tors are connected with them. 
I , 

! 
, 

I 26 64K/16K iAn external memory selection input. input 
I , I 

I 
i The 64 Kbit or 16 k'bi t memory can be used 
! by keeping it "HII or 11 Lit level respectively. 
I 

48, 1.9 I TS", TS1 
I 

These kept "L" 
I 

input i Inputs f01- test. are on 
)(1, 31 TS2~EY I by internal pull down registers. I 

I II t's desirable to keep them on "L" at 
, outside of cnip for the protection from , 
I I noise. 

I 2':' . 5: \'DD Pov.!er supply terminals, VDD is +3'\. 5\'. 

I 52 i GXD , 
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Note 1: When the manual mode is selected by keeping the Cpm1 on "L", 

the chattering protection circuit is activated for these 

terminals and the START input. The chattering protection time 

is 14 ms. 

In the CPU mode, this circuit is released. The hold time of 

the input signal for these terminals should be set over 4~s. 

Note 2: When the external capacitor is connected to the AGL, this 

terminal is kept on "L" for about 30ms after power on or 

release stand-by mode. 

Note 3: Possible to add internal pull down resistors. 

3.3 BLOCK DIAGP-A'1 

SEl...O_ ~ 

S':'P..R': 

?.EC-8~U1~ t.-----i---'-------, 

AS;: (>-----1 

CCNYERTE:\ 
DACQ-------I 

1,-DD Gl\D 

SPEEC? 

In the above diagram, (1) SPEECH DATA RO~j and (2) L/I ROM are NASt: RO~:. 

Tneir contents are determined at the time of development. 
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TOSHIBA INTEGRATED CIRCUIT 
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(1) SPEECH DATA ROM 

It stores the speech data made by the ADM analysis desired by a user. 

Maximum 61 speech phrases can be stored. 

The total speech time is 8 seconds for the standard bit rate (8 Kbps). 

(2) L/I (LABEL INDEX) ROM 

It stores the set of data designated by the label No. that is 

decided by combination of SELO "v SELS except 0, 3E and 3F (HEX). 

The set of data whlch can be designated are shown below. 

o The start address and the end address of the memory area 

corresponding to the speech phrase. 

o The bit rate of the each speech phrase. 

o The internal/external memory selection. 

o The speech/no-speech phrase selection. 

Note: When no-speech phrase is selected the DAO terminal is kept on 

"VDD/2" level without the speech data memo""y. So it is effective 

to set the interval between the phrases. 

4. SYSTEM CONSTRUCTION 

Two system constructions are available, a CPU control type and a manual 

control type. 

~.l CPU control type 

Tnis system consists baisically of two chips of a CPU and the T6831. 

However, if an analysis function is required, an external RAH 

(max. 128 Rbi ts) must be connected. 

Further, it is possible to make the total speech time longer by 

connecting the system wi th general purpose ~l."'SK-RO~; or PRO~l 

(max. 128 Rbit) in place of RA."1. 
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TECHNICAL DATA 

ROM and RA..'1 can be used together for the external memory. 

In this case the total memory size of them is also max. 128 Kbits. 

In Fig.4.l connection diagram, the basic operation is divided into 

the following two ways: 

(1) CPU - T663l 

CPU sets the input signals STBY, APDI, REC, START and SELO to SELS. 

(2) CPU-T683l 

The T683l sends the EOS and BSY signal to the CPU. The EOS (End Of 

Speech) gose to "L" level when all of the speeches (contents of key 

bu~fer) come to an end, and it indicates the end o~ the speech to the 

CPU. The BSY indicates the period that the T683l can not be controlled 

by the CPU. If a control signal is set from the CPU to the T683l, in 

this period (BSY is on "L"), the T683l does not accept and performs 

uncertain operation. 

cpr 

ADI 

SEIC-5 

~ __ ---.-! STAR T 

1---_--1.l:.PD1 
1-___ ..., :SuE 

1----"" BE::: 
~ ___ -!P,E::: 

CPUw. 

30~ 

:'6E~1 

DAD 
AF:JO 

.b.BC-1C 

DBCJ-r; 

R/Vi 

Fig.4.l Connection diagram 
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4.2 Manual control type 

The system comprises the T683l only or with the external memory 

(RA"1 or ROM). 

6 
.b.DI DAD 

~~ 
SELo-o APDD 

S':AR'T ADRESS 
.b.Bo-1C EXTERNAL 

f': E"!-J..FL I yrr;L DBC-7 lI.EMORY 

'!'65 :i 
EEC 

CLl-E R.b.M 

':P01'~ 
CR 

E /Vt ROW. 

:C Ii xcc':!' TCY 

sv; 

~ote: If it's selected internal pull down option, these resistors can 
be removed. 

Fig. 4.2 

In manual operation, set up the condi tion,s for STBY, APDI, REC, etc., 
select phrases by means of SELO to SEi5, and turn on START SW. 
It's possible to turn on START SI\' before or after selecting phrases. 
(See A.C. characteristics) 
The interna~ circuit of the START and SELO - SEL5 input terminals are 
shown belm,,-. 

r----- --
I 

Il{TERI';A:L 87b.R': SIGKAl. 
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APPENDIX A 

Examples of the use of L/I ROM 

"Label" ~s a name g~ven to each phrase. Labeled phrases are distinguished 

by code decided by 6 inputs (SELO ~ SELS). 

To put ~t concretely a set of start address and end address of memorY, bit 

rate, selection of internal/external memory and selectlon of speech/no­

speech phrase can be designated for each labeled phrase. 

Example 1 

The same data stored ~n the memory can be used for over two labeled phrases. 

Address 

Address-l 

Address-:C 

Address-3 

Address-L. 

Address-5 

Address-6 

Example : 

Start I 
I 

End-l 
I 

End-2 

I End-3 

End-4 I 

i 
I 
I 

, 

Data 

Phrase 
Data 

Label-2 
S-Add=Add-l 
E-Adci=Add-2 

Label-3 
S-Add=Add-3 
E-Add=Add-S 

l 

Label-4 
S-Add=Add-L: 
E-Add=Add-6 

. Label-l 
~ S-Add=Add-l 

E-Add=Add-6 

j 

Multi labeling b,' different START/END address 

/\ 
V 

Sine 
""Tase 
data 

(1) It's possible to make dlfferent length notes 

(half-note, quater-note, etc.) with the same 

bit rate. 

(2) It's possible to make different pitch (440Hz, 

880Hz, etc.) with the different blt rate. 
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ADI 

RZ2 

T2l'; 

':' S1 

~s~ 

\ -; 
.u~ 

GNL 

:JE-

LEt 

D"OI:. 

DB4 

TECHNICAL DATA 

APPENDIX B PACKAGE OUTLINE 

56 PIK FLAT PACKAGE (56-4 BL) 

.... 
~ 

0 .... >< c:: "2 -<: ~ 0 

~ e Co co < 
:§ '" .... '" r:::: 

U < < 0: tc to u: 0: 

N 

'"' 0; 
[fj 

lTC.35 ,. 
I 

.... 0 
f:;; '"' '"' 0; ~ 

to 0:; 

"" 

f 1.Oprcch 

lao .... 
~ :z 

> ,Ol .... 
"' Ir:£ '" '" 

40 4L, 43 42 41 4C 39 38 37 36 35 34 33 32 31 3C zg 2E 

4C I 
47 r-- --,--

I 4E I 
~ 

! 
4~ 2-

I 
~L;. R:r: : h ::::~ 

5~ J.*:-,:::J.. 2e 

5~ 4~ 

eL 
1 

5~ I ~-

vv L-. -~ ~" 

56 2C 

Dn:t lD mIL (':YF.) 

_----=+oj I 

1 ' I 
1 I 

~ll I J I 

1 

R./Vi 

6 4!~/15E 
C? I ~ ~ 
~, 1.-') 0 
...... ~ ....., ~ 

p:::r:=:J c :::4 
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APPENDIX D APPLICATION OF EXTERNAL ~lEMORY 

1. 16h~it memory (TMM323D or TC5516 total 8 chips max.) 

ABo 
I I I 

Ali 1 0 
AO-.l'1C AO-AIO Ac-AIO 

---- ---
'I C 831 

CE.or :E.OE 5b .D!: 

GEl IMEll: J It..ElI.2 llEME 

CEz 

,..,..' 
v.bE 

2. 64h~it memory (TMM2764D or TC5564/TC5565 total 2 chips max.) 

4c 
J..lilC 

CE,,;, 

I 1 CEE 

I I I 1 
An-AIO All A12 AC-AIC All A12 

T6831 

CE:.or: GE,DE 

CE: I MEtD 

J 
MEM2 

CEt 

NOTE 0) In above figure, the IT and or of MEMn mean the followings. 

CS, PD/PGM 
GEl, CE2 
CE, OE 
GE l, OE 

nlM323D 
TC5516 
TMM2 764D 
TC5564/65 

The CE 2 of the TC5564/65 must be connected with VDD. 
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C2MOS Voice Recording/Reproducing LSI 

T6668 

December I, 1984 

Revised Edition: October 1, 1985 
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1. General 

The T6668 is a single chip CZMOS LSI for voice recording and reproducing 

using the ADM (Adaptive Delta Modulation) system. 

When a dynamic RAM is used as a voice data memory and an audio circuit 

in~luding a microphone, speaker, amplifier, etc. is externally connected, 

a voice recording/reproducing system can be composed. 

o Features 

(1) A single chip LSI for voice recording/reproducing 

(2) D-RAM (Dynamic RAM) used as a voice data memory with the capacity up 

to 4 pcs. of 64Kbit or 4 pcs. of Z56 Kbit. 

(3) Built-in counter to refresh D-RAMs 

(4) Easy connection with CPU. Control by 9 kinds of commands 

(5) Capable of recording/reproducing of max. 16 phrases 

(6) Selectable 4 kinds of bit rates (3ZK, 16K, 11K, 8K BPS) 

(7) Recording time of each phrase is variable (Max. lZ8 sec. at Z56K 

D-RAM x 4, bit rate 8K BPS) 

(8) Built-in microphone amplifier for sound recording and band-path 

filter for sound reproducing 

(9) Built-in la-bit D/A converter, voltage follower output 

(10) Built-in oscillation circuit for ceramic vibrator 

(11) Single 5V power supply 

(lZ) Low power consumption by CZMOS structure. 

(13) 60-~in mini flat package 
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~ 

START D~ 

STOP .' D5 JDOUT 
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'" "'" t:~~~:~J' u, 
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,r' 2 ' CASl 

RE80RDINu/ 
REPAODUCING WR CAS, 

SPEAK/NO SOUND CE RAS 

No t6 1 VDD { 256K WE 

or 
Vas I '2 I~' ~XTW Xr'"If1'T' ACL Vre! Carel 

RAM~ 

For connections of 256k, Ml, M2 (in Note 1) and CAS1'\, CAS4 (in Note 2), refer to 

6.1 Connections to D-RAMs and 6. Pin Functions. 

Fig. 2-2 Example of System Configuration in Manual Control 
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Fig. 3-1 T6668 Block Diagram 
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3.1 Block diagram description 

(1) Address Counter 

The 20-bit counter to show addresses of the external D-RAMs. 

Values can be set or read out by commands under CPU 

control. (Note 1) 

(2) Stop Address Register 

The 20-bit register to show addresses to stop sound recording/ 

reproducing. Values can be set by commands, but values can 

not read out by commands under CPU control. 

(3) Index Regis ter 

The register to show address of the index area on D-RAMs in 

the label index mode (refer to 5.2.6). User cannot directly 

operate this register. 

(4) Refresh Counter 

The 8-bit counter to refresh the external D-RAMs. (For the re­

fresh, specify 256 addresses in 4mS.) 

(5) Status Register 

The 8-bit register to show the status of T6668. The status 

outputs by setting RD to "L" level. 

(6) CPU IfF 

The interface circuit for the external microporcessor, etc. 

This circuit has also the chattering preventing circuit in the 

man ual contra 1. 
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This chattering preventing circuit acts on D4 and D5 terminals 

(start and stop inputs), and chattering time is approx. 

ISmS. 

(7) Microphone Amplifier 

The microphone amplifier for sound recording. Output of MlCOUT 

terminal can be connected directly with the ADI terminals. 

(8) Band-pass Filter 

The band-pass filter for sound reproducing. The 1st stage high­

pass filter and the 2nd stage low-pass filters are built in. 

Note 1. There are two con troIs available for the T6668; CPU control 

using a microcomputer, etc. and the manual control using 

External SW, etc. 
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4. Specifi ca tion 

4.1 Recording/reproducing 

System ADM System 

DIA Converter 10 hi t voltage type 

Bit rate 32k/16k/llk/8k 

Max. phrase In manual control . .. 16 phrases 

number Label index in CPU control 
... 16 phrases 

Direct mode in CPU control 
No restriction 

Accress counter Built-in counter to refresh D-RAMs 

4.2 Others 

Input microphone Two-stage, gain TYP = 45dB 
amplifier 

Output filter Built-in 2nd stage low pass + 1st 
stage high pass filter 

RAM for storing 64k or 256k D-RAM, maximum 4 pcs 
voite data each. 

Oscillation 
655KHz (TYP) Frequency 
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5. Operational Description 

When composing a voice recording/reproducing system by the T6668, 

there are CPU control using a microcomputer, etc. and the manual 

control using external SW, etc. 

5.1 Manual control 

5.1.1 Se1ec tion of phrases 

Using 4 input terminals of DO'" D3, the sound recording/re­

producing of maximum 16 phrases can be performed. Before 

starting the sound recording/reproducing, phrase No. shall 

be specified in 4-bit code. 

Phrase numbers are as follows, and can be selected at random. 

(Fig. 5-1) 

~ 
MSB 

Phrase No. D3 D2 D1 

No. 0 0 0 0 
No. 1 0 0 0 , I I , , 

: 
No. 15 1 1 1 

Table 5-1 Phrase No. 
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1 
Phrase -l ® 
000 (No. 1) Phrase 10001 (No.8) @ 

Recording , <D Pr:;e 0011 (No.3) 

Recording is made in 
order of Phrase No.1 
-+8-+3. 

( 
==~ ~hra:seIOOO (No.8) 

R d · Phrase ____ @ 
ecpro uC1ng 0001 (No. 1) ------~--~----~-

Phrase 0011 (No.3) 

Reproducing in optional 
order of phrase 
ntmlbers; e. g., 
Phrase No. 8 -+ 1-+ 3. 

Fig. 5-1 Example of Prase Selection 

5.1.2 Selection of bit rate 

The T6668 can use 4 kinds of bit rates as shown in Table 5-2; 

8K, 11K, 16K and 32K, which are selected by 06 and 07. Since 

a bit rate is independently specified for sound recording/ 

reproducing, it is possible to change reproduced voice to 

slow/fast speaking. However, similar to a tape recorder, the 

recorded phrases are reproduced at low tone when slowly 

spoken and at high tone when rapidly spoken. Bit rate should 

be specified prior to recording/reproducing. 

~ 07 06 

8K bps 0 0 

11 0 1 

16 1 1 

32 1 1 1 = VDD, 0 = VSSI 

Table 5-2 Bit Rate Selection 

I Caution I Selection of phrase and bi t ra te is decided when 04 

terminal is set at "H" level (start input). 
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5.1.3 Switching of recording/reproducing modes 

Switching of recording/reproducing of the T6668 is made by 

the WR terminal. "H" level is for the recording and "L" 
level is for the reproducing. 

J.l.4 Outline of recording mode 

The T6668 has the 20-bit address counter, and voice data is 

written into RAM from the address designated by that value. 

When making the sound recording newly, first, reset the ad­

dress counter by the ACL input. 

Setting of the WR terminal to "H" level results in the record­

ing statf'. When the D4 terminal is set to "H" level (start 

input), the recording starts and the address counter is added 

successively. Then, when the DS terminal is set at "H" level 

(stop input) or when the value on the address counter reaches 

the maximum address of RAM, the sound recording is stopped. 

Since this maximum address is change when the 2S6K, Ml and M2 

terminals are set, the full capacity of RAM can be effectively 

used. 

However, when the RAM's capacity is fully used, in order to 

protect data stored in RAM, subsequent recording is not al­

lowed. Ynerefore, to make the recording newly, reset the ad­

dress counter again of the ACL input. 

When the sound recording starts, a value of the address counter 

at time of the start (start address) and when the sound record­

ing ends, that at time of the stop (stop address) are 
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automacically written into a part of RAM, respectively. 

Further, it is possible to monitor synthesized voices from 

input voices through analysis and synthesis during the 

recording. 

5.1.5 Outline of reproducing mode 

When the WR terminal is set at "L" level, the T6668 is placed 

in the sound reproducing state. When the D4 terminal is set 

at "H" level at this times the T6668 starts the sound re­

producing after loading the start address and stop address, 

which have been written at time of the sound recording, into 

the address counter and stop address register, respectively. 

The sound reproducing is stopped when the DS terminal is set 

at "H" level or when the value of the address counter agrees 

with the stop address. 

5.1.6 Recording/reproducing method 

The . recording/reproducing method by the manual control of the 

T6668 is described here. Further, this method applies when 

LABEL command is used under CPU control. At the manual 

control (LABEL command at CPU control), the recording/re­

producing is indirectly performed as the T6668 writes start 

addresses, stop address and bit rate of each phrase into a 

part of RAM and selects Phrase No. (Label index mode). 

The memory maps of RAMs in the label index mode are as 

follows: 
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OOOOOH OOOOOH 

f-_~~I_J Index 
area 

00400H 00400H 
RAMI } 

-----
RAMI RAMI 

OFFFFH 3FFFFH 

RAM2 RAM2 

IFFFFH Data 7FFFFH 

RAM 3 
area 

RAM3 

2FFFFH 2FFFFH 

RAM4 RAM4 

3FFFFH 3FFFFH 

64K DRAM 256K DRAM 

Fig. 5-2 Memory MAP in Label Index Mode 

Index 
area 

Data 
area 

Maximum number of addresses that can be used varies depending 

upon type and quantity of externally connected D-RAM. In any 

case, addresses OOOOOH ~ 003FFH are used as the index area, 

and the succeeding address 00400H and up become the voice data 

area. 

