' MICROPROCESSORS
VOL. 2—PERIPHERALS




MICROPROCESSORS
VOL. 2—PERIPHERALS

May 1987



Preliminary
TABLE OF CONTENTS

Micro-Computer Peripheral LS

TC8250P/AP ...... Real Time ClocK . . ..o e e 33
TC8505AP/F....... CRT Display Controller ... e 53
TMPZ80C47P ..... Hard Disk Controller. . ... et 72
TC8565P/F........ Floppy Disk Controller ....... ..o e eae e 113
TC8576AF......... Centronics Compatible Parallel /O ..ot 159
TC8577AP......... Centronics Compatible Parallel Output ...t 159
TC8578AP......... Centronics Compatible Parallel Input ................. ... ..ol 159
TC8600F .......... Floppy Disk Mechanism Controller (5%4”). ... ... 197
TC8602F .......... Floppy Disk Mechanism Controller (3%2")........cccoiviiiiiiiiiia.. 226
T7779 .ot CRT/LCD Controller. ... e et e e aeeees 251
Multibus Il Interface Devices
MURIDUS [l i e e e e e e 301
BAC 84110........ Multibus Il Bus Arbiter/Controller............. ..., 449
MIC 84120........ Multibus Il Message Interrupt Controller...................coooiiat, 490
Speech Device
T6803 ............. Cz2MOS Voice Synthesizing LSI...........coooii i 533
T6721A............ Voice Synthesizing LSI. ... .o e e e 565
T6772 ..o 64K Dedicated Mask ROM. ... .. ..ot it iee e aeens 565
T6684 ............. 128K Dedicated Mask ROM . ... ..ot 565
T6667 ..o ADM Single Chip Voice Synthesis LSl ...t 613
T6831 ............. CzMOS LSI for Speech Analysis & Synthesis ......................... 615
T6668............. C2MOS Voice Recording/Reproducing LSI ....................ooatt 633
T6658A............ CzMOS Voice Recognition LSI. ... 689
TC8830........... C2MOS Voice Recording/Reproducing LSI ........... ..ot 727






1S |e1aydiiad 191ndwoD-0101 N

— 25 —



— 26 —



— 27 —

TOSHIBA MICROCOMPUTER PERIPHERAIL LSI
o 10 JAN- 1986
Type ;| Parts name , Package F u n ¢ t i o m_ B _Es MP
RTC | . Real Time Clock i
: 4bi1t MPX data bus ) |
: Counts second,minute hour,day,
: month.year,day of the week.
: Low power consumption. R S
. _TC8250P . DIP16 Battery charge control .. 0K _. OK
. TC8250AP_ pipi6 . 0K OK
CRTC ' CRT Controller LSI
. , MC68B45 function compatible CMOS . .
L _TC8505AF | MFP44 ) version. fmax 6MHz. _OK _, OK_ __ OK |
{ TC8505AP . DIP40 OK OK
HDC | I Hard Disk Controller
; i | 28000 CPU bus compatibie
) \ ST506 type disk interface
I TMPZ80C47P | DIP48 10Mbps disk I/0 transfer OK OK
(T6647) | o e
FDC | ; Floppy Disk Controller
! uPD765AC function compatible CMOS __ e
| _TC8565F | MFP44 » version OK | OK
. _TC8565P . DIP40 | _ o OK_ i OK
CPC i ; Combination Peripheral Controller
i | | CART 1ch + Baud Generator -
' L N Parallel Interface (8bit). e
| . _TC8576AF | MFP44 | UART + Parallel I1/0 Programmable. OK | OK
. L_TC8577AP . DIP40 | _UART + Parallel Qutput. _ OK . OK
L | TC8578AP | DIP40 UART + Parallel Input. OK _ OK
i FDMC | . Floppy Disk Mechanism Controller :
| | i Customized 4bit CPU for floppy
| | | ; disk drive control. o ! o
| __TC8600F | _MFP44 | 5.25 inch FDD o _OK_ 0K
| _TC8601F | _MFP60 3.5 inch FDD with CMOS interface -, OK_ '86/1Q
L i _TC8602F | MFP44 | 3.5 inch FDD o _OK_ OK .
1 LCD/ i LCD / CRT Controller LSI
CRTC| ; . Drives 640 x 400 dot Mtx. LCD.
| | | Capability to control CRT VIDEO :
| T7779 | FP100 | Software compatible with 6845 0K 86/2Q
| ! type CRTC R _ R S
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Precautions for Handling

(1)

(2)

The CMOS LSI gates have extremely thin oxide films. 1If a high voltage is
applied to this gate electrode (input of CMO0OS LS1), the oxide film
directly under the gate can be irreversibly damaged.

On the CMOS LSI, in order to protect the CMOS gates from high voltage,
diodes and resistors have been inserted into all input terminals.

However, the effect of the protective circuits on unforeseen high
voltages may not be sufficient in some cases. Care must therefore be
taken in handling CMOS LSI.

Transportation and storage

Since the input and output terminals of CMOS LSI devices are of very high
impedance, they are susceptible to static charge. Therefore, in
transporting and storing the CMOS LSIs, it is necessary to use conductive
mats, metallic boxes, aluminium foil covered boxes, etc.

As CMOS LSIs are shipped in a conductive case or inserted in a conductive
mat, it is important not to remove them from their protective environment
unnecessarily. In particular, it is necessary to avoid use of plastic or
vinyl containers that are susceptible to static electricity.

Assembly

When the CMOS LSI circuits are mounted on a printed circuit board, they
are taken out of conductive containers; it is therefore necessary to
ground electric apparatus, work bench and worker to protect the circuits
from static electricity.

It is advisable to ground the work bench by covering its surface with a
metallic plate or aluminum foil and fto ground the work bench and worker
using resistors of about 1Mohm in order to protect him and the circuits
from electric shock from electrical equipment.

It is simple and easy to ground through a metallic ring, metal lic watch
strap, etc. In addition, it is also advisable to avoid the use of
working clothes made of synthetic fiber if at all possible.

As leakage from electric apparatus is undesirable for safety, it is
necessary to check electric apparatus at reguldar intervals to assure that
there is no leakage.

When lead wires are shaped in installing LSI, it is recommended to use a
pin setter or other tools to avoid stress being applied to their bases

It is advisable that the assembled printed circuit board be stored or

transported after their terminals have been shorted or the entire circuit
board is wrapped with an aluminum {oil.
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(3)

a.

Recommended Methods for Soldering

Soldering Iron

The Soldering should be performed at 260°C for not more than 10 sec, or
at 3500C 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 260°C for 10 sec. It is
recommended to use a class A iron having insulation resistance of more
than 10Mohm.

. Reflow

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

2) Ambient temperature of package surface should be 240°C Max and apply
for not more than 10 sec.

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

temperature.
240°C f ----cmmm e o
8 210°C | r--mmmmmmmmmmmeoo oy SETLEEE
= ' : ' '
] 1 1
5 AR
3 | ! 1 |
't; | : ' |
3 A
o 1] ' 1 )
g 1s0%¢c S
& : Lo
' | ! | '
' 1 ! | |
' 1 ! ) |
' 1 ! | |
' | ' ' '
| Lo
ke > = | Time (second)
I~ 60second l Not more than 10sec.

Not more than 30sec.

4) Precautions on Heating Method

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

So it 1is necessary to complete soldering within a short period of
time.



When an infrared rays heater is used, avoid direct irradiation of
infrared rays to the package surface, since it may cause partial
temperature increase.

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 wusing a cleaning agent for removing flux or ultrasonic waves is

of ten 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 NiCAL DATA TC8250P/APﬁ

TC8250P TC8250AP

REAL. TIME CLOCK

1. INTRODUCTION

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. . o [y
1

The RTC has a 32768Hz X'tal ok SN
oscillation circuit, counter group oo " D\r
for clocking, control circuit for TC8250P
read/write from CPU, and battery v fla LarweT
backup terminal. The package is a 16 rcg2so0ap i
pin DIP, and a non-power interruption S R o [Jrous

type clock system can be realized
with 1[/0 ports, X'tal and battery.

[Ja ktic,
‘JWum
- D\’J.‘\‘

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

registers. PIN ASSIGNMENT (Top View)
2. FEATURES
o Low Power Consumption ‘ ) Cgﬁz&_,j,"“'“‘“?/ . =5 voo
o 32,768Hz X'tal Oscillation Circuit §
5 Counts Seconds, Minutes, and Hours i BUS L%# ,
o Counts Days of the Week, Date, VR “‘IT@EEXT
ADAPTER CLOCK 2pF
Month, and Year. l COUNTER v
0 Automatic Leap Year Compensation ALE [Ty i UMT I XT
o Battery Back-up function with Low % A WSM
Voltage Detector i 0o 15ST TEST
o Battery Charge Control Terminal o) é ng' ;J ]
(VCHG) 8
o Signal output (2048Hz - 1Hz, 1 11 [y i} ADL F—{>——{7] TOUT
minute, 10 minutes. programmable) %_‘L gt_J
i 3 (€3]
o Write . Protect Key for sure A2 ~ AD2 E = stz
operation ng’ _J = D (]
0 4 bit Multiplexed Bus %ﬂ "“‘Eh } <
o 16-pin DIP A3ty B w3 =y —{3) vete
= _?jr— J
GND [} VOLTAGE COMPARATOR VSSC

BLOCK DIAGRAM (TC8250P)

— 33 —



INTEGRATED CIRCUIT

TOSHIBA |
TECHNICAL DATA TC8250P/AP

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. Connect this terminal to the minus
terminal of the battery via the current limit resister. A built-in
transistor is cut off, when the system supply voltage (supplied to
VDD) is below battery voltage.

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 this 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 ]
Lo X | Hi-Z, input mode |
L 1 0 | 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
address with CPU side.
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INTEGRATED CIRCUIT

TOSHIBA
TECHNICAL DATA TC8250P/AP

4. System 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.

PCa out cs ~ v
DD
> I
ouT XT - N -
PCS W/R —{0t
ouT -
PC6 ALE XT
/0
PCO / ADO TREST |
1,0
PC1 AD1 TouT
A+ L
10 -
PC2 ADR 4kHz - T
R
PC3 /0 AD3 VcHG —J\N»T
GND Vssc

System Configuration (1)
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INTEGRATED CIRCUIT

TOSHIBA
TECHNICAL DATA TC8250P/AP

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 VDD, VSSC and GND must be
connected. (System Configuration (2))
5V Backup e~ HY ) Ty C rAM VDD
Circuit T T
1 C
o
cs vpDn ;
EXTEEE:
p , ] |
R XT ‘1U| *
: |
ALE, T L
; i
2 ADO TECT | i ;
o ! !
o AD1 TouT i |
2?2 'L?‘at,
o ADZ 4KkHz
: i
= AD3 VCHG | [
1 !
GND Vaue [ !
[ ] ]
: ) 4 |
|
|

System Configuration (2)
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INTEGRATED CIRCUIT

TOSHIBA

TECHNICAL DATA

TC8250P/AP

5. Functional Description

5.

1

Data I/0 Method

There are 16 kinds of addresses inside the RTC,

which are controlled by

the 4 bit address line. These addresses are shown i1n the following
table.
i Content of'! ! | !
Adrs.latch: Hex. | Write Data | Read Data Remarks ;
© A3A2A1A0 | D3 [ D2 1 D1 | DO {D3|D2] D1 DO | |
[ 0000 | O ! 8(s)! 4(s)i 2(s)! 1(s)!'<-<-} < < 1 1 sec. digit
. 0001 ¢ 1 140(s)120(s) [10(s)| Oi<-| < + < i 10 secs. digit |
L | L(*) ! | S ; ; |
. 0010 | 2 8(m){ 4(m): 2(m)! t(m)<-j<-1 < | < i1 min, digit |
0011 38 = 140(m)j20(m)]10(m)] O]<-I <- | <= i 10 mins. digit
0100 4 | 8(h)] 4(h)] 2(h)| 1(h)j<-{<-] < | <= | 1 hour digit |

| 0101 | 5 | - 140(h)j20(h)i10(h)f Ol O} <- | <- 't 10 hours digit |
0110 | 6 | 8(d); 4(d)| 2(d)] 1(d)[<-4<-1 <- i < 1 day digit |
0111 | 7 | - i40(d)j20(d)jio(d)| 0y 0] < , <- 1 10 days digit
i 1000 8 1 8(M) 4aM)| 2M)| I(M)]<-l<-i <- 1 < | 1 month digit |
{ 1001 9 Ll 1 L0} - J10(M)i<-j<-| LY | <~ | 10 months digit |
i ; L %)L (2*) | | Lo i (**); i j
i 10 0 I A | 8(Y)L4a(Y)l 2(Y)l 1(Y)l<-]<-| <- 1 < | 1 year digit
i 1011 I B i80(Y)|40(Y)20(Y)[10(Y)|<-|<-| <= | - | 10 years digit
L i I ; . : S i [ (***) J
i 1100 | C | - | W2 | W1 | WO | O]<-| < | <- | Day of the week |
. 1101 | D { T3 | T2 | T1 | TO j<-I<-| <= | <- | TOUT Control |
[ 1110 | E | X3 | X2 [ X1 | X0 . ] | | | _KEY (**%%x) J
L, 1111 | F i - 11<-sec. reset> ! | |busy|Xbusy| Status (*¥***) |
(*) "-" is ignored at write operation.

(**) Leap-year control bit.

(***) Day of the week is a numeral 0 to 6.

(K*Kk ) PROTECTION KEY

(KX*Hoxk ) Internal state check bit

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

(s): second
(d): day

(m): minute
(M): month

— 37 —
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INTEGRATED CIRCUIT

TOSHIBA
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
0E16) 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 AD3.

5.4 Usage

1t 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 (0F16) in the address register. Low
order 2 bits of the content of the status register shown in the following
figure are significant.

| D3 | D2 | D1 _| 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.

T T T T T
busy l l,
one sec, pulse I l
Calendar pro-
cess pulse

R/W inhibit
section

9lusec, 9lusec,

Fig. 5.1 Relation between Internal Pulse and Busy
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INTEGRATED CIRCUIT

TOSHIBA
TECHNICAL DATA

TC8250P/AP

Xbusy : 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
Strobe
negative
pulse
Low level
v “ busy signal
—<trom clock

Fig. 5.2(a) Xbusy Circuit

busy ﬂ ]_l m

Read

u U u

xbusy value ’//Strobe

‘1 reset
Read

ZZ% 1 l 0 1
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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INTEGRATED CIRCUIT

TECHNICAL DATA

TOSHIBA

(1) When it is clear that a series of counter reads or writes completes
within 91 usec [for instance, read of second only, write of hour only

(time difference correction)]

-

the "busy" flag is used.
The program flow in this case is shown in Fig. 5.3.

READ

STATUS

T

DATA
READ
WRITE

. This period

| pulse be

91 usec.

Fig. 5.3 Program Flow (1)
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INTEGRATED CIRCUIT

TOSHIBA
TECHNICAL DATA TC8250P/AP

{2) When a series of counter reads requires more than 91 usec, the "xbusy"
flag is used. This is such an occasion, for instance, where time data
such as year, month, day, day of week, hour, min.. sec.. are all taken
in. At this time, if clock count pulses are inserted during read, data
before and after 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 occured once per second, even if the first trial is
not good, next trial is surely successful. (Note - It is assumed that a
time for a series of reads is sufficiently shorter than one second.) The
program flow at this time is shown in Fig. 5.4.

START

|3
N

A series of

reads of

counter group

]

STATUS READ

| YES

Fig. 5.4 Program Flow (2)
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INTEGRATED CIRCUIT

TECHNICAL DATA TC8250P/AP

TOSHIBA

(3) Use of Second Reset

WRITE operation of ADR="0F16" 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
clock counter. The program flow in this case is shown in Fig. 5.5.

{ START ’

Prepare data to be
set in clock

1

Open protection
key

T

Second zeroize
command

-]

STATUS READ

NO

STATUS READ

o>

YES

A series of data write

{

Reset protec—
tion key

Fig. 5.5 Program Flow (3)
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5.5 Leap-year control

The year counter (address 0A16' OB,g) 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.

L L1 | LO | Leap-year |
L_0 | 0 | Year when the remainder of the year counter is 0. |
L0 | 1 | Year when the remainder of the year counter is 1. |
L1 ] 0 | Year when the remainder of the year counter is 2. |
L 1| 1 | Year when the remainder of the year counter is 3. |

That is, when the 2 digit year counter is treated as low order 2 digits

of A.D., L1=L0=0 is set.
Note) At present, the leap-years are defined to be those years out of A.D.

yvears 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,
29th February is indicated fol lowing 28th February. In the other year,
Further, when the year is the leap-year, D1=1 is
read if the ten-month digit is read.

1st March is indicated.

5.6 TOUT signal program

Li=1,

LO=1 are set. In the leap-year,

It is possible to program TOUT signal according to the value to be set in

address 0D, -

Set Value

C OO d WM O

13
14
15

TOUT Output

1

2

4

8

16
32
64
128
256
512
1024
2048

Hz
Hz
Hz
Hz
Hz
Hz
Hz
Hz
Hz
Hz
Hz
Hz

1 min.

10 mins.
TOUT=VDD
TOUT=VSS

pulse
pulse
pulse
pulse
pulse
pulse
pulse
pulse
pulse
pulse
pulse
pulse
pulse

pulse
fixed
fixed

— 43 —
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6. ELECTRICAL CHARACTERISTICS

6.1 ABSOLUTE MAXIMUM RATINGS

l ITEM | _SYMBOL | RATINGS { _UNITS j
{Supply Voltage (1) | VDD | -0.5 to +7.0 | \
{Supply Voltage (2) | VDD-VSSC| -0.5 to +7.0 | \
_Input Voltage 1 VI | VSS(C)-0.5 to VDD+0.5 i \
Operating Temperature i Topr | -40 to 85 . o¢
.Storage Temperature | Tstg -65 to +125 i oc

6.2 D.C. CHARACTERISTICS

(Ta=-40~85°C, VDD=+5V, VDD-VSSC=+3V)

| i i | RATINGS i !
L PARAMETER |SYMBOL| TEST CONDITION : MIN. | MAX. . _UNITS
iInput Low Voltage | VIL | ) | -0.3 i 0.8 l V J
LInput High Voltage | VIH | . 2.0 |VDD+0.3 | Vv i
| Input Low Current L JIL 1 ViL=0v -1 : | uA j
!Input High Current (1) | IIH1 | VIH:=VDD . 0.15 | 0.5 i mA i
i (ADO to 3) | | i (note) | J
|Input High Current (2) | IIH2 | VIH=VDD | 0.45 | 0.8 | mA

L {(CS, W/R, ALE) | | | i (note) |

|Output Low Current(1)-1 [10L1-1| VOL=0.4V | 0.75 | | mA !
[ (ADO to 3) 1 : ! ] i J
{Output Low Current(2)-1 jIOL2-1| VOL=0.4V i 0.45 ¢ mA

| (Tout,4kHz) | { | i . ;
|Output Low Current-2 | IOL-2; V0L=0.4V.Ta725°C; 0.75 . mA

| (Room Temp.) | H | L \

|Output High Current-1 ! 10H-1| VOH=4.6V | . -0.2 o mA

L (all output) | | 1 | |

|Output High Current-2 | I0H~2| VOH=4.6V,Ta=25°C; - -0.85 ; mA ;
| (Room Temp.) ] | i ;

(Supply Currert (1) i IDD | | ; 1 | mA |
jSupply Current (2)--1 iISSC-1| fo=32768Hz | ;40 i UuA |
[ i | Cg=10pF 4 ! : ;
iSupply Current (2)-2 | ISSC-2| f0=32768Hz i I 20 I uA

| | | Cg=10pF,Ta=25°% ; 0 i

|Test Terminal Pull-up | Rpull| i 4 i 6 i kohm

| Resistance ; | : N J
|Clock Section Operating |[Vc min| VDD--VSSC i 1.8 | - i Y

L Minimum Voltage [ | ;

Note) The maximum IIH (Input High Current) is 1uA on the TC8250AP.
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6.3 AC CHARACTERISTIC

(1) WRITE Mode
(VDD=5V+5%, VDD-VSSC=3V, Ta=25°C)

L PARAMETER |SYMBOL| TEST CONDITIONS | MIN.| TYP.| MAX.| UNIT |
|Address Setup Time | _tAs | | 0] - | - 1 us |
|Address Write Pulse Width| tAW | 1] 0.4 | - | = | wus |
|Address Hold Time | tAH | 1] 0.1 | - | - | us |
|Data Setup Time | tDS | | O] - |1 = 1 wus |
[Write Pulse Width | tWww | [ 11 - | = | us |
[Data Hold Time |_tDH | | o1 - | | _us |

N/R / \ f \

tAS | tAW TAH tDS , LWW {DH
ADO~AD3 /ﬁl %
( ADDRESS/DATA) \N )( X W
HIGH IMPEDANDE
ALE 1 I |
cs | l [ |
1C INTERNAL ADDRESS X
READ
TC INTERNAL DATA XDATA XWX*ITE DATA >< >< X X
]
ADDRESS DATA
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INTEGRATED CIRCUIT

TOSHIBA
TECHNICAL DATA TC8250P/AP

(2) READ Mode
(VDD=5V+5%, VDD-VSSC=3V, Ta=25°C)

| PARAMETER |SYMBOL| TEST CONDITIONS | MIN.| TYP.| MAX.| UNIT |
|Address Setup Time | tAS | | 0| - | = | wus

|Address Write Pulse Width| tAW | 0.4 - | - | us |
|Address Hold Time | _tAH | {01 | - | - 1 us |
|[Read Access Time | tRA | |l - 1 = 1071 us |
|Read Delay Time | tbD | | - | - 10.3] us |
|Read Inhibit Time | tRI | ] 0.1 ] - | - 1 us

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

tRI DATA INVALID

tAS AW tAH tRA tRA tDD
ADO~AD3 \ DATA
( ADDRESS /DATA) m VALID )(
HIGH
l | | | IMPEDANCE

ADDRE3S DATA |

ALE
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Relation between Current Consumption and VDD-VSSC

sac [#a]

1¢g

Current Consumption

80 T

60 7

50 +

40 A

30 +

R0 +

10 4

. Vbph = sV

GND 8%

Test Circuart

'” { :Ccu 1OpH
VDD
XT
| 8% ta
XT
GND Vssc

-L 5\!

®
O,

0~oV

Range of
fluctuation of
product
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Relation between Current Consumption and External CG

[ne]

Ieoe

Jonsamptoon Current

Test Cirennt .
E 1ren Vpn 5V

“* VIp-Vggc—3V
#cu O~B3pF (AND -0V

Ty e
o T
-

taree Of fluc . ua—

|
| troen of product
|
g 10 15 =0 ©5 30

Capucity {(#mzternally mounted; Cg [ph]
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TOSHIBA

ICHG - VCHG CHARACTERISTIC

Van bV
Vpo=Voeo 8V
I
e 11
1o .
1 !__‘1‘ gs
T ) ~ov
Vit
| e © 3‘
VOG-
| -
| i o Vi
1 | _1’-_:v _-I-[_
[ E—
|
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< +
S
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= i of product,
5+
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Supply Voltage Dependence of Oscillation Frequency

100
920 ¢+ . . .
80 +
~ 70 T .
o
& 60 + .
EI:
'; >JJ 50 <_Ex’cerna1
EY Ca .
— 3
= 40 1 . .
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& o
o jol
2 3
ooz 20
(o] >3
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« - 10 ¢
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> < 0T
S o
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;: o 10pF
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S 5 20pF
. 8  -30
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55 40
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w
-60 T T T
0 1 2 3
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Temperature Characteristic of Oscillation Frequency
(Standardized by externally mounted CG=10pF, VDD-VSSC = 3V, 25°C)

Vioe- GNL, Vpp=Voee - 5V
10 + . . . )
/ VCHG VD

Ll

=

a,

o
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4

g

o

i:; ,40 - - - . . - .

= Vpp-Vesc 8V

s -850 . . . <« {Vpp-Gunbh =5V .
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G -100 ¢+ . . . . . .
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o
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7. PACKAGE OUTLINE

16PIN DIP(Plastic Package)

16 9
il

Unit in mm

e
6.5 MAX
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=
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TC8505AP/F

(Cathode Ray Tube Display Control ler)

INTRODUCTION
The TC8505AP/F CRT Controller 1is 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 OT display can be realized by
optimising the CRTC with well balanced haedware/software.