Start address, stop address, and bit rate are recorded in the 

index area by the T6668 at time of sound recording, and data 

read out from this area are loaded on the address counter, etc. 

at time of sound reproducing. In the direct mode, this por­

tion can also be used as the da ta area. 

(1) Recording of phrase 

In performing the recording newly, first reset the T666S by the 

ACL input. The internal address counter is preset to 00400H 

a t this time. 

-645-

T6668 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

When the W~ terminal is set to "u" level, the T6668 is placed 

in the recor l~ng mode. After designating Phrase No. by DO 

D3, set the 0', terminal to "H" level (start input/' and start 

the recordin~ After the contents of the address counter at 

this time; i.e., start address is written into the index area 

of RAM, actual recording is started. During the recording, 

the contents of the address counter are added successively. 

Then, the stop signal is input with the D5 terminal set to "H" 

level, the recording ends. The contents of the address counter 

at this time are written into the index area as the end address. 

Thereafter, the contents of the address counter are added with 

one (+1) and become the start address of a phrase to be recorded 

next. (Fig. 5-3) Here, it is possible to record plural number 

of phrases and store voice data in RAM if the start and stop are 

repeated with Phrase No. changed. (Fig. 5-4) Further, at this 

time any phrases can be specified irrespective of the order of 

Phrase Numbers. 

Immediately 
after reset 

Address Coun ter 

I Inde x Areal 
OH 400H 

Memory 

Voice Data Area 

After 
under 

start i.nput II F7m--
record~ng l Phr~se 1 star~O!~~r~;a + Address 

Max. Address 

Start address of ~ Phrase 1 
Stop input I s~nd 

After stop 
process 

III 

L Star tEnd LPhrase 2 star t address 
Phrase 1 

Stop address of Pharase 1 

Fig. 5-3 Operation of Address Counter in Recording Mode 
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Address Counter 

Phrase 1 Phrase 2 

Fig. 5-4 Status after Recording 2 Phrases 

(2) Reproducing of phrase 

When the WR terminal is set to "L" level, the T6668 is placed 

in the reproducing mode. If any already recorded Phrase No. 

is selected and start input is givpn, voice corresponding to 

that Phrase No. is reproduced. Phrase No. at this time can be 

designated irrespective of sequence of the recording. Further, 

it is also possible to stop speaking by giving the stop input 

in the middle of the reproducing. Thereafter, when the start 

input is given again using the same Phrase No., the reproduc­

ing is performed from the beginning of that phrase. 

If the reproducing is started by designating Phrase No. that 

was not used for the recording, what sound is reproduced is 

uncertain. However, it is possible to stop the sound reproduc­

ing by giving the stop input. 

Since the start input terminal has the buffer for one stage, 

when the start input signal is given by specifying next Phrase 

No. during the sound reproducing, this next phrase is spoken 

successively after end of the preceding phrase generation. 
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When the start input signal is given several times during 

speaking of one phrase, the last phrase specification remains 

in the buffer. As the bit rate has no buffer, however, input 

change che bit rate of phrase during the reproducing with that 

of next phrase in phrase with different bit rate. 

(3) Addition of phrase 

Additiou of the third pbrase after one time of reproduction in 

the stace w1th 2 phrases recorded as shown in Fig. 5-5 is per­

formerl 1n the following manner. 

Firs t, 'eproduce Phrase 2 c ample tely in the rep rod ucing mode. 

At this time, the address counter stops while indicating ad­

dress next to the end address of Phrase 2. Change the re­

producing mode to tlle recording mode here. Do not reset the 

Tb668 at this time. Then. when the recordi.n" is mode by de­

signating Phrase No.3, Phrase 3 can be added next to Phrase 2. 

In the same manner, the curther phrase can be added after one 

time of reproductic~ in '.'1e state with 3 phrases recorded 

After Phrase 2 r'!-

produced (\-1&2 = "~") 

A f tel Prxdse 3 

n: ~or .Jed ;WR2 = "01") 

Address counter 
Memory <7 

fh~de x Area VZZl/t\\\ \l 
Phrase 1 Phraset-End address 

2 

Phrase 1 Phrase 2 Phrase 3 

r i " 5-5 Addi Cion of Phrase 
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(4) Change of phrase contents 

The method to change the contents of phra.e once recorded is 

described. When it is desired to change he contents of 

Phrase 2 in the state shown in Fig. 5-5, irst reproduce 

Phrase 1 completely so that the address c unter indicates the 

start address of Phrase 2. Then, change I le reproducing mode 

to the recording mode. Do not reset the 1,668 at this stage. 

If the recording is carried out by designacing Phrase No.2, 

the contents of Phrase 2 are changed to new contents. 

If the recording time for the new Phrase 2 is longer than that 

for the original Phrase 2, the biginning portion of Phrase 3 

is changed. (Fig. 5-6) This is the same thing to rerecord 

the middle portion of a tape on a tepe recorder. 

Memory r----- Phrase 3 start 

I Index 
Area LT//ZlS'S\'\'S\'s$zZV§j 

Phrase 1 Phrase 2 t Phrase 3 
Phrase 2 end 

Fig. 5-4 Change (1) of Phrase Contents 

When Phrase 2 is reproduced under this state, the new contents 

are properly spoken. However, if it is tried to reproduce 

Phrase 3, sound is reproduced from the middle of Phrase 2 and 

when Phrase 2 is completed, sound is reproduced successively 

from the middle of Phrase 3. This is a phenomenon that is 

taken place because the start address of Phrase 3 written in 

the label index remains as previous written. On the other hand, 

if the recording time for the new Phrase l is shorter than that 

for the original Phrase 2, data of the latter portion of the 

original Phrase 2 remain (Fig. 5-7). 
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However, if this is reproduced, the speaking is stopped at 

the last portion of the new Phrase 2. This is the point dif­

fering from a tape recorder. Needless to say, Phrase 3 is 

properly reproduced. Under this state, RAM for the portion 

between the end address of the new Phrase 2 and the start ad­

dress of Phrase 3 is not used. 

Me ,Phrase 2 end 
mory " 

I !~!:x VZZ//]\<SZ"\'sJ\V//l 
Phrase 1 Phrase 2 t t Phrase 3 

1 Phrase 3 start 

Unused 

Fig: 5-7 Change (2) of Phrase Contents 

(5) Max. address of RAM 

When the contents of the address counter reach the maximum 

address during the recording, the T6668 automatically stops 

the recording. (at time of CPU control, only when the record­

ing is mode with the LABEL command.) In this case, the max. 

address is stored as the end address of a phrase at that time. 

Further, the address counter stops at the max. address. 

Therefore, in the recording/reproducing of one phrase only, 

the stop switch (D5) becomes unnecessary. In other words, when 

a certain tiem has passed after starting the recording (when 

the recording is made to the last of RAM), the recording ends 

and also, the reproducing stops after the contents of RAM 

were spoken to the last. 
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This max. address changes according to the settings of the 

terminal 256K, Ml and HZ of the T6668. These terminals shall 

be set according to kind and quantity of externally connected 

RAM. 

EXTERNAL RAM 256K HZ MI Max. ADDRESS 

64K DRAM I pc. 0 0 0 FFFFH 

" 2 pes. 0 0 1 lFFFFH 

" 3 " 0 1 0 2FFFFH 

" 4 " 0 1 1 3FFFFH 

256K DRAM I pc. I 0 0 3FFFFH 

" 2 pes. I 0 1 ]FFFFH 

" 3 " 1 1 0 BFFFFH 

" 4 " I 1 1 FFFFFH 

Table 5-3 External RAMs and Max. Addresses 

(6) Memory data protection of RAM 

On T6668, when data are recorded up to Max. Address, it is 

possible to reproduce them. However, the T6668 is placed in 

the state not to accept start input in order to protect memory 

data and therefore, in performing the rerecording it is necessary 

to release the T6668 from this state and reset the address counter 

by setting the ACL terminal to "L" level. Further, siI!lilarly, the 

start input is not accepted during the recording. 
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5.1.7 Chattering preventing circuit 

In the manual control mode, the chattering preventing circuit 

is actuated to prevent mulfunction of the switches connected 

to the D4 terminal (start input) and Ds terminal (stop input). 

\\....---
tch tON tch tOFF 

I 

tON.? ISmS tOFF ~ ISmS 

Fig. 5-8 

In case of operating by manual mode, start and stop inputs 

should be set to min. l6mS. 

5.2 CPU Control 

In the CPU control, the operation of T6668 is controlled by 9 

kinds of commands. In addition, the T6668 has a 8-bit status 

register and the external CPU is able to read the status of T6668 

at any time. 

In addition, the T6668 has the address overflow detector (Note 1) 

and address comparator flip-flop (Note 2), which control the 

sound recording and reproducing opera tions. 

(N ote 1) Addre ss over flow de tec tor 

(Note 2) Address comparator flip-flop 

-652-

Refer to 5.2.5. 

Refer to 5.2.6 

T6668 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

5 .2 . 1 How to wri te CP U command 

5.2.2 

(1) 

As shown in Fig. 5-9, using CD RD pulse, read data from LSI 

and check BUSY bit. If not in ~ BUSY state, after setting up 

command data in Do '" OS, write a command using WR pulse. In 

case of such 3 byte commands as ADLD1, ADLD2, etc., after 

checking BUSY bit by CD RD pulse, write the QY 2nd and 3rd 

byte bits. After the 1st and 2nd byte bits of a 3 byte com­

mand, other command bits cannot be written. 

CJ I CJ 

Denotes LSI in 
output state. 

c 

BUSY bi t check L-J--Take into the inside , 
<D Command (j)~ 

~ BUSY check 

("') : 1st byte ("''''): 2nd byte 

Fig. 5.9 How to Wri te Command 

COlllllands of T6668 

07 Do 

N 0 P 0 0 0 0 X X X X I X: Don I t care 

(1 byte) 

No operation. In the sound recording mode, this cOllllland is set 

in the sound reproducing mode. In addition, this command is 

used to reset ERR and OVR (refer to 5.3.3.) in the status reg­

ister. 
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(2) 

(3) 

(4) 

(5) 

(6) 

TECHNICAL DATA 

START o o 1 x x x x 
(1 byte) 

This command is used to start the sound recording or producing 

in the direct mode from the RAM address shown by the contents 

of the address counter. 

STOP 

(1 byte) 
~IO __ ~!_O~ __ l-L_O~_X __ L-X~_X_~ 

This command is used to stop the sound recording or reproducing. 

If this command is given during the sound recording by the LABEL 

command, the contents of the address counter at time of stop 

are written into the index area of RAM. 

ADLDl 1~_0~_0~ __ 1~ __ 1-LI_A_I~9!L-A_Ia~I_A_I_7LI_A_I.~I 
(3 bytes) 

This command is used to set address in the address counter 

together with 2 bytes following that address. When the 64K bit 

RAM is specified, Au and Al8 are made to "00" by force. 

ADLD2 I 0 I 1 0 0 Al9 I Ala I A17 I AI. I 
(3 by te s )'---'-_-'-_L.---I._-'-_-'-_.l..----l 

This command is used to set address in the stop address reg­

ister together with 2 bytes following that address. When the 

64K bit RAM is specified, A19 and AI. are made to "00" by force. 

eNDT I 0 ! 1 I 0 I 1 I X I S 

(1 byte) 

(For SL, BRI and 
BRo, refer to 
the list.) 

This command specifies a bit rate and silent state. When the 

silent state is specified, the DA terminal is forced to become 

l/Z,VDD level. The silent state should not be specified at 

time of sound recording. 
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(7) 

(8} 

(9) 

TECHNICAL DATA 

LABEL 
1 1 o ~ LB.z LB" LBo I 

(1 byte) 

(For LB., LB 2 , LB. and LBo, refer to the list.) 

This command specifies Phrase No. (0", 15) and starts the sound 

recording/reproducing. When this command is given in thp sound 

recording mode, the contents of the address counter and bit 

rate code are written into the index are of RAM and then, the 

sound recording is started. In case of the sound reproducing 

mode, start address, stop address, and bit tate code are read 

from the index area and then, the sound reproducing is started. 

ADRD I 0 1 1 1 I ~ X X X 
(1 byte) L._..L..._I--......I_-I... _-1..'_-1..' _..L'_....I 

This command is used to read out the contents of the address 

counter. By successive 3 times of read access, high order 4 

bits, middle order 8 bits, and low order 8 bits are reaa in 

that order. If next command is given without performing 3 

times of read access, the ADRD code interrupted and the next 

command process is started, enah1ing read out of the status 

register. 

RE C 
1 o o o X X X X 

(1 by te) L.--L._~---l~-L._-'-_.L.---'-----J 

This command is used to set the T6668 to the sound recording 

mode wh~n it is in the sound reproducing mode. The 6668 is 

returned to the sound reporoducing mode by NOP command. 

Caution During the sound recording/reproducing (that is, when 

the EOS terminal or EOS bit of the status register is 0), 

do not give any command other than STOP. 
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List of T6668 Commands X: Don't care 

Command 1st Byte 2nd Byte 3rd Byte 
Input 

D7 Do D7 Do D7 Do Pin 

NOP 0 0 o 0 X X X X - -

START 0 o 0 1 X X X X - -
STOP 0 0 1 0 X X X X - -
ADLDI 0011A .. A,. Al7 Au A,.A,.A,.A"A"A,oA9 A. A7 A. A, A. A. A. A, Ao 

ADLD2 0100A 19 Au "\17 Au A,.A ,.A ,.A,.A"A,oA9 A. A7 A. A, A. A. A. A, Ao 

CNDT ! 010X SL BR, BRa 
.... -------- - -~ ------- ------------- -- -- - - --- ----------

SL Bit Rate BR, BRo 

Sound 0 8K 0 0 

Silent 1 11K 0 1 
I , 

I 
16K 1 0 

32K 1 1 
I 

I 1 I LABEL I 0110 LB. LB. LB" LBo - -I -------------------------------------- ---------------------

MSB LSB 

LB. LB2 LB, LBo = Phrase No. (0 '" 15) 

ADRD I OlllXXXX -I 

!...--------- - ---- - - - - - ------ -----------

Read Output Data 

1st time 0 0 0 o Au A,s A17 A,. 

2nd A"A,.A,.A 12 A"A,o A9 As 

3rd A7 A. A, A. A. A2 A, Ao 

REC 1000XXXX - -
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S.Z.3 Status register 

The status register consists of 8 bits. When the RD terminal is 

set to "L" level under CPU control, data of the status register 

is output to DO~D7 and the internal operating status of the 

T6668 can be checked, Each bit of the stat~~ register is ex­

plained in the following. 

(1) BUSY (D7) 

When the bit is 1, it indicates that the T6668 1S in reset 

state or processing a command internally. Do nnt give any 

command from CPU. If the command is given, the Lnternal 

status may possibly becomes uncertaine. 

This bit becomes 1 during the sound recording/reprpducing and 

o when the sound recording/reproducing is s tar tee. The value 

is the same as a value that is output at the EOS t"rn,inal. 

(J) ERR (DS) 

Command error. This bit becomes 1 when any undefi~"d ~s given 

to the T6668. This bit is reset by NOP COl1ulIand. 

Address over. It is indicated that the sound re:'crJLllg ends 

as the address counter exceeded max. addresses oj fA~ during 

the sound recording by LABEL command. This status! i ': is 

reset by NOP command. 

(5) MZ. Ml (D3. DZ) 

Values of these bi ts are the same as those se t d t r", I"~,,d." 

MZ and MI. 
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Terminal Name D7 D6 D5 D4 D3 D2 Dl DO 

Status reguster BUSY EOS ERR OVR M2 Ml 0 0 

Table 5-5 Status Register 

5.2.4 BUSY bit 

Conditions for setting "BUSY" bit of the status register to 

"1" are broadly classified into the following 3 condi tions. 

That is, "BUSY" bit is set to "1" during the reset period of 

T6668, during the process of command given externally, and 

during the process after stop of the sound recording due to 

address over. 

(1) Reset precess 

When the ACL terminal becomes "L" level, BUSY bi t becomes 1. 

Wh~n 'the ACL terminal re turns to "R" level again, the internal 

state of T6668 is initialized and after all are completed, 

BUSY bit becomes O. 

(2) Command process 

When it is detected that both of the CE and WR terminals have 

become "L" level in the CPU mode, BUSY bit becomes 1. When 

the process of all commands is completed, BUSY bit returns to 

o again. The command process is actually started after return 

of the least either one of the CE or WR terminal to "R" level 

has been detected. (The table shown below also indicates times 

for BUSY bit to become 0 after the CE or WR terminal returned 

to "H" level.) 
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(3) Address overflow process 

When the address counter is overflown during the sound re­

cording in the label index mode, the T6668 automatically 

stops the sound recording. During this period, BUSY bit also 

becomes 1. 

Generating 
BUSY Generating Conditions Length (max. ) 

Reset process (after ACL ) 3 tIS 

NOP, START, CNDT, REC Command 3 till 

ADLDl, ADLD2 Command 1st Byte 4 till 

2nd, 3rd Byte 3 till 

ADRD Command 4 t~ 

LABEL Command Sound recording mode 35 till 

Sound reproducing mode 67 tIS 

STOP 
During sound recording in 40 t~ label index mode 

Command Others 3 tyl 

Address over fl ow process 34 til 

tyl * 15.3 us @fCLK = 655 KHz 

Table 5-6 BUSY Generating Length 
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5.2.5 Address overflow detector 

When the address counter exceeds maximum address that is de­

termined by the terminal 256K, M2 and Ml, it is detected by 

this detector. When the LABEL command is given in the sound 

recording mode, it becomes valid and is kept until the NOP 

command is given. 

When the address overflow is detected, the sound recording is 

stopped, a value of the maximum address is written into the 

index area as the stop address and then, the address counter 

is preset a t address 00400H. In addition, the OVR bi t of 

the status register is set. During this period of processing, 

BUSY bit of the status register also becoIDPs 1. 

5.2.6 Address comparator flip-flop 

The sound recording/reproducing to stopped if the contents of 

the address counter agrees with those of the stop address 

register when this flip-flop has been set. When it has been 

reset, the sound recording/reproducing is not stopped until 

the SXOP command is given. (Exception: Address overflow in 

the preceding item) 

This flip-flop is set when the ALDS2 command is given or when 

the LABEL command is given in the sound reproducing mode, and 

is reset when the ADLDl command is given or when the LABEL 

command is given in the sound recording mode. 

5.2.7 Direct mode and label/index mode for phrase accessing 

These are two ways about both recording and reproducing of T6668 

when it is under CPU control. 
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That is, one is the Direct mode and another is Label/Index 

mode. The former is the way to designate start address, stop 

address and bit rate of each phrase by command, and the latter 

is to designate indirectly phrase number as serial binary code. 

So, at the Label/Index mode, some part of RAM(s) is used for 

Index area. On the contrary at the Direct mode, such a part 

can be used for voice data area. 

OOOOOH 

RAMI 

00400H -----

RAMI 

)FFFFH 

RAM2 

7FFFFH 

RAM) 

8FFFFH 

RAM4 

FFFFFH 

256K DRAM 

1 Index area 
at the case 
of Label/ 
Index mode 

+ This part can be used 
for voice data area 
at Direct mode. 

Voilce data area 

Fi.g. 5-10 Memory Map at Direct Mode 

5.2.8 The method of recording/reproducing 

The method of recording/reproducing of T6668 under CPU control 

is explained as follows. 

(1) Recording/reproducing at Label/Index mode 

Similar to the case of manual control, at Label/Index mode, 

some part of outer D-RAM(s) is used for Index area for storage 

of start addresses, stop addresses and bit rates. 
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The difference from the case of manual control is that the 

designation of phrase, bit rate and stop are performed by 

commands, and start is performed immediately by Label command. 

So, maximum number of phrases which can be designated by this 

way is 16. 

(2) Recording/reproducing at Direc t mode 

At this mode, start and end addresses are designated directly 

by commands ADLD1, ADLD2 respectively. 

So, Index area of D-RAM(s) mentioned above can be used for 

voice data area. 

Endless speach is available when start address is set as 

ADLD1=OOOOOH and end address as ADLD2 a maximum address of 

RAM(s) (ex. FFFFFH at 4 pcs of 256K D-RAMs) at the recording 

and then at the reproducing, just ADLDI a OOaaOH is given. 

There is no limitation of maximum number of phrases which can 

be designated by this way. 
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5.2.9 The flow chart of recording/reproducing at "Label/Index mode" 

(1) Recording 

A t the case 
of changing 
bit rate 

L-___ -,-___ ---l- - -[Reset the address counter of T6668 

L-___ -,-___ ---l - - - [Release of ACL 

L-___ -,-____ .J - - - [waiting 

1---_-,-___ -' 

--[setting the bit r~te 

[
Setting of phrase. After this command 

--- voice recording starts immediately. 

[
Checking if recording length exceeds 

- - - the RAM(s) capacity. (This is done 
by internal operation of T6668.) 