FEATURES

[} Silicon-gate CMOS Construction

o Single +5V Power Supply

0o 40 pin DIP and 44 pin miniFP

o 6 MHz High-Speed Display Operation

o TTL compatible Inputs and Outputs

[ Full Static Function

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

[} Programmable Cursor Position, Format and Blinking
[ No Line Buffer is Required for Refreshing the Screen.
[ 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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PIN CONFIGURATION
TC8505AP PIN PIN
¥ [10] PIN NAME [w [10] PIN NAME
1]G|GND 2111|CLOCK
21| RESET 22[1|RW
;E' ggg 3[1|LPSTB 231 E
p . 40| RMAO 24| 1|RS
= 37 5|0 RMA1 25(1].Cs
5 36 6|O|RMAZ 26 10| DB7
6 35 710 |RMA3 27 (10| DB6
= 34 8§ |O|RMA4 28 (10| DB5
[ 133
9] 39 9| 0| RMAS 29 (10| DB4
10 3] 10|O|RMAG 30 (10| DB3
1 — 30 11|O|RMAT 31 (10| DB2
120 28 12|O|RMAS 32 [10|DB1
13 28
e 97 13|O[RMA9 33 (10| DBO
153 26 14|O|RMAT0 34|0|SLA4
igg ggi 15|O|RMAT1 35]|0|SLA3
13 . 16O RMA12 36 |0|SLA2
19 29 17 |O|RMA13 37|0|SLAL
20 921 18[O[DISPE 38[0|SLAO
19|O|CURDISP 39 |0 |HSYN
20| V] (VCO) 40|0|VSYN
PIN PIN
TC8505AF N0 (10| PIN NAME ¥ {10 PIN NAME
1]O|RMA1 23] |NC
2 |O|RMA2 24 10| DB7
3 32 31 3 % 25 2 j g gmj 2: 0 Ezg
o] i monn 10
gt THHE 5O RMAS 2710/ DB4
HHn nont
. 60| RMAG 28 10|DB3
7O |RMA7 29 [10|DB2
yp— I — 8 |O|RMAS 30 10| DB1
35 21 9| [NC 31[10|DBO
g?CEE 20 10 [O]RMAS 32]0|sLA4
= E—— T1|0|RMATO 33|0|SLA3
38 1] 118
pogu— — 12|O|RMA11 34|0|SLA2
80 ] 16 13{0O|RMA12 35|0|SLA!I
L) o 18 14 |O|RMA13 36|0|SLAO
12 oy e 15]0|DISPE 37|O[HSYN
43 ] T T 13
pypum— E— 16 |O|CURDISP 38|0|VSYN
® 17|V](VCO) 39 |V|(VCC)
( 18|1|CLOCK 40|G|GND
oy H 191 |R/W 41[1| RESET
E i , 20|11E 42|1|LPSTB
1234567891 21]1]|RS 43 |0|RMAO
2211].CS 44| |NC
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FUNCTIONAL DESCRIPTION OF TERMINALS

o DBO - DB7 (Data Bus) Input/Output
The bidirectional data bus for exchanging data with CPU.
() R/W (Read/Write) Input
When "High", CRTC data is transferred to CPU, while data is transferred
from 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".
[ /CS (Chip Select) Input
When "Low", CRTC is selected to enable read/write by CPU.
[¢] 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) Af ter "/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" level for at least one cycle of
"CLOCK" signal.
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 transits 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 Address) 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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—
LINE COUNTER Lo | SYNO ITULCE WIDTH
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H
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CURSOR START
l iL | ROl pasrer mEoisTER [
DELAY
= CURSOF cONTROL{ T~ CURDISF
CONTROL R1| CURSOR END —
| RASTER RE3JISTER
]
REFRESH MEMORY | k12|  €TART ADDRESS
ADDRESSOGENERATOR [¥ K13 KEGISTREX C;
L ]l f'owll >M4 CURSUR ALDFESS -
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R16| -
1GHT PEN RKGISTE
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v SLAO~SLA4 Vv RMAO~RMA13

CRTC Internal Block Diagram
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) . ADDKESS BUS
MIu ; | e Trje
: 4 { DaT4 BUS
| |
10T Ul ! L MTIX
COUNTER]TYTT exte PRV
— | TCBBULT N o g
: REFRESH| Sk LD BUS
L I RAM T -
SR E ! ! ’
Do LaTCH ] |
P : i |
l \ + 1 [] LIGHT FEN
A CHAKRACTER VITRC i
| : [sLac~4] GﬁnzgﬁT,* CONTR L {
P Fal 1 LiGHT PuN
C ! Cutlhul
| .
‘:
L
Fig.1 CRT Controller System Configuration Example
DESCRIPTION OF CRTC DISPLAY SYSTEM
The CRT Controller provides required signal to a raster scan type CRT
display circuit. ©n such a display as this, the electron beam starts from
the upper left corner, crosses the screen, and returns back. This
movement of the electron beam is called a horizontal scan. The electron
beam gradually moves down in the vertical direction for every horizontal

scan to the bottom of the
screen,
scan.

bottom ¢f the
one vertical

Two scanning 1
In the
field
line
increased,
of 50 or 60
frequency.

In Fig

indicates the retrace

ine systems of

2,

LCrN Likp

T REIKACH

LN '
'
VERTICAL

HOE1ZOUNTAL

8 b TrFIOL

Fig.2

HORIZONTAL RETHACE
LINE FERICD

Raster Scan System
{Non

Interlace)

screen.

line.
fireker of the frame is
frame/sec

SCAN PERIOD
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The interlace scan mode is used for TV, and monitors which require high
density and high resolution. One picture (one frame) is made by two
fields (two times of the vertical scan). The first field (the even field)
starts from the upper left corner. The second field (the odd field) starts
from the upper center. As shown in Fig.3, two fields interlace into
single frame.

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. This 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 CHARACTER

f2345678
1 /J\AL VerVas Vs Va:
4 A 74 A ANAS
2 1453 < D &>
3 a Ve o e
\vog A v 4
4 DOODH DHOE CHARACTER DISPLAY
5 D D &L D
6 )'\ Part N }\
A A < N7
1 LINE 7 < - DOOO
14 SCAN LINES | 8
9
10
i; ! LINE SPACE
13
14
|
i i
1
| |
i
1ST SCAN LINE J l i J |
i
i i ! l
ML
2ND SCAN LINE ‘ ‘

Fig.4 Character Display on Screen and Video Signal
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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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| | {Address Reg. |[Reg. | Register Name {Program|Symbol| Write | Data Bit |
(CSIRS] 4 3210 | No.| | Unit | lor Read| 7 | 6 | 5 | | 31 2 111 0]
| 1] X| XX X X X | - | Nullification | ~ | = | Write | X | X | X | | X | X | X | X |
| 0] 0] XX X X X | AR | Address Register | - |- [ Write | X | X | X |™~ | | | |
. 0] 1] 000O0O | RO | Total Horizontal [Charac-| Nht | Write | | | | | | | |
[ — | i Characters [ter | I 1 L | | | | Lo |
| 0f 1] 00 ® 01 | Rl | Horizontal Display |Charac -| Nhd | Write | | | | i | | |
Lo | | Characters [ ter | | | I | | % | ! i J
"0l 1] 00010 ! R2 | Horizontal Sync |Charac- | Nhsp | Write | | | | | | | i
[ | | Position |ter | i | i i | | | ! ! |
| 0] 1] 000 11 | R3 | Sync Pulse Width |[Raster,| Nvw | Write [Vw3|Vw2|Vwl|VwO|Hw3 |Hw2|Hwl |HwO ]|
[ | | (v, H) |Charac.| Nhw | ! | ! | | ! | ’ j
L 0] 1] 00100 | R4 | Total Vertical Lines | Line | Nvt | Write | X | I ! i | : ! |
| 0 1] 00101 | R5 | Total adjust Raster iRaster | Nadj | Write | X | X | X | | . |
| 0] 1] 00110 : R6 :Vertical Display lLines! Line | Nvd | Write | X | 1 | | | | i |
| 0] 1] 00111 | R7 | Vertical Synrr | Line | Nvsp | Write | X | | | : ' i i
Ll N Posit, - ; ! i S R SN T S NN N N
[ 0] 1| 01000 | R8 | Interlace & Sk- | | | Write | C1] CO| D1] [ X | X iVis]
[ 0] 1] 0100 1 [ R9 | Scan lLine Addr=es | Raster| Nr | Write | X | X | X | | | | !
L. O]l 1] 01010 | R10| Cursor Star: xaster | Raster! Ncsta| Write | X | B | P | | 1 ! | i
| 0] 1] 01 0 11 i1 Ril| Cursor End Rasters | Raster| Ncend| Write | X | X | X | | | | | |
| 0] 1] 011 00 | R12]| Start Address (H) | L - | R/W | X | X| | | L1 1]
[ 0] 1] 01101 | R13| Start Address (L) | i - | _R/W | | | ] | | N j
1 0] 1] 01110 | R14| Cursor Address (H) | - | R/W_ | X | X | | | | |
L. 0] 1] 01111 | R15| Cursor Address (L) | L= | R/W | 1 i i | | .
0] 1] 1 0000 | R16] Light Pen Address (H)]| | - | Read | X | X | | | | | |
L 0] 1] 10001 | R17| Light Pen Address (L) | |- | Read | | ] | | | i 1 ]

* Raster = Horizontal Scan Line

* Caution Write a value of designated value minus 1 (-1) into each of RO, R2, R4 and R7

registers, respectively.

YALSI9AY TVNYILNI

VIVA WOINKOIL e e
LINDAID Q3LVADILNI
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TOSHIBA

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

Control Registers (RO-R13)

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 (R1)
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. 1In case of the interlace mode it is
necessary to determine characters so that total horizontal number of
characters is an even number.

—— TUTAL HCRIZONTAL CHARACTERS (NR+1) _
— HOKIZONTAL DISPLAY CHARACTEKS (NHI) q
T I )
o ] 1 + ’Llne
E/:A:.BtC::D !
> ; J
~ = :
N i |
5~
cETL L L
| Ll O,
=25 E T
0w é i H ! i {
§<g | ' {
[ T |
o © g i 1 !
E |
gw - |
S Eg i { \
i | HORIZONTAL |
< A |
3 e RETRACE LINE |
g 5° PERICD
= o= |
>E~<g i
L& L1STLAY FERIOD
< >
[—1{1‘ i
g3
!Lo'
OZ ‘
o L |
- |
VERTICAL RETRACE LINE PERIOD
L 4

NO. OF ADDITIONAL RASTERS FOR ADJUSTMENT

Fig.5 CRT Screen Construction Diagram
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Horizontal Display Characters (R1)
This is a 8-bit register determining number of display characters per
line. A value less than number 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 wvalue is
increased, the display 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) and (R3) should be so programmed smaller than a value of (RO).

Sync Pulse Width (R3)
This is a 8 bit register determining pulse width of the horizontal sync
(HSYN) 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 (R®6)
This 1is a 7-bit register specifying number of character lines that are
displayed on the screen. A number less than total vertical lines should
be programed.

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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TECHNICAL DATA TC8505AP/F
| Bit 1 | Bit O | Scan line mode
v | S F j
| X | 0 ! Non interlace mode
I 0 i 1 ; Interlace Sync mode
| 1 ! 1 [ _Interlace Sync & video mode
Table 2 Interlace Mode Register (R8)
SCAN LINEK
ADDRESS
0 L e
R --0-0-0-0-0--1
; —6—6-—06-6-6 — 1000 O—— ¢ ———————
--e-0-06-9-0--: —-=--- G---m--= 0
2 © i 2 4 ©
—— e e O —mmm O e s
3 o 3 e — . 1S
el > SE T S m O
4 & o o
—————— S Qmmmmmee g R i T T
5 o & s O 2
T "“_G _______ Z STt TS TT T T T ’3
6 e 6 —————————— L
-------- O---=-m=5 e e e
7 o ” -0 6 —
——————— O---=----7 i 4
EVEN FIELL 0D H1EIL EVEL FIELD ODD F1ELD
(2) NOFMAL SYNC (b) INTELLACE SYNC (c) INTERLACE SYNC & VIDEO

(NON—INTERLACE)
Fig.8 Interlace Control

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 interlace modes, the field is divided into the even field and odd
field which appear alternately 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 easy to read sentences

In the interlace sync & video mode, a character is displayed by the
alternate scanning lines of the even and odd fields as il lustrated 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 register defining scan line times per character row
including line space, and maximum scan line addresses 1is decided.
{Specified Value)-1 should be programmed for the non interlace mode and
(Specified Value)-2 for the interlace sync & video mode. Further, 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 line as
illustrated in Fig.8.

Cursor Start Raster (R10), Cursor End Raster (R11)
These registers are for controlling 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 display start raster by low order 4
bits and the cursor display mode by Bit 5 and Bit 6 as shown in Table 3.
(R11) is a 5-bit register specifying the last raster of cursor display.
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TECHNICAL DATA TC8505AP/F
| Bit 6 | Bit 5 | Cursor display mode
LB | P | J
| 0 | 0 | Does not blink
| 0 | 1 | The cursor is not displayed |
| 1 | 0 | Blinks in 16 field time |
| 1 | 1 | Blinks in 32 field time |

Table 3 Cursor Display Mode Register (R10)

SCAN LINE SCAN LINE SCAN LINE
ADDRESS ADDRESS ADDRESS
|
0 0 0
| DADDDDDND
1 1 1 “SOTOOOPOT
[ N ADA /\f\l
2 . 2 2 OO OPOOO
- Vs WorVar War Wz aVWar Wan Voul
3 : 3 3 AV O—
- DDA
4 T 4 4 COPOOTOD
5 ! 1! 5 —i H HODOODO
1 T i 5 vavv\(\ \;\
6 ! Il | 6 6 VanVar Var VarVar Vo
T T EAA A A A A A
v T 7 7 — ' f
OB e WV Y VW2 N . |
8 ~POOOTOOD 8 - O-OODOV0 8 ' t —T
a M-S It I
9 | 9 < \SPAS Aty Ie] ! t
10 I 10 I 10 T i
111 11 ! 11 1
CURSOR START ADDRESS=8 CURSOR START ADDRESS=8 CURSOR START ADDRESS=1
CURSOR END ADDRESS=8 CURSOR END ADDRESS=9 CURSOR END ADDRESS=6

Fig. 9 Cursor Control

Start Address (R12), (R13)

These are total 14 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 bits 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 scrolling for each character,
line or page can be easily realized.

Cursor Address (R14), (R15)
These are total 14 bits registers determining the refresh RAM address of
the cursor display position. These are possible to read from CPU. Low
order addresses of RMAO to RMA7 are set by 8 bits of (R15), and high order
addresses of RMA8 to RMA13 by 6 bits of (R14).

Light Pen Address (R16), (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
exclusively for read from CPU. Low order addresses of RMAO to RMAT are
held by 8 bits of (R17) and high order addresses of RMA8 to RMA13 by 6
bits of (R16). 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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ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

| ITEM | SYMBOL | RATING | UNIT |
L_Supply Voltage | _vce | -0.5 + 7.0 | V|
L__Input Voltage | __VIN | -0.5 to Vcc + 0.5 | v |
| Operating Temperature | Topr | -40 to + 85 | %
|__Storage Temperature | Tstg | -65 to + 125 | %
DC CHARACTERISTICS
VCC = 5V + 10%, Ta = -40 to + 850C

| PARAMETER | SYMBOL | TEST CONDITION | MIN. | MAX. | UNIT |
| _Input Low Voltage | VIL | | 0 | 0.8 | vV |
| _Input High Voltage |_VIH | | 2.2 | Vcc | vV |
| Output Low Voltage | VOL | IOL = 2.2mA | - | 0.4 | N
|_Output High Voltage | _VOH | IOH = -1.1mA |Vcc-0.4] - VA
[_Output Float Leak Current | IFL | VOUT= Ov _to Vcc| -10 | +10 | uA |
|_Input Leak Current | TIIL | VIN = Ov to Vcc| -10 | +10 | uwA |
|_Supply Current | Icc | | - | 10 | mA

AC CHARACTERISTICS

1. CRT Control Signal Timing
Vcc = 5V + 10%, Vss = 0OV, Ta = -40 to + 850C

L PARAMETER |SYMBOL| CONDITION | MIN. | MAX. | UNIT |
L_Clock Cycle Time | _tcycc] | 160 | - | nS |
|_"High" Clock Pulse Width | _PWCH | | 70 | - | nS
|_"Low" Clock Pulse Width | PWCL | | 70 | - | nS
_Clock Rise/Fall Time | PWCL | | ~ | 20 | n$
| Memory Address Delay Time | _tRMAD| | - | 110 | n$S
| _Scanning Line Address Delay Time | tSLAD]| | - | 110 | nS |
|_DISPE Delay Time | tDTD | | = | 110 | nS |
|_CURDISP Delay Time | _tCDD | | = | 110 | nS |
|_Horizontal Sync Delay Time | _tHSD | | - | 100 | nS
|_Vertical Sync Delay Time | tVvsD | | - | 110 | nS
L Light Pen Strobe Pulse Width | PWLPH| | 40 | - | _nS§
| Light Pen Strobe Disable Time | _tLPD1] | - ] 50 | nS
L | tLPD2] | = | 0] nS |
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2. BUSS TIMING CHARACTERISTICS
Vce=5V + 10%, Vss=0V, Ta=-40 to + 850(
MPU READ TIMING

| PARAMETER | SYMBOL | TEST CONDITION | MIN. | MAX. | UNIT |
|_Enable Cycle Time | tCYCE | | 250 | - | nS |
| "High" Enable Width | PWEH | | 120 | - | nS |
|_"Low" Enable Width | PWEL | | 120 | - | _nS

| Enable Rise/Fall Time | tEr,tEf| | - | 20 | nS

| Address Set-up Time | tAS | | 20 | - | nS |
| Data Delay Time | _tDDR | | - | 100 | nS |
| Data Holding Time | tDH | | 10 | - | nS

|_Address Holding Time | _tAH | | 10 | - | ns_ |
| _Data Access Time | __tACC | | - | 120 | nS |

MPU WRITE TIMING

| PARAMETER | SYMBOL | TEST CONDITION | MIN. | MAX. | UNIT |
| _Enable Cycle Time | _tCYCE | | 250 | - | _nS |
|_"High" Enable Width | PWEH | | 120 | - | nS |
| _"Low" Enable Width | PWEL | | 120 | - | nS |
|_Enable Rise/Fall Time | tEr, tEf| | - | 20 | nS

| _Address Set-up Time | tAS | ] 20 | - | nS

| Data Delay Time | _tDDR | | 60 | - | nS |
| Data Holding Time | tDH | | 10 | - | nS |
|_Address Holding Time | __tAH | | 0 | - | nS |

Loading Condition in External Terminal

_V

510Q

OUTPUT TERMINAL

lSOpF‘l 6k

Input Waveform for AC TEST

22V 2RV

MEASUREMENT POINT

o8V o8V
04V
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Teycr
CLOCK / PWCH \ PWCL /
*
Tg TR
o X
TRMAD
SLA0— X
TLap
DISPE X
TDED
HSYN
THSD
VSYN ><
Tvsp
CUDISP }{(
Tcop

Fig. 10 Output Signal Timing

RMAO~13 x MAD x MAD+1 X MAD+2 x

LPSTB PWLPH

TLPD2 TLPD]

Fig. 11 Light Pen Strobe Timing
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TECHNICAL DATA TC8505AP/F
Read Timing
T Teyer
PWEH
'——a\x PWEL r
A N
Tas Tan
/C8
X X
KW TDDR Ty
Tacc

Write Timing

TcycE
PWEH
E ’Y PWEL / \
T TgF e

RS (ADDRESS) ER £

Tas TpH
/C8 2

><:

RS (CONTROL) Tpsw Ty

s XX

Fig. 12 Bus Timing
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TOSHIBA

PACKAGE OUTLINE
DIP 40 PIN (PLASTIC PACKAGE)

40 21 Unit: mm
Imisinisininininisinininiaiaislelsolwl-) .
=
=
> o
=
=
=
< 51.3 MAX = 15.24 + 0.25
el ) | =
v | | -
] [l (=]
1 lul — N
—_ VAR l,l' “
i} 4 +0.1 \
3 . 025 g 05
= [‘, 0.5+ 0.15 L 2.54 % 0.25 < 0~15°
= S— S
= oLz 0.15 '
o/
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035
44 PIN mini FP 08 PITCH Unit: mm
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33 32 31 30 29 28 27 26 25 24 23
[ o R } 2207/
s w s i 21 T
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TMPZ80C47P

TMPZ80OCA4A7P

(Hard Disk Comntroller)

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
signal is given to HDC, CCW is
automatically taken in and executed
by HDC. 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
0 Si-gate CMOS Technology
o 5V single power supply
0 Buiit-in DMA function
(4] Z bus compatible
o CCW system
[¢] ST506 interface
¢ Built-in ECC auto correction
function (11bit burst error
correction)
o Max. 4 disk drives Connective
o Max. 16 heads/drive
0 Built-in buffer RAM (256 bytes)
o 48-pin DIP package
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A0 1={e T fo4s MMUSYNC
AL 20 47 A4S
A2 3 46 DS
AD3 4 45 CLOCK
AD4 5 44 VAIT
LATE 6 143 GND
N T 142 N
D5 8] 4] EOP
ADG 9] 40 R/
AT 10 £339 BAO
ADS 110 138 BUSREQ
GND 1205 37 BAl
A9 13 =336 VDD
ADIO 14 135 JEO
ADIL 1507 34 INT
ADI2 16 133 IBL
ADI3 17 32 INTACK
N 18 331 NC
EARLY 190 330 GND
ADI4 20 =329 GO
ADIS 21 128 RESET
DCLOCK 22 127 SDATA
DDATA 23] 126 SCLOCK
NGATE 24 125 SR/W
TMPZ80CATP PIN ARRANGEMENT
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2. PIN DESCRIPTION

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

g (g U

i 1-5, 8-11} ADO-AD15 : 1/0 t Multiplex address data bus :
| 13-17,20, | | | l
| 21 I l | |
e | R | oo o e oo oo |
| 48 | MMUSYNC | OUTPUT | Sync. signal to MMU (Memory Manage-

| | | | ment Unit, Z8010, 7Z8015) |
arUass | asmate | adaress strabe |
P Y 7 Cbata swobe |
a5 ook | meur | Clock at Host Block |
s s | wer WA e T |
T A T | Wacning signal for ircegular WA |
| | i | (normally, connected to MMU SUP/)
e e e | Read/nrite switching sigmal |
____________________ b o e

: 39 { BAOG/ i Output } Bus Control daisy chain output
e8| BusRaq/ | OPEN DRAIN | Bus control request signal )
e ey wesw | Bus Control datsy chain input |
s e lovteur | incerrupt daisy chain output |
sa |/ | opeN ORAIN | Intercupt request sigmal
O R e | Interrupt daisy chain input |
ez | mmack | mevr | Interrupt acknowledge signal |
T e e e e et S
e | Resers | weor Reser sigmal |
it | SERIAL DATA Input/output |
|2 | saock | oumeur | smRiAL oaa cock
2 sew | oumur | SERIAL DATA Read/Write |
T2a | weare | ovmeor | WRITE AT sigmal
_________________________________________________________________________ i
; 23 i DDATA } I/0 1 I/0 terminal of Disk MFM data
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TECHNICAL DATA TMPZ80C47P
| Pin No. | Name | Input/Output | Contents |
e e [ — | oo oo |
| 22 | DCLOCK | INPUT | Disk block main clock. |
| | | | When reading, input 2 times clock |
| | | | pulse of transfer rate from VFO.
| | | | When writing, input the crystal
| | | | oscillator.

I — v e — U —— |
| 19 | EARLY | OUTPUT | Signal for precompensation of Disk |
l | l | data I
| -=mmmmmeee e E— O —— |
| 6 | LATE | OUTPUT | Signal for precompensation of Disk |
| | | | data |
o R | -mmmmm e S |
| 36 | VDD | | Supply Voltage (+5V) |
| oo e | -mmm oo | oo |
| 12,30,43 | GND | | Ground |
——— e | o o | i
| 7, 18, "31| NC | | NO CONNECTION |
|42 l I I I
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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

(8) 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, 16-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 through 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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BLOCK DIAGRAM
ADI5-AD0 <€
RN <> <> DDATA
VAIT  —> DISK. < DCLOCK
MMUSYNC <— L~ WGATE
ns < HOST? ) BLOCK > EARLY
ns <> > LATE
/BUSREQ <> BLOCK pe—
/BAL —>
/BA0 < BUF F ER —-1-—> A31-A16
/m;,«cx —) N —>HléCRUN
INT < EC2-ECO
B ) BLOCK gt
B0 <— S > DI-D0
2 1 RiC
M & > DIRE
) RA > STEP
1 6bitk &
ROMZ Kbyte 4 0 word G
T _je=cwx2
S le—ESI-ESO
/60— T |<— PROTECT
B {PROCESSOREEL B L Sl
’ — BLOCK ]scioc imexo
NN +BLOCK < FAULT
D —>) SR/W < INDEX
FIGI., HDC LSI BLOCK DIAGRAM
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3-2 Host Interface
The Host interface supports the daisy-chain type bus control and
interrupt for the Zilog's Z-bus compatible 16-bit bus.
Data transfer is carried out by the built-in DMA controller. DMA 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 for every 8
words transfer. 1t is possible to connect the HOST interface to MMU
(28010, Z8015) using MMUSYNC, a sync signal with MMU. One time (1 word)
DMA transfer requires 3 clocks and when MMU is used, requires 4 clocks.
After completion of execution, HDC is enabled to generate an interrupt
and supports both vector and non-vector.

3-3 DISK Interface
The DISK side interface of the TMPZ80C47P has adopted ST506 type
interface that is a standard interface of Winchester type drive.
TMPZ80C47P can control up to 4 drives and supports 16 heads and 1023
cylinders for each drive. Physical sector size is fixed at 256 bytes, but
since the disk read/write are carried out on logical address (32 bits),
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 HDC 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 built-in MFM decoder/encoder, sink detection circuit
and missing clock circuit, externally it requires a VFO circuit and data
switching circuit only.