'-___ -,-____ -'-- -[ To stop recording 

~~~[ Dedde '0 '0",10= nex< o<he, ph,_.e. 
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(2) Reproducing 

Input of NOP [ 
'--___ c_o..,mma __ n_d __ .J - - - Wai ting 

Input of LABEL 
conrnand [

Setting of phrase. After this com­
-- - mand, voice reproducing starts 

immediately. 

[
Checking the end of speech of the 

--- phrase. 

- -_[ Decide to con tinue the selec tion of 
phrase. 

Note: Under CPU control mode, bit rate is that settled previously 

at the recording. 
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5.2.10 The flow chart of recording/reproducing at "Direc t mode" 

(1) Recording 

At the 
case of 
changing 
bit rate 

START 

'--___ -, ____ .j ---[Reset the address counter of T6668 

'----_-, ____ .J- --[Release of ACL 

~------~------~ 

- - - [setting the recording mode. 

r-- - ----

~----r----"'- -- [setting the bit rate 

'-----r----.... --- [DeSignation of start address 

~===;:r-----' 

_ __ [DeSignation of end address 

'-___ -,-____ ...J- - -[voice recording starts 

STOP 

[
Checking if address coincides with the 

- - - end address (ADLD2) (This is done by 
internal operation of T6668.) 

___ [DeCide to continue at other or same 
address. 

Note 1: For Endless speech, see 5.2.8 (2). 
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(2) Reproducing 

'-----.;:..:...::=r=:.::..:~----I-- - [setting the reproducing mode 

Input of ADLDI [ 
'------r----~- -- Setting of start address 

'------r----~- -- [setting of end address 

'------r----~-- - [start of voice reproducing 

STOP 

CCheckin g if address coincides with the 
_ _ _ end address (ADLD2). (This is done 

by internal operation of T6668.) 

___ [DeCide to continue at other or 
same address. 

Note 2: For Endless speech, see 5.2.8 (2). 
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5.3 Reset operation 

(1) the status during reset operating 

Low level to ACL pin causes the reset to T6668 and almost 

internal operations such as recording/reproducing stop. 

But the reflesh counter doesn't stop, so the data stored in 

D-RAM(s) doesn't change. And "BUSY" bit of status register 

becomes "I". 

(2) the status after reset operation 

High level after low to ACL causes the status as follows. 

(1) Under CPU control mode, it becomes reproducing mode, 

(2) The contents of address counter and stop address register 

becomes "00400H", 

(3) Address over flow detec.tor becomes reset (ineffective status), 

Address comparator flip flop becomes reset. 

(4) Under CPU control mode, bit rate becomes 8K bps, and 

"Designa tion of Silence" (see 5.2.2) becomes reset. 

(5) ERR and OVR bits in status register become reset. 

After that, BUSY bit in status register becomes reset. 

5.4 Precautions 

(1) Under manual and CPU control mode 

o During recording or reproducing operation, pins of Ml, M2 and 

256K must not be changed. 
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o ACL condition doesn't stop the oscillation for the reason of 

keeping the data in D-RAM(s). It resets address counter, 

flags etc. 

(2) Under manual control mode 

o The conditions of phrase, bit rate and recording/reproducing 

settled before S~RT will be kept after START operation and 

not change until next START. Thst is, T6668 doesn't care 

those conditions after START operation has done. 

o During recording, S~RT input is not accepted. If phrase number 

is changed by START input during recording, stop address of 

recording phrase is uncertain. 

o During reproducing, START input is accepted for the utility 

of "buffer function" (see 5.1.6 (2». 

o When "Address over' condition (that is, maximum RAM capacity 

is already used by previous recordings), START input for 

recording is inhibitted for the protection of RAM data. 

ACL operation resets flags, and address for re-recording. 

(3) Under CPU control mode 

o During recording or reproducing, don't make other commands 

except STOP. T6668 operates uncertainly and internal status 

may possibly becomes uncertain. 
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6. Pin Description 

6.1 Connection to D-RAMs 

T6668 needs outer D-RAMs (dynamic RAMs) for the storage of 

recorded voice data. 

Maximum four 64K D-RAMs of four 256K D-RAMs are connected 

directly to T6668. But it is impossible to connect 64K D-RAM(s) 

and 256K D-RAM(s) at the same time. 

VDD 

Ill'" 

~~I 
I 

RAS 
r--

r-
DIN 

0 .-< '" 01'" I~ '" 

:\ 
~ DOUT 

0 < < < ~ .... AD 
> ~ 

L..-- Al 

- N.C 
TI0441256 VDD T6 

A2 ... 
A3 

::> I'" r---,.. ., .. .., '" 0 < < < < < < ~ 0 .---- A4. 

668 

.--- A5 

I A6 

f:U:;ln 
I' I I I 

VSSI(GND) ,. 

Fig. 5-1 Connection with D-RAM 
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Fig. 5-1 shows the connection with one D-RAM. At the case of 

two or more D-RAMs, CASl pin of T6668 must be connected to the 

CAS pin of 1st D-RAM, then CAS2 of T6668 to the CAS of 2nd D-RAM 

and so on. Other pins about D-RAM of T6668 may be connected 

parrallel to each D-RAMs, (See 2. "Example of Voice Recording/ 

Reproducing LSI Sys tem Configura tion" .) 

Some pins of T6668 must be settled high or" low according to the 

type and number of outer D-RAMs, Table 5-1 shows. These condi­

tions shown in Table must not be changed during recording or 

reproducing operation. 

"-Pin name of 

':-~ 256K 
Type of 

D-RAM ~~ of T6668 
M2 Ml Number 

of D-RAMs 

256K 1 1 pcs 0 0 

64K 0 2 pcs 0 1 

3 pcs 1 0 

4 pcs 1 1 

1 = VDD, 0 = VSSl 

Table 5-1 Conditions of T6668 Pins, 256K, M2 and Ml 

6.2 Analog functions 

T6668 has microphone amplifier and bnad pass filter for voice 

output filter on chip. 

So, voice recording and reproducing system is easily available by 

connecting microphone and audio power amplifier. 
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(1) MIC. AMP. 

ADI 
DAO 

FILIN 
FILoUT 

TS2 
TSl 1/.1 

£-0 ... 5 141 C 1 N 1---l----"t-g-=--""Y1I4I C 
<.> .... 
::;; 

1/.1 
- + 

Be careful for wiring. The 

signal from MIC is so small 

tha t noise from surroundings 

tends to have influence. 

Fig. 5-11 An example of the connection of MIC to the chip 

There are two MIC. AMP.s. 

(1) between MICIN and Cl 

(2) between C2 and MICOUT 

gain is about 26 dB 

gain is about 20dB 

So, there are three ways (I), (2) and (1) + (2). One is selected 

by the type of MIC. Cl or MICOUT pin must be connected to ADI 

pin at the case of (1) or (2) and (1) + (2) respectively. 

Frequency characteristics of MIC.AMP. 

VG 
(dB) 

60 

2C 

0 

- f-

103 

Frequ.ency (Hz) 

a This characteristic is between MICIN and MICOUT with 

coupling Cl and C2. 
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(2) Filtt!r 

27k 0.01.1.1 
DAD t--...,. ....... Hh 

1"1 LIN 1------' 
FILOUT 

T52 
T81 

IHCIN 

OND TA7336P 

VDD 

5P( SO) 

Fig. 5-12 An example of the autio Amp. circuit and connection 

Frequency characteristics of band pass filter 

VO 
(dB) 

o 

-10 

-20 

/ 

-30 
102 

/ 

""' 

I' 

II 
. -'--

llt1i-

103 

Frequency (Hz) 

II II 

o This characteristics is betwe~n FT.~IN and FILOUT. 
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0) 
....a 
w 
I 

MIC 
IN 

600k 

23.18M{l 

I--
1l.458pl' 1* 

Note VD;) = 4.5 ",5 .5V 
VSS=O.OV 
for OPAMP. 

23.18MJl 

~ 
Vref 

C2 
C1 

I4ICAMP 

23.1BM!l 

BPI' 

300k 

MIC 
OUT 

* Registors are negative 
registor. 

Fig. 5-13 Equivalent Circuits of Analog Circuits 
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6.3 Pin description 

Pin Structure 
Manual Control CPU Control Pin Name 

I/O Pull-up/ I/O Pull-up/ Functional Explanation 
No. down down 

--
CASl 1 Output - Output - Column Address St,robe Output 

CAS2 2 Used from CASl to that required 

CAS3 4 corresponding to the number of 

CAS4 5 D-RAHs. 
-.. 

Ext 6 Output - Output - Output for the use of expanding 

of outer RAMs 

HSB of T6668's address counter (2(' 

bit) is output 

HI 7 Input None Input None Programming terminal of the 

M2 8 number of outer D-RAMs. 

:::::::--- Hz M 
1 pcs L L 

I 2 pcs L H 
H = VDD, 3 pcs H L I 

4 pcs H H L = VSSl 

VSSl 9 Power - Power - Power supply pin. to be connected 

VSS2 supply supply to minus. VSSl is for digital 

circuit and VSS2 is for analog. 

Csref 11 Input - Input For connecting capacitors which 

Vref 12 and and stabilize the reference voltage 

output output for the built-in OP-AMPs or SCF 

circuits. 

MICOUT 13 Output - Output - Output of built-in MIC.AMP. the 

center of output level is 1/2.VDD. 
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Pin Structure 
Manual Control CPU Control Pin Name 

I/O Pull-up/ Pull-up/ Functional Explanation 
No. 

down down 

C2 14 Input None Input None Capacitor for coupling of built-in 

Cl 15 Output - Output - MIC.AMP. must be connected to 

these pins. 

MICIN 16 Input None None None Input pin of built-in MIC.AMP. 

Mic. must be connected to this pin 

through capacitor. 

TSI 17 Input None Input None For tes t only. must be open. 

TS2 18 Output - Output -

FILOUT 19 Output - Output - Output and input pins of built-in 

FILIN 20 Input None Input None band pass filter for voice output. 

DAO 21 Output - Output - Synthesized voice output pin. 

structure is voltage to type. 

During recording, realtime synthe-

sized voice of input voice is out-

putting as the moni tor output. 

The center of output level is 1/2. 

VDD· 

ADI 22 Input None Input None Voice input pin of analysis cir-

cuit. The center of input signal 

level must be 1/2,VDD. 

VDD 23/ Power - Power - Power supply. +5V (TYP.) 

53 supply supply 

ACL 25 Input Pull-up Input Pull-up Reset input pin 
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Pin Struc ture 
Manual Control CPU Control Pin Name 

I/O Pull-up/ I/O Pull-up/ No. 
down down 

CPUM 26 Input None Input None 

DO 27 Input Pull-up/ Input None 

Dl 28 down and 

D2 29 output 

D3 31 

D4 32 

D5 33 

D6 .34 

D7 35 
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Functional Explanation 

Mode change pin. Must be fixed to 

low level under manual control 

mode, fixed to high level under 

CPU control mode. 

In the CPU control mode, these 

are bi-directional data bus for 

commands or data between outer CPU 

and T6668. 

In the MANUAL controlmode these 

are used is such a way as shown 

below. 

(1) DO 'V D3: inputs for phrase 
selection. Max. 16 phrases 
can be selected by these four,,· 
bit codes. 

(2) D4: input for "START". Record 
Recording or reproducing start~ 
starts after setting this in 
high level. 

(3) D5: input for "STOP". Record­
ing or reproducing stops after 
setting this high level. 

(4) D6, D7: inputs for bit rate 
selection. The correspondence 
of available four bit rates 
and two-bit codes are as 
follows. -- D. 

8Kbps L L 
llKbps L H 
l6Kbps H L 
32Kbos H H 

H = VDD, L = VSSI 
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Pin Structure 
Manual Control CPU Control Pin Name 

I/O Pull-up/ I/O Pull-up/ 
FWl::tional Description 

No. 
down down 

-
CE 37 Input Pull- Input None Under the CPU control mode, this 

down 
pin is for chip enable input. 

Under the manual control mode,dur-

ing voice reproducing, to put high 

:evel to this pin, no voice is 

forced to DAO output. During voice 

recording, this pin must be put to 

low level. 

-WR 39 Input Pull- Input None Under the CPU control mode, this 

down pin is for write signal input. 

Under the manual control mode,this 

pin is for selection of recording or 

reproducing. High level to this ! 

pin makes recording and low makes 

i reproducing mode respectively. 

-
RD 40 Input Pull- Input None Under CPU con trol mode, this pin 

down is for read signal input. 

EOS 41 Output - Output - Output of "End of Speech". It be-

comes low level after the start of 

recording or reproducing, and be-

comes high level after the stop of 

those. 

XIN 42 Input None Input None Input and output pins of oscil-

lator circuit. 

XOUT 43 Output - Output - 655KHz ceramic oscillator and 

I capaci tors must be connected. 
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Pin Strl ~ture 
Manual Cons tol CPU Control Pin Name 
I/o Pull-up/ I/O Pull-up/ Functional Explanation 

No. 
o down down 

TEST 44 Input Pull- Input Pull- For test only. must be open. 
down down 

256K 45 Input None Input None Input for the selection of the 

type of external D-RAMs. 

It must be set in low level for 

64K bit D-RMI and high level for 

256K bit D-RAM. 

-
46 

Write pulse output pin. Connect WE Output - Output - to WRITE pins of outer D-RAMs. 
Output pin for write pulse to 
WRITE pins of external D-RAMs. 

RAS 47 Output - Output - Low address strobe output. 
Connect this to RAS pins of outer 

I D-RAMs. 

DIN 48 
I 

I Input Pull-up Input Pull-up Data input pin. Connect this to 

data output pins (If outer D-RAMs. 

OOUT 49 Output - Output - Data output pin. Connect this to 

data input pins of outer D-RAMs. 

AD 50 Output - Output - Address output. 

Al 51 Address output pins to D-RAMs. 
A2 54 A8 is not needed when 64K bit 
A3 55 D-RAMs are used. 
A4 56 

A5 57 

A6 58 

A7 59 

AS 60 
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7. Pin Connections 

60 PIN FLAT PACKAGE 

4.5 44. 43 ~ 41 40 39 38 :y., 36 35 34. 33 32 31 

WE 4.6 30 NoC 
RAS 4.7 29 D2 
DIN 4.8 

28 Dl 
DOUT 4.9 

27 DO 
AO 50 CPUIl 26 
Al 51 25 ACt" 

NoC 52 24. NoC 
VDD 53 23 VDD 

A2 54. TOP V lEW ADI 22 
A3 55 21 DAO 
A40 56 20 l"ILIN 
A5 19 FILOUT 
A6 18 TS2 
A7 17 TS1 
A8 16 MICIN 

* NC --- No connection 
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8. Outline Drawing 

60 PIN MINI FLAT PACAGE (MFP 60-4 BS) Unit in mm 

itch 

~ 44 43 42 41 40 39:38:y, 36 3534 33 32 31 

1--+--1 
30 
29 

28 

m 

I : 26 

i MARKING I 25 .-. '" 24 d 0 

+I +I 

I I ~EA 23 0 <0 

I 
... '" 22 .-. rl 

21 , , 
I 20 L_+ __ ~ 

17 

H.O±CH 

(17.6±O.3 ) 

MARK ~ ~. 

----L---
(0.6 ) I q 

'" 
J I I I 

../r\ , 
"'\' - -------

~1 ~ ""' 0 

15.2 ± 0.3 '" 0 
~ 
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9. Electrical Characteristics 

9.1 Absolute Maxim'lID Rating 

SYMBOL ITEM RATING UNIT 

VDD Supply Voltage -0.3 'V 6.0 V 

VIN Input Vol tage -0 . 3 'V VDD + O. 3 V 

VOUT Output Voltage -0.3'V VDD + 0.3 V 

Tstg Storage Temeprature -55 'V 125 ·e 

9.2 Recommended operating condition 

ITEM SYMBOL RATING UNIT 

Supply Voltage VDD 4.5 'V 5.5 V 

Input Voltage VIN 0 'V VDD V 

Output Voltage VOUT 0 'V VDD V 

Oscillation Frequency [eLK 640 'V 1000 kHz 

Operating Temperature Topr -10 'V 55 °e 
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9.3 DC Charac teris tics (VOO a 5 V .:!: 10%, Ta - 25 ·C) 

SYMBOL ITEM CONDITION MIN. TYP. MAX. UNIT 

IIH Input OO"'D7, TEST 
Current(DE RD WR) VIN - VDD, CPUM = L 20 100 500 

IILI Input Current 1 (DIN) VIN - 0 SO 100 350 

I1A 
IIL2 Input Current 2 (ACL) VIN ~ 0 250 500 1000 

IILK Input Leake Current VIN - 0'" VDD, CPUM = R - - +10 - , 

-_.-
VIHI Input High Voltage 1 DO'" D7,CE,RD,WR,DIN 2.4 - -

VIH2 Input High Voltage 2 Except above 4.1 - - I 
V ---

VILl Input Low Voltage 1 DO", D7,CE,RD,WR,DIN - - 0.8 

VIL Input Low Voltage 2 Except above - - 0.4 

lOR Output High Current VOUT - 2.4v 0.5 - -

IOL Output Low Current VOUT = 0.8V 0.5 - -

o Io/ithout the external 
loads at all output 

ISSI Supply Current 1 (VSSl ) pins. - 1.0 3.0 

o When no signal is rnA 
input to MICIN. 

o l-lithout the external 
loads at all output 

ISS2 Supply Current 2 (VSS2) 
pins. - 1.0 3.0 

o w'hen no signal is 
input. 

Note: Each TYP. value is under VDD=S,OV, Ta=2SoC. 

MIN. and V~. values are defined by their absolute values. 
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9.4 AC Characteristics (VDn=5V±10%, Ta=25°C,fCLK=655KHz, CL=50pF) 

9.4.1 For data read (status reading) 

SYMBOL ITEM MIN. TYP. MAX. UNIT 

tRD Read Disable Time (ADRD Cocroand) 21 - -

tACC Read Access Time - - 3 llS 

tOD Output Disable Time - - 3 

Read cycle (1) Read cycle (2) 
tRD 

CE 
CE 

RD RD 

DO-D7 DO-D7 
(OUT) VALID 

(OUT) VALID 

9.4.2 For data write (conunand wri.ting) 

SYMBOL ITEM MIN. TYP. MAX. UNIT 

tDS Data Set-up Time 2 - -

tDH Data Hold Time 2 - - ]JS 

tWRP WR Pulse Width 3 - -

Write cycle (1) Write cycle (2) 

DO-D7 ---..t;::===±:::~.,------­ DO-D7 -----\r,:====~~i,-----------­
(IN) ( IN) 
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9.4.3 For speech analysis (voice recording) 

SYMBOL ITEM MIN. TYP. MAX. UNIT 

.' 
tASR Low Address Se t-up Time 150 - -

ns 
tRAH Low Address Holding Time - - -
tRAS RAS Pulse Width - 4.58 - /.Is 

tAse Column Address Se t-up Time 150 - -
ns 

tCAH Column Address Holging Time 500 - -

tCAS CAS Pulse Width - 3.05 - /.Is 

twcs l-lri te Command Se t-up Time - 1.53 -
/.IS 

tWEP 
-
WE Pulse Width - 3.05 -

tDWS Data Output Se t-up Time 500 - -
ns 

tDWH Data Output Holding Time 500 - -

twcs 

tWEP --V I--
t------

~ tDWH 

VALID ~ 
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9.4.4 For speech synthesis (voice reproducint) 

SYMBOL lTEH MIN. TYP. .MAX. UNIT 

tDCS Data Input Set-up Time 500 - -
ns 

tDCH Data Input Holding Time 0 - -

f--- tRAS 
----.,u 

A(JAs ---~.!!.::.~-=f''--/I\:;~::-.;;iIf '-___ -4-__ _ 
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9.5 Electrical Characteristics of Analog Circuit 

(1) Microphone amp (VSS1=VSS2-0V, VDD=5V, Ta-25°C fIN=lkHz unless otherwise specified) 

SYMBOL ITEM PIN CONDITION MIN. TYP. MAX. UNIT 

VINl MICIN MICAMP(1)+(2) - 6 8 

VIN2 Input Voltage Range MICIN MICAMP(l) - 60 80 mVp-p 

VIN3 C2 MICAMP(2) - 120 160 

VGl MICIN - 46 --MICOUT 

VG2 Voltage Gain MICIN 
VIN=6mVp-p 

26 dB - --C1 f IN=100Hz'" 10kHz 
C2 

VG3 -MICOU'l' - 20 -
THD Total Harmonic Distortion MICIN VIN=6mVp p - - 2 % -MICOUT fIN=100Hz'" 10kHz 
RIN1 MICIN 20 30 40 

Input Registance - Jill 
RIN2 C2 20 30 40 

RoUT! C1 0.5 1 1.5 
IOl Output Registance -

ROUT2 MICOUT 1 1.5 2 

(2) Band pass filter (Notes are same as above) 

SYMBOL ITEM PIN CONDITION MIN. TYP. MAX. UNIT 
VIN Input Voltage Range FILIN - - 2.4 2.6 Vp-p 

VG Voltage Gain FILIN VIN=1.0Vp-p 
-27 - -1 dB -FILOUT fIN=100Hz'" 10kHz 

THD Total Harmonic Distortion 
FILIN VIN=1.0Vp-p - - 4 % 
-FILOUT fIN=lOOHz'" 10kHz 

RIN Input Registance FILIN - 5 7 9 MQ 

ROUT Output Registance FILOUT - 3 5 7 MQ 

(3) Audio In (Notes are same as above) 

SYMBOL ITEM PIN CONDITION MIN. TYP. MAX. UNIT 
VIN Input Voltage Range ADI - - 1.2 1.6 Vp-p 
VOUT Output Registance ADI - 1 - - MQ 

(4) Audio Output (Notes are sa~e as 

ITEM CONDITION 
Output Registance 
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Evaluation circuit diagram 

o Please refer to "7. Pin Connctions" for the name of each pin. 

VDn 5V 

§~t=::!:!:TId~~+ ____ OUTPUT 

l/l 

Q.lttX2 

GND 
OUTPUT 
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T6668 Application Circuit (256K DRAM x 4) 

This is example of the circuit and each value of 
components. So at the case of the optimization 
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will be considered. 
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C2MOS VOICE RECOGNITION LSI 

T6658A 

L AUG. 1985 
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The T6658A is a single chip voice recognition LSI with the on-chip analog 

interface, voice analysis, recognition process and system control functions. 

A voice recognition system can be composed with an external micropnone, RAM 

and keyboard. 

1. Features 

Single chip voice recognition LSI 

o Recognition system Speaker dependent isolated spoken word recognition 

o Number of words registered Max. 40 words (10 words/block x 4 blocks) 

o Registration RAM 

o Input voice length 

o Response time 

4K bits/block is required, up to 16K bits. 

0.16'" 0.96 s. 

Max. 0.48 s + no sound detection time (max. 0.24 s) 

(at registration of 40 words, 0.13 s + no sound 

detection time at registration of 10 words.) 

• A microphone can be directly connected. 

o Manual control by the keyboard or CPU control is possible. 

o External RAM for registration can be connected directly. 

o 5V single power supply. Low power consumption with C2MOS process. 

At voice input 4.5mA TYP. (Vnn=5 V, Ta~25°C) 

At stand-by 3 jJA MAX. (Vnn=5 V, Ta=25°'C) 

T6658A 

o On-chip 400 kHz ceramic oscillation circuit, also RC oscillation is provided. 

(mask option; T6658B) 

o Input/Output is LS-TTL compatible (except some input terminals). 

o 67-pin thin flat package 
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1410 IN 

LINEIN ~--------~ 

LI N E ~-----------' 

KI-K, 

81-8 , 

BLK1.2 

WDI-WD, 

CPUI4 

Ri5 

~8Y 

EOR 

AO-Ag 

DO-D7 

CEl-CE, 

Wi! 

BPF·REOT·LPF(OHl) 

BPF·REOT·LPF(CH2) 

BPF·RECT·LPV(CH3) 

BPF . R.EC T· LPV( CH4 ) 

A/D 
CONVERTER 

RAM 

16WORD X 4BIT 

ROM 

512WORD.X 10BIT 

·-693-
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4. Specifications 

4-1 Recognition part 

Recognition method Speaker dependent word recognition 

Voice analysis 4 channel - B.P.F. 

Number of words registrered Maximum 40 words 

Input voice length 0.16'" 0.96 sec. 

Response time Uax1mum O. 72 sec. (at 40 words registered) 

4-2 Another part 

Results of recognition Block No.: 2 bits, Word No.: 4 bits 

Uanual mode: 4x4 key matrix 
Conunand input 

CPU mode : 4 bit - data bus 

Registration RAM 4Kbit - RAM up to 4 pieces or 16Kbit - RAM 
1 piece 

Clock frequency 400 KHz±lO% 
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5. Operational Description 

The operation of the T6658A is divided broadly into two modes; the re­

gistration mode and recognition mode. On the other hand, there are two 

methods for controlling the T6658A; the manual mode by means 6f an external 

keyboard and the CPU mode in which the T6658A is controlled by another micro­

computer. Further, there is the stand-by mode to stop the operation of the 

T6658A to reduce power consumption. The registration and recognition modes 

are described in this section. 

STBY="H" 

REGST="H" ---------- . 

REGST="L" 

\ REGST .. "L" 
, ,STBY="L" 
~. 

REGST-"H" 
STBY="L" 

STBY="H" 

The registration mode is a mode to register words which are desired to 

be recognized and stored them in an external RAM. Words must always be 

registered prior to recognition. 

The recognition mode is a mode to actually recognize words. In this 

recognition mode, the T6658A starts the recognition operation automatically 

whenever voice is input. Even after the T6658A has been placed in the recog­

nition mode, it is possible to return to the registration mode again and make 

the addition and/or change of words to be registered or already registered 

words. 

In the stand-by mode, the operation of the T6658A is completely stopped 

but contents of words registered in the external RAM are kept unchanged. 

It is possible to shift to this stand-by mode from both the recognition and 

registration modes. However, in case of the manual mode and registration 

mode, current flows into the built-in pull-down resistors and therfore, to 

operate the T6658A in the manual mode it is necessary to shift from the 

recognition mode to the stand-by mode. 
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5-1. Registration mode 

This is the mode to register words to be recognized prior to 

recognition. It is necessary to execute the registration before 

actual recognition. 

There are four commands (BLK, ENT, CAN and ALLCAN) available for 

the registration mode of the T6658A. 

(1) BLK Command 

o Code 

o Sequence 

• Operation 