3-4 SERIAL Interface
The SERIAL interface performs serial data input/output through three
signal lines (SR/W, SCLOCK and SDATA).
The input signals are 8 disk interface signals and user status signal
(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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BCLK
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BAT
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EE
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A
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=

I
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RV
i
%
— SCLOCK
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@ DOATA
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K
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TCT4HCLST N
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¥ 1 |
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A
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DISK SELECT 0-3

HEAD SELECT 0-3
REDLCE WRITE CURRENT
DIRECTION I\

STEP
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INDEX
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MFM READ DATA

MEM WRITE DATA
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TECHNICAL DATA TMPZ80C47P
3-6 Track Format
N INDEX PULSE il
16.666mS NOM. (10416byte) >|
REPEATED 32 TIMES(315byte)
504US
GAP1 [SYNCI|  1.D.FILED GAP2 |SYNCD DATA FIELD GAP3|  GAP4
ID| 1D ID|CRCCRC CCECCECCECO)
15X4E| 13X00 All 1] 2| 3] 1] 2 | 3%00{13X00 A11F8 256DATA | 1]2]3]43X00| ~336X4E

WRITE UPDATE

'
1
I
1
1

GAP1 [SYNCI

15X4E| 13X00 Al}

1.D.FILED

1] 2

1D} ID| ID|CRCCRC
3| 1] 2 | 3X00{13X00 AL’FS

GAP2 |SYNCD

DATA FIELD

260X00

L

AP3

3X00| ~336X4E

J

FORMAT

(' SYNCD=SINC1.GAP3=GAP2,GAP1..PROGRAMABLE )

FIG,

Track Format
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4. FUNCTIONS
4-1 Functional Description

Table of HDC Commands

| FORMAT | Disk drive format command |
| READ | Command to transfer data trom disk to memory. The seek |
| | operation is included. |
| WRITE | Command <o transfer data from memory to disk. Similar |
| | to READ, the seek operation is included. |
| VERIFY | Command to compare disk data with memory data. |
| 'Rtz | Command to move the head to Track 0. |
| S8T | command to change CO's root address |
| REPORT | Gommand to get ercor information from WOC |
moor | Seecial command for Boot |
[Features]

0o 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 HDC. Further, if the alternate 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 10Mbps, it must be more than 6MHz.)

o Multiple CCWs can be executed consecutively by indicating next CCW
address. !
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4-2 Format of CCW

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

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

L I N
0 | GO| 0 | ES| ES| STATUS | 0| COMMAND | O | EC| EC| EC|

I 1 1]o] (4 bit) I | 2] 1]0]

Y Y DU P I R D DU P

| I
1] BASE |

I I

| [
2 | COUNT

I |

I I
3 | CHAIN |END |

I |

I I
4 | HOSTSH

[ [

| I
5 | HOSTSL

| I

| |
6 | DISKSH

I |

| I
7 | DISKSL

| I

GO : GO bit. This bit should be set at "1" when a command is
issued. After completion of CCW, "0" is written by HDC. Polling
of this bit allows HDC 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 list.
(Note) For the parameter list, refer to the explanation in 4-5.
COUNT : Basically, indicates number of transfer bytes.
CHAIN : Indicates CCW's chain address.

END : END bit. When this bit is set to "1", it indicates that the
CCW chain ends 2t that CCW.

HOSTSH : Indicates high order 16 bits of DMA transfer address.
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HOSTSL

DISKSH

DISKSL

ES1,ESO

EC2,1,0 :

The 14th,

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 HDC. 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 HDC when CCW
is executed. This signal is defined by user.

7th and 3rd bit of the first word of CCW must always be set to 0.
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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 format either the entire disk drive or a part of disk
drive for every track.

[1t]Jo|X|X]o|ofjo|ojo]oO|]1]oOo]|O]|X]|X]|X|
Y DU R RN DR PR SRR R PR DU R DRSSO PR PR R p—
1| BASE |
| |
2 | COUNT |
I |
3 | CHAIN |
I |
a4 | HOSTSH |
| |
5 | HOSTSL !
| I
6 | DISKSH |
| I
7 | DISKSL |
| I
COUNT : Specifies number of tracks to be formatted.
HOSTSH : Address of main memory storing the format ID information.
HOSTSL
DISKSH : Logical address of a disk of which formatting begins.
DISKSL
[Function]

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 automatically written. "SECTOR" shows Sector No.

When the sector interleave is common to all tracks, all tracks can be
formatted at one time with WCYLIND=0, COUNT=number of cylinders x number
of heads, and DISKSH/SL=0.

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 processing, refer to 4-6.)

ID Data
10 bit 6 bit
HOSTSH,SL ---| WCYLIND | SECTOR |
L WCYLIND ] SECTOR |
L WCYLIND ] SECTOR |
| . I |
| I |
| : )| : J
| WCYLIND | SECTOR |

WCYLIND 10 bits, max. 1023 cylinders (as 3FF is used for the
alternate 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 .

10| X[X|0|]0[0[0[O0|O0[O0O]1[0]X]|X]X|
| |

I
— PR P R S U OSSR PR U U PO

I
—_ I
BASE

COUNT

CHAIN

I
I
I
|
:
HOSTSH |
I
:
I
[
I
I

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

HOSTSH : Read data transfer destination address
HOSTSL

DISKSH : Read data disk logical address
DISKSL

[Function]
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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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.

1ol Xx|X]ojJo]Jojojoj|oO|1]1]|O0]|X|]X]|X|
U DRSS Y DU RN DU DUSSRNN DR PR DRSNS PUPSU DRNN PR, PR P p—
[ BASE |
| |
I COUNT |
| |
1 CHAIN |
I |
| HOSTSH |
| |
| HOSTSL |
| |
l DISKSH |
| |
| DISKSL [
| |

COUNT : Indicates number of write data transfer bytes

When "0" is set, number of transfer bytes is regarded to be 64K
bytes.
HOSTSH : Write data transfer destination address
HOSTSL

DISKSH : Write data disk logical address
DISKSL

[Function]

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, HDC 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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4-3-4 VERIFY CCW

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.

10X [X|0]JO0OjJO]JO]jO]|]L1]O]O]O]|]X|X]|ZX]|

SN S A RO DRSS Uy RO P PR R PR DRSS DRSS PR P

BASE

COUNT

CHAIN

HOSTSL

DISKSH

|
I I
I I
I I
| I
I |
I I
I I
| HOSTSH |
I I
I I
[ I
| I
| I
| DISKSL |
I I

[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.

1/0X|X]0]0]0]0]0 |1 [1[0[0|X|X]|X
l

S R (RS RS PR PRSSN R DR PR PR DR PRSI D

I
[
BASE

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

I I
[ I
[ I
I I
I I
I I
| I
I I
| I
I I
I I
I I
I I
I I
I I
I I

[Function]

This command brings the disk drive head to track O 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 O 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 positioned).

* : LOCK

I
|
I
|
I
!
[
|
|
‘I
|
!
I
|
|

LOCK
ROOTH
ROOTL

(Note)

[Function]

When "1" is set, change of ROOT address is inhibited on and
after this CCW.

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

ROOT address after reset has been set at 0000 FFFO.

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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4-3-7 REPORT CCW

This is a command used to transfer values of the register in HDC to a
main memory shown by HOSTSH/HOSTSL.

1|0 |X[X[]0]oO 1]1]1]0]X]|X]|X |
| I

SRS DRSS PRSP R PR P

| |
_— [ P P I
BASE [

I
I
I
I
[
I
[
I
I
I
I
I
I

Data is output in the format shown below.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0
R CO_UN_T
1 ECCHD | ECCCVYL
|

2 ECCCNT |ECCDIV | ECCSESC

I |
3 CYLIND
4 HEAD
5 SECTOR

7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
8 CPOSO
9 CPOS1
10 CPOS2
11 CPOS3

[
«®
o
<
-l
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RCOUNT : In case of READ/WRITE, indicates number of remaining transfer

bytes.

ECCHD : Indicates Head No. of the head that caused ECC error lastly.

ECCCYL : Indicates Cylinder No. of the cylinder that caused ECC error
lastly.

ECCSEC : Indicates Sector No. of the sector that caused ECC error
lastly.

ECCDV : Indicates Drive No. of the drive that caused ECC error lastly.

ECCNT : Number of ECC errors taken place.

CYLIND/HEAD/SECTOR : Value of the cylinder, head/sector being

accessed by HDC.

SCYL : Cylinder No. of the cylinder that was (or tried to be) seeked
lastly.

CPOSn : Cylinder no. at the position of the nth drive's head.

[Function]

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 0 cylinder, 0 head or 0 sector data at address 0000 FFOO
unconditionally, and executes a CCW from ROOT address (0000 FFFO).

ALL 1 OR ALL O

[Function]

This is a special CCW and is valid time only after reset. This command
reads out 0 cylinder, O track or O sector data at address 0000 FF0O and
executes a CCW from ROOT address (0000 FFFO).

If a CCW to transfer a BOOT program to a memory is loaded in O cylinder,

0 track or 0 sector, a system that is able to start up without BOOT ROM
can be constructed.
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4-4 Explanation of STATUS

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 continuously 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 write inhibit area designated by
the parameter 1list.
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(9) status 8 : CCW ERROR

Indicates there is violation of the format of CCW.

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

b) When any one 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 O 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 O 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-10 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.

0 When CCW, PARAMETER, ID data, and REPORT transfer are in the
illegal address space.
[ When CCWs are erroneously chained.

(2) Runaway

o When data transfer address shown by CCW and another CCW overlap
each other.
[} When CCWs are erroneously chained.
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4-5 Explanation of Parameters

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

0 0 0 O 0O 6 O O] O |PX|E]|S|TI|NV DL [DO
I

SEUE DR P DR R PR D P

f | |
| I |
| TK | VECTOR [
| | I
| 0| BIAS | HEADC | 01 0| SECT |
(— | [
| O 0 0 0 | RETRY1 | RETRY2 | STEPT !
| | I I |
| GAP1 | SYNC | GAP2 {0 0 O]
I | | I |
| O 0 0 0 0 0 | RWCC |
I | |
| 0 0 0 0 0 0 | PCOMPC |
I | |
o o 0 0| PROTA |
| ! |
PX : This parameter makes pre-compensation signals EARLY and
LATE valid (PX=1).
E : Performs the automatic ECC correction (E=1)
S : Outputs sync. signal for MMU when S=1. Further, under

this mode, data transfer having a carry to high order
address is inhibited.

I :  Makes HDC interrupt valid (I=1)

NV : Makes the vector interrupt valid (NV=0)

D1/DO : Coded disk drive number

TK : Time constant. A value to decide the timer unit used in
HDC. Input a value calculated according to the fol lowing
equation:

CLOCK = F (MHz)
A value calculated by TK = 1000* F/64 (raise to a unit)

VECTOR : Output vector value

BIAS : Specifies number of alternate tracks (For alternate track
refer to 4-6.)

HEADC : (No. of heads of one drive) - 1

SECT : (No. of sectors of one track) - 1

RETRY1 : A value of retries on the track when read/write is
executed.

RETRY2 : HDC has been so designed that retry is executed once more

after recalibration following one retry. This is a value
of recalibration to be carried out.
STEP :  Sets up stepping pulse cycle.
Cycle T = STEPT*0.25ms
However, when STEPT=0, it is about 280* (CLOCK cycle),
making the buffer seek possible. (About 70us at 4 MHz)
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GAP1 : Value of GAGl in case of formatting. toe
GAP2 : Value of GAG2 in case of formatting.
SYNC : Value of SYNC in case of formatting.
* Refer to the track format.
RWCC : This parameter sets the disk interface signal RWC to "1"
at cylinder with a value above this value. (Reduce write
current)
PCOMPC : Carries out the precompensation at cylinders with a value
above this value
PROTA : When this value 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 and LATE signals required for this
process are output.

ECC Correction : E = 1
HDC has the built-in ECC circuit to allow detection and correction of
burst error in 11 bits or less. If ECC error occurs when E = 1, ECC
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 HDC directly to Z8000 System MMU (Z8010,
28015). Under this mode, DMA transfer cycle will become 4 clocks.
Further, such a transfer that a carry is caused on high order 16 bits of
DMA address by cne 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 = 0, the vector interrupt
is generated and the VECTOR contents are output into the bus. After
receiving the interrupt acknowledge, HDC performs the postprocess for
about 100 clocks during when GO signal cannot be accepted. (When used in
the polling, about 260 clocks after GO bit becomes 0.)

Retry Function : RETRY 1, RETRY 2
When RETRY1 or RETRY2 is set, HDC performs retry automatically. The !
retry is performed only when E = 0 and no ID could be found or when ECC §
error occurred and no ID could be found at E = 1. .

— 06 —



INTEGRATED CIRCUIT

TOSHIBA

TECHNICAL DATA

TMPZ80C47P

The flowchart for executing RETRY1/2 is shown below.

No
RETRY1— 1
RECALIBRATE *
& SEEK
RETRY2-1
No

READ/WRITE

I

ERROR?

Yes

NORMAL END

Yes

RETRY1
SET

Yes
DATA ERROR?

RETRY2=0?

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*0.25ms). When STEPT=0, the buffer seek mode results.

Write Protection Function : PROTA
The function to inhibit write operation into disk drive from logical
address O for every 64K bytes. When PROTA=1, write operation into the
logical addresses 0 through FFFF of a disk is inhibited.
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4-6 Alternate Sector Process

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 alternate
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 ... cylinders.

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 Example 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
Drive 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 HDC)
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 I=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 polling 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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TOSHIBA

]1000000000010000

PARAMETER

] 1111111111110000 |-~
| 0000001000000000 ]
----11111111100010000

200H bytes

Chain to FF10

HOSTSH,SL Address 0400H

/1000000000 00000CO0O

| 0000010000000000]
] 00000000D000D0D0ODOO

1234H

DISKSH.SL

| 0001001000110100 ]

L
l

v

WRITE Command

PARAMETER

10000000001 10000
1111111111100000 j---

FF1C

200H bytes

] 0000001000000000 ]
/] 0000000000000001

CHAIN END

0000010000000000 ]

HOSTSH,SL Address 0400H

] 000000000D000000O00O0

l
|

DISKSH,SL 4500H

J

00000000000000O00O

| 0100010100000000

DISK2 Vector interrupt

0000000001101001 j<—-~

FFEO

=08H
BIAS=1.8 heads,
32 sectors

VECTOR

|
|
J
J

] 0011111100001000

] 000101110001 1111

I

0000010000101 100

] 0111001100010000
] 00000000D10000000

No write protect

J
J

0000000010000000

00000000C00O0OO0CODOOO
0000000001101 000

FFFO |

DISK1

J<=--
J
l
J
|
J
J

0011111100001 000

|

] 000101110001 1111

] 0000010000101100

0111001100010000

| 000000001 0000000

] 000000001 0000000

Write protect up to 128k

| 0000000000000010 ]

CCW and Parameters

Fig. 4-7-1
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5. Electrical Characteristics

5-1 Absolute Maximum Ratings

| ITEM | SYMBOL | RATING | UNIT |
:__;;;;I; Voltage Range ‘=--;BB—__! —Oj; to +7.0 ——l~_—;—_:
e voreeme ramee 1w T s e e Y
| verating Temseratare | Tomr | o ee7o | oo |
| Storase Tonperatare | Trets | o5 ta wizs | oo |
5-2 DC Characteristics (Ta = 250C VDD = +5V)
| ITEM | SYMBOL | CONDITION | Min. | Max. | UNIT |
| npat voltage 1| vite | only ctock | vop-o.4 | vooros | v |
: Input Voltage 2 1_ VIL;__I Only CLOCK _l___—O.S :-__;T;;——i___;__:
| Input Voltage 3 | vin | Except ciock | 22 | 1 v |
| Tnpat voltage 4 | VIL | Ereept clook | P
| outpet voltage | ven | T P -
| outpet voltage | wor | T I I
| outpet carrent 1 ron ven —eav T e b
T i e o
Y;;:a;;;;;rig“W:;;; """" 3 """" 0 1 y;;W

I I
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5-3 AC Characteristics

UNIT: (nS)
| | | |
[NO. | SYMBOL | ITEM | 6MHz 1)| 10MHz 2)|
| | | |MIN [MAX |[MIN [MAX |
1 ! TcC | Clock cycle time | 165] | _100]
L2 | TwCh | Clock pulse width (HIGH) | 70| | 40|
3 | TwCl | Clock pulse width (LOW) | 70| | 40] ]
| 4 | TfC | Clock failing time [ | 10| | 10]
|5 | TrC | Clock rising time | | 15] | 10|
! 6 | TdC(ASf) | Clock rise to AS/ fall time ] | 60] | 40]
L7 | TdCc(ASr) | Clock fall to AS/ rise time | | 80} |__40]
| 8 | Tdc(DSw) | Clock fall to DS/ fall time(write)] | 80] | 60!
|9 | Tdc(DSr) | Clock fall to DS/ rise time | | 65] | 45]
L 10 | TdC(DSR) | tlock rise to DS/ fall time (read)| | 85| | _60]
11 | TdC(A) | address valid | | 75| |50}
| 12 | TdC(AZ) | address invalid | | 55] | 40|
| 13 | TdC(DW) | data valid | | __175] | 50}
{_14 | TdC(Bz) | data bus invalid | | 55] | 40|
| 15 | TsDR(C) | read data setuptime | 20] | 10}
|_16 | ThDR(DS) | read data hold time | 0] | 0]
|17 | TsW(C) | wait pulse setup time | 30] | 20}
| 18 | ThW(C) | wait pulse hold time | 10| | 5]
|_19 | TSEOP(C) | EOP/ pulse setup time 30§ | 20]
| 20 | ThEOP(C) | EOP/ Pulse hold time | 10§ | 51
|21 | TdMMU(C) | MMUSYNC rise to Clock rise time | 170] | |
| 22 | TdC(MMU) | Clock rise to MMUSYNC fall time | 170] | |
.23 | TdE1(EOf) | IEI fall to IEQ fall time | | 100] | _100|
| 24 | TdE1(EOr) | IEI rise to IEO rise time | | 100] | 100]
|25 | TdB1(BOf) | BAI/ fall to BAO/ fall time | | _100] | 100/
26 | TdB1(BOr) | BAI/ rise to BAQ/ rise time | | 100} 1 100]
.27 | TdDSf(V) | DS/ fall to VECTOR data valid | | 180} | 160]
| 28 | TdDSr(vz) | DS/ rise to VECTOR data invalid | 0| | 0]
[ 29 | ™dDSr(INT)| DS/ rise to INT/ rise time | | 180 | 160}
| 30 | TAIAK(IEO)| INTACK/ fall to IEO fall time | | 100] | _1690]

1) TMPZ80C47P

2) TMPZ80C47P-10 (Preliminary)
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AC Characteristics (2)

UNIT: (nS)
I | I I I
| NO.| SYMBOL | ITEM | 6MHz 1)| 10MHz 2)]
| | | |[MIN |MAX |MIN |MAX |
L1 | TdC(SCf) | Clock fall to SCLOCK rise time | _60] | | __40]
l__2 | TdC(SCr) | Clock rise to SCLOCK fall time | _60] | | 40}
3 | TwSR/W1 | SR/W pulse width (LOW) | 100] | 80} |
|4 | TdC(SR/W) | Clock fall to SR/W fall time | |80} | 40|
L_5 | TWSR/Wh | SR/W pulse width (HIGH) | 60} | 30] |
|_6 | TdC(SR/Wr)| Clock rise to SR/W rise time | | 80} | 60]
L_7 | TsSD(SC) | SDATA set up time | 50] | 30] J
L_8 | ThSD(SC) | SDATA hold time | 0] | 0] |
|9 | TdSC(SD) | SDATA valid delay time | 0] | 0] ]

1) TMPZ80C47P
2) TMPZ80C47P-10 (Preliminary)
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BUS TIMING

(T0), (TL), (T2)
TL| T2 | T8

INTERRUPT TIMING

7
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INTACK \
1EO \

Q;WTFT s

ADO-15 VECTOR
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RESET TIMING
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6 . PACKAGE OUTLINE

DIP48PIN(PLASTIC PACKAGE)
Un1it: mm

48 25
imifininisininininisisininsisiasisisiniainiaiaiaia] —x
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=
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1 24

61.5 MAX
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BA EcHNICAL DATA TC8565P/F

1 INT

TCB8S6SP/ ¥

(Floppy Disk Control ler)

RODUCTION

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 8-bit bytes to accomplish the
operation whicn the processor wishes the FDC to perform.

2 FEATURES

O 000 o0

© 00 QC O

o]
o
o

o

o 0 0o

Si-Gate CMOS Single Chip LSI
Single +5V Power Supply
Low Power Consumption (Max.10mA at 8MHz 5V)
40 pin Plastic DIP ,44 pin Plastic mini FP
Compatible with 8080 System Data & Control Buses
Single-phase Clock 8MHz (for Standard Floppy Disk)
4MHz (for Mini Floppy Disk)
FM,MFM Recording Formats (Specified by Command)
Multi-sector Data Transfer
Multi-track Data Transfer
Up to Four Floppy Disk Drives
Parallel Seek Operation Up to Four Floppy Disk Drives
Programmable Step Rate Time
Write Pre-compensation Control Signal Outputs
Compatible with IBM Diskette 1
(one-side 128,256,512 byte/sector)
Compatible with IBM Diskette 2
(one-side 256 byte/sector)
Programmable Data Record Lengths
(128,256,512,1024,2048,4096 and 8192 byte/sector)
Capability of Read/Write to the Middle of the Sector When
the Record Length is Programmed to 128 Bytes

Including CRC Check Function (X16+X]2+X5+1)
Programmable Head Load Time and Head Unload Time

Data Scanning Function (Detection of Equal,High or Low)
DMA/Non-DMA (Interrupt ) Data Transfer
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3 PIN DESCRIPTION
3.1 PIN CONFIGURATION

TC8565P PIN PIN
NO 10 N AME NO. (10 N AME
T|1|RST 211 |WCK
ife Y a0 2[1|[-RD 221 ]|DwW
205 39 3]1]-WR 23| 1 [RDT
ig 2?[ [1[-Cs 24]0|SYNC
5] e 5]1|RS 25|0|WE
6] 35 6|10| DO 26 |0 |MFM
= 134 7110|D1 2710|HS
g; ;’22 8lw0|D2 28|0|DS1
= . 9|10]D3 29|0|DS0
1 130 10 10| D4 30 |0 [wDT
igg ggg 11[10|D5 31|0[Ps1
= o 12]10|D6 32[0]PSO
15 g 13]10|D7 331 |FLT/TKO
16 125 14|0|DRQ 341 |wWP/2S
i;g ggg 15[1]-DAC 35[1 [RDY
= = 16|1]|TC 36 |O[HL
90 — 17]1]1DX 37|0|FR/STP
18|O|INT 38|0|LC/DR
19]|1|CLK 39 0| -RW./SK
20|G|vss 40|V |VDD
TC8565F PIN PIN
NO 10 N AME NO. |10 N AME
333231302928 272625 24 23 1] |NC 23] |NC
2|0 [MFM 24(10|DO
3|0 |HS 25]10[D1
(T ) 4|0|DS1 26 |10|D2
5|0|DS0 27]10|D3
3 T 22 610 |WDT 28|10|D4
35 Fr—21 7{0|PS1 29110|D5
36 T 20 8|0|PSO 30|10|D6
gg ;}g 9| T|FLT/TKO 31[10|D7
39 -] F—u 10]1|WP/25S 32 |0 |DRQ
40 ] 116 11|1|RDY 33|1}|-DAC
L= 15 12 NC 34| 1]TC
:igz — 13|0|HL 35]1]1DX
Py m— — 14|O|FR/STP 36 |O| INT
® 15|0|LC/DR 37|1|CLK
- 0 16 |O| -RW./SK 38 |G| (VSS)Y
17|V](VDD) 39|V|(VDD)
HHHHHHHHH 18]1|RST 40 |1 |WCK
123456738910 19|1|-RD 41]1|DW
20| 1 |-WR 42| 1 |RDT
21|1|-CS 43]|0|SYNC
22| 1|RS 44|0|WE
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3.2 Description of Pin Function

o RST |[Reset] Input
"High level"” on this pin makes the FDC idle state, and makes outputs on
the FDD side except [WDT], [PSO] and [PS1] to "Low level".

o -RD [Read] Input
Control signal to transfer data from the FDC to the Data-Bus.

o -WR [Write] Input
Control signal to transfer data from the Data-Bus to the FDC.

o -CS [Chip Select] Input
"Low level" on this pin selects the FDC, and allows [-RD] and [-WR] to be
effective.

~
<

RS |[Register Select] Input
"High level" on this pin selects Data Register. "Low level"” selects
Status Register.

o DO-7 [Data Bus] I[nput/Output
Bidirection 8--bit Data Bus.

(

=)

DRQ [DMA Request] Output

Request signal for DMA transfer. This pin requires to connect pulled up
resistance.

o -DAC [DMA Acknowledge] I[nput
When data are transferred in DMA mode, "Low active" DMA acknowledge
signal from DMA control ler is applied.

o TC [Terminal Count] Input

"High active" signal is applied to indicate the termination of the data
transfer.

o 1DX [Index] Input

"High active" Index signal from FDD is applied to indicate the beginning
of a disk track.

o INT [Interrupt] Output
"High active" interrupt request signal.

o CLK [Clock] Input
FDC'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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0 WCK [Write Clock] TInput
Clock signal to write data. Clock 1s necessary for ail read. write
operations. The rising edge of WCK must match with that of CLK.

Standard Floppy MFM mode 1MHz
FM mode 500KHz
Min1 Fioppy MFM mode 500KHz

FM mode 250Kl z

o DW [Data Window] Input
Data Window signal is for separating the read data into "data bits" and
"clock bits". This signal is usually generated by a PLL circuit.

o RDT [Read Data] TInput
This signal indicates read data from a FDD. This signal contains clock
bits and data bits.

o SYNC [VFO Sync] Output
This signal indicates to the PLL that data are rcad out.

o WK [Write Enable] Output
This signal indicates the write timing of the write data.

o MFM [MFM data] Output
"High level"” of this pin indicates MFM mode, "Low level" FM mode

o

HS [Head Select] Output
"Low level” of this pin indicates Head 0, and "High level" Head 1.

o DS1,DSO [Drive Select 1,0] Output
DS1 and DSO are multiplexed drive select signal FDC selects one of four

connected disk drives.

o WDT [Write Data] Output
This signal is for FDD's Write Data including clock bits and data bits

C

o

PS1,0 [Preshift] Output
These signal indicate the write precompensation information to the FDD in
MFM mode.

___PSo | __PS1 {__MEANING

|__Low | Low | Normal |
| _Low | __High | Late |
. _High | Low | Early |

o FLT/TKO [Fault/Track 0] Input
Sense input. In read/write mode, sensing the FDD fault condition.
[n Seek mode, scensing the Track 0 condition.

o WP/2S [Write Protect/Two Side] Input

Sense input. In read/write mode, sensing the FDD Write Protect status.
In Seek mode, sensing the 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.

0o VSS [Ground]
LSI's ground terminal.
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4 FDC APPLICATION SYSTEM

4.1 TC8565P/F BLOCK DIAGRAM

DRQ <&

—DAC —>0
INT <€—

—-RD —0
~WR —>»0O

RS ——>
TC >
RST —>

=
R
DATA BUS

BUFFER

READ/WRITE/DMA

U

CONTROL

CLK =3

VDD ——>
GND ——ee2»

INTERFACE

REGISTER

SERIAL
INTERFACE

CONTOROLLER

PORT

il

INPUT

le—— RDY
e<—— WP./2S
le—— 1DX
l<—— FLT/TK(

CONTROLLER

PCRT

DRIVE

OUTPUT

——> DS 0
—— DS 1
b——3>» MFM

——> —RW./SK
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4.2 SYSTEM CONFIGURATION

MEMORY
SYSTEM BUS
DBO~7 D0~7
HRQ INT/ | -RD
HACK -WR
ets. ets,
® | DRQ DW
=
- MFM___|VFO w
- o
o |-DaAcC SYNC W<
~ >
& | TC FDC RDT -
4 ]
[=] WDT (2l =
& i CONTROL 1IN z
v CONTROL OUT
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4.3 OPERATION SUMMARY

4.3.1 FDC's REGISTER and CPU INTERFACE

FDC has two 8-bit registers accessible by the main system processor. One
is a Main Status Register, and the other is a Data Register. The Main
Status Register indicates the status information of the FDC and is always
accessible. The Data Register is used for data transfer between the FDC
and the main processor. Command bytes are written into the Data Register
in order to program the FDC, 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 between the processor and the FDC. The relationship between
Main Status Register and [-RD],[~-WR] and [RS] signals is shown below.

[-CS1 | [RS] i [-RD] | [-WR] | FUNCTION
H X | X ! X . Non Select |
L | L | L | L | TIllegal
L L | L | H | Read Main Status Register
L L i H | L i Illegal
: L H L i H , Illegal
| L i H i L | H i  Read from Data Register
L ! H H | L | Write into Data Register

Each bit in the Main Status Register 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 will be transferred
on Data Bus

FIG.1 Main Status Register Timing

DIO

RQM

-WR || L
U
[a 8] a [ 8 [c [B]c [B]A

A: (DIO="Low" and RQM="High") The processor may write the data in Data
Register.

B: (RQM="Low") Data Register is not ready.

C: (DIO="High" and RQM="High") In data register, data byte which will be
read out by processor is already prepared.

—120—



INTEGRATED CIRCUIT

TOSHIBA
TECHNICAL DATA TC8565P/F

TABLE 1 Main Status Register

i BIT|SYMBOL| NAME | MEANING j
| D7 | RQM |REQUEST| Indicates that Data Register is ready to send |
| | | for | the data to or to receive the data from the |
L | { MASTER| processor.

| D6 | DIO |DATA | Indicates the direction of data transfer between |
| i | INPUT/| Data Register and the processor.

| : { OUTPUT| When DIO is a "High", transfer is from Data !
| i i | Register to the processor. When DIO is a "Low", |
L [ | | transfer from the processor to Data Register.

| D5 | NDM |Non-DMA| Indicates that the FDC is Non-DMA mode. It is |
L | | mode | set only during Execution-Phase in Non-DMA mode. |
| D4 | CB | FDC | Indicates that FDC is in Execution-Phase of a i
| | | BUSY | read/write command , in Command-Phase, or in !
L | | | Result-Phase .

| D3 | D3B | FDD 3 | FDD number 3 is in' the Seek mode.

L | { _BUSY |

| D2 | D2B | FDD 2 | FDD number 2 is in the Seek mode.

L | | __BUSY |

i D1 | DIB | FDD 1 | FDD number 1 is in the Seek mode.

L ; i _BUsy | j
| DO | DOB | FDD O | FDD number 0 is in the Seek mode.

L ] | BUSY | !

FDC supports fifteen different commands. Each of commands is initiated by
a multi-byte transfer from the processor, and the result after executing
of the command is a multi-byte transfer to the processor. Because the
multi-byte information is interchanged between the FDC and the Processor,
it is regarded that each command consists of following three phases.

Commands-Phase : The FDC receives the necessary information to perform
a particular operation from the processor

Execution-Phase : The FDC performs the specified operation

Result-Phase : 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 D7 and D6 in the Main Status Register must be in high level and low
level ,respectively.

Because most of the Commands need multiple bytes, the Main Status
Register must be read out before each byte is transferred to the FDC. In
the Result-phase, the bit D7 and D6 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 Status Register before each byte transfer
to the FDC is necessary only in the Command -Phase and the 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]=0) 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 Register, 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) signal. Then the DMA controller generates both
DMA Acknowledge signal and Read signal ([-DAC]=0 and [-RD]=0).

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 Result-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 Result-
Phase. Al1] 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 data bytes are read out. In the same way, all the data bytes
of the other commands must be read out during the Result-Phase. The FDC
has five Status Registers. The Main Status Register mentioned above can
always be read out by the processor. The Other four Result Status
Register (ST0,ST1,ST2,ST3) is available 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 Result-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 Resul t-Phase is read out, the command is automatically terminated,
and then the FDC is ready for a new command.
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4.3.2 Polling Feature of the FDC

After the SPECIFY COMMAND has been sent to the FDC, the drive select
signals , the DS1 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 signals
from drive units.

If the Ready signal is changed, then the FDC generates the Interrupt
signal. After the processor has issued the SENSE INTERRUPT STATUS
COMMAND, the Result Status Register 0 (STO) is read out, and the Not
Ready bit (NR) in STO shows the present status. Because of the polling 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)

B M

Gapda [SYNC| I |oAPr Gapdb
o0t | Rt | RP | SECTOR | SECTOR ! SECTOR

FM L i 2 teeeion
x40 | x6 x1 x26
"4 |00 | "c2’ | 'Pe’ | ‘4B | SECTOR  SECTOR SECTOR

MFM Lo: 2 ieen n
x80 |x12 {x3 |xl |x50 : :

DAN DATA TAPS

SYNC 1DAM C |H {R |N JCRC |Gap2 | SYNC (DDAM) %1 CRC £l
00 'FE’ 'FFT ] U007 'FB’
FM ('F8")
X6 x1 x| x1fx]}xl]x2 x21 | x6 x1
‘00" | "AL" | "FE "4E° | 7007 | "ALT | 'FB’
MFM ('F8")
x12 | x3 x1 x1 | x1}xl|xl|x2 x22 |x12 |x3 x1

(k1) Prograsmable

Missing Clocks in Address Marks

FM MFM
AM
Data Clock Data Clock
1AM FC D17 C2 14
I1DAM FE c17 Al 0A
DAM FB C1 Al 0A
DDAM F8 C1 Al 0A
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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".

FIG.2 MFM Rules

Bit Cell ]

—_
<
o
—
(=3
(=]
<
—
=1
(=
<

MFM

D : Data Bit
C : Clock Bit
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S5 COMMAND

5.1 COMMAND TABLE

(x:Don't care)
READ DATA COMMAND

__Phase | R/W | D7 D6 D5 D4 D3 D2 D1 DO | Remarks i
| | | MT MFM SK_ 0 0 1 1 0 | Command code |
i | X X X X X HS DS1 DSO | |
i | | c j * ID information of |
| | L H j * starting sector |
| C | W L R | * of command

. | L N ] * execution

i | L EOT J !
! i L GPL J I
| | | DTL | |
Lk | 1 | Data transfer |
[ | | STO J I
| | L ST1 J |
| | | ST2 J |
| R | R [ C | * ID information |
i | | H ] * of end sector

| | | R j  * of command |
| | L N | _* execution J
WRITE DATA COMMAND

{ Phase | R/W | D7 D6 D5 D4 D3 D2 D1 DO | Remarks ]
| i [ MT MFM O O0 O 1 0 1 | Command code |
| | LX x X x __x HS DS1 DSO | i
i | L (o ] * ID information of |
| | 1 H ] * starting sector |
1 C | W R | * of command |
| | | N ] * execution |
I | | EOT | |
| | | GPL | l
L l | DTL | M|
L_E | | | _Data transfer |
| 1 L STO | |
| | L ST1 | |
[ | L ST2 | |
| R | R | C J * ID information |
| | | H ] * of end sector |
I i L R | * of command |
L | | N {_* execution |
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WRITE DELETED DATA COMMAND

| Phase | R/W | D7 D6 D5 D4 D3 D2 D1 DO | Remarks |
| | LMT MFM O © 1 0 o0 1 | Command code |
| | L x X X X X HS DS1 DSO | |
| | | C ] * ID information of |
| | | H ] * starting sector |
| C | W R ] * of command |
| | | N | * execution |
I [ | EOT J |
| | L GPL j |
L | | DTL | J
L_E | | | Data transfer |
| | L STO J |
| | | ST1 J |
[ | | ST2 | |
| R | R | [o | * ID information |
| | L H | * of end sector |
| | | R | * of command |
| 1 | N | * execution |
READ DELETED DATA COMMAND

| Phase | R/W | D7 D6 D5 D4 D3 D2 D1 DO | Remarks |
| | [_MT MFM SK_ 0 1 1 [V ) | Command code |
| | Lx X X X X HS DS1 DSO | |
| | | C | * ID information of |
| f | H | * starting sector |
| C | W ] R J * of command |
| | L N | * execution |
| | | EQT | |
| l L GPL ] i
L ] | DTL ] _J
L _E | | | Data transfer ]
| | L STO J I
! | L ST1 ] |
| | | ST2 J |
| R | R | [ | * ID information |
| | | H ] * of end sector |
| | | R | * of command |
| | | N | * execution B
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READ DIAGNOSTIC COMMAND

| Phase { R/W | D7 D6 D5 D4 D3 D2 D1 DO | Remarks

| i 0O MFM O 0 [V 1 0 | Command code

| i X X X X X HS DS1 DSO |

i i | C | * ID information of |
| | | H ] * starting sector |
| C oW R ] * of command

| | | N | * execution

| i i EOT | |
| : 1 GPL J |
L | I DTL | J
L E | [ |__Data transfer

i g , STO | l
| ! | ST1 J [
! | | ST2 J |
| R i R | C ! * ID information |
| | | H | * of end sector |
| | | R | * of command

L | | N | _* execution J
READ ID COMMAND

| Phase | R/W | D7 D6 D5 D4 D3 D2 D1 DO | Remarks |
| C | W Lo MFM 0 0 1 0 1 0 | Command code

L | | X X X X X HS DS1 DSO | |
| _E | | | Data transfer

I | l STO J |
| | I ST1 | |
| | L ST2 J |
| R I R | C j * The first correct |
| | i H | * ID information |
| | | R J * read out during |
L | | N | * Execution-Phase |
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FORMAT COMMAND

Phase | R/W | D7 D6 D5 D4 D3 D2 D1 DO Remarks

' | |
| | L0 MFM 0 0 1 1 0 1 | Command code

| i Lx X X X X HS DS1 DSO | |
| C [ W N J i
| | [ SC J |
| | L GPL J |
[ i | D | AJ
| E | | { Data transfer |
| | - STO | |
| | L ST1 J i
| | L ST2 | |
| R | R | C | * No meaning in |
| | i H i * this case

| | L R joo* [
L | L N L * J

SCAN EQUAL COMMAND

Phase | R/W | D7 D6 D5 D4 D3 D2 D1 DO
| |_MT MFM SK 1 0 0 0 1
Lx X X X X HS DS1 DSO

Remarks
Command code

| [ :
| J |
| l J |
l | L c | * ID information of |
i | { H | * starting sector |
| ¢ | W | R j * of command |
| I L N j * execution |
| | L EOT | |
| | | GPL i |
| I | STP | i
L E | L | Data transfer J
l | l STO | |
| ! L ST1 | !
| | L ST2 J |
| R | R | c | * ID information |
l | l H | * of last compared |
| | L R | * sector |
i | I N | * J
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SCAN LOW or EQUAL COMMAND

Phase | R/W | D7 D6 D5 D4 D3 D2 DI

DO

l

Remarks

|_MT _MFM SK 1 1 0 0

1

Command code

| |
| I l
| | Lx x x x x HS DS1 DSO

| | L C " ) information of |
| | | H j starting sector |
| C | W L R J of command |
| | L N ] * execution |
| | L EOT J |
l | L GPL J |
| | 1 STP | J
| E | 1 | Data transfer |
| | L STO i |
| | L ST1 J |
| l l ST2 | |
| R | R | C | * ID information |
| | | q ] * of last

| | L R ] * compared sector |
L 1 | N | * |
SCAN HIGH or EQUAL COMMAND

| Phase | R/W | D7 D6 D5 D4 D3 D2 D1 DO | Remarks |
| | [_LMT MFM SK 1 1 1 0 1 | Command code

| | | x X X X X HS DS1 DSO | |
| | l C | * ID information of |
| | L H | * starting sector |
| C | W | R — ] * of command

| | L N ] * execution |
l I L EOT | |
| | | GPL J |
L | L STP | J
L_E | | | Data transfer |
| | L STO J |
| | [ ST1 ] I
I [ l ST2 J |
| R | R | C ] * ID information |
| | l H * of last |
| | [ R * compared sector |
| [ | * J

N
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SEEK COMMAND

Phase | R/N | D7 D6 D5 D4 D3 D2 D1 _ DO
| L0 0o 0o o0 1 1 1 1

Remarks
Command code

)
j
| ¢
I
l

| W [ x x x x x x DS1 DSO
| | NCN
E_ | | Seek

RECALIBRATE COMMAND
| Phase | R/W | D7 D6 D5 D4 D3 D2 D1 DO | Remarks |
| c | W [0 0 0 o0 o0 1 1 1 ] Command code |
L | | x X X x x x DS1DS0 | |
L _E | | | _Recalibrate |
SENSE INTERRUPT STATUS COMMAND
| Phase | R/W | D7 D6 D5 D4 D3 D2 D1 DO | Remarks ]
L C | W |10 o o] 0 1 0 0 0 | Command code ]
| R | R | STO J |
! | | PCN | J

SPECIFY COMMAND

| Phase | R/W | D7_D6 D5 D4 D3 D2 D1_DO |
[ [ [0 0 0 6 _0_ 0 1 1 |
| ¢ | W | SRT i HUT

| | | HLT | ND |

Remarks
Command code
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SENSE DEVICE STATUS COMMAND

| Phase | R/W | D7 D6 D5 D4 D3 D2 D1 DO | Remarks

| C | W [0 0 0o o o 1 0 0 | Command code |

| | | x x x x x HS DS1 DSO | |

L_ R | R | ST3 l J

INVALID COMMAND

_ Phase | R/W | D7_D6 D5 D4 D3 D2 D1_DO__. Remarks |

.. G W Invalid codes i |
R i R | STO i _STO=80H
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TABLE 2 Symbols in the COMMAND TABLE

L_SYMBOL | NAME | DESCRIPTION )
| C | Cylinder | Indicates the cylinder number. |
L. | Number | J
| D | Data | Indicates the data pattern which is going to |
! | | be written into data field.

| D7-DO | Data Bus | 8 bit data bus , D7 is MSB and DO is LSB. |
i DS1,0 | Drive | Indicates the drive number(0,1,2,3).

L. | Select | J
| DTL | DATA | IF N=00, indicates the data length per |
l | Length | sector which is going to be processed. J
| FOT | End of | Indicates the last Sector of a cylinder. |
L | Track _ | j
| GPL ! Gap | Indicates the length of Gap 3 (see 4-3-3 |
L. I Length | Track Format ). . __ J
| H | Head | Indicates the logical head address. !
Lo lAddvess L l
| HS | Head ! Indicates the physical head address. |
L | select ; J
! HLT | Head | Indicates the head load time of FDD defined |
| | Load | by Specify Command.

L | Time | ]
| HUT , | Head | Indicates the head unload time after a read |
| | Unload | or write operation has completed which is |
L L Tim _| defined by Specify Command . ]
| MFM ) | If "Low" , FM mode 1s selected. If "High", |
L [ mode | MFM mode is selected. I
| M | Multi | If "High" , multi track operation is to be |
L |_Track | performed. |
| N | Number | N is the code which indicates the number of |
L _. 1. . ._.__ldata bytes written in a sector. _ ___ __ |
| NCN . New | Indicates the new cylinder number to be |
| | Cylinder | reached as a recsult of the seek operation. |
[ | Number | |
| ND | Non-DMA | Indicates the Non-DMA mode. Defined by the |
Lol ______| Specify Command. _ _ ___ |
| PCN | Present | Tndicates the cylinder number when the Sense |
| | Cylinder | Interrupt Status Command has completed. |
1 | Number | |
LR | Record | Indicates the sector number. |
| R/W | Read/ | Indicates whether Read or Write.

L | Write | — - B
[ SC_ | Sector | Indicates the number of sector per cylinder. |
| SK | Skip | Tndicates the skip of the sector which has |
l | | DDAM or DAM. J
| SRT | Step | Indicates the step rate of FDD which is |
| | Rate | defined by Specify Command. |
[ | Time | |
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| B
STP | Step

I

|

I

l

SYMBOL DESCRIPTION
puring the Scan operation , if STP is "1",
then data in contiguous sector 1is compared
byte by byte with data sent from the
processor ,and if STP is "2" ,then alternate

sectors are read and compared.

L
|
|
|
|
L
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5.2 Command 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 DIO
and RQM in the Main Status Register must be ina low level and a high
level , respectively , before each byte is written into the FDC.

5.2.1 READ DATA COMMAND

The FDC 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 ID 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(Multi-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 Capacity

| | | | J |
| MT | MFM| N | Bytes/Sector | Number of | Final Sector |
| | | | 1 Sector | |
| o | o | o0 128 | 26 |SIDE 0 SECTOR 26 or |
| | 1 ] 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] 01] 256 [ 30 |SIDE 0 SECTOR 15 |
L | 1] 02) 512 | | J
|1 | o] oz 512 | 8 |SIDE 0 SECTOR 8 or |
L | 1 | 03] 1024 | |SIDE 1 SECTOR 8 J
| 1 | o | o2] 512 | 16 |SIDE 1 SECTOR 8 |
| | 1 ] 03] 1024 | | J
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Tnis FDC can read out the data from both sides of the diskette by the
Multi-Track function. Data transfer will be performed from the Sector 1
of Side 0 Lo the last Sector of Side 1 for a particular cylinder at a
time. But this function is c¢ffective to only one cylinder of the
diskette.

After the reading out of the last sector, the FDC must receive the
Terminal Count If the FDC does not receive the Terminal Count signal,
then the FDC sets the EN(end of cylinder) flag of ST1 to a high level and
terminates the READ DATA COMMAND (bits 7 and 6 of STO is also set to a
low level and a high level respectively : abnormal termination).

When N-0, DTL defines the data length which the FDC must treat as a
sector. IF DTL is smaller than the actual data length in a sector, the
data beyond DTL in the sector is nol sent to the data bus, but the FDC
reads the whole sector internally, and then checks CRC bytes. When N#0
DTL has no meaning.

When the READ DATA COMMAND has been completed , the head is not unloaded
until the Head Unload Timeispecified in the Specify Command) has passed
When the processor issues the next command (a read/write command) before
head is unloaded, the head load time of the command is saved.

1f 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) flag in ST1 to a high
lJevel, 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 the reading of the 1D field and the data field of the each sector,
the FDC checks the CRC bytes. If a read error (incorrect CRC bytes in the
ID field) is detected, the FDC sets the DE(Data Error) flag of ST1 to a
high level, and if data error in the data field 1s detected , the DD(Data
Error in Data Field) flag in ST2 is set to a high level, and then the
READ DATA COMMAND is abnormal terminated.

IF the FDC read a Deleted Data Address Mark in the diskette, and SK bit
(D5 bit in the Command code)is not set, then the FDC sets CM (Control
Mark) flag to a high level after reading out all the data in the sector,
and terminates the READ DATA COMMAND. When SK=1, the FDC skips the Sector
that has DDAM, and reads out the next sector

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

1f a read (or write) operation is terminated by inputting the Terminal
Count signal, the information of Resul t-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

| Mr | EOT| Final Iransferred Sector ! 1D Information in Result Phase]|
L | | | C | H | R | N
i [ 1A | Sector ! to 25 at Side 0 | ) i i |
| | OF | Sector 1 to 14 at Side 0 ! NC | XNC ' R:1 | NC |
! 1 08 | sector 1 10 7 at Side 0 | | 1 | ]
i | 1A | Sector 26 at Side 0 i | i | |
] | OF | Sector 15 at Side 0 I c:1 } XNC | R-01 | NC |
| 0 |08 | Sector 8 at Side 0 | | | | |
! | 1A | Sector 1 to 25 at Side 1 | | ! | |
| | OF | Sector 1 to 14 at Side 1 | X | NC I R-1 | NC |
! | 08 | Sector 1 to 7 at Side 1 | ! | | J
| I 1A ] Sector 26 at Side 1 i | | |

i | OF | Sector 13 at Side 1 | ¢c-1 | XNC | R:01 | NC

1 | 08 | Sector 8 at Side 1 L | | | i
| | 1A | Sector 1 to 25 at Side 0 | i | |

| | OF | Sector 1 to 14 at Side 0 | NXC | NC | R+l | NC |
| ! 08 | Sector 1 to 7 at Side 0 | | | | |
| i 1A | Sector 26 at Side O ! | | |

| | OF ! Sector 15 at Side 0 | NC | LSB | R=01 | XC |
i1 08 | Sector 8 at Side 0 | ! | | i
| | 1A | Sector 1 to 25 at Side 1 | | i | |
| | OF | Sector 1 to 11 at Side 1 | XC | NC | R+1 | NC |
| 1 08 | Sector 1 to 7 at Side 1 | | | | B
| | 1A | Sector 26 at Side 1 ! | | |

| | OF | Sector 15 at Side 1 | €C-1 | LSB | R=01 ] NC |
L | 08 | Sector 8 at Side 1 | | | | ]

Notes: NC{No Change).The same value as the one at the

beginning of command execution.
LSB(Least Significant Bit):The least significant bit of H 1s
complemented
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FIG.3 Operation Timings of The READ DATA COMMAND
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5.2.2 WRITE DATA COMMAND

The FDC needs nine data bytes in order to execute the WRITE DATA COMMAND.
It the WRITE DATA COMMAND has been issued, the FDC loads the head (if the
head is in tihe unlcad 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 (IDR) 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 the FDD.

After the writing the data into the current sector, the FDC increments
i1he sector number stored in R by one, and then the rDC writes the next
data field. The FDC continues this Multi-Sector write operation until
the Terminal Count signal is issued. Even i{ the FDC has received the
Terminal Count signal, the FDC continues writing for the sector, and the
data field will be completed. If the FDC receives the Terminal Count
signal while the FDC is writing data in data field, then the remained
data field will be filled with 00.

The FDC reads out the each sector of I field, and checks the CRC bytes
If the FDC finds out the Read Error in ID field (incorrect CRC bytes),
the FDC sets DE (Data Error) of ST1 to a high level, 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
(56.2.1).

Transfer Capacity

EN flag

Head unload time

ID information at the normal termination

Meaning of DTL when N=0 and when N# 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 ST1 to
a high level, and terminates the# ~ommand (Abnormal Termination).

5.2.3 WRITE DELETED DATA COMMAND

This command ‘s (he same command as the WR1TE DATA COMMAND except that
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=0 ,then the FDC will 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 the same as the READ DATA COMMAND except that the FDC
reads all the data continuously from each sector of a track. Just after
the FDC receives the Tndex signal, the FDC begins to read vut all the
data field on the track as a continuous block. Even if the FDC finds out
the CRC errvor in ID or data field, the FDC continues to read data from
the track. The FDC compares the ID information read out from each sector
with the value stored in IDR, and if there is no comparison, the FDC sets
ND fiag ro a high level. This command has neither the Multi-Track
function nor the skip function.

This command will be terminated when EOT nurber of sectors have been
read out. When ID Address Mark on the diskette is not found out until the
FDC finds out the Index Hall twice, MA (Missing Address Mark) in ST1 is
set to a high Jevel, and the command is terminated(Abnormal Termination)

5.2.6 READ ID COMMAND

This command is used to inform the processor of the current head point
The FDC stores the first ID information to be read out. If the right ID
Address Mark is not found on the diskette until the FDC finds out the
Index Hall twice, the FDC sets MA flag in ST1 to a high level, and if
there is no ID field without CRC error, ND flag in ST1 is set to a high
level, and the command is terminated(Abnormal Termination).

5.2.7 FORMAT COMMAND

The Format Command allows an entire track to bhe formatted. After the
Index Hall 1s detected, the FDC writes data on the Diskette. Gaps,
Address Marks, ID fields and Data fields in IBM System34 (doublie density)
or IBM System3740 (single density) Format are recorded. The particular
tformat 1s 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
processor. That is, the FDC requests four data byies per sector for C, H,
R and N. This function allows the diskette 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. After
a sector is formatted, the contents of the R-register is incremented by
one. Thus, when the R register is read oul during the Result-Phase, it
contains a value of R+1. This incrementing and formatting continues for
the track until the FDC detectls the Index Hall for the second time. When
the FDC finds the Index Hall twice, the command is terminated.

When the FDC 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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I'ABLE 5 shows the relationship of N, SC and GPL for various Sector sizes

TABLE 5 Relationship of Sector Sizes

| FORMAT |SECTOR SIZE | XN | SC | GPL | REMARKS !
| | bytessector] {16)! (16)] (16)] ;
| M | 128 1 00 | 1A | 1B i IBM Diskette 1 |
| mode | 256 ' 01 | OF | 2A i IBM Diskette 2 '
| I 312 1 02 |1 08 1 3A 1 !
! | 024 ] 03 | 04 | | :
| I 2048 1l o4 | 02 N |
| [ 4096 ] 05 | o1l -~ '
| MFM | 256 1 01 | 1A | 36 | IBM Diskette 2D !
| mode |_ 512 1 02 | OF | 34 | |
| | 1024 1 03 | 08 ] 74 | IBM Diskette 2D !
| | 2048 04 |04 1 | {
| L4096 05 7 o2 | - |
| | 8192 06 ' 01 | | '

5.2.8 SCAN COMMAND

The SCAN COMMANDs allow the data read from the diskette to be compared
with the data sent from the Main System (the processor in Non-DMA mode,
and the DMA controller in DAM mode). The FDC compares the data byte-by-
byte, and searches the sector which meets the condition(equal, low or
equal, high or equal).