1 1 0 0 (Binary) 

n=Block No. (1 - 4) 

This command specifies BLOCK No. to which words are 

registered or cancelled. This command is given to 

the T6658A following a numeral (1 - 4) specifying 

BLOCK No. After the execution of this command, the 

specified BLOCK No. is output to BLK1. BLK2· 

BLOCK No. once specified is h,-,ld until next specifi­

cation. However, at the start of the registration 

mode, the T6658A is in the state where BLOCK 1 is 

specified. 
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(2) ENT Command 

o Code 

o Sequence 

I I 0 I (Bin~ry) 

(U!]·IBLKD [Eil IENTI m= Word No. (1 - 10) 

o Operation This command specifies Word No. of an area in which 

words are registerd. This command is given to the 

T6658A following numeral (1 - 10) specifying Word No. 

Thereafter, the T6658A is put in the state waiting 

voice input. Further, it is also posible to suspend 

the registration by giving optional code except NOP 

before voice input. This code is only a dummy, so 

(3) CAN Command 

o Code 

o Sequence 

it isn't processed as a command. After the registra­

tion process, registrered BLOCK No. and Word No. or 

error code are output to BLKl - BLK2 and WDl - WD4' 

If necessary, BLK command should be executed before 

this command. 

I I I 0 (Binary) 

m = Word No. (1 to 10) 

o Operation This command cancels the word which is registered 

to th~ word No. specified. If necessary, BLK com­

mand should be executed before this command. 

(4) ALLCAN Command 

o Code 1 1 1 I (Binary) 

o Sequence IALLCANI 

o Operation This command cancels the registration of all words. 
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At the recognition mode, the T6658 skips the 

pattern matching process for any area in which no 

word is registered. Therefore, it is recommended 

for small word application to execute this command 

first in order to reduce response time and improve 

recognition accuracy. 

(5) List of registration command (CPU mode) 

Command Code 
Operation name ~ K3 K2 K1 

NOP 0 0 0 0 
No operation, this code is given 
previously. 

1 0 0 0 1 

2 0 0 1 0 

3 0 0 1 1 

4 0 1 0 0 

5 0 1 0 1 Block No., Word No. 

6 0 1 1 0 However block number is 1 - 4. 

7 0 1 1 1 

8 1 0 0 0 

9 1 0 0 1 

10 1 0 1 0 
.. -

- 1 0 1 1 Inhibited 

BLK 1 1 0 0 Block No. designation 

ENT 1 1 0 1 1 word registration 

CAN 1 1 1 0 1 word cancel 

ALLCAN 1 1 1 1 All words cancel 

Note) If at least 1 bit of K1 - K4 is "1" level, the T6658A operates as 

command input. Therefore, NOP command (All "0") are given 

previously. (Under CPU mode) 
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(6) Status output under registration mode 

(1) BLKlo BLK2 Code Meaning 
BLK2 BLKl 

0 0 be registered within block 1 

0 1 be registered within block 2 

1 0 be registered within block 3 

1 1 be registered within block 4 

Note) Block No. is 1 - 4 under the designation of BLK command, but 

outputs to BLKI, BLK2 are 0 - 3. ~1hen an error occurred, 

BLK output is undefined. 

(2) WDI -
WD4 WD4 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

Code 
WD3 WD2 

0 0 

0 0 

0 1 

0 1 

1 0 

1 0 

1 1 

1 1 

0 0 

0 0 

0 1 

0 1 

1 0 

1 0 

1 1 

1 1 

WDI 

0 

1 

0 

I 

0 

1 

0 

I 

0 

1 

0 

1 

0 

1 

0 

1 

Meaning 

Unused 

be registered to word 1 

be registered to word 2 

be registered to word 3 

be registered to word 4 

be registered to word 5 

be registered to word 6 

be registered to word 7 

be registered to word 8 

be registered to word 9 

be registered to word 10 

Unused (never be output) 

Unused (never be output) 

Unused (never be output) 

Input voice is under 0.16 s. 

Input voice is over 0.96 s. 
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(7) Precautions for registration operation 

(Common to Manual and CPU Mode) 

o Once Block No. is designated, the same block becomes an object of 

registration and cancellation unless a new block is designated. 

However, the T6658A is in a state where Block I is designated 

immediately after the registration mode has started. 

o If BLK, ENT or CAN command is given without giving primary figures 

specifying Block No. and Word No., Block No. and Word No. that become 

the objects of processing are indefinite. Therefore, use of the 

T6658A in such a manner as this should be avoided. 

If the registration is made again in the same Block No. and Word No. 

in which the registration has been made, the old contents of the 

registration are rewritten to the new contents. 

o If any fiture other than I through 4 is given to designate Block No., 

actually designated Block No. will be the given figure minus 4. 

In this case, however, BSY and EOR outputs are not properly carried 

out and therefore, control by an external CPU in the CPU mode may 

become impossible. If the redesignation is made using proper figures, 

BSY and EOR outputs are normally carried out. 

T6658A 

o If plural figures are consecutively given, the lastly given figure is 

valid. Therefore, even when erroneous figures are given, if it is 

before giving BLK, ENT or CAN command, the proper operation can be made 

by giving proper figures. 

Example: m· ill ·1 ENT 1 Registered in Word 6. 
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5-2. Recognition mode 

Under the recognition mode. the T6658A starts the recognition 

process automatically when voices are input. and outputs the re­

sults to BLKI- BLK2. WDl - WD4' Therefore. it is only necessary 

for the host side to read outputs from the T6658A. 

After end of the recognition. the T6658A does not accept next 

voice input for about 11 ms. This is a waiting time for the host 

system to surely read the result of recognition. 

List of recognition output code 

Code 
BLK2 BLKl Meaning 

0 0 be recognized within block 1 

0 1 be recognized ~lithin block 2 

1 0 be recognized within block 3 

1 1 be recognized within block 4 
Note: When an error occurred. BLK output is undefined. 

(2) WDl- WD4 Code Measning 
WD4 WD3 WD2 Wl 

0 0 0 0 Unused 
0 0 0 1 be recoe:nized as word 1 
0 0 1 0 be recognized as word 2 
0 0 1 1 be recognized as word 3 
0 1 0 0 be recognized as word 4 
0 1 0 1 be recognized as word 5 
0 1 1 0 be recognized as word 6 
0 1 1 1 be recoe:nized as word 7 
1 0 0 0 be recognized as word 8 
1 0 0 I be recognized as word 9 
I 0 1 0 be recognized as word 10 
1 0 1 1 Unused (nev~;.-pe ou~put) 
1 1 0 0 Unused (never be output) 
1 1 0 1 Judged as unree:istered word. 
1 1 1 0 Input voice is under 0.16 s. 
1 1 1 1 Input voice is over 0.96 s. 
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5-3. Examples of control in CPU mode 

(1) Registration mode 

Repeat 
Required 
Number of ¢ 

.; Outputs 

'" ,.. 
0 
;3: 

..... Waiting 
0 Voice ,.. Input OJ 

§ 
Z 

'" Waiting OJ ,.. 
..... Registration 
::l 
a' Processing 
OJ 

Co'. 

.... 
ca 
OJ 
p. 
OJ 

Co'. 

One Word Registration Flow 
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(2) Recognition mode 

Uaiting Voice Input 

Waiting Recognition Processing 

Note) If reading of BLKl - BLK2 and \IDI - WD4 is not completed 

within lims after the rise of EOR, there is a probability of 

the change of these outputs due to next voice input. 
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5-4 Example of operation in manual mode 

In the manual mode, all the operation for registration are 

performed through the externally connected keyboard. 

Meanings and sequence of commands are as described previously. 

Examples are shown below. 

Kinds of Keys 

n (Figure I'" 10) Block No., Word No. 

BLK Block designation 

ENT One word registration 

CAN One word cancel 

ALL CAN All words cancel 

Example of Operation Flow 

REGST="H" 

IALL CAN I 
[!] IBLKI IT] I ENT I 

''Voice'' 

"Voice" 

"Voice" 

RES ET= "L" 

"Voice" 

(Set to Registration Mode) 

All words cancel 

Registration in 
Block 1, Word 1 

Registration in 
Block 1, Word 2 

Registration in 
Block 2, Word I 

Order of 

Block No. or Word No. 

can be designated 

freely and be used 

repeatedly, if necessary. 

(Set to Recognition Mode) 

Output of recognition result 
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5-5 Stand-by Mode 

(1) State of T6658A in stand-by mode and precautions 

o The clock is stopped, and BSY~''H'' and ACL="L" are output. 

o Result of recognition (BLKl, BLK2, WDl'VWDZ) is kept as it is. 

Therefore, in such a case where LED is kept ON by this output, it is 

necessary to turn off LED through the external circuit. 

o If RD="L" in the manual mode, current may flow to the internal pull-down 

resistors (connected to Kl 'V K4) • In the manual mode, therefore, RD must 

be always kept at ''H'' level. 

o If REGST="H" in the manual mode, current may flow to the internal pull­

down resistors. In the manual mode, therefore, it is necessary to set 

REGST to "L" level and then, place the T6658A in the stand-by state. 

o The T66S8A is placed in the stand-by state asynchronous with the internal 

CPU operation. Therefore, in such as application where the T6658A is 

controlled by an external CPU, it is necessary to pay attention to the 

timing for placing the T6658A in the stand-by state. 

(Z) Operation at time of releasing the T6658A from stand-by state 

o If REGST="H" when STBY becomes "L", the T6658A performs the internal 

initialization. Therefore, BSY becomes "L" and it becomes possible to 

input commands. In this state, recognition outputs are all "0". 

o If REGST-"L" when STBY becomes "L", the T6658A performs the internal 

initialization and "0" is output for the recognition outputs (BLKl, 

BLK2, WDl 'V WD2) • At this time, EOR is kept at "H". Therefore, it 

becomes possible to accept voice inputs. A time from the stand-by 

releasing to voice input is about 3Oms. 
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5-6 Reset operation 

The ACL terminal of the T6658 is the I/O terminal and when STBY-"H", 

ACL="L" is output. On the other hand, the T6658A can be reset by 

giving a "L" level signal to this terminal from the outside. The 

reser operation of the T6658A is explained in the following. 

When ACL="L", interrupting the processing of resistration and 

recognition, the T6658A outputs BSY="H" signal. However, the 

check is not stopped. 

o When ACL="H", the T6658A performs the internal initializatin. 

The operation at this time is the same as that at time of standby 

release. Refer to 5-5 Standby Mode (2). 

o The registered data stored in RAM remain unchanged regardless 

of the reset operation. 
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6. Description of External Circuit 

6-1 Microphone input 

The dynamic range (Maximum allowable input without distor­

tion) of the MICIN termianl is 3.5 mVrms. By connecting a 

resistor to the MICIN terminal in series, it is possible to 

reduce gain of the on-chip microphone amplifier of the T6658A 

and expand this dynamic range. 

T6658A 

lIICIN DYNAMIC RANGE 
llIC 

T6658A 

LINEIN DR= (1+ Ri[kn) )x.3.5[mvrmsJ 
25 

LINE Ri= O"-50[kn) 

If a value of Ri becomes excessively large, noise is easily 

picked up. Therefore, to further decrease the microphone 

input level, a vanable registro (VR) should be used as il­

lustrated below. 

VR 
10kD. 

"'~ 
1", + 

OPEN 

T6658A 

lIICIN 

LINEIN 

LINE 
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6-2 Line input 

The dynamic range of the LINEIN terminal is 550 mVrms, but 

it is possible to expand this dynamic range by connecting a 

resistor to this terminal in series. 

T6658A 

?J---ilI--.I1M--4 LINEI N 

IHCIN 

LINE 

Note: Input level adjustment 

DYNAMIC RANGE 

Ri:[kn] 
DR=(I+ 65 )x 550 [mvrms] 

Ri = 0 '" 100[kn] 

To adjust levels at the MICIN and LINEIN terminals, if. is 

a good method to observe output signal level from the 

MICOUT terminal of the T6658A. Instead of a microph'clle, 

etc., connec t 1 kHz sine wave tha t has about the salllf- IE''lel 

as the level tha t is obtained when sopken to a micrc"holl.-

in an ordinary loudness of voice. While observing f£ gnlLl at 

the MIO)UT terminal by means of an oscilloscope, etl; .• 

adjust tt with VR. etc. to obtain 250 'V 300 mVpp. 
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6-3 Keyboard switches connection 

The keyboard switches connection under the· manual mode is 

illustrated in the following figure. The switch should not be 

connected to those portions on the matrix without entry of the $11· Ic:h. 

The chattering time must be less T6658A 

than 20mS. 

6-4 Clock generator 

+-----I S 3 

~--~--~--------~S2 

Sl 

The ':1'6658A ahs an on-chir RC oscillator circuit as a dod gene­

rator in additior to the ceramic oscillator circuit, and th I;, Lrcui t 

can be operated .. ith a 32.768 kliz clock as the synchronizing signal 

from the outside. Wask o?tion) 

T66! SA T 6658A 

CSB4.00(4.00 k ,~) 

lloop 

(1) CERAMI C ':SClLLA T ION 

32.768 k~ 

(X'TAL OSCILLATION) 

(2) RC ().'CILLATION (MASK OPTION: 
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6-5 External RAM connection 

(1) Under using 1024 word by 4 bit RAM 

AO-Ag 

* DO-D;] 

RAMI RA142 
T665BA AO-AIt V Ol-V04 AO-A9 VOI-V04 

T055l4 T055l4 
BB!T n. IVW OE F,/W CJr 

WR 

OEI 

CE2 

OE;] 

OE4 

* D4--D7 &re no t used. Leave open. 

10 

4 

'I 

'/ 

······14 AX. 4pcs 

'f 

* RAMl--RA144 are used tor the registrations of blockl--block4 
Oorrespondently. The RAl41always must be connected. 

(2) Under using 2048 word by 8 bit RAM 

Ao '-- Open 
.n 

Ao-AB AI-A9 

GEl Ag 

CEz AlO 

T665BA -.lVDD T05516 
B BIT 

DO-D7 
B !/Ol-VOS 

Wl'f fVW 
CE;] L -aEi 

O~ 

-710-

T6658A 



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA 

6-6 Precaution for use of dry battery 

When four dry batteries are used as the power supply of 

the T6658A, voltage may exceed 6V and the absolute maximum 

rating at the early stage after started to operate. In this 

case, it is necessary to take some measures; e,g., to insert a 

diode into a power circuit In series, 

Dl 

~ I 
vDD - r--- T6658A 

1 
The terminal to be set at 

GND 

1 
"HI! level must always be 

connected to the power tha t 

has passed through a diode. 
Di lS1588, etc. 
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~ 
58 OAP2 

01111 

~
vref 

5 CB ret 

6 ADCAP 

0.0471ll1Dlll 

~84 

T665BA 

OE2 
33 

eEl 32 

A9 
31 

A8 30 

A7 29 

A6 28 

A5 26 

A4 
25 

A3 24 

A2 
22 

Al 
21 

'Wl1: 36 

CE3 
34 

... 
'f a .... en 
~ ::E: III _ 

! III 
In )I 
o .... 

T05516 III z: 
'Cl --t 

9 AlD 'Cl -t rn ~ m 
22 All h' () C> 
23 A8 III ::r: :;::0 

A7 ~. Z » 
2 0 _.--t 

A6 ::l () rn 
3 A5 n » 0 
4A4, ~ r" 

5 A3 g 0 ('") 
6 A2 ~ » :;::0 
7li ~ -t ('") 
B~ f » C 

E --t 
III 
~ 42 83 

43 82 

.-----f-----+-----+------------«~ BLK2~49~~~~ . Sl W 
__ _r~ __ _r~~1_~~+_~~------~37~K4 BLKl~51~-«~~ ~ 

VDD~lDDK 8: 
~ __ ~38~K3 WD4~~_«~~ 

WOO 52 
D----{)+5V 

J. ''';ll''' r"" K2 53 
D wm 

WDl 1-"'54'--_«.e--4 

8T BY EOR ~48"--flO&--4 

-+-..,..-;<>-+--:.--+-_~ __ -.---J I I 
(i V~ P ~r----r---....-.--.--.--r-~::;""'::;" VDD 

Note J. When the stand-by mode is 
used, it is necessary to 
turn the REGST switch OFF 
and furthermore, turn LED 
OFF in the stand .. by state. 

2. External capacitors and 
ceramic vibrators shall be 
positioned as close as 
possible to the T6658A. 01 

0'1 
CJ'I 
(Xl 
l> 
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7. Pin Descriptions 

7-1 MICIN (Analog Input) 

The microphone connecting terminal. A microphone is connected to 

this terminal with a coupling capacitor. 

7-2 LINEIN (Analog Input) 

The line input terminal. Signal is input between this terminal and 

GND through a coupling capacitor. 

7-3 LINE (Digital Input) 

The microphone/line input selection terminal. When this terminal is 

placed at "L" level. the MICIN is selected. and at "H" level. the LINEIN is 

selected. 

7-4 MICOUT. TRAI. TRAO. TRCI (Analog I/O) 

A Customer can't use these terminals. Leave open. 

7-5 Kl - K4 (Digital I/O) 

The command input terminals at time of the registration mode. 

Under the CPU mode. commands are directly given from the CPU side. Under 

the manual mode. a keyboard is connected,--at the same time the internal 

pull down registers are connected. The key chattering suppression time 

is about 20 ms. When lUi is at "L" level, the same value as contents of 

WDl - WD4 are output independently of the registration/recognition mode. 

7-6 51 - 54 (Digital Output) 

The key scan signal output at the manual mode. 
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7-7 CPUM (Digital Input) 

The Manual/CPU Mode selection terminal. When this terminal is at 

"L" level, the system is placed in the manual mode. 

When this terminal is changed to "H" level, the system is placed in 

the CPU mode and commands for the registration are transferred directly to 

Kl - K4 from CPU. 

7-8 REGST (Digital Input) 

The recognition/registration mode selection terminal. When this 

terminal is at "L" level, the system is placed in the recogintion mode and 

performs the recognition for input voice. At "H" level, the system is 

placed in the registration mode and performs the registration for input 

voice. Under manual mode, the internal pull down register is connected. 

7-9 WDl - 1ID4. BLKl, BLK2 (Digital Outputs) 

These are the output terminals of result of recognition. Block No. 

and Word No. of registered words, which are judged to be most similar to 

input voice, are output. These outputs are held until next voice input 

at recognition mode, and until next command input at registration mode. 

Immediately after system reset, these terminals are placed to "L" level. 

7-10 EaR (Digital Output) 

The EaR (End of Recognition) output terminal. Under both the re­

cognition/registration modes, this terminal is placed at "L" level during 

voice input and becomes "H" level when the results are output to WDl - WD4' 

BLKI and BLKZ after end of the recognition/registration process. 

7-11 RD (Digital Input) 

The Kl - K4 I/O selection terminal. When this terminal is placed at 

"L" level, the same contents as those of WDl - WD4 are output to Kl - K/+. 

Further, when this terminal is at "H" level, Kl - K4 are changed to the 

input terminals, and bidrectional data transfer is possible for CPU. 
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7-12 AO - Ag (Digital Outputs) 

The address bus to be connected to an external RAM for registratiooo 

Either a 1024 word by 4 bit RAM or a 2048 word by 8 bit is used. (Refer 

to section 6 - 5 External RAM connection for details.) 

7-13 DO - D7 (Digital I/O) 

The data bus for external RAM. Only DO - D3 are used by A 1024 word 

by 4 bit RAM. 

7-14 CEI - CE4 (Digital Outputs) 

The chip enable outputs for external RAM. A 2048 word x 8 bit RAM 

uses CEI and CE2 as Ag and A10 respectively, and connects CE3 to the chip 

enable terminal of RAM. (Refer to 6 - 5 External RAM connection for 

details.) 

7-15 WR (Digital Output) 

The WRITE signal for external RAM. 

7-16 BBIT (Digital Input) 

The external RAM selection terminal. This terminal is placed at "L" 

level for a 1024 word x 4 bit RAM, and at "H" level for a 2048 word x 8 bit 

RAM. 

7-17 ACL (Digital I/O) 

The system reset terminal of the T6658A. At time of power ON 

and under stand-by state, ilL" level signal is output. 

Normally, a capacitor is connected between this terminal and GND, but it 

is also possible to give signal externally. ACL pulse width is 30 ms 

TYP. (CACL-l ~F). 
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7-18 STBY (Digital Input) 

The standby input terminal. When a "H" level signal is input to 

this terminal, the T6658A is placed in the stand-by mode. 

7-19 BSY (Digital Output) 

When the T6658A is processing a command under the registration~de. 

"H" level signal indicates next command cannot be accepted. Further, this 

terminal becomes "H" level when registering voice is being input. Under 

the recognition mode, "H" level signal is always output. 

7-20 Vref, Csref, ADCAP, CAPl, CAP2 

The decoupling capacitor connecting terminals of the reference 

voltage circuit inside the T6658A. A capacitor is connected between 

each of these terminals and GND. 

7-21 XIN, XOUT (Digital I/O) 

A ceramic oscillator (400 kHz) for the T6658A internal clock is con­

nected to these terminals. When RC oscillation is selected by the mask 

option, 32.768 kHz clock is given to XIN from the outside as synchronizing 

signal. 

At this time, XOUT should be kept open. (Refer to section 6 - 4 Clock 

generator for details.) 

7-22 TS1, TS2, TIOl, TI02 

The test terminals. Connect TSI and TS2 to GND and leave TIOI and 

TI02 open. 

7-23 VDD, GND 

The power supply terminals. 
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T6658A Table of Terminals 

Name Pin No. 1./0 Description Remark 

MICIN 64 Input MIC Input 

LINEIN 66 Input LINE Input 

LINE 65 Input MIC/LINE input selection 

MICOUT 67 Output MIC AMP Output 

TRAI 1 Input For test 

TRAO 2 Output For test 

TACI 3 Input For test 

Kl 40 I/O Coomand input, recognition Pull down in the 
output (Word No. ) manual mode 

K2 39 I/O " II 

K3 38 I/O II II I 
K4 37 I/O " II J 
Sl 44 Output Key scan signal (in the 

I manual mode) 

S2 43 Output " J 
S3 42 Output " 
S4 41 Output " 
CPUM 56 Input Manual/CPU mode selection 

REGST 46 Input Rrecognition/regisration mode Pull down in the 
selection. manual mode 

WDl 54 Output Recognition output (Word No.) 

WD2 53 Output " 
WD3 52 Output " 
WD4 51 Output II 

BLKI 50 Output Recognition output {Block No.} 

BLK2 49 Output " 
EOR 48 Output Recognition end signal 

BSY 47 Output BUSY signal .-
RD 45 Input Read signal to Kl '" K4 

AO 20 Output Address for registration RAM 

Al 21 Output II 
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Name Pin No. I/O Description Remark 

A2 22 Output Address for registration RAM 

A3 24 Output " 
A4 25 Output " 
A5 26 Output " 
A6 28 Output " 
A7 29 Output " 
A8 30 Output " 
A9 31 Output " 
DO 19 I/O Data bus for re gis tration Pull down at time 

RAM time of input --
Dl 18 I/O " " 
D2 17 I/O " " 
D3 16 I/O " " I 
D4 15 I/O " " J 
D5 14 I/O " " J -, -. 

I D6 13 I/O " " 
.-1 D7 12 I/O " " 

00 32 Output Chip enable for n'r;is'~ration I RAM 

CE2 33 Output " 
CE3 34 Output " 
CE4 35 Output " 
WR 36 Output Write strobe for registration 

RAM 

8BIT 55 Input 4-bit/8-bit RAM selection 

STBY 60 Input Stand-by signal 

ACL 57 I/O Rese t signal 

Vref 4 Analog circui t reference - voltage 

CSref 5 - " 
ADCAP 6 - " 
CAP 1 59 - " 
CAP2 58 - " -, 
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Name Pin No, I/O Description Remark 

nN. 9 Input Ceramic vibrator connecting 
terminal 

XOUT 11 Output " 
TS1 62 Input For test Pull down 
TS2 63 Input II " 
TI01 7 I/O " 
TI02 8 I/O " 
VDD 27, 61 - Power terminal 

GND 23 - Ground 
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8. Package outline T6658AF-BS 

8BLT 

CPUM 
Am; 

CAP2 

CAPl 

STBY 

VDD 
TSl 

TS2 

14 ICIll 

LINE 

LINEIN 

MI CO lIT 

67 PIN FLAT PACKAGE (67-4-BS) 

-j- I 08 PITCH ·11 0.30 

... '"' ". '" '"' N .., ... ~~~><o 
'"' N"'''' '"' N.., ... I~ I~I~I~ ~~ ~~iili!l~~~1il ro 00 ro ~ ~ ~ ~ ~ 000 

I 

Mm~~~w~~WeH~~Q~~~~~~~~ 

TOP VIEW 
50 

r=::j-l 56 

b7 

08 

59 

60 

TFi - 61 

b<' 
63 

64 

L+_~ 65 

66 

67 

~ 1 2 3 4 5 6 7 8 9 101112131415 1617181920 21 

~f c,'" I 

HO-~~~~NZO~~~~~EN~O 0 .... 