After a entire sector is compared ,if the condition 1s not met. the
sector number is incremented (R+STP>R), and the scan operation is
continued. The scan operation is continued until the following 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 signal is received
If the scan equal condition are met, the FDC sets SH(Scan Hit) flag in
ST2 to a high leveil, and then the SCAN COMMAND is terminated(Normal
termination). If the condition for scan is not met hetween the starting
sector (specified by R ) and the last sector (EOT) on the same cylinder,
the FDC sets the SN (Scan Not Satisfied) flag in ST2 to a high level. and
then terminates the command. If the FDC receives the Terminal Count from
the processor or the DMA control ler during the scan operation, the FDC
completes the comparison of the data byte in process., and then terminates
the command. TARLE 6 shows the status of bit SN and SH under the scan
conditions.
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TABLE 6 Scan Status Codes

| COMMAND ST2 ! COMMENTS

L | SN | sH | |
| SCAN | o | ] DISK = MAIN
L__EQUAL | O | DISK # MAIN

|  SCAN | 0 | 1 ] DISK = MAIN |
| LoWwor | 0 | 0 | DISK < MAIN |
|___EQUAL | 1 1 o ] DISK > MAIN

| SCAN | o | 11 DISK = MAIN |
| HIGHor | 0 | 0 | DISK > MAIN |
L__EQUAL | 1 10 | DISK < MAIN J

If the FDC finds out the DDAM on the sector and SK=0, then the FDC
regards the sector as the last sector on the cylinder, and sets the CM
flag in ST2 to a high level, and terminates the command (Normal
Termination). If SK=1, the FDC skips the sector with DDAM, and reads out
the next sector. Then the FDC 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 FDC must read out the last sector on the track. For
example, if STP=02, MT=0 and the sectors are numbered in sequence 1 to
26, and SCAN COMMAND is started from the 21 Sector, then the FDC reads
out the sector 21,23,25 and skips the next sector 26 , and finds out the
Index Hall before reading the EOT value of 26. This result causes the
abnormal termination of the command. If EOT is set at 25 or the scanning
1s started at the sector 20, then the command will be normal termination.

During the SCAN COMMAND, it is necessary to transfer the data which will
be compared with the data read out from the diskette to the FDC by
whether the processor or the DMA controller. 1f the data are not
transferred within 27us in FM mode and 13us in MFM mode, the FDC sets the
OR (Over Run) flag in ST1, and terminates the command (Abnormal
Termination).

5.2.9 SEEK COMMAND

This command is used to move the Read/Write Head from cylinder to
cylinder The FDC compares the PCN which is current head position with
the NCN. If there is a difference, the FDC performs the following
operation.

PCN < NCN : Direction signal to the FDD is set to a high level,and the
Step Pulses are issued (Step In).

PCN > NCN: Direction signal to the FDD is set to a low level,and the
Step Pulses are issued (Step Out)

The rate of outputting the step pulses is controlled by the SRT (Step
Rate Pulse) in the SPECIFY COMMAND. The FDC compares NCN with PCN at
outputting the step pulses, and if NCN=PCN, then SE (Seek End ) flag in
STO is set toa low level, and the command is 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 parallel 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 operation, the NR (Not Ready)
flag in STO 1is 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 O signal is in 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 level, the FDC sets SE (Seek
End) flag to a high level, and terminates the command. If the Track 0
signal is still low after the FDC has issued the 77 Step Pulses, SE flag
and EC flag 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 ID 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 easily. But the
interrupts caused by the reason 2 and 3 may be identified 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 STO
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

INTERRUPT CODE: SEEK END MEANING
_BIT 7 { BIT 6 | BIT 5 ; |
1 ; 1 | 0 | Changing of the state

_ i i | _of the READY LINE :

i 0 | 0 ; 1 . Normal Termination of the
. _____SEEK and RECALIBRATE COMMAND |
0 : 1 1 ~ Abnormal Termination of the |
j

R

SEEK and_RECALIBRATE COMMAND

5.2.12 SPECIFY COMMAND

This SPECTTY COMMAND initializes the values of three internal timers. The
HUT (Head Unload Time) defines the time from the end of the Execution-
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,
02-32ms,...,0F=-240ms)

The SRT defines the time interval between step pulses. This timer is
programmable from 1 to 16ms in increments of 1ms (F=1ms,E=2ms
,...,0=16ms). The HLT defines the time from the rising of the Head Load
signal to the starting of the read/write operation. This timer is
programmable from 2 Lo 254 ms in increments of 2ms (01=2ms, 02=4ms,
03=6ms, ... ,7F=234ms) .

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), all the times are twice as long as the times
indicated above.

The ND bit is a flag to select the DMA operation or Non-DMA operation.
1f ND is in a high level then Non-DMA mode is selected, and if ND is in a
low level then DMA 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
signal during the Result-Phase. Bit 6 and bit 7 in the Main Status
Register set to both high levels indicates to the processor that the FDC
is in the Result-Phase and that the contents of STO must be read out. STO
is set to a 80H showing that an invalid command was received.

The SENSE INTERRUPT STATUS COMMAND must be sent after an interrupt of the
SEEK COMMAND or RECALIBRATE COMMAND has occurred, 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 FDC 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)

BIT

| SYMBOL | NAME
. D7
1

i Interrupt

l DESCRIPTIQN
| D7=0 and D6=0
i Normal Termination of Command (NT),
| Command was completed and properly
L executed.
| D7=0 and D6=1
, Abnormal Termination of Command(AT).
| Command execution was started, but
| was not successfully completed.
| D7=1 and D6=0
| Command was Invalid Command(IC).
i The command which has been issued
| was not started.
I D7=1 and D6=1
| Abnormal Termination because of the
| changing of the Ready Line from the
L | FDD during the execution of command.
|
I
|
|
i
1
|
|
'
|
I
I
|
I
|

IC

D6 Code

—r
[}
(o]

SE This flag is set to a "1",when the
SEEK COMMAND was completed.

—
I
|
|
I
I
-
|
I
I
J
|
|
J
I
When the FDC received the Fault |
I
|
|
|
|
|
I
I
|
I
|
|
I
|

-

=]
Y

EC
Check

signal from the FDD, or when the
Track 0 signal was not set to a "1"
after 77 step pulses during the
RECALIBRATE COMMAND, this flag is
set to a "1".
When the FDD is in the Not-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.

Head This flag indicates the state of
Address | the head at_interrupt.
Drive | These flags indicate the drive

1

D3 NR

Ready

I D2 | HD

. D1 I DS1
i DO | DSO Select number at interrupt.
|

0,1
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5.3.2 RESULT STATUS REGISTER 1 (ST1)

o This flag is set if the FDC can

__BIT [SYMBOL| NAME _ | DESCRIPTION |
| D7 ¢ EN | End of | This flag is set when the FDC tries |
| | [Cylinder | to access a sector beyond the last |
o i | sector of a cylinder.
D6 | - i [
i D5 | DE | Data | This flag is set when the FDC finds |
: : i Error | the CRC Error either in the 1ID |
o it i field or the data field. __
i D4 | OR | Over i This flag is set when the FDC does
i ! ! Run | not receive the service from the
| | i | main system during data transfers
L i 1 | within a certain time interval.
LD3 | - . ; - B o
| D2 ! ND | No | o This flag is set when the FDC can
| i I Data i not find out the sector specified
| | i i in the IDR during the execution of
; ; ; i following commands:
; | i | READ DATA

i | | READ DELETED DATA
. i | | WRITE DATA
i | | i WRITE DELETED DATA
i | | | SCAN
; i i i o This flag is set when the FDC can
‘ ) i | not find the ID field without the

| | | CRC error during the execution of

| | { the READ ID COMMAND.

| ; i o This flag |is set when the

) i starting sector cannot be found

i 1 i during the executing the READ
L X N i DIAGNOSTIC COMMAND.
D1 | NwW | Not 1 This flag is set if the FDC detects
! i | Writable| the write protect signal from the
i i : i FDD during the executing following
| X i . commands:
' i X ' WRITE DATA
i ; i X WRITE DELETED DATA
i | i | FORMAT
i DO | MA | Missing | o This flag is set if IDAM cannot
; ; 1 Address | be found out until the FDC finds

Mark {  the Index Hall twice.
I

not find the DAM or DDAM. The MD
flag of ST2 is also set in this
case.
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5.3.3 RESULT STATUS REGISTER 2 (ST2)

'+ BIT ;SYMBOL; NAME DESCRIPTION
D7 | - i L -
i D6 | CM ' Control | While executing the READ DATA or
! | I Mark i the SCAN COMMAND, this flag is set
i i | i when the FDC finds out the sector
i . ! { with the DDAM. During executing the
i | ! . READ DELETED DATA COMMAND, this
X | ; i flag is set when the FDC finds out |
{ S __the Sector with the DAM. o
i D5 | DD | Data i This flag 1is set when the FDC |
) | i Error in| detects a CRC Error in data field. |
i ! | Data | ‘
. | | Field |
. D4 . NC | No ' This flag is set when the contents
: : i Cylinder:! of C on the medium is different
i | ! . from that stored in the IDR. This
; | | flag is related with the ND flag.
1 D8 | SH | Scan ' This flag is set if the condition
: i | Equal i of "equal" is satisfied during the
; : (Satisfied| execution of the SCAN COMMAND.
. D2 | SN | Scan i This flag is set if the FDC cannot |
i : i Not i find out the sector which satisfies
: i iSatisfied| the condition during the execution |
. | | { of the SCAN COMMAND. ;
i D1, BC | Bad ' This flag is set if the content of
; . . Cylinder| C on the medium is FF and differs
] : I from that stored in IDR. This bit |
R S . is related with the ND bit.
DO ! MD | Missing This flag is set if the FDC cannot |
| | Address | find out the DAM or DDAM while the |
: | ! Mark in ; data are read from the medium.
i | Data i :
| Field | oy
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5.3.4 RESULT STATUS REGISTER 3 (ST3)

_BIT |SYMBOL, NAME |

__DESCRIPTION

D7 , FLT | Fault This bit indicates the state of the
. X ... Fault signal from the FDD. 5
D6 . Wp . Write This bit indicates the state of the
. . Protect | the Write Protect signal from the |
o .‘ FDD
;. D5 RDY Ready This bit indicates the state of the |
— . Ready signal from the FDD.
. D4 TKO Track 0 , This bit indicates the state of the |
. Track 0 signal from the FDD. B
Dy ., 28 Two This bit indicates the state of the |
i : Side Two Side signal from the FDD
i D2 | HD ! Head i This bit indicates the state of the .
——e ., Address . Head Select signal to the FDD. |
, D1, DSt |, Drive This bit indicates the state of the
| : 'Select 1 | Drive Select 1 signal to the FDD. :
., DO DSO | Drive + This bit indicates the state of the |
L ,Select 0 | Drive Select 0 signal to the FDD. |
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6 ELECTRICAL CHARACTERISTICS

6.1 ABSOLUTE MAXIMJUM RATING

| PARAMETER |_SYMBOL | RATING | UNIT |
|_Power Supply | VDD | -0.5 to +7.0 | vV |
|_Input Voltage | _VIN | -0.5 to +7.0 | vV |
| Operating Temperature | Topr | -10 to + 70 | O¢ |
| _Storage Temperature | Tstg | -40 to +125 | ©9c |

6.2 DC CHARACTERISTICS

Ta = -109C to +70°C VDD = 5V + 5%

1 PARAMETER | SYMBOL | MAX | MIN | UNIT | CONDITION |
L Input Low Voltage | VIL | 0 ] 0.8 | vV |

|_Input High Voltage | VIH | 2.2 | VDD | vV |

| Output Low Current | __IOL | 2.0 | - | mA | VOL=0.4V |
|_Output High Current | IOH |-2.0 | - | mA | VOH=4.6V |
| Input Low Leak Current | TIIL { -10 | +10 | uwA | Vin=0V |
| Input High Leak Current | IIH | -10 | +10 | uwA | Vin=vdd |
|L_Supply Current { IDD | - 1 .10 | mA | |

6.3 AC CHARACTERISTICS
6.3.1 AC CHARACTERISTICS

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

| PARAMETER | SYMBOL | MIN. | TYP. | MAX. | UNIT |NOTE]
L Clock Cycle Time | _tcy | 120 | | | _ns |
L Clock "High" Period | _tCH | 40 | | | _ns |
L_-RS,-CS,-DAC Setup Time to -RD| | tSR 1 0o | | | ns | J
|_-RS,-CS,-DAC Hold Time from -RD] | tRS | o | | | _ns | J
|L_-RD Pulse Width | tRR | 250 | | | ns | J
|_Data Delay Time from -RD} | _tDR | | | 200 | ns |
| Data Float Delay Time from -RD] | tRD | 20 | | 100 | ns |
L -RS,-CS,-DAC Setup Time to -WRT | tSW | 0 | | | _ns |
| -RS,-CS,-DAC Hold Time from -WRT | tWS | 0 | | | ns |
_-WR _Pulse Width |_tWw | 250 | | | ns |
|_Data Setup Time to -WR] | tDW | 30 | | | ns | *3 |
|_Data Hold Time from -WR] | _tWD | 30 | | | _ns | *3 |
L_INT Delay Time from -RDT | tRI | | | 500 | ns | *1 |
LINT Delay Time from -WR] | tWI | | | 500 | ns | *1 |
|_DMA Cycle Time | tDRQCY | 13 | | | _us | *1 |
L -DAC| to DQR|] | tACDRQ | | | 200 | ns |
|_DRQ] to -RD} | tDRQR | 800 | | | ns | *1 |
L_DRQT to -WR| |_tDRQW | 250 | | |l ns | *1 |
_DRQT] to -RDT/WRT | _tDRQRW | ] | 12 | us | *1 |
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L PARAMETER | SYMBOL | MIN. | TYP. | MAX. | UNIT |NOTE]
_TC Pulse Width | tTC | 1] | | __tcy | J
_RST Pulse Width | _tRST | 14 | | | __tCYy | |
| WCK Cycle Time |_FM mode | _tWCY 1| | 2 or 4| | us | *2 |
| |MFM mode | tWCY | | 1 or 2| | us | *2 |
| WCK "High" Period | _tWCH ] 100 | 250 | 350 | ns | |
|_PSO,PS1 Delay Time from WCKT | _tCP | | | 100 | ns |

| _WDT Delay Time from WCKT | tCD | | | 100 | ns |

_WE Delay Time from WCK] | tCWE | | | 100 | ns | J
|_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 |
L |MFM _mode | tWWCcY | | 1 or 2] | _us | *2 |
|_DW Setup Time to RDTT |_tWRD | 15 | | | _ns | |
| DW Hold Time from RDT| | tRDW | 15 | | | ns | |
| _DSO,DS1 Setup Time to -RW/SKT | tDSS | 12 | | | us | *1
|_-RW/SK Hold Time from LC/DR | _tSDh | 7 | | | us | *1
|_LC/DR Setup Time to FR/STP] | _tDST | 1 | | | _us | *1 |
_DS0,DS1 Hold Time from FR/STP| | tSTDS | 5 | | | us | *1 |
_STP "High" Pulse Width | _tSTP | | 7 | | us | *1 |
|_FR "High" Pulse Width | tFR | 8 | | 10 | us | *1 |
|_ -RW/SK Hold Time from LC/DR | tDS | 30 | | | us | *1 |
__LC/DR Hold Time from FR/STP| | tSTD | 24 | | | us | *1 ]
_STP Cycle Time | _tScC | 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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6.3.2 AC Test Waveform

2.4V

6.3.3 External Loading Condition for Terminal
-2V

510Q

o I '
50PF 5.6k Q

-

6.3.4 Read Operation

RS, -CS ><
-DAC A&
t SR <Ie-tma————> tRS k<

-RD

NV
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Write Operation
RS, -CS R
~-DAC
tHS ke i ————>>( tWS <
_.WR /F
k—ti—>{ >t
Do~ 1 )
kr——tﬂl
INT
DMA Operation
t DRQCY {
DRQ
E— t ACDRQ
-DAC
t DRQRW
-RD, —~WR N ]‘
le—— tDRQR >
t DRQW
Clock Waveform

<t CH—>
CLK

tCyY
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6.3.8 FDD Write Operation

tNCH tWCY
WCK ﬂ/——
t C¥E
t CNE
WE \
t CP
o X <X
t WDD —> t0)
WDT

6.3.9 Seek Operation

DSO, 1 $< l><
£ DSS et STDS
-RW/SK mj\
ts t

LC/DR

t DST >

tSTD
STP \

t STP>

6.3.10 Fault Reset

6.3.11 Index
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6.3.12

6.3.13

6.3.14

FDD Read Operation

RDT

t RDD

l<—t WRD

t RDV

DwW

X1

Terminal Count

t WWCY

t1C

Reset

RST ——————///[;:—__i:;r\\\——————
t RST
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7 PACKAGE OUTLINE

DIP 40 PIN (PLASTIC PACKAGE) Unit: mm

40 21

l<l4 .2 MAX

]
=
e 51.3 MAX = 15.24 + 0.25
“ [ > =
R | -
(=3
—\ n 7/
:I’ \
- H tf 0
H B 4 +0.1 \
7 P 05 905 |
= L, 0.5+ 0.15 Ll 2.54 £ 0.25 i< L 0~15°
= SE— e
« 4% 0.15 '
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mini FP 44 PIN (PLASTIC PACKAGE) Cnit  mm
035
‘ O8PITCH
f
QQQHHQ s E]:
33323113025'«}‘52'72625;3;28
| e u - 2200T—)
| — ) I | 2T
| —— - ] ! 20—
| — - S I o r— s
| e— | MARKING JAC] &8 1 o 2 ©
==ri3y —_— ] 1nEEE— byl 7
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C—IT] 41 : ‘ 15— A
1T 42 ! ! |- S s |
o 1 ! f 13—
—— N - - 12—
12345578 91011
GQ? ﬂﬁﬂﬁﬁﬁﬁﬂﬁ
T
140401
(176+£03)
1804025 .
MARK g
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N
\
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TCBS76AF TC8S77AFP TC8578AP

(Combination Peripheral Controller)

1. INTRODUCTION

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

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. Package

L | | Function |
| TC8576AF | 44 pin miniFP | Parallel I/0 user selectable

| TC8577AP | 40 pin DIP | Parallel output mode selected

| TC8578AP | 40 pin DIP | Parallel input mode selected J

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 «f CPC is divided by 4-bit programmable prescaler to serve as
an internal CLOCK (SYS_CLK). This SYS_CLK is divided by the Baud 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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(o]
0]

0

O
(9]
0

o 0 O o

All

8-RBit CPU Bus compatible
Serial Interface (Asynchronous Receiver Transmitter)

5 to 8 Bit characters programmable

1 or 2 Stop Bits programmable
False Start Bit Detection
Automatic Break Detect and Handling
Full Doubtie Buffering

Parity Bit Programs (NON,
Error Detection
Baud Rate Generator (12 Bits programmable divider)

Parallel 1nterface (Based on Centronics
o Transmit {TC8376AF,
o PRIME output control

o Data strobe

o luterrupt generation caused by BUSY release or ACK receive

0  Reccive (TC8376AY,
o Automatic generate of ACK pulse (Pulse Width programmabple)
o Busy control and interrupt generation caused by data receive

(Parity, Overrvun,

LVEN, 0DD)

TC857TAP)
(pulse & level)
Delay and pulse width programmable

TC8578AY)

Silicon-gate CMQOS Construction

Single -3 to 6V Supply

40-Pin DIP or 44-Pin mini flat Package
Trigger
10MHz @Vce 50

Single TTL Clock (max

1/0 Port Schmitt

(Internal Clock)

(max.

6 MHz

@Vee 50
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3. DESCRIPTION OF PIN
3.1 PIN ASSIGNMENT
TC8576AF PiN PiN
W o [10] PIN NAME |x || PIN NAME
- - 1 NC 23]10] DATAS
”ﬁ?ﬁmﬁﬁﬁﬁﬁﬁ 2[1] RD 24 10| DATAG
H HL i 31T WR 25 10| "DATA7
! [1 b H b [; l =
Lk Lo il L A | Al il ] 4 1 /CS 26 IO /DATA&
( s Al 27]1w0| DSTB
o T 61| A0 28 (10| ACK
34T B :
51 71V] GND 29 (10| FAULT
36 T T 8]0 INT 3010} -BUSY
37 coaer 90| DB7 31110 PRIME
3 o 10(10] DB6 32| SLCT
39 11 = F
40 ] 11[10] DB5 330 /RTS
4 o1 12(10f DB4 34(1!-DSR
42 [ 13{1w] DB3 3511]/CTS
8 =11 1a|10] DB2 36|0| DTR
44 -] L T 12 -
® 15[10] DB1 37]/0] TXD
| J 16]10] DBO 38]1| RXD
\Y =
—— : : 17|V v (v v
NIRRT ¢ 3 ¢
J ”\. Ih‘ H 18]G| GND 40]1]| cDs
12315875900 19[10] DATAL 4T[1| XCLK
20 (0] DATAZ 42| 1| RESET
21|10] /DATA3 43|10]/P5V
22 (10| 'DATA4 44|0| “PE
TC8577AP, TC8578AP
PIN PIN
¥ [10] PIN NAME |w |10 PIN NAME
1|v] vCC 21]10] - DATAL
1Ej ~ B 271]| XCLK 22]10| DATAZ
2 39 31| RESET 23|10]. DATA3
3 28 1 P5V 24 ‘DATA4
4] 37 0~ 10|~
5] 136 5{10f PE 25 (10| “DATAS
6 35 6(1| RD 26 (10| /DATA6
ZE; iig 71T WR 27|10, DATA7
pa Y 8]1] 'Cs 28 10| DATAS
10 3] 91 Al 29 |10] DSTB
[fl= 30 10]1| A0 30[10] ACK
1265 29 11[V] GND 31]10] FAULT
13 — 28 12]0] INT 32 BUSY
14 21 Gl
157 26 13|10 DB7 33110 PRIME
16 126 14{10{ DB6 34 {10 SLCT
xg; ;g% 15[10] DBS 35|0| RTS
19 . 16 [10] DB4 36|1| DSR
20 = 17]10] DB3 37[1].CTS
18|10] DB2 38|0| DTR
19]10] DB1 39|0| TXD
20 10| DBO 40]1] RXD
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.2 PIN FUNCTION

/RESET ...... Input (active LOW)
A "Low" on this input forces the CPC into "idle" mode.

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 10MHz.

/WR (Write) ...... Input (ACTIVE LOW)
A "Low" on this input informs the CPC that the CPU is writing data or
control words to the CPC.

/RD (Read) ...... Input (ACTIVE LOW)
A "Low" on this input informs the CPC that the CPU is reading data or
status information from the CPC.

Al, A0 (Address 1,0) ...... Input
These inputs, in conjunction with the /WR and /RD inputs, informs the CPC
the kind of contents on the Data Bus

/CS (Chip Select) ...... Input (ACTIVE LOW)
A "Low" on this input activates the CPC. When /CS is "High", /RD and /WR
will have no effect on the CPC.

DATA BUS MODE

[

AO|/RD|/WR|/CS
| 0] 1|
il

| FUNCTION

| RxS -> Data Bus Serial

| Data Bus -> TxD Serial

| PIN -> Data Bus Parallel
| Data Bus -> POUT Parallel
|
|
%
|
|

Serial Status -> Data Bus

Data Bus -> Parameter Register

Parallel Status -> Data Bus

Data Bus -> Command + Parameter Address
Data Bus Hi-Z

Data Bus Hi-Z

x Don't
care

rrrrrrrorrrr
EOR ER [ (Y [N [ I R (R [ R (=R F

I
J
|
|
|
I
|
|
[
J
I

PR (M (- (=) My Y R 1)
b |5 et (O [ [ O b O =

b (D IO [ [ O b (O [ {O e
=[S e} o} (o} (o} (o} (o] (o] (=]
SUUNY SUNIRY SN SUNNN SENEN NN SU SR SU SRR SR

I |
[ 0} 1 |
[ 110}
1 0] 1|
| 1] 0}
| 0| 1]
[ 1] 0]
[ x | x|
1111

o /DSR (Data Set Ready) ..... Input (For Serial)

(o]

This input is a general purpose, 1-bit inverting input terminal. It's
condition can be tested checking the bit-7 in the Serial Status Register
The /DSR input is normally used to test Modem conditions such as Data Set
Ready.

/DTR (Data Terminal Ready) ..... Output (For Serial)
This output is a general purpose, 1-bit inverting output terminal. It can
be set "Low" by programming "1" on the bit-1 in the Serial Command
Register. The /DTR output signal is normally used for Modem control such
as Data Terminal Ready.
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o /RTS (Request to Send) ..... Output (For Serial)
This output is a general purpose, 1-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 TxXRDY (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=1).

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-1 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.

o INT (Interrupt) ..... Output [ACTIVE HIGH (For General)]
The INT output is a logical ORed of four internal signal, that is, RxRDY,
TXRDY, 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=0), parallel interface block is defined as parallel
output mode. When CDS is VCC level(CDS=1), parallel interface block is
defined as parallel input mode.
(TC8577AP/TC8578AP is already connected "GND"/"VCC" respectively.)

o /DATA1 to /DATA8 (Data Bus) ..... Input/Output (For Parallel)
The /DATA8-1 are the 8-bits data bus for parallel interface.
(CDS=1): The /DATA8-1 work as parallel input port.

(CDS=0): The /DATA8-1 work as parallel output port.
The content of Data Bus is inverted.

o ACK (Acknowledge) ..... Output/Input (For Parallel)
(CDS=1): The ACK output issues the ACK signal. Its pulse width are
programmable.

(CDS=0): The ACK input receives the ACK signal to reset the internal
Xbusy signal.
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DSTB (Data Storobe) ..... Input/Output (For Parallel)
(CDS=1): The DSTB input 1is storobe signal to catch the data on the
parallel port.
(CDS=0): The DSTB output is storobe signal to indicate that the parallel
output data is valid. Its pulse dalay and width are programable.