~~~~~~gg~~~AAAA AAA < «: 
f-I E-I E-'I> Q) A f-I f-t 0< 

o «: 

.1 2.0±0.1 
I 

20.0±O.1 

32 

31 

30 

29 

28 

27 

26 

25 

24 
23 

22 
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'"' o 
-Ii 

'" "' o 
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9. Electrical Characteristics 

9-1 Absolute Maximum Ratings 

PARAMETER SYMBOL RATING UNIT 

Supply Voltage VOO -0.3 'V+6.0 V 

Input Voltage VIN -0.3 'V VnD+O.3 V 

Output Voltage VOUT -0.3 'V VOD+O. 3 V 
Storage Temperature Tstg -55 'V +125 ·C 

9-2 Recommended Operating Conditions 

PARAMETER SYMBOL RATING UNIT 

Supply Voltage Von 4.5'V5.5 V 

Input Voltage VIN o 'V Von v 
Output Voltage VOUT o 'V VOO V 

Clock Frequency fCLK 360 'V 440 KHz 

Operating Temperature Topr -10 'V +70 ·C 

9-3 OC Characteristics (Vno=+5.0V±10%, Ta=25°C) 

PARAMETER SYMBOL CONDITION 
STANDBY VALUE 

UNIT 
MIN TYP MAX 

Input Low Voltage VIL - - 0.8 V 

Input Righ Voltage 
CPUM, 8 BIT 

Vnn-0·8 - -ACL, XIN VIR V 
Except above 2.2 - -

Input Low Current IlL VI~OV - - -5 ).lA 
Kl'VK4, REGST 

VIN=VnO ' CPUM-VIL 100 250 -TS1, TS2 
Input High Current 

no 'V n7 IIR 50 125 ).lA -
Except above 

VIN=VOn - - 5 

Sl '" S4 VOlJ'r-O•8V - 16 - ).lA 
Output Low Current IOL 

Except above VOliT"'0.4V 0.44 - - IDA 

Sl'V S4 VOUT"'Vnn-2 •OV - 1-0.36 -
Output Righ Current lOR mA 

Except above VOUT"'Vnn-0.4V -0.22 - -
Supply Current (1) Inn In case of voice - 4.5 9.0 IDA 

Supply Current (2) ISTBY STBY-VIR - - 3 ).lA 
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6-3 AC Characteristics (VDD=5.0V±10%, Ta=2S·C, fCLK=400KHz) 

(1) Registration mode (CPUM=VIH) 

STANDARD VALUE 
ITEM SYMBOL CONDITION UNIT 

MIN TIP MAX 

REGST .... BSY Delay Time tEN - - 1.1 ms 

Command .... BSY Delay Time tCB - - 300 jJS 

Command Hold Time tCH 0 - - jJs 

Voice .... EOR Delay Time tED - - 1 ms 

Data Set up Time (to EOR) tos 40 - - jJS 

REGST Hold Time (from EOR) tRH 0 - - jJs 

Command bit Skew time * tSK - - 40 jJS 

--1 
tRH 1'--REGST 

~ -~ 

- I 1\ 

ESY 9 tCE 1 tCH 

! L. --J 
EaR \ 

tED 1 tos 

VALID 

L L 
~~6E~~~~¥' • ENT" COI4MAND VOICE INPUT 

/ / / //1, 

"/ I I I I I 

"/1 I I II 

"!J/III; 
tSK 

ESY 

DATA 
IN V LID A 

tCE 
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(2) Recognition mode (CPUH=VIH) 

ITEM SYMBOL CONDITION STANDARD VALUE 
MIN TYP MAX 

REGST Set up Time (to voice input) tRS 480 - -
Voice ~ EOR Delay Time tED - - 0.7 

Data Set up Time tos 40 - -
REGST Hold Time tRH 0 - -

REGST ~ J 
~"RS H"RH 

BSY 

EOR ~ 
"ED J I+-- "aS 

]: 

VOICE INPUT 

(3) K. ~ K~ Read cycle 

ITEM 

RD Pulse Width 

Output Delay Time 

Output Disable Time 

Hl-Z 

SYMBOL CONDITION 

tRP 

tRO 

tOD 

t;RP 

tRO tOD 
r--------i. 

VALID 
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VALID 

STANDARD VALUE 
MIN TYP MAX 

1000 - -
- - 500 

- - 500 

T6658A 

UNIT 

llS 

ms 

llS 

llS 

UNIT 

ns 

ns 

ns 
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(4) Memory read/write cycle 

ITEM SYMBOL CONDITION 

Address Setup Time 

Address Hold Time 

CE Pulse Width 

Data Setup Time 

Data Hold Time 

Write Pulse Setup Time 

Write Pulse Width 

Output Delay Time 

Output Disable Time 

MEMORY READ CYCLE 

Dp-nr 
lIN) 

~ 
-

MEMORY WRITE CYCLE 

, 
-

tAS 

tAS 

tws 

~ 
Hi-Z 

t AS 

tAH 

tcp 

tDS 

too 

tws 

twp 

tWD 

tOH 

top t ." 

if 
tm 

tIll. 

} STABLE K 

toP tAH , if 

twp 

l;WD - l;OH 
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T665SA 

STANDARD VALUE 
MIN, TYP MAX 

UNIT 

2.5 - - I.lS 

10 - - I.lS 

- 7.5 - I.lS 

5.0 - - I.lS ,-
0 - - I.lS 

- 2.5 - I.lS 

- 10 - I.lS 

- - 500 ns 

- - 500 ns 
_. 

r-
J~ 

X 
J 
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6-4 Analog input terminal (VDD = +5.0 V ± 10%, Ta - 25°C) 

ITEM SYMBOL CONDITION STANDARD VALUE 
MIN. TYP MAX UNIT 

Allowable HICIN without - - 3.5 
Input Vin generating a 

550 mVrms 
LINEIN distortion - -

Input MICIN - 25 -Rin f· I KHz Kn Resistance LINEIN - 65 -

TOSHIBA assumes no responsibility for the use of any circuitry described. 

No other circuit patent licenses implied. 

The information contained herein is subject to change without notice. 

All rights reserved. 
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T6658A ERRATA 

Page Error Correctness 

2 

3 

20 
10010"' 1 330 P B'l 
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C2 MOS Voice Recording/Reproducing LSI 

TC8830F 
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1. General 

The TC8830F is a single chip CMOS LSI for voice recording 
and reproducing using the ADM (Adaptive Delta Modulation) 
method. 

The TC8830F can connect to static RAMs for voice data. To 
connect the microphone, the speaker and the audio amplifier, 
a voice recording/reproducing system can be composed. 

Features 

1. The SRAMs for the voice data can be connected directly, 
the maximum connection is 4 pcs. of 64K bits or 4 pcs. 
of 256K bits. 

2. Maximum address is 8 Mbits. 

3. It if; possible to record up to 16 phrases. (manual 
control type) 

4. Easy connection with CPU. 
commands. 

Control by 11 kinds of 

5. Four kinds of bit-rates are available (32K, 16K, 11K, 
8K) 

6. Pause function. 

7. Automatic advance of phrase number. 

8. Built-in amplifier for microphone and bandpass filter 
for reproducing. 

9. Built-in D/A converter. 

10. Oscillation circuit for ceramic resonator. 

11. Power stand-by function. 

12. Single power supply. 

13. Low power consumption. 
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2 Voice Recording/Reproducing system configuration 

(1) CPU con t ro I. 

(b-----, 

- ~~-- H1CIN 
PO~P3 

cr~ ::- Rf, 
"- Wi"~ 
---, ACl ,-
, STBY M 

---l 
I F C VDD or GNf; - 256k c I s VDU <--- CPUfl o A 0 L r 

CCUDA,le I XI XO 1 2 T ION f 

(2) Har~ja' cont ro I 

(;:~---, 

" 

VD" ' 
P.1CIN 

! 
Phra~c ;.----< PIlO ",Pil3 

Start ~ PO 
Stop t----- Pl 
Au t 0 t------<'< P2 
Rc(. '--~ -~-- P3 
~ -(>---- R[:, Wi; 
~ STeY 

VDD 01' GNr: 256L 
GNt<- CPUP, 

f C 

, 
D\>'~D7 

I I r 
! 

RAM RAM 
i 
II RAt-: 
I 
II 

iii l±_~: R/W 
~ AO~A14 i' 

/1 
CIT J 

1 ;: V Lcrr I r o cr;- " 

e U err I; 
f T /: 

DO~07 
II 
I, 

!, 

R~.fl RAM U R.~.t~ 

F R 1101 r----+---t--+-~ 
I AO'~A14 t---....L...!--..L...+- t----' 

IJ L CIT I 
r 0 Cf2 ---------, 
e U C[3 
f 1 m i~: ____ , 

il 
" 

AmP. SP 
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3. Block d i acram. 

HICIN C1 C2 

11 1 il i~ I 

XI H Osci Ilation I I Tilling generator: L! HicrophOlIi.' an':J,W

1 
HICOUl 

XOI'~· circuit n 'I L __ J 
r--------------il A!I! 

PO : I i 1,------'------:1 r-- ' ' 
j CPU IfF i J,;II' AOM analysys HI : Of" converter HI ow 

P3 ~ ,n synthesize 

~ I i ~FIlIN 
I I i i Band pass fi Iter f~ fIlOUl 

WR ,'I ! rll ndcx register I Hi ~_) 
PliO I I \1 'r-' '-------01 
'" -, Input control~i : ~, ; Address counter ' RAM 'I' I'DI 

I I i, i 'I' 
Ptl3 : circuit H--' Iii 

I i Ii I: Coinc idcn't detect ivc I I1f I I AD 

CPUr: h i; I I circuit, ' r--, " . . II~:~ i 1 .• 1,1' 

_L _Tr1J~1 
1 I CF4 
! I 

i 
2l6k l-

I 
Alf 
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3.1 Block diagram discription. 

(1) Address counter(20 bits) 

The Address counter which is the pointer for the external 

RAM,and advance during the recording and reproducing. Under 

the CPU control,the value of address counter can be set and 

read out by command. 

(2) Stop address register. (20 bits) 

The stop address register is stored the address value to 

stop recording and reproducing. The value can set by command 

under the CPU control. 

(3) Coincidence circuit. 

This circuit watch the coincidence of address counter and 

stop address register. When the ADLD2 command put in or the 

LABEL command under the CPU control, this circuit is enable. 

(4) Index register 

The index register indicate the address in which the pointer 

value of start and stop is stored. 

(5) Status register. 

The TC8830F has 4 bit frag register. The register can be 

read out through PO-P3 terminal under the CPU control. 

(6) CPU IfF' 

The inter-face circuit for the external microprocessor. 

This circuit include the chattering preventing circuit under 

manual control. 

(7) SRAM IfF 

The inter-face circuit for SRAM(static RAM). 

(8) Microphone amplifier 

The microphone amprifier 

signal of MICOUT terainal 

for sound recording. The output 

should be put into ADI terminal 

directly. The ceter of signal le~el is at the Vref. 

(9) Band-pass filter. 

The band-pass filter for the sound reproducing, is consist 

of 1st stage high-pass filter and 2nd stage low-pass filter. 
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4 Specification 

4.1 Recording/reproducing 

Reduction ADM method 

D/A converter 10 bit voltage output 

Bit rate 32kbps/16kbps/11kbps/8kbps 

16 phrase (manual control) 

Number of phrase 64 phrase (label index mode) 

No restriction(direct address-

ing mode) 

Address counter Preset able 20 bits counter 
"-

Stop register Preset able 20 bits register 

Index register Preseetable 6 bi ts counter 

4.2 Others 
~,,--< . 

Input Microphone Two-stage,gain 46dB (Typ. ) 

amp. 

Output f i Iter Built-in 2nd sst age low pass+ 

1 st stage high-pass filter 

RAM for storing 64k or 256k D- ram, maximum 

voice data 4 pcs each. 

Oscillation 512KHz(TYP) 

frequency 
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5 Operational Description 
The TC8830F can be <::ontroled by Ilicrocomputer and by switch 

input. 

5.1 Manual control 

The input is 14 terminal of PO-P3,PHO-PH3,WR,RD,STBY,CPUM,256K 

and ACL. Under manual control, the CUPM should be connected to 

GND( "L") level. Using the 256kbit RAMs, the 256k terminal should 

be connected to "H" level and using 64kbit RAM,to "L" level. 

5.1.1 Start or stop of recording and reproducing. 

When the PO input is changed from "L" level to "H" level, 

the recording or reproducing is started. And when the PI input 

is cahnged from "L" level to "HI! level,recording or reproducing 

is stoped. 

5.1.2 Selection of phrase. 

The selection of phrases number is set by the PHO-PH3 terminal 

befor start the recording or reproducing. 16 phrases are set 

directly and 64 phrases are set by auto-phrase function. 

At recording, phrase code should be used from lower value to 

high value. But at the reproducing, phrase number can be set at 

random. (Fig. 5-2) 

------~ ___ Pin Name 
Phrase No .---- --

No. 0 
No. 1 

I 
No.15 

Table 5-2 

PHO-PH3 

PO(start) 

PI (stop) 

EOS 

I 

, 

MSB 
PH3 PH2 

0 0 
0 0 

I I 
1 1 

Phrase No. 
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PHI 

0 I 0 

I 
1 

I 

LSB 
PHO 

0 
1 

I 
1 

l=VDD 
O=VSS 
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5.1.3 Auto-phrase function 

When the P2 terminal is connected to "H" level, the phrase num­

ber is advanced automatically. Initial phrase number is set at 

the time of change of the P2 terminal to "H" level. 

PHO-PH3 ::0 XJD 
PO(start) ---11 n Iil 

I I I 

P1(stop) t/! 
~ : F P2(auto) 

!,phrase 
I I 

N+l"1 O~I Ifhrase N;J whrase -, 
Note 1: While the P2 is set to ilL", the PHO-PH3 should be set 

befor input of PO. 

Note 2: While the P2 is set to "H",the PHO-PH3 is no operation. 

Note 3: When auto-phrase function is used, internal phrase num­

ber must not be advanced over 63. If the phrase number 

is advanced from 63, the phrase number is rturned to O. 

5.1.4 Set the bit-rate 

The bit-rate is can be select 32kbps,16kbps,11kbps or Bkbps, and 

can be set by RD and WR. Scince a bit-rate is set independently 

for recording and reproducing, reproduced voice can be changed 

slow or fast. However, similar to a tape recorder, the recorded 

voice is reproduce at low tone when slowly spoken and at high 

tone when fast spoken. The bit rate must not be changed while 

recording or reproducing. 

WR RD 

BK bps 0 0 

11 0 1 

16 1 0 

32 1 1 l=VDD,O=vssl 

Table 5-3 bit Rate Selection 

Note: The bit rate is concerning with oscillation frequency. 

32kbps:fO/16, 16kbps:fO/32, llkbps:fO/4B, 8kbps:fO/64 

fo oscillation frequency 

-734-



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TC8830F 

S.l.S Change over of recording and reproducing. 

The P3 input cange the recording and the reproducing. 

The recording state is at "H" level of P3, and the reproducing 

state is at "L" level of P3. 

5.1.6 Recording 

The TC8830F has 20 bit address counter and store the digitized 

data into the RAM during recording. The ACL input reset the add­

ress counter. Initialized address value is OOIOOH. 

Recording is started by the PO input. And the address counter is 

advanced. Recording is stopped by the Pl input. Then the PO input 

start recording from the next address. However, recording is auto 

matically stopped by excess of the capacity of external RAM.After 

excess of capacity, it is impossible to record. The ACL input mak 

e possible to record. 

Before recording, the value of the address counter is stored in 

label index area of RAM. 

The phrase number must be used from low to high. 

In recording mode, there a two type of intenal process with P2 

level. 

The P2 1S at ilL" level. 

At the PO input, the PHO-PH3 state is loaded to index register 

and the value of the address counter is written into L/I area 

of RAM as a start pointer. And at the PI input or at exceess of 

RAM capacity, the value is also written as a stop pointer. 

The P2 is at "H" level 

At the PO input,the value of address counter is written as a 

stop pointer .And at the Pl input or at th~ .excess of RAM capaci­

ty, the value is written as a stop adress. Then the value of 

index register is increased. So that, phrase number may not need 

to be set. In stad-by state of recordi ng mode, rising the P2 

from "L" to "H", The PHO-PH3 is loaded into the index register. 

The upper 2 bits of index register of 6 bits set "L" level. 
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5.1.7 Reprodusing 

Repr0d:ucing is at "L" level of P3 input.When the recorded phrase 

number is set and the recording is started, the value of address 

counter and stop address register is loaded from L/I area of RAM. 

Then reproducing is started. In the reproducing mode, the phrase 

number may be set at rondom. 

At thE> time of PI input, reproducing is stoped. It is in the 

pause status. The DAD output is hold in the pause status. After 

stop, the PI input stop reproducing the phrase, but the PO input 

release the pause and reproducing is started. 

When the address counter coincied with the stop address register 

the recording is stopped. 

If the phrase which had not be recorded, may be reproduced, 

output is uncerten. But it is posslblp. to stop by PI input. 

There are two internal process same as recordIng. 

The P2 is at ilL" level. 

At the PO input, The PHO PH3 state is loarded into index regis­

ter.The address counter is set in the data from L/I area of RAM. 

Then the stop register is set. 

The P2 is at "H" level. 

At the P2 input, the address counter is set in the data from 

L/I area of RAM. Then stop address register is set.And the value 

of Index register is incresed. So that, phrase number may not 

need to be set. 

In stad-by state of reproducing mode, rising the P2 from "L" to 

"H", The PHO-PH3 is loaded into the index register. The upper 2 

bits of index register of 6 bits set ilL" level. 
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5.1.8 Maxmum address of RAM and recording time. 

When the Address counter is over maxmum address of RAM, recording 

is stop automatically. The address value is stored in LjI area. 

Maximum address cocerning about the external RAMs, is check auto 

matlcaly. If only one phrase i& recorded or reprod uced, the PI 

input is notneed as a stop. 

External Maximum Rcording time 

RAM address Bit Rate 

Type No. (Hex) 32K 16K 11K 8K I 
1 1FFF 2 4 6 8 

64k 

5-- 2 3FFF 4 8 12 16 
RAM 

3 5f'FF 6 12 18 24 

4 7FFF 8 16 24 32 

1 7FFl<' 8 16 24 32 
256k 

5- 2 FFFF 16 32 48 64 
RAM 

3 17FFF 24 48 I 72 96 

4 IFFFF 32 64 96 128 

Table 5-4 5perking time 

5.1.9 Chattering preventing circuit. 

The chattering preventing circuit is actuated to prevent mul­

function of switches connected to the PO-P3 terminals. The time 

of chattering preventing is about 32 milli-seconds. 