/BUSY (Busy Signal) ..... Output/Input (For Parallel)
(CDS=1): The /BUSY output issues the Busy signal which is set by catching
a data from the parallel port.
(CDS=0): The /BUSY input senses the Busy status of external device.

/SLCT (Select) ..... Output/Input (For Parallel)
(CDS=1): The /SLCT is inverted output to issues the content of the bit-1
on the Parallel Command Register.
(CDS=0): The /SLCT input senses the select Status of external device.
The SLCT is normally used for detect/announce the device select status.

FAULT (Fault Signal) ..... Output/Input (For parallel)
(CDS=1): The Fault output issues the content of the bit-0 on the Parallel
Command Register.
(CDS=0): The Fault input senses the Fault status of the external device.
The FAULT is normally used for detect/announce the device fault.

PRIME (PRIME) ..... Input/Output (For Parallel)
(CDS=1): The PRIME is an 1--bit input terminal.
(CDS=0): The PRIME output issues the PRIME signal, it can be programmed
it's mode (level ON, level OFF, one-shot).

/P5V (Plus 5 Volt) ..... Output/Input (For Parallel)
(CDS=1): The /P5V is an inverted output to issues the content of the bit-
3 on the Parallel Command Register.
(CDS=0): The /P5V is an inverted input to sense the power supplying
status of the external device.

/PE (Paper End) ..... Output/Input (For Parallel)
(CDS=1): The /PE is an inverted output to issues the content of the bit-2
on the Parallel Command Register. inverted output terminal.
(CDS=0): The /PE is an inverted input to sense the Paper End signal of
the external device.

PRRDY (Parallel Receiver Ready) ..... Internal signal
A "High" on the PRRDY indicate that the parallel interface has a
character to be sent to the CPU.

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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4. INTERNAL REGISTER

.Register name o
i (R:/RD=0) |A]A]
| W:/WR=0_1]0; D7
iSerial input P

I ! {Shows hardware reset
i i :
|
[

| data register |R|0|0] D7 | D6
|
|

| i
D6 D5 | D4 D3 | D2 D1 '@ DO ! Meaning

| |Serial input data |

i

|

[4[Wl1]0] x SR4| SR3| SR2| SR1| SRO|PRIME length

PEN| L2 | L1 | TxM| SO |Serial mode

X
SR
(5|W/1]0| RxM| ERM| EP
X
X

[N SN SN S S

|
|
|
I !
| DS | D4 | D3 | D2 | D1 ! DO | byte i
|Serial output | | | | i i i i ! | |Serial output data |
i _data register [W|0|0| D7 D6 | DS | D4 | D3 | D2 | D1 . DO : byte |
|Parallel input | : , | ! I | | | i ! 'Parallel port input !
| _data register |(R|O|1| D7 | D6 | D5 | D4 | D3 | D2 | D1 ' DO ! data byte |
|Parallel output| | | | | | i ! | | ‘ 'parallel port output|
L data register [W|O|1] D7 | D6 | DS | D4 | D3 | D2 | D1 | DO ' data byte |
| |O|W[1]0| B7 | B6 | BS | B4 | B3 | B2 | Bl | BO |Baud Rate Low !
|Parameter JdJwl1jo] x | x| x| x | B11] B10| B9 | B8 !Baud Rate High |
register |2|W|1/0] x | x | X | DL4| DL3| DL2| DL1| DLO|DSTB delay/ACK width| |
i3IWI1i0] x | x| | W4 | W3 | W2 | W1 | WO |DSTB width !
| | [ J
| |
| j
| |
|
l

[6]W[1]0] x | x| X | x| x | PP1] PPO|Parallel mode
X | K3 | K2 | K1 | KO {Prescaler value
{Serial status | | | | i i I | Tx , Rx i Tx iSerial I/0 x|
register [R{1/0| DSR|RBRK| FE OE | PE | EMP| RDY| RDY| status byte !
1

Serial command | | | | i | | | | I : 'Serial I/0

|
I
|
|
I
L [7IW[1]0] x | x |
‘ H
i
L register |[W|1]1] O

*

X | RTS| ERS|SBRK|RXEN| DTR|TXEN| command byte

| |
|parallel b I | IM1| IM2| x | S2 | S1 | SO :CDS=0:output mode | x|
__command reg. (W[1;1] 1 ! O | IM | (a)| P5V| PE |SLCT|FALT|CDS=1:input mode | ]
jParameter o | ire- | | | i | ISystem reset bit & |
____address reg.|{W[1(1] 1 | 1 | set] x | x | PR2| PR1| PRO|Parameter address i
jParallel b i i i | | i ' {Parallel I/0 *

1
!
| status reg. IRj1|1/IntF| (b)|BUSY|PRIM| P5V| PE |SLCTFALT] status byte
Note: (a)Busy on (b) XBUSY/BUFFUL x Don't care

—165—



TOSH'BAINTEGRATED CIRCUIT TC8576AF, TC8577AP

TECHNICAL DATA TC8578AP

4.1 Selection of Parameter Register

At the write operation on the condition that both A1 and A0 are "1"
(A1=1,A0=1,/CS=1,/WR=1,/RD=0), the one of three registers by the contents of
D7 and D6 as follows.

Serial Command Register

LD7 | D6 | D5 | D4 | D3 | D2 | D1 | DO |

| 0 | <-=——- Command byte ----——-—--—-- > | The 7-bits word will be
used for serial interface
as a command.

Parallel Command Register

| D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | The 6-bits word will be
|1 1 0 | <===== Command byte ---—-- > used for parallel interface
as a command.

Parameter Address Set Register

UD7 | D6 | D5 | D4 | D3 | D2 | D1 | DO |

L1 ] 1] 1/0l X | X | PA2| PA1| PAO|-- The 3-bits(D2-DO) point to
| an address of the Parameter
| Register (PRO-PR7) .
An "1" on this bit will cause the system reset same as
external reset.

4.2 Parameter Register (Al1=1,A0=0,/CS=0,/WR=0,/RD=1)

One of eight Parameter Registers(PRO-PR7) is selected by the Parameter Address
Set Register(A1=1,A0=1,D7=1,D6=1). the address of each Parameter Register is
shown in follows.

Internal Parameter Register

| Register | Register Name | Corresponding Bit

|__Address | L 71 61 51 41 3] 2"'" 1, 0]
|[IPRO | 0 0 0 | Baud divider BL | B7 | B6 | B5 | B4 | B3 | B2 | Bi | BO |
[PR1 | 0 01 | Baud divider BH | x| x| x| x | Bi1| B10| BY | B8 |
[PR2 | 0 1 0 | Delay time | x| x| x 'D4 | D3 | D2 | N1 | DO |
[PR3 | 0 1 1 | Pulse width | x| x| x | W4 | W3 | W2 | W1 | WO |
[PR4 | 1 0 0 | PRIME timer | x| x | SR5] SR4| SR3| SR2| 5R1| SRO]
|[PR5 | 1 0 1 | Serial mode | Rx | ER | EP | PEN| L2 | L1 | Tx | SO |
L | | | INTM| INTM| | | | | INTM| J
{[PR6 { 1 1 0 | Parallel mode | x| x| x| x| x| x|l Pi | Po|
[PR7 | 111 | Prescaler value | x| x ! x| x | K3 | K2 | K1 | KO |

X Don't care
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4.3 Prescaler and Internal clock

-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 10MHz.

REGISTER REGISTHR
EXTERNAL CLOCK l L l l L ‘L Jf J,i

XCLK )

(XCLK) PRECCALFR
BATD RATW JBNFRATEK 1x-HIT¢ |—s TO AKT

4 BITS
e
TIMING OTROUTT TC e TO ACK
PARALL AL INTERFACH e TO LSTE otc
L o JYOS_TIEK

Fig. 4.3 Internal Clock Circuit Block Diagram

The value of prescaling factor is assigned on the LSB portion of the Parameter
Register(PR7). The relation between the value of PR7 and prescaling operation
is as follows.

Prescalar value (PR7)
| D7 | D6 | D5 | D4 [ D3 | D2 | D1 | DO |
| x| x| x| x| K38 ] K2 | Ki | KO |
X Don't care
assuming the value of K as follows .

K =8 x K3 + 4 x K2 + 2 x K1 + KO

then
L | fSYS CLK__ | Pulse duty of fSYS CLK__|
L K =0 | fXCLK/16 | 1/16__ J
| K =1 | fXCLK 1 same as_XCLK ]
2 <K< 15 | fXCLK | 1/K J
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4.4 Baud Rate Generator (PRO,PR1)

To generate a source clock for asynchronous serial channel, the CPC has & 12-
bits programmable divider. The value of divisor is assigned parameter
register PR1 and PRO into two parts i.e. MSB 4 bits and LSB 8 bits
respectively as follows.

L PRI __ e . PRO J
L D7 D6 D5 D4 D3 D2 DI DO | D7 D6 D5 D4 D3 D2 D1 DO |
[x_x x_x BI11 B0 B9 B8 | B7 B6 RS B4 B3 B2 B1 BO |
x Dun't care
The frequency of the Baud Rate Generator and the value of divisor on PR1 and
PRO is as follows.
Assuming that
B - 2048 x B11 + 1024 x B10 + .... #2 x Bl + BOU
B deud8x g bes LLK/409b
1. fBaud8x = 0 (no operation)
| fBaud8x - fSVS CLK/B _

| SRS

Asynchronous channel needs eight times clock frequency tor producing real Baud
Rate, so we call the output of Baud Rate Generator as Baud8x
Final Baud Rate depends on the value of fXCLK, prescaler and Baud Rate

divider. And also there ace some limitation of chosing these values, so that
the SYS_CLK is already used by another circuit for time base. Next tables
show some example using an 8MHz (7,987 ,200Hz) XULK or a 6MHz (6,144,000Hz)
XCLK.

fXCLK = 6 Mz (6,144,000 Hz)

| Prescaler value L I 1 o .5

[_fSYS CLK_ (Hz) _ o [ 6,144,000 | 1,536, 1,228,800 |
| Parallel L rosolutlon 1 0.162 us 0.814 usS |
| interface | Pulse width  DSTB, | 5.3 u8 26.9 uS |
| L max. ACK L e
! ! Pulse width (PRIME) % 10.7 us 52.9 uS |
L. . max. S

| The value [_ 110 | - 6982

| of B for i as o ] 10240

| corres- L 150 | __ 5120

| ponding L 800 _ L .. 2560

| Baud Rate [ ___ . _ 600 | 1280

i L 1200 .. 640

| . 2400 L. 320 .

| L. ...._.4800 _ | _ _ 160 . _.32 ]
! L. . . ..8600 _ | _. 80 [ . 16 _ |
| RS £°7-4¢1 S IR 1 N 8

i [ 33400 | 20 IR SN
| L. ... .. 78800 | 10 b .2 __ ]
L o . ... 183600 I 5 1. - j
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fXCLK = 8 MHz (7,987,200 Hz)

. Prescaler value | 4 1 8 | 13 Ji
L _fSYS CLK (Hz) ;1,996,800 | 998,400 | 614,400 |
| Parallel { minimum unit I . 0.5us | 1 uS | 1.63 uS |
{ interface | Pulse width (DSTB) i 16.5 uS | 33 uS | 52.8 uS |
g L max ACK | L | J
| _ Pulse width (PRIME) | 33 uS | 66 uS | 105.6 uS |
| max. R | | |
| The value | _110 | = 2269 i = 1185 | = 698

| of B for 75 i 3328 | 1664 | 1024 |
| corres \ 150 | 1664 | 832 | 512

| ponding L 300 i 832 | 416 | 256

| Baud Rate | 600 _ | 416 | 208 | 128 |
; L 1200 | 208 | 104 | 64 |
| L ..2400 i _ 104 L _ 52 [ 32 |
i o 4800 | 52 | 26| 16 |
. L 9600 | 26 | 13 | 8 j
| L 19200 | 13| - ! 4 ]
L | 38400 | - i - il 2 J
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4.5 System reset and Initialization

The CPC will be initialized when the RESET(external terminal) is "Low" level,
and also when an "1" is programmed on a Bit-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.

L | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO J
| Serial status i DSR | RBRK | FE | OE | PE |TXEMP| RXRDY | TXRDY |
L | Value |external| 0 | 0| 0 1 0 | 1 | 0 | TXIMTM |
| Serial command | 0 | - | RTS| ERS | SBRK| RXEN| DTR | TXEN |
L | Value ; | - f{ oj (1) | o} o | o | 0 |
| Parallel command | 1 | 0 | _IM1] IM2 | x ] 82 | 81 | _so

| | | | IM |Busy on| PSV | PE | SLCT | FAULT |
L | Value | L (14 x| o] o | o | o |
| Parallel status | Intr |XBUSY/{BUSY| PRIM | P5V | PE | SLCT | FAULT |
l | flag |BUFUL | I 1 I | | J
| |Value of Out- | 0 | 0 exit] 0 | exit| exit| exit | exit |
| | put (CDS = 0)[ | . | | [ | | J
| |value of Input] 0 | 0 | 1 | exit | 0O | O | 0 | 0

L1 (CDS = 1) | | | | 1 I j | J

Other internal states is shown below.

Prescaler and
Baud Rate Gen.

As the CLK input is applied, these circuits are
running. There are no changes by initialization.
The dividing counter will be initialized only
the new value is applied on its divisor register
at the parameter set operation.

By initialization, the circuit 1is reset, but
register values are not change.

Timing circuit
for ACK, DSTB and

I |
| l
| |
I |
I J
| |
| [
| J
l [
L_(CDS=1) | (Low level) |
| |
| l
| |
| J
| |
| |

PRIME

BUSY output The /BUSY output will be active.
| TXD TxD goes to High level.
| terminal The initialization resets the transmitter directly
| whole circuit, so that even if in a transmitting
| sequence, it will be stopped.
| Serial The RXEN reset to no-active ("0").
|__receiver All internal flags inclusing of Error is reset.
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5. SERIAL INTERFACE

5.1 Block Diagram of Serial Interface

FATL RATL GHRIIAT Oh 4]__ﬂ
i

The RxD initialization circuit reserves the start-bit detection until wvalid

"1" is appeared on RXD after reset. It prevents a mistaken break signal
detection for the unused line. 1Its valid "1" detection means detecting 1two
continues "1" 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 clock.

When the transmitter has a character to be sent, validity of CTS on(CTS=1}) and
TXEN on(TxEN=1) and TXRDY(Transmit ready) is evaluated on each Baud8x clock
cycle before starting transmit. When CTS or TXEN :s off, the transmitter is
disable transmittion condition.

5.2 Programming 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 1is
needed to open the serial channel. Concerning about Baud Rate, it must be
programmed to supply a clock which has 8 times frequency of Baud Rate on the
RxD 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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5.3 Serial Parameter Register (PR5)

The serial parameter is assigned on the parameter register PR5, and the
contents have meanings as follows.

{ D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO |
| RX | ER | EP | PEN| NL1| NLO| Tx | SO |