(At 521kHz oscillation.) 

tch :;; 32 mn t 011 ~: 32 DII: torr i: 32 mE' 

Chattaring Time 
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5.2 CPU control 

When the CPUM is at "H" level, the TC8830F is operated by the 

commands using the PO-P3,RD and WR terllinals. The 11 kinds of 

command from microcomputer are provided. And the status register 

can be read out. 

5.2.1 Direct mode and label index mode. 

Two way of the control are possible. One of the way is direct 

set of start address, stop address and condi t ion (direct mode). 

Another is indirect set same as manual control(label index mode). 

In direct mode, all area of RAM is used as a sound data. The re­

cording or the reproducing is started by start command. In the 

label index mode, the recording or the reproducing is started by 

label command. In the label index mode, start command is in­

hibited. 

5.2.2 How to write the command 

As shown Fig 5-5, l)The busy bit should be read out and checked 

using RD pulse. 2)If it is not in busy, the PO-P3 should be set 

and written by WR pulse. 3)In case of 6 nible commands such as 

ADLDI and ADLD2, busy bit should be checked before each writing. 

The other command cannot be written until the finish of 6 nible 

writing. 

RD u 
WR U U 

p. -P, J//IJIJIIIr--c} --~ ~ ~ 
( 1 ) ( 2 ) (3) 

Check write the write the 

busy bit command data 

Fjg 5-5 the method of the command write. 
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5.2.3 Command discription. 

(a)The function of commands. 

code 

Command PPPP f u n c t i 0 n 
3210 

NOP 0001 This command changeover to reproducing mode and 
reset the OVER flag. 

START 0010 This command is used to start to record or 
reproduce in the direct mode. 

STOP 0011 This command is used to stop the recording or 
reproducing. 

ADLD1 0100 This command is used to set the address counter 
with following 5 nible. 

ADLD2 0101 This command is used to set the stop address 
register with following 5 n:lble. 

CNDT 0110 This command is used to set the condition such 
as the bit rate with following 1 nible. 

LABEL 0111 This command is used to specify the phrase code 
and start recording or reproducing with following 
2 nible. 

ADRD 1000 This command is used to read out the address 
counter. After th:ls command, the value of address 
counter is read out from lower 4bit by 5 times of 
RD pulse. During this procedure,the status 
register cannot read. 

REC 1001 This command is used to changeover to recording 
mode. 

DTRD 1010 This command is used to read out the data from 
external RAM with following 2 nible. After 
the reading, the value of address counter is hold 

DTWR 1011 This command is used to write the data to RAM 
with following 2 nibble.After wrltting,value of 
address counter is' hold. 

[Note]*After the command of ADLDl,ADLD2,CNDT,ADRD,and DTWR,The 
mode is changed to reproducing mode. 

*Undefind code such as "1100","1101","1110",and "1111", 
should not be given. 

*During the recording or reproducing, the commands except 
of STOP command should not be given. 
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(b) The format of commands. 

1st 2nd 3rd 4th 5th 6th 

Command P P P P P P P P P P P P P P P P P P P P P P P P 
3 2 1 0 3 2 1 0 3 2 1 0 3 2 1 0 3 2 1 0 3 2 1 0 

NOP 0 0 0 1 -- -- -- -- --
START 0 0 1 0 -- -- -- -- --
STOP 0 0 1 1 -- -- -- -- --
ADLDI 0 1 0 0 A3 A, A, A. A, A. A. A, AltA,.A. A. A .. A .. AuA" A,*A,.AnA,. 

ADLD2 0 1 0 1 A3 A, A, A. A. A. A. A, A"A,.A. A. A,.A,.A13A., A,.A,.AnA,. 

CNDT 0 1 1 0 0 C B, B. -- -- -- --
LABEL 0 1 1 1 p.p,p,p. X X p. p. -- -- --
ADRD 1 0 0 0 A. A, A, A. A, A, A. A, AItA,.A. A. A .. A"A13A" A,.A,.A"A,. 

REC 1 0 0 1 

DTRD 1 0 1 0 D3 D, D, D. D, D. D. D, -- -- --
DTWR 1 0 1 1 D. D, D, D. D.D,D.D, -- -- --

A.-A,.:External RAM address. 
C:Enable or disable to stop at the end of the RAM address. 

"I" Enable to stop automatically. 
"0" Disable to stop. 

B. ,B, :Set the bit rate. 

B, B. Bit rate 

0 0 Skbps 

0 1 llkbps 

1 0 16kbps 

1 1 32kbps 

p.-p. :Phrase code. 
D.-D. :External RAM data. 
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(c)The change of Status after command input. 

Status after execute 
Status Command the command. 

NOP Hold. 

Waiting in reproducing mode START Start reproducing. 

STOP Hold. 

ADLDl Hold. 

ADLD2 Hold. 

CNDT Hold. 

I LABEL Start reproducing. 

ADRD Hold. 

REC Move to Waiting 
in recording mode. 

DTRD Hold. 
DTWR Hold. 

Reproducing STOP Move to pause status. 

START Re-start reproducing. 

Pause STOP Move to waiting 
in reproducing mode. 

LABEL Re-start reproducing. 

NOP Move to waiting 
in reproducing mode. 

Waiting in recording mode. START Start recording. 

STOP Hold 

ADLDl Move to waiting 
in reproducing mode. 

ADLDI Move to waiting 
in reproducing mode. 

CNDT Move to waiting 
in-reproducing mode. 

LABEL Start recording. 

ADRD Move to waitlng 
in reproducing mode. 

REC Hold. 

DTRD Move to waiting 
in reproducing mode. 

DTWR Move to waiting 
in reproducing mode. 

Recording STOP Move to waiting 
in recording mode. L--______________ __ 
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5.2.4 Status Register. 
The status register is consist of 4 bits. When the RD terminal 

is set to "L" level under CPU control, the data of status re­
gister can be read out through the PO-P3 terminal. However, 
while the ADRD or STRD command is executing,the status register 
cannot read out. 

The internal operating status can be checked. 
The description of each bit is following. 

(l)TRIG 

The TRIG is upper 3rd bit of 10 bits whici is put into D/A 
converter. The center value of sound wave is 576/1023(10bits). 
When the value of D/A converter input is 128-256,384-512,640-
768 or 896-1023, the TRIG becomes "H" level. During the record­
ing or reproducing, the TRIG is changing with value of D/A con­
verter. 

IoN 
SCI' 
TU 

'40 ~="I· 
m 
184-
ZS(. 

I2.B 

0 

( 2 ) OVER 

The OVER show the exceed of capacity of RAM. If the recording 
is started by LABEL commane and then the address counter reach 
thE> maximum address, the 1 ,cording is stoped automat ically and 
the OVER becomes "H" level. The OVER is reset by Nap command. 

(Note]The OVER is invalid in direct address mode. 

(3) Busy 

During initializing or processing a command internal, the busy 
bit is at liB II level. The any command should not be given while 
busy is at "H" level. If the command is given, operation may be 
uncertauin. 

(4) EOS 

During the recording/reproducing, the EOS is at "L" level. and 
during wating the recording/reproducing,the EOS is at "H" level 

This bit is same as EOS termiLal. 

P3 P2 PI PO 

TRIG OVER BUSY EOS 

The status register 

-742-



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TC8830F 

5.2.5 The flow chart of recording/reproducing at label/Index mode. 

(1) Recording 

r - - - -
At the 
Ica~e of 
changing 

Ibit rate 

1[Reset the address counter of TC8830F 

{Release of ACL 

- { Sett ing the bit rate 

- { Wait ing 

--r Setting of phrase.After this commnd L voice recording starts lmmediately. 

{
Checking if recording length exceeds 

- the RAM(s) capacity. ('I'his is done 
by internal operation of TC8830F.) 

{:DeCide to stop the recording or not 

- [TO stop recording 

- {DeCide to continue next other phrase 
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(2) Reproducing 

N 

y 

Input of LABEL 

command 

- [waHing 

- [ Setting the bit rate. 

{
Setting of pharse.Atter this com­

- mand,voice reproducing starts 
immediately. 

[ Checking the end of speech of the 
phrase. 

L 

- - [Decide to cont inue the selection of 
phrase. 
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5.2.6 The flow chart of recording/reproducing at "Direct 1I0de" 

(1) Re-cording 

At the 
case of 
changing 
bit rate 

r 

(Notel) 
Input of ADLD2 

command 

~Reset the addrees counter of TC8830F 

~ Release of ACL 

- [ Sett ing the bi t ratE' 

- [DeSignation of start address 

{Des;.nat;on of end address 

- [ Setting the recording mode 

- -C Voice recording starts 

{
Checking if address coincides with 

- the end address(ADLD2) (This is done 
by internal operation of TC8830.) 

- - f Decide to contlnue at other or same L address. 
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(2) Reproducing 

At the 
case of 
changing 
bit reat 

r 

y 

TECHNICAL DATA TC8830F 

- [settingthe bit rate. 

- [setting of start address 

- [CheCking the end of speech of the 
phrase. 

- [start of voice reproducing 

{
Checking if address coincides with 

- - the end address(ADLD2) (This is done 
by internal opration of TC8830.) 

I Decid~ to continue at other or -t same address. 
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5.2.7 Memory map of label index. 

The pOinter of start address and stop address is stored the 

label index area of RAMs. The label index area is shown in Fig 

5-6. 

OH l Index OH 

Area JIndex 
FFH ------ FFH ------ Area 

RAMl RAMI 

Data Data 

IFFFH Area FFFH Area 

RAM2 RAM2 

3FFFH~--------4 FFFFH r--------j 

RAM3 RAM3 

5FFFH~--------4 17FFFH~--------4 

RAM4 RAM4 

7FFFHL---------~ IFFFFH~---~ 

64K S-RAM 256K S-RAM 

Fig 5-6 Memory Map of Label Index 

The label index area is from OOOOOH to OOOFFH. The sound data 

area is over OOIOOH. 
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Memory map of index area. 

RAM Data bus 
address 

(Hex) D, D. D. D. D, D, 

00 A, A. A. A. A, A, 
01 A •• A .. Au A" At! A,. 
02 A •• A •• 
03 - - - - - -
04 A, A. A. A. A, A, 
05 Au A,. Au Au All A,. 
06 - - - - A •• A··I 
07 - - - - - -
08 A, A. A. A. A, A, 
09 A .. A .. Au A" All A •• 
OA - - - - A .. Au 
DB - - - - - -
DC A, A. A. A. A, A, 
OD A,. A .. Au A" A., A,. 
DE -- - - - A .. All 
OF - - - - - -

~ 
F8 A, A. A. A. A, A, 
F9 Au A,. A,. A" A., A •• 
FA - - - - All A •• 
FB - - - - - -
FC A, A. A. A. A, A, 
FD Au Au Au A" A" A,. 
FE - - - - A,. AlB 
FF - - - - - -

-
100 Voive data 
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D. D. 

A. A. 
A. A. 
AI7 

-8 -
A. A. 
A. A. I 
AI7 Au 
- -
A, Ao 
A. A. 
AI7 A •• 
- -
A, A. 
A. A. 
A .. A .. 
- -

A, A. 
A. A. 
A .. A,. 
- -
A, A. 
A. A. 
An Au 
- -

TC8830F 

Start address of 
phrase "0". 

Start address of 
phrase II 1 If e 

(End address of 
phrase II 0 II ) 

Start address of 
phrase II 2 II • 

(End address of 
phrase " 1 II ) 

Start address of 
phrase .. 3 II 

(End address of 
phrase " 2 " ) 

Start address of 
phrase "62". 

(End address of 
phrase "61") 

End address of 
phrase "62". 
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5.2.8 DMA function. 

When the RD and the WR terminal is set at the "L" level, the 

address output and the data input/output terminal is Hi-impedance 

state. So, the data of external RAM can be read/write directly. 

,\-------""', , J 

D. -D, -------.;...1>- - -- -- - - - - - - "'f _________ _ 

A. -Au _______ >- - - - - -- - - - -_.1\-----------
CEQ -CE. • - - _____ ;?- - - - - - - - --}l..--------

At the condition of CPUM="H" and PO-P3="L". 
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5.3 The standby function 

While the STBY input is at "H" level, the TC8830F is at the 

standby state. The stand by is released when the STBY becomes at 

ilL" level. In standby state, the internal operation is stoped and 

current consumption is lower. During the recording/reproducing 

the STBY should not be changeover to standby state. It the STBY 

is changed during the recording/reproducing, the operation is 

uncertain. Internal state in standby state is shown below. 

(1) Oscillation is stop. 

(2) The pull-down register of PO-P3,RD,WR,and PHO-PH3 are 

released. 
----(3) The CEI-CE4 are at "H" level. therefore external RItM is in 

stanby state. 

(4) The DAO output is Hi-impedance state. 

(5) The power of microphne amprifire and bandpass filter is 

down, and the FIIOUT terminal is Hi-impedance state. 

5.4 Initialize. 

While the ACL input is at "L" level. the TC8830s internal state 

is initialized. Initializing is released when the ACL becomes at 

"H" level. Internal state is reset for 32 milli-seconds after 

released. Any inputs should not be controled during this state. 

The internal state in initializing is shown below. 

(1) The value of address counter is set at "00100(Hex)". 

(2 ) 

(3) 

(4 ) 

(5 ) 

The 

The 

The 

The 

mode 

bit 

OVER 

data 

is 

rate 

of 

of 

set in reproducing mode. 

is set at 8kbps under CPU control. 

the status register is set at ilL" level. 

index area of external RAM are clear. 
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5.5 Precaution. 

1) Under manual control and CPU control. 

*During the recording/reproducing operation, the input of the 

CPUM and 256k must not be changed. 

(2) Under manual control. 

*Th~ PHO,PH1,PH2,PH3 and the P3(rec) may be cahanged during the 

recording/reproducing operation. Because these inputs are read 

only at the PO(start) input. 

*During the recording/reproducing operation,the PO(start) input 

is not accepted. 

*After the exceed of RAM capacity,the PO(start) input is not 

accepted. If the new sound shall be recorded, the state shall 

be initialized by ACL input. 

(3) Under CPU control. 

*During the recording/reproducing operation, any command except 

stop command must not be given. If the any command except stop 

is given, the operation is uncertain. 
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6 Description of Terminals. 
6.1 Description of terminals. 

Input/ Pull up/ 
Name No outout Pull down F u n c t i 0 n 

CPU Man CPU Man 

Under CPU control,this is the 
bi-directional data bus for the 

PO 54 I/O IN - Pull command or the data btween CPU 
down and TC8830F. 

Under manual control, this input 
for start recording/reproducing. 

Under CPU control ,same as the PO 
Pl 53 I/O IN - Pull Under manual control,This input 

down is for stop recording/reproducing 

Under CPU control , same as the PO 
Under manual control ,This input 

is for the auto-phrase function. 
When this terminal is IIH" level, 

P2 52 I/O IN - Pull the phrase number is increased by 
down the Pl(stop) input.lnitial phrase 

code is loaded at rising of this 
terminal.While P2 is at "HI! level 
internal phrasE' code have nothing 
to do with PHO-PH3. 

Under CPU control,same as the PO 
Under manual control,this input 

P3 51 I/O IN - Pull is tor changeover of recording/ 
down reproducing. 

"H"--Recording, "L"--Reproducing 

Under CPU control,this input is 
used to read out the status, the 

RD 46 1/0 IN - Pull address or the external RAM 'data. 
down Under manual control, the input 

for setting the bit rate. 

Under CPU con"trol,this input is 
uset to write the command or the I WR 45 I/O IN - Pull data. 

down Under manual control,the input 
fer setUng the bit rate. 

EOS This terminal is for the moniter 
55 OUT - the operation.During the recoding 

End of -- or reproducing oper tion,this 
Speech output is at "Lit level. 

[Note)I/O:Input and output,IN::tnput,OUT:Output _ 
Pull down:Built-in pull down register. 
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Input/ Pull up/ 
Name No outout Pull down 

TC8830F 

Functional descripton 

This terminal is used to set the 
CPUM 57 Input None control type. 

"H"-CPU control type. 
liLli-Manual control type. 

This input is used to set the 
phrase code.Maximum phrase is 16. 

PHO 50 
PH1 49 
PH2 48 
PH3 47 

Input Built-in PHO-LSB, PH3-MSB 
pull down Under CPU control,these input 

have nothing to do with operationl 

This input is for the selection 
256K 42 Input None of the type of external RAM. 

AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 

33 
32 
31 
30 
29 
28 
26 
25 Output 
24 
23 

A10 22 
All 21 
A12 19 
A13 18 
A14 17 

00 
01 
02 
03 
04 
05 
06 
07 

16 
15 
14 
13 Input 
10 and 

8 output 
6 
4 

35 
36 Output 
37 
38 

None 

"H"-256kbit type, "L"-64kbi t type 

Thses are the output for the 
address lines to external RAM. 

The AO-A12 are used for the 64k 
bit RAM. 

The value of A15-A19 can be read 
out from AO-A4 at the timming of 
ALE. 

When both of the RO and WR is at 
"L" level under CPU control, AO­
A14 are high impeadance. 

The data input and output lines 
for external RAM. 
When both of the RO and WR is at 

"L" level under CPU control,AO­
A14 are high impeadance. 

The chip enable output for RAM. 
Acording to the number of RAM,It 
should be used from GEl to CE4. 

When both of the RO and WR is at 
ilL" level under CPU control,AO­
A14 are high impeadance. 
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Input/ Pull up/ 
Name No out out Pull down Functional descripton 

CE 34 Output - The chip enable output at the 
extent ion of RAM (over 4pcs. ) 

The output for the read or the 
writting of RAM. When both of the 

RD and WR is at"L" level under 
CPU control,the AO-A14 are high 
impeadance. 

R/W 43 Output - This input is for the selection 
of the type of external RAM. 

The output for the extent ion of I 
ALE 44 Output - RAM. The address value of A15·-A19 I 

can be read out from AO-A4 at thel 
rising of ALE. 

STBY 39 Input None The input for standby function. 

Input and output pins of oscil-
XIN 40 Input None lator circuit. 