LINTM| INTM| | i | | INTM| J
| | | ?
| | Number of stop bits
| -=>_ S0 | 0 | 1 |
| [Number| 1 | 2 |
|

~~~~~~~ > Interrupt control TxRDY
0: Interrupt enable
1: Interrupt disable

Character length

|
f
!
|
|
l
l
!
I
|
|

|
|
{
|
|
|
t
l
l
|
I
[
[
!
|

—————————————— >UNLO | O | 1 ] O] 1]
—————————————————— > NL1 | O] O] 1] 1]
(cL) | 51617 18]
(CL): Character length
———————————————————— > Parity control
0: Disable
1: Enable
= ——=-—--- ———---——---> Even parity generation/check
0: o0dd
1: Even

————————————————————————————— -> Interrupt mask on receive error
0: Interrupt enable
1: Masked
e > Interrupt mask on character receive
0: Interrupt enable
1: Masked

|
|
l
[
I
|
|
l
i
I
|
|
l
|
i
l
|
l
i
|
i
l
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5.4 Serial Command Register (A1=1,A0=1,D7=0)

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.

| D5 | D4 | D3 | D2 | D1

| Do

L
L

D7 | D
|

i RTS| ERS|[SBRK[RXEN| DTR|TXEN]

0
|
[
!
i
|
|
1
|
[
|

i
i
|
|
|
|
i

|
|
}
i
i
|
|

6
X
g
|
|
I
|
|
!
!
|
|
!

i | | | |

I
|
|
i
!
|
l
i
I
l
i
1

i
|'
i
!
t
|
s
|
1
|
|
!
:
|
|
!

I

>
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TRANSMIT ENABLE

1 enable

0 : disable
DATA TERMINAL READY

1 /DTR = 0

0 /DTR = 1
RECEIVE ENABLE

1 enable

0 : disable

SEND BREAK CHARACTER
1 force to TxD "Low"
0 : normal operation

ERROR RESET
1 reset error flags
(PE, OE, FE, RBRK)

REQUEST TO SEND

1 /RTS = 0
0 /RTS =1
RESERVED

of the Serial

Command Register
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5.5 Serial Status Register (A1=1,A0=0)

The status of serial channel is a result of read operation with A1=0 and A0=0,
and it contents have meanings as fol lows.

D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO |
| DSR|RBRK| FE | OE |PERR| TXE| Rx | Tx |
| | | | | | | RDY| RDYJ

TxXRDY (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 "1" 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 bit is set when the receiver detect "Break condition"”.

DSR (Data Set Ready)
The DSR bit means inverted value of external /DSR terminal.
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5.6 Format of data character

The RxD line and the TxD line are normally High.

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.

NEXT CHA,

—_—

STAKT ) N
MAKKING \ pT 0 D1 M14>< ! // CTOP BITS |
: T
,

L
LS
.

PROGRAMMED

CHARACTER LENGTH TARITY BIT (I1F T KXIST)

5.7 Data Transmittion

Upon receipt of the character, which is serial output data, from the CPU, the
CPC changes to Buffer not Empty(Transmitter Buffer is not empty) at the same
time evaluates TxEN(a command bit), CTS(content of /CTS terminal), and on/off-
Transmittion(whether the transmitter is in operation). If the transmitter is
in the condition of TXEN on, CTS on(/CTS=0), 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 into 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 either CTS off or TXEN off condition (which is disable transmittion
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

The RXD line is normally High. A falling edge on this line triggers the
beginning of a Start bit. The validity of this Start bit is checked by
continuous four times strobing on each falling 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. 1f the comparison fails, the
Parity Error flag is set.

The receiver detects only one stop bit, regardless of the programed number of
stop bit(s). If a low level is detected at that point, the Framing Error flag
will be set.

When the programed number of data bits are strobed, these are loaded into the
Receive Buffer, 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 character 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 the
Break detection Flag. In this case the RxD initializing circuit is activated
and the Start bit detection is reserved until the "1" occurs in the RxD line.

All of the Error Flag and the Break detection flag can be reset by setting of
the ERS bit in the Serial Command Register. The occurrence of any of these
errors will not effect the operation of the CPC

5.9 Interrupt Control
There are those interrupt factors in the serial channel, as follows.

1. The serial transmitter turns being able to receive a new data from the CPU.
The serial receiver has a character ready to send the CPU or has detected
Break character.

3. The serial receiver has the Error Flag(s).

These factors can be masked or enabled to lead into INT terminal through into
TXRDY and RxRDY.

Tx interrupt = (TXEN-1) x (/CTS=0) x (Transmit Buffer-empty) x (TXINTM-0)
= TXRDY (in TXINTM=0)
Rx interrupt = (RXEN=1) x [(RXINTM:=0) x { (RXRDY -1) + (RBRK=1) }
+ (ERINTM=O)X(FE+OE¢PERR)J
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6. PARALLEL INTERFACE [1] - OUTPUT MODE (TC8577AP,TC8576AF)

6.1 Parallel Output Interface (CDS=0)

If the CDS terminal are at the "0" level a parallel output interface is
formed. An example of external circuit in this case is shown in Fig. 6.1.

cpcC
R Aoy
o FXTIHNAL CONNECTOR
e )
S-S A A E—. ) ——to | varal
____.2_ Lse Z
R e s DS -0 | DATAS
[ES A SR tewa Lo | nuuy
L 3
ACK m»—w—<$%f RN —O | ACKNLY
) ——
VT T — -_*Do_————o FATA STRODI
O/ - [P
T e —— [ >0 ——0 | TRIME
< R
TE L~~«~—o<} LPFR e o oo O | PAVRREND
¢
5V _A#—o<} vl Lo ey
¢
STOT »~—~—~—OG LbEe O | SwhreT
CAULT ,uﬂu_m4<}>u__~ Wbk boo Lo | FATLT

Fig. 6.1 Parallel Output Interface

6.2 Output mode operation

When the CPC receives data from the CPU, the data is output inversely on the
/DATA1 to /DATAS8 terminal, and the CPC automatically generates the Data
Strobe(NDSTB) pulse.

The characteristic of DSTB pulse is decided by both of the value set to the
parameter register (PR2, PR3) and the internal SYS_CLK cycle.

WhCCE

DETH e

Td Tw

. *, ERLI v

Here, let the values set to the parameter register (PR2,PR3) be NSD and NSW,
respectively, and conceive that TSYS = 1/SYS_CLK and x = 0 to 1, then

Td - TSYS x (NSD + 2 + X)

Tw = TSYS x (NSW + 1)
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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
ACK. These timing are shown in Fig. 6.2.

CPU WD A
- % Tx=aXT8YS
DATA1~8 X VALID
Td ™
DSTB I

XBUSY
EXTERNAL g——‘\

ACK

EXTERNAL v // N
BUSY 1 /
INTERRUPT \ / N/
Fig. 6.2 Output Mode Timing
(In case where external BUSY includes ACK)
6.3 Parallel Status Register (A1=1,A0=1) --- Read

In the Output Mode, the Parallel Status Register has the status bits as
follows

| D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO |
[ IntF|XBUSY|BUSY|PRIM| P5V| PE |SLCT|FAULT|
| | l l l l | !
| | | --> Contents of FAULT input
| | - > Contents of SLCT input
| e > Contents of PE input
————————————————— > Contents of PS5V input
—————————————————————— > Contents of PRIME output
| s > Contents of BUSY input
————————————————————————————————— > Contents of XBUSY flag
——————————————————————————————————————— > Parallel Interrupt flag
If there are interrupt factors in parallel,
the flag goes to "1".

|
|
I
|
|
!
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6.4 Parallel Command Register (A1=1,A0=1,D7=1,D6=0) -—- Write
| D7 D6 | D5 | D4 | D3 | D2 | D1 | DO |
L1 O | IM1| IM2| x | S2 | S1 | so |

| | |

Sttt > The following operation are
i performed according to a

| combination of S2,S1,S0.
|
!

|

|

|

| |S2 S1 SO |No. | Operation |
| L0 0 0 | 0 | Resetting of FAULT detection bit |
| | L0 0 1 ] 1 | Resetting of SLCT detection bit |
| | L0 1 0 | 2 | Resetting of PE detection bit |
i | LO 1 1 | 38 | Resetting of P5V detection bit J
| | {1 0 0| 4 | Level On _of PRIME output J
| | L1 0 1| 5 | One-shot of PRIME output |
| | | 1 1 0| 6 | Level OFF of PRIME output and re- |
i | | | | setting of all the flags including|
| | | | | XBUSY as well as interrupt bit. ]
| | 11 1 1 | 7 | NOP (No operation) )
Lo

|

---> 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.0 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 until
the command No.5 or No.6 is issued.

The one-shot ptlse width for the value of PR4 is provided by the following

equation:
tPRIME = tSYS x (PR4 + 2)
RETEUN j{ COMMAND 2 IMMAND
wo Ty 7
PHIME / Ai;}f

TPRIME

Fig. 6.4 PRIME Timing

6.5 Parallel Mode Register (PR6)

The Parameter Register PR6 is a parallel mode register, and the parallel
output mode has the following bits.

(D7 |D6|D5 D4 D3|D2|D1_|DO |
L x| x| x| x; x| x|PP1|PPO]
| |
| -> 1l:Interrupt enable at rising edge of XBUSY.
-> 1l:Interrupt enable at rising edge of external BUSY.
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6.6 Flag and Interrupt control

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,
PE) of the companion device.

Interrupt factor 1:

For the interrupt factor 1, 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 INPT1 and INPTO exist. INTP1_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 PP1 and PPO in the Parallel Mode Register(PR6) enable/disable (1:enable,
O0:disable) the outputs of these INTP1_flag and INTPO_flag, but have no effect
on the value of these flags.

Further, if D5 of parallel 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~ ‘gister is set to "1", this interrupt
factor 2 is masked without being + .~. . these flags. These flags are reset
by the selection reset (operation caode 1.;.0 to No.3 of the Parallel Command
Register) or the batch reset (nperation code No.6) in addition 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)

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.

BATKERNAL CONNKCTOR CPC

"
I

DATAL | o % }—-——v-1:xy.~_>.___fu_~__ TATAT
L] .
: 2
4 _
DATAS8 ———————— DATAS
+— 0/C —
BUSY o b BUDY
— 0/C
ACKNLG [ < —{ Ak
_—
DATA STROB o ‘_;44m;<i>FAA‘VW__;AA4_ DETH
L
+5V o—{-e
o,7C —_—
PAPEREND o - <p————— TE
n/0
SkLECT | O - —<p STCT
———— 0,/C
FAULT o o —— FAULT
e
PRIME °"J:::[::}‘—“q>*"7 PEV
\/ PRIMK
(RESKT)
Fig. 7.1 Parallel Input Interface ( ) ANY USE

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 DATA1 to DATAS8 (inverse of /DATAl 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 Write operation (DUMMY WRITE) by programming PP1 (D1
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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DATAS —<_vaLip > j_—>__
DBUFFER — VALID X
DSTB( EXTERNAL) \ [ \/
INTR / \
RD(CPU) /[
. |
WR(CPU)DUMMY \ [
PP1=1,FP0=0 ! |
pUSY 7/
| I
ACK | 4 \
To | | Tx | |
P PP ! |
P1=1_ PPO=1 1
RUSY / \ ‘
|
PP1=0,PP0=0 1
BUSY / b

ACK |

=
o L Tx

Fig. 7.2(a) Input Mode Timing

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 + Xx) (x =0 to 1)
Tw = TSYS x (PR2 + 1)

i}

The /BUSY is released at the edge of ACK pulse.

WD

or RD \

ACK { A\

To Tw ‘

|

8YS_CLK WMH L

Fig. 7.2(b) ACK Pulse Timing
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7.3 Parallel Status Register (Al1=1,A0=1)

The status of parallel interface is a byte read out by A1=A0=1, and each bit
has the fol lowing meaning.

| D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO |
I Intf | BUFUL|BUSY|PRIM| P5V| PE |SLCT]|FAULT]

| l | | I } l |
| | | | ----> Contents of FAULT output
| | | e > 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 Command Register (Al=1,A0=1)

Writing (/CS=0,/WR=0,/RD=1) by A1=A0=1 serves as a command for parallel
interface. (When D7=1, and D6=0.)

D7
1

D5 | D5 | D4 | D3 | D2 | D1 | DO |
| IM |B-onj P5V| PE |SLCT|FAULT)|
I | | I I |
| | | ----> Definition of FAULT output
| | e > Definition of SLCT output
| e > Definition of PE output
———————————————————— > Definition of P5V output
—————————————————————————— > BUSY-ON bit
————————————————————————————— > Input interrupt mask bit
1: Interrupt disable
0: Interrupt enable
- - mme-=-- - oo - ——-—wo-—--------=> These should be parallel com-
mands

)
0

1
L
|
[

|
|
A%
[
|
}
l
l
I
[
F

7.5 Parallel Mode Register (PR6)

The parameter register PR6 controls the mode of parallel interface.

1 | Do |
| x| x| x| x| x| x| PP1] PPO]

|

|

|

|

|
--> Relation control of BUSY<->ACK
0: BUSY EXCLUDE ACK
1: BUSY INCLUDE ACK
——————— > BUSY reset and ACK generation
control
1: Generation by DATA READ.
0: Generation by DUMMY WRITE.
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7.6 Flag and Interrupt control
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 fallen 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=1 and INTM=0, a interrupt occurs from the
paral lel interface. The content of this occurs also in the D7 of the
Parallel Status Register.

—184—



INTEGRATED CIRCUIT TCB576AF, TC8577AP

HIBA
T0S TECHNICAL DATA TC8578AP

8. USAGE OF CPC

8.1 System Interface with MPU

Fig. 8.1 shows a example of system interface.

-12V {1V
cpe +5v
DE—
SYSTEM C1OCK L_
CIK
AD7 ~ADO LINE g
S N
M DRIVE 1] Rs-232¢
U Al RECEIVER 1] connEoTOR
P s AQ 8§
DECODER _
%80 po— TS
8045 +5v
TOR —
BD L] oy
et PARALLEL 29
. Tow oo
TR INTKRWACE
CENTRONICS
DB7~ D40 DRIVER CONNECTOR
(L’ ;> DB7 RECETVER
\ ~DHO
FTLTFR
INT 99
INT [ ©0]
RRSRET
’ RESET

Fig. 8.1 MPU Interface

The TC8577AP or TC8576AF (CDS=0) is used for a printer driver of the like as a

parallel interface.
The TC8578AP or TC8576AF (CDS=1) is used for the parallel interface receive

circuits of the like in the printer.
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8.2 Sample of initialization program

Fig. 8.2(a) shows an example of the initialization program for driving a
printer by using parallel I/0 port as output port.

This initialization program is considered as the access program to CPC the
whose power is applicated.

In this case, the initialization of the parameter performed under the CPC
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.

Disable
Interrupt

All default parameters are
set while parameter addresses
are being set with system re-

set bit turned ON.

CPC reset bit off

(other initializations)

i

[;7Wake—up of printer

END
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8.2 (a) Example of Initialized Program

3 RARAOR KA KA R AR A A AR AR R AR A A K KK A KKK o K AR KK KKK K Ko K K ok
ALIZE PROGRAM

8MHz (
2MHz (

280 or

EXAMPLE

= 7,987,200 Hz)
1,996,800 Hz)

* K X X X %

equivalent

;***************************************************************

’

’

»
’
»
’

SERIAL DATA PORT (R/W)
PARALLEL PORT (R/W)

SERIAL STATUS (R/0)
PARALLEL STATUS (R/0)

COMMAND PORT (W/0Only)
PARAMETER SET (W/0Only)

DEFAULT BAUD (9600)
26 = 7,987,200 / (4*9600*8)

DEFAULT DSTB DELAY (2 usec)
DEFAULT DSTB WIDTH (2 usec)
DEFAULT PRIME LENGTH (12.5 usec)
DEFAULT SERIAL CHANNEL FORMAT
INTRRUPT NOT USE
EVEN-PARITY, 8-BITS/CHAR, 2-STOP

; DEFAULT PARALLEL MODE
; DEFAULT PRE-SCALER VALUE

; DISABLE INTERRUPT

; PARA-METER ADDRESS & SYSTEM RESET

P> CPC  INITI
;*
¥ XCLK(external)
¥ SYS CLK(1internal)
. %
¥ CPU
PORTCPC EQU OCOH
SDATA EQU PORTCPC+0
PDATA EQU PORTCPC+1
SSTUS EQU PORTCPC+2
PSTUS EQU PORTCPC+3
SPCON EQU PORTCPC+3
PARAS EQU PORTCPC+2
QBAUD: DEFW 26
DEFB 2
DEFB 3
DEFB 48
DEFB OFFH
DEFB 0
DEFB 4
INITSM: DI
H PARA METER SET
LD HL, QBAUD
LD A, OEOH
LD B,8
LD C,PARAS
INITO1: ouT (SPCON) ,A
INC A
OUTI
JR NZ,INITO1
LD A,0COH
ouT (SPCON) ,A

PRINTER WAKE UP SEQUENCE

(C) IS PARAMETER PORT

SET PARAMETER ADDRESS

SET IN NEXT ADDRESS POINTER
SET PARAMETER FROM (HL)

RELEASE
PUT IT PARAREG
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’

INIT11:

LD

ouT
IN
AND
JR

A,080H+30H+5 ; PR COMMAND 5 (PRIME ONESHOT)
; INTERRUPT MASK

(SPCON) ,A ; PUT OT TO PORT

A, (PSTUS) ; CHECK PRIME SIGNAL

10H ;  CHECH THE BIT

NZ,INIT11

; /* SOME WAIT OUTINE NEEDED FOR PRINTER READY */

IN

A, (PSTUS) ; READ PRINTER STATUS.

; /% CHECK PRINTER STATUS & JUDGE SOMETHING */

PRWAKE :

PRTOFF:

JR
LD
CALL
LD

DEFB

NZ,PRTOFF ; IF PRINTER OFFLINE
HL, PRWAKE

PROUTS

PRTOFF

OFFH, OFFH, OODH, OOH

SET ANOTHER INITIALIZE SEQUENCE

PROUTS

PROUTE:

PRCHR:
PRCHR:

JP

LD
OR
JR
CALL
INC
JR
RET

PUSH
IN
AND
JR
POP
ouT
RET

00000H ; JMP TO NORMAI ENTRY
A, (HL) ; GET BYTE TO BE OUT

A ; CHECK 1F END (NULL)
Z,PROUTE H END OF DATA

PRCHR ; PUT IT PRINTER

HL ; (HL) POINT NEXT CHAR
PROUTS

AF ; SAVE CHARACTER TO SEND
A, (PSTUS) ; SENSE PRINTER STATUS
040H ; CHECK ONLY BUSY
NZ,PRCHR1 ; IF NOT READY WAIT

AF ; RESTORE CHARACTER
(PDATA) ,A ; SEND DATA
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8.2(b) Example of Serial Channel

RSINIT:
;0 /*
;0 /*
;o /*
;o /¥

i /*

HEVA

UPDATA RS-232C PARAMETER

UPDATE

QBAUD ,

*/

PARAMETERS BY READING SWITCHES
FOR SETTING RS-232C CHANNEL PARAMETER.

QBAUD+1 ,

RESET SERTAL CHANNEL

LD
OuT

A,010H
(SPCON) ,A

BAUD RATE SET */

LD

LD
ouT
LD
ouT

LD
ouT
LD
ouT

LD
ouT
LD
ouT

LD
ouT

RET

HL, (QBAUD)

A,0COH
(SPCON) ,A
A,L
(PARAS) ,A

A,0COH
(SPCON) ,A
AL
(PARAS) ,A

A,0C5H
(SPCON) ,A
A, (QBAUD+5)
(PARAS) ,A

A,027H
(SPCON) ,A

*/

’

QBAUD+5 MUST BE REARRANGED.

ERS=1,RTS=DTR=SBRK=0, RXEN=TXEN=0
SEND IT AS COMMAND

(HL) = BAUD RATE PARAMETER

POINT TO PARA-O (BAUD LOW)
SET IT

SET IT

POINT TO PARA-1 (BAUD-HIGH)
SET IT

SET 1T

POINT TO PARA-5 (SERIAL MODE)

FETCH PARAMETER

ERS=SBRK=0,RTS=DTR=RXEN=TXEN=1
SEND AS A SERIAL COMMAND

Fig. 8.2(b) shows an example of a program for initializing RS-232C channel or

updating Baud Rate,
: A

Note

etc.
separate reset
operation state.

"1" should not be programmed to D5 for address setting operation.

in application programs.
should be used for initializing the
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9. ELECTRICAL CHARACTERISTICS
9.1 Absolute Maximum rating (VCC = +5V + 10%)

L Item | _Symbol | Rating | Unit |

| Every Terminal Voltage | | ~-0.5 to + 7.0 | vV ]

| Operating Temperature | _Topr | -40 to + 85 {9

| _Storage Temperature | Tstg | -65 to + 125 | 9% |
9.2 DC characteristics

(Ta=-40°C to + 859C, Vcc=+5V + 10%)

Item | Symbol | Condition | Min.]| Max.|[Unit|
|_Input Low Voltage | VIL | Vcc = 5V [-0.5 ] 0.8 | V|
| _Input High Voltage i _VIH | Vcc = 5V 2.2 (. vec | v |
|_Output Low Voltage | VoL | _IOL = 2.2mA L - 1 0.4 ] V]
| _Output High Voltage i VOH | IOH = -1.1mA i 4.6 | - | V|
{_Output Float Leak Current | IOFL | VOUT=0V to VCC | | +10 | uA |
|_Input Leak Current | IIL | VIN = VCC to 0OV | 1 +10 | uA |
| _Supply Current | _ICC | | | 10 | mA |

Capacitance (Ta = 25°C, VCC = 0V)
L Item | _Symbol | Condition | Min.| Max.|Unit]
| Input Capacitance | CIN | fc = 1MHz | | 10 | pF |
| I/0 Capacitance i CI/0 | nals used are of 0V] | 10 | pF |

External load conditions of terminal
DBO to DB7, INT

2V
510Q
TC8576F
TC8577P
TC8578PF
Ci, 6K
J; r
CL,=1850pkF

Bus parameter

—190—

Other output pin

SOpH ;]:I

1O pin parameter



INTEGRATED CIRCUIT

TOSHIBA TC8576AF, TC8577AP
TECHNICAL DATA TC8578AP

9.3 AC characteristics

Bus parameter

Read cycle
Item | Symbol | Condition {MIN. |[MAX. |UNIT]|
| Address (A1, AO) Stability *| tAR | To formation of both | 30 | | nS |
| _Address (A1, AO) Hold * | tRA | of /RD and /CS | 30 | | nS |
. /RD./CS Pulse width | tRR__ | [120 | | nS |
| /RD ---> Data Delay Time | tRD | Address valid prior | | |
l | | to /RD | | 120] nS |
| /RD ---> Data Float Delay | tDF | | 10 | 50| nS |
* with relation to /RD

Write cycle
| Item |Symbol | Condition {MIN. [MAX. |[UNIT|
| Address (A1, AQ) Stability *| tAW | | 30 | [ nS |
| _Address (Al, A0) Hold * | tWA | | 30 | | nS |
|_/WR,/CS Pulse Width i tWW | 1120 | | nS |
[ Data Set Time * | tDW | | 80 | | nS |
| Data Hold Time * | tWD | | 20 | { nS |
| _Write Recovery time | tWR | (Note 1) | 2 ] | tSYS|

¥ with relation to /RD

(Note 1)

tSYS = internal SYS_CLK Cycle = 1

XCLK x Prescaler Value

AC Input Waveform for Test

26V

2

N
IS

MBEASURING POINT
08 0.8
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Other Timings

L ltem iSymbol] Condition {MIN.| MAX. |Unit]
_Clock Cycle | tCLK | 10.1 | 3.0 | usS |
___Clock Pulse High Level Width |[tCLH | [ 40 jtCY-60] nS |
{__Clock Pulse Low Level Width |[LtCLL | | 40 {tCY-60| nS j
| _Clock Rise or Fall Time [tR,tF | | 5 | 20 | nS |
L _Internal Clock Cycle L tSYS | 1160 | - | nS |
{__Baud 8x Clock Cycle [thdx | 1320 | - | nS |
__SERIAL WRITE Delay | tWS 1 i - | 140 | nS
|_SERTAIL READ Delay {tRS | - 50 | nS |
{__Parallel Data Write Delay |tWPD | CDS=0(TC8577AP) | - | 140 | nS |
|__DSTB Output Delay *1 |tCDSTB| CDS=0(TC8577AP) | - | 130 | nS |
| _DSTB Input Pulse Width |tDSTBW| CDS=1(TC8578AP) | 70 | - |1 nS |
|__Parallel Data Setup time *2 [tDS | CDS=1(TC8578AP; | 20 | - | nS |
{__Parallel Data Hold time *2 |tSD | _CDS=1(TC8578AP) | 40 | - | . nS |
| DSTB --> /BUSY vy | tSB | CDS=1(TC8578AP) | - | 110 | nS |
{ ACK --> /BUSY T { tAB i CDS=1(TC8578AP) | - | 110 | nS |
i JWR --> FAULT, /PE [tWEX | CDS=1(TC8578AP) | - | 140 | nS |
L /SLCT, /P5V ! | | | | |
*1: with relation to SYS_CLK
*¥2: with relation to DSTB
CLK INPUT

T fh teLK TCLL
— — 1 |
; ! l

a
T

LOLK

1

INTERNAL CLOCK PERIOD

nyvciK Tsys OF lpdx
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WRITE (VALID TO ALL WRITE CYCLE)
| t‘WW LWH
7=, 7 \ ¥/ i
L tpw itwD
DATA IN i DATA STABLE i
taw twa
A1, A0 j ADDRKSS STABLE jz
READ

(VALID TO ALL READ CYCLE)

LRR
— - SN
DR,C3 \ N &Z'L
N
tRD tpy
DATA OUT READ | DATA

moao S jx//////////

SERIAL PORT

[1] WRITE CONTROL OR OUTPUT PORT

WR, 00 “ 77—

|

9
3
T
T
3

[2] READ CONTROL OR INPUT PORT

A

=]
0
=T
a
)
2

el
I
al

[/
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PARALLEL PORT

[1] Output Mode (CDS=0)

WR, S

DATA1~8

SYS-CLK

DSTB

[/

twpD

T/ /iy

LCpeTB

[2] Input Mode (CDS=1)

DATA1~8

DSTB

BUSY

ACK

W, TS

DS

tsp

tss

taAB taB

(PPO=0) PPO=1)

(COMMAND Write)

FAULT etc

twEX
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10. PACKAGE OUTLINE

40PIN DIP

40 21 Unit: mm
imininisisinisisiainisinininininiaiaiaie]

)

II—JL_JL_JLJUUUULJ_UI_JL_II_ILJL_IL_ILJI_JI_JLQ_(;

14.2 MAX

15.24 = 0.25

TR

'L 0.5% 0.15 ,' ! 2.54 = 0.25
S —————
j 1.4% 0.15 t

e

N
5MIN

0.

4

7

s 0~15°
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44PIN miniFP

035
Unit:
08PITCH it: mm
4 [ Hd
3% 32 3130 29 23 27 26 25 24 R3
| o o } - 20—
1T 3s AR oS — |
C—11d 36 20—
1] 37 1o r—
 suw— MARKING lsIr— ° ©
== — . i == + S
| a— P AREA 16— S
I a ( 15T S
| — ¥ A8 o —]
a1 43 ’ 13—
| ——— Yy 1200
12345 678 91011
\% ]
2
140401
(176+03)
1804025 )
(06) 12403 0
o

152103
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TC860O0F

(Floppy Disk Mechanism

INTRODUCTION

The FDMC-II TC8600F is a one chip
C-MOS LSI 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
terminal that receive 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 builtin
ROM of CPU, so it can use for
5.25 inch floppy disk drive
immediately.

FEATURES

o

Low power consumption by Si-Gate
C-MOS technology.

TLCS-47 CPU ful l-compatible
Direct input terminal of system
interface

(TTL compatible)

Enable to various variation
method in 5.25 inch FDD

Built in sensor (Photo-Diode)
input circuit

44 PIN mini FP
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83 32 81 30 29 28 27 26 25 24 23
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42 1y T e
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T T
F 'HB'J!H 1o H
ooooot
L2os 45 60T 8 9 10
| [ !
No [I/70] Pin name [No ]/UI Pin  name
T] 1 TTDMODE 25| 1 LPTYPE
27 1 [-MOTRON 241 1 | “AUTORZ
3 T [-HLOAD 25T O [FRWPWR
41 1 [+TEST 26] O | rSMPS
57 T |XIN 271 0 | FIMOTREN
6] O |XOUT 28 0 |[1SWFLTR
T T [=CLR 2917 O 'PHASE]
8] 1 [-HOLD 30| O |PHASE?Z
91 O [TDSOUT 311 0 | 1 PWRON
T0] O |+1ID0 32] 0 | FLEDSCN
1] O [+ERA T 13870 [+DSKCHG
7270 [+WE 347 0 [ WP
T3] T [-EXTO 357 O | 1 INDEX
T4 1T | -EXTI 36| O |+TRKOO
15 1T T=WG 371 O | +READY
(16| | | -DKCHRS 38 C [ (GND)
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18] 1 |-SISEL 10| 1 | tWPSNS
19 1 [-DS 411 1T [=TZSNS
200 1T [-DIR 42| 1 |-DISNS
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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 fol lows.

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 preprogramed rotation.

1.0M byte mode : Media rotation 300 rpm
Data transfer rate 250K bps
1.6M byte mode : 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 um.

Option Select

Radial Mode Select
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 delay function.(a part of model)

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 Disk-In is detected, and keeps rotating until internal
ready is detected.(for all FDD)
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2. DESCRIPTION OF PINS

[1] -HD/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",
[+HDEN] 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(LL.SI Test) Input
This pin is a test pin for the LSI and usually in "Low level".

[6]XIN(X'tal Input) Input
This pin is connect with ceramic resonator for clock generator.

[6]X0UT(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.

[8] --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".

[10]+HEADO (Head O Select) Output
This pin is for the control of the read/write head drive circuit. Head ¢
Select signal

[11]+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 Select-2) Input
This pin is a programming pin for the function selection.
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[14] FWSEL-3 (Firmware Select-3) Input
This pin is a programming pin for the function selection.

[15]-WGATE (Write Gate) Input
This pin is connect to the WRITE GATE terminal of system interface

[16]--DKCHR (Disk Change Reset) Input
This pin is connect to the DISK CHANGE RESET terminal of the system
interface.

[17] VDD (Power Supply) Input
Power source terminal for LSI. +5 V DC power will spilled.

[18]-SISEL(Side Select) Input
This pin is connect to the SIDE SELECT terminal of the system interface.

[19] -DS (Drive Select) Input
This pin is connect to the DRIVE SELECT n terminal of the system
interface.

[20] -DIR (Direction) Input
This pin is connect to the DIRECTION of the system interface.

[21]-STEP (Step) Input
This pin is connect to the STEP terminal of the system interface.

{22] -INUSE (Inuse) Input
This pin is connect to the INUSE terminal of the system interface.

[23]FWSEL-O(Firmware Selection-0) Input
This pin is a programming pin for the function selection.

[24]FWSEL-1 (Firmware Selection-1) 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 Supply) Output
This pin is activated to "High level"” 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 directiy by the [-INUSE] or the signal latched by
the [-DS]. This mode is called as latched inuse.