512KHz ceramic resonater and 
XOUT 41 Output capacitors must be connected. 

ACL 56 Input Pull-up Reset inbput pin. I 
Input pin of built-in MIC.AMP. I 

MICIN 59 Input None Mic. must be connected to this 

I pin through capacitor. 

Output pin of built-in MIC.AMP. 

I MICOUT 64 Output - the center of output level is 
Vref. 

Cl 60 Output - Capacitor for coupling of built-
in MIC.AMP.must be connected to 

C2 63 Input None these pins. 

Voice input pin of analysis cir-
ADI 65 Input None cuit.The center of input signai 

level Vref. 
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Input/ Pull up/ 
Name No out out Pull down Functional descripton 

DAD 66 Output - Synyhesized voice output pin. 
structure is voltage to type. 

FILIN 67 Input None Input pin of built-in built-in 
band pass filter for voice output 

FILOUT 1 OUTPUT - Output pin of built-in 
band pass fi lter for voice output 

For connecting capacitors which 
Vref 58 Output - stabilize the reference voltage 

for the built-in OP-AMPs or SCF 
circuits. 

TEST 44 Input Pull-down For test only.must be open. 

VDD 27 Power - Power supply.+5V(TYP.) 
61 supply 

Vssl 20 Power - Power supply pin.to be connected 
supply to GND.Vss1 is for digital 

Vss2 62 circuit and Vss2 is for analog. 
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b02 Analog functions 
TC8830F has microphone amplifier and band pass filter for voice 

output filter on chip. 
So, voice recording and reproducing system is easily available 

by connecting mic""ophone and audio power amplifier. 

(l}MIC.AMP. 

ADI 65 

MICOUT 64 

C2 63 

VSS 
O.luF 

VDD 61 

TC8830F C1 60 

MICIN 59 

Vref 58 

CPUM 571 
O.luF 

ACL 56 

EOS 55 

There are two MIC.AMP.s. 

Be careful for wiring. 
The signal from MIG is so 
small the noise from 
surroundings tends to 
have influence. 

MIG 

Fig.6-2 An exampul of the 
connection of MIG to the 
chip 

(l)between MIGIN and G1 gain is about 26 dB 
(2)between C2 and MICOUT gain is about 20 dB 

So, There are three ways(1),(2) and (1)+(2). One is selected by 
the type of MIC.C1 or MICOUT pin must be connected to ADI pin at 
the case of (1) or (2) and (1)+(2) respectivsly. Frequency chara­
cteristics of MIC.AMP. 

va 
(dB) 

20~-+-+~H+H---+-~HH~ 

o'---L ...................... u....-"'-................ ~ 
102 103 10'(Hz) 

This characteristic is between MICIN and MICOUT with 
C and C2. 
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(2) Filter 

1 18kO 

PI LOUT TA7368P 

TC8830 66 10kO 
1 

DAO 
3 

15kO 

67 
PI LIN 

rQ01~F 

An example of the au.io Amp. circuit and connection 

va 
(dB) 0 

1\ 
\ 

/ \ 

-10 
1/ -.l 

1\ 
\ 

-20 

1\ 

-30 

100 lit 10K (Hz) 

Prequenc1 (Hill) 

Frequency characteristics of band pass filter 

o This characteristics is between FILIN and FILOUT. 
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I 
-...J 
01 
00 

I 

MIC 
IN 30k 

600k 

1P 

C1 

MICAMP 

C2 
30k 

300)[ 

laC 
OUT 

--------------------------------------------------------
52.08 MIl 

0--11-1 --! 52.08Mn 

PIL 1Q5OpP 
IN 

52.08Mn 

3.6PP 

l 
BPF 

Vref' 

Equivalent Circuits of Analog Circuits 

""" W 
'"' 
tIJ .a a. 
= ..... 
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rt 

n ... 
'" n 
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rt • 
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6.3 Connection of RAM. 

(l)In case of 256kbit RAM. 

C[l 
ill 
ill 
TIl 

~O-A14 
~ Rill II 

00-07 I ---u. ./.,> <., <-.> <..> <-.> .( J. 
AO-A14 00-07 R/W C[ AO-A14 00-07 Rill C[ AO~A14 00-07 R/W Cf AO~A14 00-07 R/W CE 

256kbit RAH 256kbit RAM 256kbit RAM 256kbi tRAM 
(TC55257P) (TC55257P) (lC55257P) (TC55257P) 

DE - - -
DE DE DE 

7I!J. 

(2)In case of 64kbit RAM. 

CEl 
ill 
to 
TIl 

AO-A12 
RIM ~. 11 

00-D7 I J~L J .(,L H Jj,. <.C-- II, <.t 
AO-A12 00-07 Rill CE AO-A12 00-07 Rill CE AO-A12 00-07 Rill Cl AO-A12 00-07 RIW CE 

64kbi tRAM 64kbit RAM 64kbit RAM 64kbit RAM 
(TC5564P) ITCS564P) (lC5564P) (TC5564P) 

DE CE2 DE CE2 DE CE2 
--
DE Cf2 

I I i I voo 
7/77 I I 

[Note] If the number of RAMs is 1 pieces, the eEl should be 

connected to CE of RAM. 
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7.Pin Connections. 

FLAT PACKAGE 67 PIN 

M~~~~~e~~e"~~o~~~~~~~~ 

c: 
55 

56 
5'7 32 
58 3l. 

59 30 

60 29 

61 TOP VIEW 28 

62 2:'1 

63 26 
64 25 

65 24 

66 23 
67 22 

J 
1 2 3 4 5 6 7 8 9 10 111213 1415 16 1718 19 2:) 21 

1 FILOUT 18 A13 35 CEI 52 P2 

2 19 A12 36 CE2 53 PI 

3 TEST 20 VSSI 37 CE3 54 PO 

4 D7 21 All 38 CE4 55 EOS 

5 22 AI0 39 STBY 56 ACL 

6 D6 23 A9 40 XIN 57 CPUM 

7 24 A8 41 XOUT 58 Vref 

8 D5 25 A7 42 256K 59 MICIN 

9 26 A6 43 R/W 60 Cl 

10 D4 27 VDD 44 ALE 61 VDD 

11 28 A5 45 WR 62 VSS2 

12 29 A4 46 RD 63 C2 
- f.....-

13 D3 30 A3 47 PH3 64 MICOUT 
-I-- . 

14 D2 31 A2 48 PH2 65 ADI 
--

15 Dl 32 Al 49 PHI 66 DAO 

16 DO 33 AO 50 PHO 67 FILIN 

17 AU 34 CE 51 P3 
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8.0utline Drawings. 

67 PIN FLAT PACKAGE (67-~-BS) 

11~8 PITCH 

I) ~~M~~~~~~"~~~~~~~~M~~ 

55 TOP VIEW 

l56 i-,---l !:11 32 
fiB :n 
59 30 
6J ' I~ r~G 

29 
- 51 28 

62 AREA ~ 

I I I 63 26 
64 L_+-_J 25 
65 24 
66 :en 
67 22 

~ 1 2 3456789Wll~mH~MHw"rom 

cjY 
I 

~ 200±Ol 

MARK L __ _ 

... 
d 

1J 2U ±O4 .... 
d 

(24.1 ±Ol) 
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JII.{Q: : mm 

-

2.05±03 

07 

t? 
d 
+1 
II) .., ... 

r0-
d 

... 
d 
+1 
0 
~ ... 

... 

~'f 

L35±03 

or 
d II) 

ro-
d 

TC8830F 

~ .... .... 
d d 
+1 +1 
.... ... 
III as ... ... 
~ 

~ 
0 
W 
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9.Electrical Characteristics 

9.1 A9so1ute Maximum Rating 

SYMBOL ITEM RATING UNIT 

VDD Supply Voltage -0.3 6.0 V 

... VIN Input Voltage -0.3 VDD+0.3 V 

VOUT Output Voltage -0.3 VDD+0.3 V 

Topr Operating Temperature -10 55 

Tstg Storage Temeprature -55 125 
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9.2 DC Characteristics (VDD=5V lDt.Ta~25 .Vssl=Vss2~OV) 

APPI,IEO 
SVI'IIIUJ, ITF.M TF.RMINAI, CONO IT I ON \'lIN. TYr. \'lAX. UNIT 

FOI'R Opf'rat inr. ~'rl'qul'nry VDU-4.5 5.5V 400 512 600 KHz 

vorR Olll'rating Supply .'-400 600KHz 4.5 5.0 5.5 V 
Vultage 

10111 Sup" I y Current (l) Vssl No load, , 3.0 111\ 
(l.ogic) No signal 

lIJ02 Supply Current(2) Vss2 No lode, - - - iliA 
(Analog No signal 

m03 Supply Currcnt(3) (STIIY \'Iodp) Nu lode, - - 3.0 tlA 
No signal 

TSTA Oscillator starting VIIO·4.5 5.!lV - , 0.5 sec 
time 

VIH IUgh level input CPUM-VUD 3.4 - , V 
vult agl' 

1'0 P3,RO.WR 
VII. l.ow level input CPIJI'I;VOD - , 0.06 V 

voltage 

VOH lIigh lrvel output l'o-P3,OO~07. No lode 4.2 ,. - V 
vol tag,., ALE,EOS,R/W, 

VOL I,ow level output CEI~Ct:01 No Jode - - 0.3 V 
volt ag .. 

AI.F., t;oS, AO 
1011 lIigh I ,'v,., I output A14. OO'lJ7 ,'-0 VOII~2.4V 0.4 - mil. 

curJ'l"nt ~1'3,Ct:.rEl ~ n:ST;256K -VDII 
CM,Il/W 

Al.1~ • I:;OS , AU -
101. l.ow levl"l output AI4,OO~D7,PO VOI.-0.4V 0.4 - , IIA 

{·urr,.,n! -P3,Ct:,CEl "'- TF:ST~VDO 

('M,R/W 

11111 lIigh 1,'v .. 1 input PO-'-:I,I'1I0- VIII-VOII ]0 50 150 tll\ 
{'urr"nl (1 ) PII3.R1I,WH CI'II1'1 VSS 

11112 High 1.'v .. 1 input PO-f'3.rIl0 VIH VOII -1.0 1.0 UA 
,'urrrnt (2) PH3.RIl,~ CPII\'I vun 

IIH:! High h'vel input TEST VIH·VIIIl 5,0 100 500 till 
currrnt (3) 
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APPLIBD 
SYMBOL ITBM TBRMINAL CONDITION MIN. TYP. MAX. UNIT 

IIH4 High level input 256K.STBY. VIH=VDD -1.0 - 1.0 UA 
current (4) CPUM 

IIH5 High level input AO-A 14 • DCl-D7 • VIH=CPUM=VDD -1.0 - 1.0 UA 
current (5) GB.CBl-CB4 RD=WR=VSS 

PO P3. PHD---PH3 
I1L1 Low level input RD.WR.TBST. VIL=VSS -1.0 - 1.0 UA 

current(!) 256K.STBY. 
CPUM 

IIL2 Low level input ACL VIL=VSS 100 500 1000 UA 
current (2) 

I1L3 Low level input Do-D7 VIL=VSS 10 50 150 UA 
current (3) 

Low level input AO~A14 .D~D7. CPUM=VDD 
IIL4 current (4) CE.CE1"-CE4. VIL=RD=WR=VSS -1.0 - 1.0 UA 

R/W 

VOUTI Output voltage VREF - 2.8 - V 

Note:MIN.and MAX.values are defined by their absolute values. 

-764-



TOSHIBA INTEGRATED CIRCUIT 
TECHNICAL DATA TC8830F 

9.3 AC Characteristics (VDD=5V,Ta=25C,fCLK=512KHz,CL=50pF) 

9.3.1 For data read 

SYMBOL 

tRD 

tACC 

tOO 

'O-P:i 
(OUT) 

ITEM 

Read Disable Time 
(ADRD Command) 

Read Access Time 

Output Disable Time 

\ I 

VALlI> 

~- "!""'+ 

9.4.2 For data write 

SYMBOL ITEM 

tWO Write Disable Time 

tDS Data Set-up Time 

tDH Data Hold Time 

tWRP WR Pulse Width 

t»11 ~ 

-. 
J ""LID 

tWRP 
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MIN. TYP. MAX. UNIT 

135 - - us 

10 - 3 us 

- - 3 us 

\ 

MIN. TYP. MAX. UNIT 

135 - - us 

2 - - us 

2 - - ua 

4 - - ua 

~ 
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9.3.3 EOS Signal (CPU control) 
(STAET) Include in Label coamand 

ft~ :" 
~s l----tE-D-l--~Jr~--------n;,------------------+--tu--2~r---

EOS Signal (MANUAL control) 

10 --.J , 
f 

" f \. 
'I 

t " tSD3 I ., 
t£~ 

"""-

tnrU I' '1 U l 
tCD 

,---- -
SYMBOL ITEM MIN. TYP. MAX. UNIT 

tED! EOS Delay Time - - 200 us 

tED2 EOS Delay Time - - 200 us 

tED3 EOS Delay Time - - 64 ms 

tED4 EOS Delay Time - - 64 ms 

tCD CE Delay Time - - 64 us 
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9.3.4 START SIGNAL 

1 " P3 h \ (Ree) 

PO l.~j ~ I' (START) ( > 
tl1T 

SYNBOL ITEM MIN. TYP. MAX. UNIT 

tST START Abaiable time 64 - - as 
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9.4 ANALOG CHARACTERISTICS 

(1) MIC.AMP.(Unless otherwise VSSl=VSS2=OV.VDD=5.Ta=25C.fin=lKHz) 

Applied 
SYNBOL ITEM Terminal CONDITION MIN. TYP. MAX. UNIT 

VINI MICIN MICAMP(1)+(2) - - 80 
Range of input voltage mVp-p 

VIN2 C2 MICAMP(2) 160 

VGl MICIN VIN=6mVp-p - 26 -
-Cl 

Voltage gain FJN=100Hz dB 
VG2 C2 10KHz - 20 -

-MICOUT 

MICIN VIN=-6J1Vp-p 
THD Total harmonic distortion -MICOUT FIN=100KHz - 2 - % 

10KHz 

RINI MICIN - 30 -
INPUT registance k 

RIN2 C2 - 30 -
12)Band pass filter(Notes are same as above) 

Applid 
SYNBOL ITEM Terminal CONDITION MIN. TYP. MAX. UNIT 

VIN Input Voltage Range FILIN - - - 4.0 Vp-p 

FILIN VIN=1.0Vp-p 
VG Voltage Gain -FILOUT FIN=100Hz - 0 - dB 

10khz 

FILIN VIN=1.0Vp-p 
THD Total Harmonic Distortion -FILPUT FIN=100Hz - 4 - % 

10khz 

ROUT Output Registance FH,PUT - - 5 - k 

(3)Audio In(Notes are same as above) 

AppliE"d 
SYNBOL ITEM Terminal CONDITION MIN. TYP. MAX. UNIT 

VIN Input Voltage Range ADI - - - 3.8 Vp-p 

RIN Input Registance ADI - - 100 - M 
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to.Application Circuit. 

A 
C 
L 

'f~ 

S 
T SA S 
ATURP PPPBB T 
ROTEH HRRRR B 
T P 0 C 0 12301 Y 

~~X~X/X,l! t!,X A, ~ g 
'7k!l J 

~f 100p1'x2 

J lIml 512KHZ 
I,," 4-~ a 4! .0;), lL" 4-~i~ J. 33 

PPPP~ PPlfWAR2XXSCCCCCA 
55 0123HHHHDRL/50ITEEEEEO 
56=EOS 0123 EW6UHB'321 

KT Y........,.., 
.. ~ ACL t:;3~2 ___ --, 

MIC 11l1' 0.11lF _-H-~ ~;~~ ~! t:~,:,1 ___ ---, 

~- + 59 MICIH A3 29 
H ~ C1 A4. 1:28=----, 

~ I' 61 VDD T C 8 8 3 0 A5 1"2=7 --...., 
.. 62 VSS2 VDD ~ 

0.11'1' 4~ C2 A6 25 
r= WICOUT A"I "'2""4----. 

15k!} ~ ADI A8123 
DAO V A9 

f 67 AAASAlO~ _ I FILIH D D D D D D D D 1 1 1 S I 

o.Oll':r::r "-!ILOUT "I 6 5 4 3 2 1 0 , 3 2 1 All 

r-________ l-ll8N~\--.n-_T1fr---~1 21 3 145 16 71 8 9~O 1p.2jl!l 4- 5 6 7 8 92! 

( TA7368P I 
SP 

(an) 
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CORPORATE OFFICE 
2692 Dow Ave. 
Tustin, CA 92680 
(714) 832-6300 
TLX: 314-138 
FAX: 714-832-5630 

WESTERN AREA 
2021 The Alameda 
Suite 220 
San Jose, CA 95126 
(408) 244-4070 
FAX: 1408-248-5370 

SOUTHWEST REGION 
1400 Quail St., Suite 100 
Newport Beach, CA 92660 
(714) 752-0373 
TWX: 910-596-1886 
FAX: 714-833-3406 

CENTRAL AREA 
1101A Lake Cook Rd. 
Deerfield, IL 60015 
(312) 945-1500 
TWX: 29-7131 
FAX: (312) 945-1044 

SOUTH CENTRAL REGION 
13111 North Central Expy. 
Suite 110 
Dallas, TX 75243 
(214) 48Q-0470 
FAX: 214-235-4114 

EASTERN AREA 
The Burlington Bus. Ctr. 
67 South Bedford Street 
Suite 200W 
Burlington, MA 01803 
(617) 272-4352 
FAX: (617) 272-3089 
TLX:948692 
Answerback Toshiba Burl 
TWX: 710-321-6730 

SOUTH EASTERN REGION 
2295 Park lake Drive 
Atlanta, GA 30345 
(404) 493-4401 
FAX: (404) 493-4240 

DISTRIButeD BY 

marshall 
San Francl8CO Division 

336 Los Caches Street 
Milpitas. California 95035 

Electronics Group 
Claude Michael Group 
FAX 

(408) 942-4600 
(408) 942-4700 
(408) 282-1224 

TOSHIBA AMERICA. INC. 
2692 Dow Ave. 
Tustin, California 92680 
Telephone: 714-832-6300 
Telex: 314-138 
FAX: 714-832-5630 
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