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[29] +PHASE-1 (Phase-1) Output
This pin is a control output of the step motor phase. The first phase is
outputted.

[30] +PHASE-2 (Phase-2) Output
This pin is a control output of the step motor phase. The second phase is
outputted.

[31] +HLPS (lHead Load Power Save) Output
This pin is an output terminal of the head load solenoid power control.
This pin is activated to a "High level" when the system needs to keep low
voltage applied to the head load solenoid.

[32] +SWFIL (Switch Filter) Output
This pin is an output terminal to control the compensation of the
characteristics of the read/write circuit relation 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 terminal for the circumstance circuit
control. The function of this pin varies with three way. selection. At
first, the positive logic [-DS] of the system interface, and second,
logical AND signal of the [-DS] 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 col 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

[35] +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 0] of the system interface via the open collector buffer.

[37] +READY (Ready) Output
This pin is for the system 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]1 [VDD] (Power Supply) Input
The power source terminal for LSI. +5 V DC power will applied.

[40] -WPSNS (Write Protect 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 apply a "Low level" 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—



INTEGRATED CIRCUIT

TOSHIBA
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
Write signal, Erase signal
Write data Read/write IC ne sg 9
H
° Write gate
5 Head select
N 5 t+—1— Erase control
|IN USE 2 4 Switch filter
a Track 00
DPI\;E SEL Drskan
WRITE GATE Write protect
SIDE ONE SEL | "
FOMC ndex pulse
DIRECTION Tcsso00 F|_LEDon
STEP
TA7774P
READY Power save ] DD Motor
INDE X ohasel Stepping ol
TE PROTECT ~ motor controfler
WRITE_PROTEC phasel driver TA7715P
DSK_CHANGE IC TA7262P F
TRACK 0 TA/745P F
Motor-on MOTOR ON
Control PCB Motor PCB

3.2 Operation 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 O (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.

Phase shift operation of the step motor according with the step pulse.
Generate the ready status by evaluating the INDEX PULSE.

Proceed auto chucking operation by disk in trigger.

Off delay control of head load signal.

Management the write enable(WE) and erase gate(ERA) signals correspond
to the write gate from the system interface.

o CcC o0 oo
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3.3 Example FDD System
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I |
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DIsK cAmNGED —— LS 32 ps/rov siFIL |32 ANALOGLE CIRCUIT
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TC8600F T T STEPPING MOTOR
D.CH.RISET 3 8 pcir sups |28
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i " % STEPPER Ul &/
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DRIVE 2 »
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] ~
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4 FUNCTIONAL DESCRIPTION

4.1 Function Selection

The TC8600F has five pins for function selection (such as [FWSEL-3],
[FWSEL-2],
[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-0 to -3.

According to this selection,
some mode,

option.

[FWSEL-1],

[FWSEL-0],

[+2STEP/+ARTZ]).

Table 4.1a Function Selection Map (a)

the function of [+2STEP/-ARTZ] varies
this pin selects 2step shift or not, and in another mode,
pin selects auto matic return to zero function is ON or not, as an
These functions are shown in table 4.1a,4.1b,4.1c

Three pins ([FWSEL-3],

In
this

| FWSEL |
| 8210 | DRIVE TYPES |
| 11XX | 1Mbyte, 1.6Mbyte, 500Kbyte each model |
| | J
| 10XX | 2Mbyte model, media rotation 300rpm, data transfer rate 500kbps |
| | R/W-E gap-length in this model correspond to |
L | 400, 450, 500, 560um |
| 01XX | 1Mbyte/1.6Mbyte |
L | Interface is daisy connective type (INDEX and READY) ]
| 00XX | 1Mbyte/1.6Mbyte
L | Interface is radial connective type (INDEX and READY) |

Table 4.1b  Function Selection Map (b)
| FWSEL |TYPE|Index Ready|Spindle |[Erase Delay (us) | Options |Power ON|
L 8210 | NO.| Time (ms) | Rotation|On Delay|Off Delay|2STEP|ARTZ| Step IN|
L 1111 | 15 | 126 to 238| 300/360 | 194114 | 546+14 | NA | SEL|EXECUTE |
L1110 | 14 | 158 to 238| | 314+14 | 934+14 | SEL | NA | NO |
| 1101 | 13 | 126 to 238| 300/360 | 194+14 | 546+14 | NA | SEL|EXECUTE |
L1100 | 12 | 158 to 238] | 314+14 | 934+14 | SEL | NA | NO |
L1011 | 11 | 126 to 238] 300/360 | 262+14 | 598+14 | NA | SEL|EXECUTE |
L1010 | 10 | 126 to 238| 300/360 | 202+14 | 542114 | NA | SEL|EXECUTE |
1001 | 9 | 126 to 238| 300/360 | 162+14 | 502+14 | NA | SEL|EXECUTE |
L 1000 | 8 | 126 to 238| 300/360 | 122+14 | 462+14 | NA | SEL|EXECUTE |
L0111 | 7 | 126 to 238| 300/360 | 162+14 | 494+14 | NA | SEL|EXECUTE |
| 0110 | 6 | 126 to 238| 300/360 | 114+14 | 514+14 | NA | SEL|EXECUTE |
L0101 | 5 | 126 to 238| 300/360 | 114+14 | 602+14 | NA | SEL|EXECUTE |
L0100 | 4 | 126 to 238| 300/360 | 162+14 | 494+14 | NA | SEL|EXECUTE |
0011 | 3 | 126 to 238| 300/360 | 162+14 | 494+14 | NA | SEL]|EXECUTE |
| 00i0 | 2 | i26 to 238| 300/360 | 1i4+14 | 5i4+i4 | NA | SEL|EXECUTE |
L0001 | 1 | 126 to 238 300/360 | 11i4+14 | 602+14 | NA | SEL|EXECUTE |
L0000 | © | 126 to 238| 300/360 | 162:r14 | 494+14 | NA | SEL|EXECUTE |

Note NA Not Available
SEL Select a function if the [+2step/+ARTZ] pin

is a "High level”.
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Function Selection by [+2STEP/+ARTZ]

At the function type Nol14 and Nol12 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 type 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
This function works when LSI power is on ([-CLR] terminal 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 O sensor status is
evaluated. If the status is active (active means the head is on the track
0 region.), the FDMC moves the head carriage to the inner direction at
one track, 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 detection, the FDMC goes to the
next state, return to zero operation after waiting 15 mS settling time.

Return to Zero Operation

In this operation, FDMC executes outer seek operation until the TRACK-0
status will be active. This stepping operation will be done 200 phase
shift at a maximum. After 200 phase shift is done without TRACK-0
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
track 0(-1 or -2 track) position. In that drives, actual track O position
is defined as a track which is the first zero track found scanning from
inner direction. 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 Map (c)

i bWSFL]TYPE,Motor off |28Pin Out| 33Pin Out

iDaisy/Radial |FDD

Type Capa. |

3210 NO.,DeIay (s) I (LINUSE) | (+DS/RDY) | Index,Ready|Unformat R/Egap|
L1111 1 15 | None (Lat.Inuse; DS&Ready | Daisy {__1.0Mbyte
L1110 | 14 | None { In Use | DS | Daisy i 1.0/0.5M
1101 | 13 | 2.5 jLat.Inuse| DS&Ready | Daisy | __1.0Mbyte
1100 | 12 | None | In Use | DS |___Radial | 1.0/0.5M
1011 | 11 | None | In Use |Disk Changed, Radial 2 Mbyte 560um;
| 1010 | 10 | None | In Use |[Disk Changed| Radial | 2 Mbyte 500um:
| 1001 | 9 | None i In Use |Disk Changed: Radial | 2 Mbyte 450um;
L1000 | 8 | None | In Use |Disk Changed| Radial {2 Mbyte 400um;
| 0111 | 7 | None | In Use |Disk Changed]| Daisy | ___1.6Mbyte i
| 0110 | 6 | None i In Use (Disk Changed|] Daisy | 1.0Mbyte
{0101 | 5 | None | In Use |Disk Changed]j Daisy | _1.0Mbyte

L 0100 | 4 | 2.5 | In Use Disk Changed] Daisy | __1.0Mbyte |
| 0011 | 3 | None | In Use [Disk Changed| Radial | 1.6Mbyte
L0010 | 2 | None | In Use (Disk Changed| Radial i 1.0Mbyte
L0001 | 1 | None | In Use :Disk Changed| Radial | 1.0Mbyte |
L0000 | 0 | 2.5 | In Use |Disk Changed! Radial | __1.0Mbyte
Motor Off Delay Control (TYPE 13,4,0)

Although the [+MTREN] terminal is
[+MTRON],

controlled by the system 1nterface
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 1n a short
time.

-MTRON \ ’
_

Figure 4.1.1 The Control of Motor Off Delay

L

MTREN

L

255 % 0.1S
LB
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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.

B W —
i S S g pry

Latched Td
Inuse > €

—>{ &—Td=1.7mS MAX
Inuse ! J \ ’ \

Figure 4.1.2 The Control of Latched Inuse

+DS/RDY Terminal Selection
The 33th [+DS/RDY] has the three function 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 [+DSOUT].

Disk Changed (TYPE O to 11)

The logical and signal of external [-DS] and an output of the internal
flipflop disk changed which monitors changing of disk media.

R B

DKCHRS Td=1:Ta$ MAX \ !
= S

DISK Fry
CHANGED l Nlm‘Signal [ \
DISNS ———\_——_______

Figure 4.1.3 The Control of Disk Changed
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DAISY/RADIAL Selection
In the daisy mode, the system interface output is available when [-DS]
terminal is active. In the radial mode, [INDEX] signal and [READY] signal
have no relation to [-DS], and they are always valid. In this case, the
system interface output ([INDEX] signal and [READY] signal) is wired to
the host controller directory. (radial connection).
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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 [PHASE1] 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 ]
A [YAE

~-STEP ] |
TRACK NO. 3 [ 2 [ 1 7 o ] 1
PHASE1 |
PHASE? A |

t AB
SMPS 1 f—

tAC
PHASE1 ] 1 158
PHASE? ] 1
Figure 4.2.1 The Timing of Stepping Motor Control.

Table 4.2.1 Stepping Motor Driving Timing.

_LNAME | PARAMETERS | MIN | TYP | MAX | UNIT | REF. |
| tAA | Step to Phase Shift Time | | 150 | 270 | us |
LtAB | S.M.Motor Power Save Time | 56 | 60 | 62 | mS |
[_tAC | Second Phase Starting Delay | 2.5 | 2.8 | 3.0 | mS |
LtAD | Set Up Time for direction | 200 | | | ns |
L tAE | Hold Time for direction | 200 | | | ns | |
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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
within the valid interval.

o Ready off condition

1.
2.
3.

Internal Ready status output to [+READY] terminal,

Disk is out or motor is off.

The pulse does not come within the valid interval.

and INDEX pulse comes continuously two cycles

The index pulse comes continuously five times off the interval.

but output condition

is changed whether the FDMC mode is radial mode or the daisy mode.

o DAISY MODE

[+READY]=([-DS]="Low") and (internal

o RADIAL MODE
[+READY]=(internal ready="True")

ready="True")

IXSNS
READY

o

Figure 4.2.2 Ready Signal Timing

BB

t

BA

Table 4.2.2 Ready Signal Timing

_NAME | PARAMETERS

I

REF . J

|_tBA | INDEX Sensor to READY

[_tBB | INDEX Sensor to NOT READY

| MIN
| 0.8
| 0.3
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4.2.3 Track Zero Output Control
The status of Track-C is a condition that the sensor interface input

terminal [-TZSNS] is a "Low
"00" ("00"

means both PHASE!

and the stepping motor phase output is
PHASE2 are "High level”). In this

level”
and

condition, track O output [+TRACKO] will be activated when the [-DS} is a

"Low Jevel"

-DIR 1
-STEP ) I I T §
TRACK NO s 1 2 1 1 T a7 T |
PHASE! l ] ’
PHASE? I EEp——
to, .
TRACKO 4T
s |
>
PHASE1 f ! Lo
PHASE? f 1 f i =,"cg?'|
TRACKDO J : —
Figure 4.2.3 Timing of Track Zero
Table 4.2.3 Timing of Track Zero
NAME { PARAMETERS MIN _ TYP  MAX . UNIT . S
_ tCA i 1'st Phase to Track 00 200 __wuS L
| tCB . 2'nd Phase to Track 90 R A
_ tCC | Step to Not Track 00 . 150 500
. _tCh Track0 seusor tou Trackf0 07 1.7
L tCE_ : TrackO sensor to Not Track00! 0.7 1.7
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4.2.4 Erase Timing Control

The erase delay timing is programed for a TUNNEL erase type of read/write

head.
format.

Several parameters are prepared for the various kind of disk
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.

T
H
WRITE
P eatr l,
| | ﬁéi‘ma
lwriTe DA e
e
ERASE — -

s e

Figure 4.2.4 Erase Delay Control

Table 4.2.4a Erase Timing

NAME PARAMETERS | MIN | TYP | MAX | UNIT | REF. B
" tDA | Write Gate on to Write on | — | — 1200 ] nsS | |
tDB | Write Gate off to Write off | — | — ] 200 | nS | J
tDC ! Write Gate on to Erase on | Refer to Table 4.1a | J
tDD | Write Gate off to Erase off | Refer to Table 4.1a | |
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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
A
e
+MTREN
t
JRV: W
~1XSNS
k L L
t =NG t =0K t =0K
Figure 4.2.5a Auto Chucking Operation Timing
Table 4.2.5a Auto Chucking Operation Timing
_LNAME | PARAMETERS | MIN | TYP | MAX | UNIT | REF |
| tEA | DISK-In to MOTOR on | ] 0.7 | 1.7 | mS | |
| tEB | READY to MOTOR off | | 0.7 [ 1.7 | mS | ]
-DISNS
-MTRON
+MTREN
<> > &> <>
YiC 'm e YEE
Figure 4.2.5b Spindle Motor Control Timing

Table 4.2.5b Spindle Motor Control Timing

| NAME | PARAMETERS

UNIT | _REF.

| MOTOR on_to MTREN off

t
t

|
i
L

t

EC
ED | MOTOR off TO MTREN off
EE_ | DISK-In off to MTREN off

X |_UNI
| [ 0.7 1.7 [ m§ | _
2.4 125 2.6 .8 | |
| [ 0.7 { L.7 . mS__ | . .
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4.2.6 Head Load Control

[+HDEN] and ([+HLPS] control head load solenoid. {+HDEN] is a "High level"
when the head is loaded. A "High level" on the [+HDPS] means reducing
idling current to the solenoid in a quiescent stage. This terminal is
negate when [+HDEN] 1s turn to a 'Low level”, and is activated to a "High
level" after several second elapsed.

The condition status of the head load 1s controlled by the combination of
[-HLOAD] and [ HM/HD]. And also the status oI Motor on and DISK-In is
added to this condition. This is described as follows.

HDEN = ([ -MRTON)="Low level") * [ -DISNS}j="Low level") *
(| -HLOAD ] ="Low ievel" * [-DS}="Low level" + {-HM/HD|="Low level")

Fol lowing table shows the HEAD LUAD condition.

(HEAD LOAD [-HLOAD] - [-HD/HM] Condition when

CINPUT PIN connect to  connect to, {HDEN] s active ]
__Use . HEAD LOAD: High(VDD) | (HEAD LOAD)*DS*MTRON*DISKIN ;
Use HEAD LUAD_ HEAD LOAD  (HEAD LOAD)*MTRON*DISKIN
| _Not Use . Low(GND) - High(VDD) DS*MRTON*DISKIN !
Not Use . High(VDD). DS DS*MKTON*D ISKIN ;
_ Not Use . High(VDbD)} Low(GND) _ MRTON*DISKIN
Not Use Low(GND) | Low{GND; MRTUN*DISKIN |
r
i
.’) -DISNS i ) §
| S
{~HIODAD S -
» (=-MRTON_ | 1
i ‘_———)
| BRI ,
! THDEN R — -
% S
+HLPS P ]
Co
| — e
t
i Figure 4.2.6 Head Load Control
Table 4.2.3 Head Load Solenoid Control Timing
NAME |\ PARAMETERS MIN | TYP | MAX | UNIT . REF.
__tFPA | HEAD LUAD to +dDEN on : © 0.7 1.7 . mS !
L LFB | HEAD LOAD POWER Unsave Time 59. © 60. | 63. i mS |
CFC__| HEAD LOAD _off Delay Time 440 . --- ; 530 | mS i
tFD | Disk Out to HEAD UNLOAD | {1 0.7 1.7 mS !

—216—



INTEGRATED CIRCUIT

TOSHIBA
TECHNICAL DATA TC8600F

4.2.7 Switch Filter Control

[+SWFIL] is prepared for adjusting the characteristics of a R/W analogue
circuit characteristics.

The characteristics of the R/W circuit should be changed according to the
track position processed There are two method to compensate this

One is to change frequency domain compensation in the read amplifier, 1t
is called switch filter, and the other is reducing write current in the
write amplifier.

Anyway this terminal will become active when the current head position
is from 44 tracks to 80 tracks. In the view of minimizing the d:fference
of characteristic between compensated track and non -compensated track,
the ideal turning point of switch filter is 50 to 60 tracks. But in the
view of compatibility among FDDs, it had better that the compensation is
slight as possible. The FDMC chooses the latter one

Additionally. in 48 TPI FDD used 2 PHASE/TRACK mode, [+SWFIL] becomes
active at the same position as 96 TPI FDD.

-DIR L
—STEP ! { ! U U U
TRACK NO. 45 | 4 ! 4 | 4 | & T w1 &
1 ‘] P T P
PHASE NO s T T T M s 45
+SWFIL ] N
o T ST
i —> &
! ‘tGB
TRACK NO. 22 | 22 ;2 | w1 2 7 n
! H ! . { N
PHASE NO 46 [ 45 [ 44 43 " 42 " 41 D40 - 41 " a2 " a3 [ 44 [ 45 [ 48
+SWFIL = S
el —>
Figure 4.2.7 Switch Filter Control

Table 4.2.7 Switch Filter Control Timing

LNAME | PARAMETLRS | MIN | TYP | MAX | UNIT | REF, |
_tGA | Step to Switch Filter off _ , ' 0.7 . 1.7 . ms | |
(tGB_| Step to Switch Filter on _ | __ . 0.7 { 1.7 | ms_| ‘-
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5. ELECTRICAL CHARACTERISTICS

5.1 Absolute Maximum Rating

V$S = OV (Gnd)

. J—

L_SYMBOL 1. T E M ! RATING [UNIT|
VDD . Supply Voltage ; - 0.5 6.5 |V

H
O S L | J
i VIN - Input Voltage | - 0.5 - VDD+0.5 | v
L , | | J
1 VOUT | Output Voltage | - 0.5 - VDD+0.5 v
I L - I I J
Tstg | Storage Temperature | | o |
[ B | -55 - +125 | ¢ |
| Topr | Operating Temperature ! | o |
S W | -30 - +70 | €|
Toutl | Output Current each terminal | Output group 1 + 8 | mA |
- 1 ‘ . J
ITout2 | Output Current each terminal | Output group 2 + 6 | mA |
e e e [ i |
. PD i Power Dissipation | 300 | mW |
i l | J

Note - If LSI is used above the maximum ratings, permanent destruction
of LST can result. 1In addition, it is desirable to use LSI for
normal operation under the recommended conditions. If these condi-
tions are exceeded, reliability of LSI may be adversely affected.

Output group 1
[+HLEN], [+SMPS], [+MTREN], [+LINUSE], [PHASFE1], [PHASE2]
[+HLPS], [+SWFIL].

Output group 2

[xour], [+DbsouT]}, [+HEADO], [+ERASE], [+WRITE], [+DS/RDY],
{+WP], [+INDEX], [+TRKOO], [+READY].

5.2 Recommended Operating Conditions

VDD = 5.0V, VSS = 0OV

(SYMBOL| 1 T E M | CONDITION [MIN|MAX [UNIT|
i Topr | Operating Temperature | |-30] 70| o |
e L ! [ | | €|
| VDD | Supply Voltage | [4.5|5.5] V |
; - | | I | J
i fCLK ' Clock Frequency | |3.9]4.1|MHz |
[ S | l | | J
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5.3 DC Characteristics

VDD = 5.0V, VSS = 0V, Topr=-30 to 709C

TYP, MAX UNIT|

[SYMBOL| I TEM ‘
0.6 Vo

CONDITION | MIN
0.2

1
i

| VHS1 | Hysteresis Width (1) ; Input terminal group 1 i 0.
TVVHSZ : Hysteresis Width (2) f Input terminal group 2 : 0.6i 0.8i ; \% 1
X ‘ .
: ITH1 { Input High Current (1) f Input with pull up device} —201 2 20% uA {
} IIL1 : Input Low Current (1) : Input with pull up dEVJce{—IOOE f -20! uA é
% 1IN ! Input Current (2) ? CMOS input gate t —20; i 20; uA ;
} VIH1 : Input High Voltage (1) t Input terminal group 1 ? 2,1; -mf—VDDé \Y ;
t VIL1 g Input Low Voltage (1) % IHput terminal group 1 . 0 Ofﬁ | 0.6‘ \Y E
{ VIH2 : Input High Voltage (2) ; Input terminal g;oup 2 f 2 8: : vbD. ;;J
f VIL2 : Input Low Voltage (2) } Input terminal g;gﬁbwé E 6T6f“ h T_fTETM—ViJ
X , ! . : !
% VIH3 i Input High Voltage (3) { Input terminal group 3 3 3.5 : VDD; \Y ;
| , )
T7VIL3 : Input Low Voltage (3) : Input terminal groﬂﬁmﬁwwufngéf“ﬁw“*‘ii?;m~1?~
L | { TS S
| IOH1 | Output High Current(1) | VOH=4.6V Output group 1 { -- ! 1 -2.0) mA |
f I0L1 : Output Low Current (1) : VOL=0.4V Output group 1 ; 2.0: . 5 mA ;
? I0H2 : Output High Current(2) : VOH=4.6V Output group“é i -= ; ;—3.0: mA 1
; I0L2 1 Output Low Current (2) : VOL=0.4V Qutput group 2 ; 3.0; ; - ? mA :
L J 1 1 n I
| IDD | Power Consumption | VDD=5.0V {C=4.0MHz -, 2.0 4.0, mA
L ! ; * —

Input terminal group 1
[-HD/HM], [-MTRON], [-HLOAD], [-WGATE], [SISEL],[-DS],[-DIR], [-STEP],
[-INUSE], [-STP], [-2TSP/+ARTZ]
Input terminal group 2
[-RESET], [-WPSNS], [-TZSNS], [-DISNS], [+DISNS], [IXSNS]
Input terminal group 3
[+TEST], [XIN], [-HOLD], [FWSEL-0], [FWSEL-1], [FWSEL-2], [FWSEL-3]
Output group 1
[+HLEN], [+SMPS], [+MTREN], [+LINUSE], [PHASE1], [PHASE2],
[+HLPS], [+SWFIL].
Output group 2
[XouT], [+DSOUT], [+HEADO], ([+ERASE], [+WRITE], [+DS/RDY],
[+wP], [+INDEX], [+TRKOO], [+READY].
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5.4 AC Characteristics

Unless otherwise notied, Ta=00C to 70°C, VDD

5.4.1 Pulse Width

= 5.0 + 0.5V

ISYMBOL, I TEM | MIN'! TYPj MAX|UNIT]
| tWSP | Step pul: width | 500] ! | nS |
R | | | |
5.4.2 Transmission : ‘'ay Characteristics
ISYMBOL| I 4 | MIN; TYP| MAX|UNIT|
| tWEH | Wri:  ate Fall -> Write Enable Rise | - | | 200| nS |
L j l | | i) J
¢ tWEL | Writ sate Rise -> Write Enable Fall = | 200| nS |
! ! i | | | J
. tIFH ;| -D all -> +DSOUT Rize | i | | |
: i -> +DSKCHG Rize | | i | |
i | ->  +WP Rize | -] - | 200| nS |
| | -> +INDEX Rize | | | !
L | -> +READY Rize | | | 1 |
| tIFL R1ze ->  +DSOUT Fall ! ! i | |
i ¥ -> +DSKCHG Fall | | | | |
) | ->  +WP Fall j -1 -1 200| nS |
: @ > +INDEX Fall | | | | |
( -> +READY Fall | | i { |
. tHDH | s Rize -> +HEADO Rize i - | - | 200| nS |
C | . | P i | ]
. tHT g * Fall -> +HEADO  Fall | - | -] 200| nS |
[ [ ] ! | J
;s \$ Rize -> +INDEX Rize | | | i |
\ I -4 - 1200 ns |
L_, |__» SNS Fall -> +WP ize | | ! | |
I tS | S Fall > <INDEX rall i | | | [
i { | - - | 200] nS |
. | . 3 Rize ->  ~WP Fall | L | i J
i tDS } *up time) DIR from --STEP Fall | - | - 200} nS |
L | | | | J ]
| tDH | Ho12 time) DIR from -STEP Fall i -] -] 200| nS |
l i I J

o7
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5.4.3 Testing Waveform
( VDb = 5 0V )
LSTTL Equivalence Input
Input terminal group i
[ -HD/HM], | -MTRON|, {-HLOAD],| -WGATE], [SISLL].{-bS],| DIR],
[ STEP], [ -INUSE], [-STP], [-INUSE]., [ -25TP/ ARTZ]

5 0%

2 %
2 0V (Vi 5v
0 bV (VIL)

0 4V

0oy

Sensor Input Terminals
Input terminal group 2
[-RESET], [-WPSNSj, [-TZSNS], [~DISNS], [+IXSNS]

5.0V
30V
-7L~ 2 8V (v
— 1 OvVEvIL)
J 8y
0.0V

Other Input Terminals
Input terminal group 3
[+TEST], [XIN], [-HOLD], [FWSEL-0], [FWSEL-1], [FWSEL-2], [FWSEL- 3]

4.6V(VI)

— 0.4V(VIL)
0.0v
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5.4.4 Timing Waveform

~-STEP

' ysp

-WGATE

t ﬁi 11
+WRITE

t

+DSOUT IFL
+DS/RDY LT
+WP
+ INDEX
+TRKO00

+READY
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WRITE&
ERASE

~SISEL \ /f
! |
| |
i Kotww T
| |

=t

WRITE&ERASE \\C\

+HEADJO

\
~SISEL ::><
| ¥
+HEADJ( Stable i
po—— t —
< )
< twL >

X A
- IXSNS
~WPSNS N K
+INDEX
\ /

|
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!
i A

5.4.5 Testing Terminal Load

Apllied to CMOS output terminal.

1C Terminal Tester
3J0PF
151\‘[)
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6. 44 PIN mini FP ( Flat Package )

. [VRL3)
- UNIT : mm

\ . o TTOH
! e b e T

. ]
TR |
55 Bk Bb G i s K7 26 ROk K | |
| e—— r e I
| mam——— ! J P3Y = o |
[ — : i PI) = e | A l
s 5 | : ; I3} o s .
s S \ MARKING te[ T z 2
==y —_—— e —— InEEE== T I
 m— e [ l AREA ] = o < ©
I s j ' i ) o s - o
| s—— ! | : VY = | :
I ; f ! T} | .
— P i ’ i ;
! \‘ i

C
N
| m——
1]
/1] -
I«
o e I
I~
e 02 Y
s =
‘C_“_‘:EE
|
.

i 140401
!
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=
|
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: |
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| M AKK ! | §1
! (Ue) 4 Traul |

,f
e
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152108
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(Floppy Disk Mechanism Controller)

JINTRODUCTION
33 32 31 30 29 28 27 26 25 24 23
FDMC-IT LSI TC8602F is a single chip n HQ
CMOS LSI for the floppy disk drive HHEHHPHN,‘QH
digital control logic, consisting of
a 4-bit CPU and required random
logic. $4 =TI I o 2
85 T T2
: . . . . 86 CT 1] o220
This LSI has input terminal f'0[ J— A—
direct reception of the floppy disk $8 1] b1 18
drive system interface terminal 39 1 17
inputs,such controls as step-motor, :‘]":DZ :’:’:’;2
etc, which are the internal J— I—
mechanisms of floppy disk drive, and 13 v o D
read/write circuit control signal Rs——— T 12
inputs, and the digital control ® R
board in the present floppy disk Y
drive can be replaced by this LSIT. HHH H H { B ﬁH
FDMC-11 LSI TC8602F has a firmware Lreas e Ty
already mounted to the ROM of the
built-in CPU and therefore, is
readily usable for 3.5 inch floppy No 1700 Pin name [No |l ‘0| PPrn name
disk drive. TT T | _HDMODE T3 T ["LPIYPE
371 [“MOTRON 23] 1 [ vAUTORZ
311 | [ILOAD 251 0 | t RWPWR
411 |+TEST 26 0 | +SMPS
—EEATURES 5T T XN 7T 5 TTM0 IREN
. 6 O |XOUT 28] 0 | ISWFLTR
o Low power consumption by the 711 CLR 291 0 |PHASE]
Si-gate CMOS technology. 8] 1T |-HOLD 30| O |PIIASEZ2
o Fully compatible with TLCS-47 4-bit 9]0 | -DsSOUT 3110 ] rPWRON
cPU 10| O | FHDO 320 [1LEDSCN
: i i 11| O | TERA 33| O | IDSKCIIG
o System interface directly connected 5170 1+WE 3170 [ +WP
input terminals 131 1T [-EXTO 361 O |+ INDEX
(TTL compatible threshold) i; ; a(’;” ;‘; g *;gigs
. . . . . / t RE
o Various .speclfl(,atlons on 3.5 inch 5T T T=DRCARS 5T G T aND)
floppy disk drive. 77 vV (VDb 39TV [ CvDDY
o Built-in R/W IC control circuit. 18] T [-STSEL J0| T [+WPSNS
o Built-in sensor (photo-diode) input. 19] 1 1 DS 41] I | TZSNS
o 44 PIN mini FP (20 1 |-DIR 42 1 [-DISNS
’ 21T |=STEP 33| 1 [+IXSNS
A SGHD 33T |- TWSTED
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1. GENERAL DESCRIPTION

TC8602F is a floppy disk mechanism controller having various option
selecting capability for composing a 3.5 inch floppy disk drive
described as follows.

Disk Type Select (each mode with capacity)

o 500KB / 1MByte compatible drive.
This mode is for producing two drive models using same mechanism that
has capability to move carriage of magnetic head on each tracks as
135TP1 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
67.5TP1 (500Kbyte) model.

2 phase : 500Kbyte ( 67.5TP1/250Kbps/300rpm/Double sided)

1 phase : 1.0Mbyte ( 135TPI/250Kbps/300rpm/Double sided)
o 1 MByte/1.6Mbyte compatible drive mode.
This mode is for producing an user programable drive model that has a
capability to changing spindle rotating speed. 300rpm and 360rpm are
assumed as pre-programed rotation.

1.0Mbyte mode : Media rotation 300rpm
Data transfer rate 250Kbps
1.6Mbyte mode : Media rotation 360rpm

Data transfer rate 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 135TPI1 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
2.0Mbyte mode : Media rotation 300rpm

Data transfer rate 500Kbps
Step Motor Selection
More accurate positioning, head carriage actuator needs double phase
shift in each track.
o 1 phase / 1 step pulse mode. 135 phase/inch
0o 2 phase / 1 step pulse mode. 270 phase/inch
o 3.0 mS / phase-rate.
o 1.5 mS / phase-rate.
Tunnel Erase Head Gap Select
o 600um/700um (at 300rpm)
o 300um/350um/400um (at 360/300rpm)
Power down stand-by mode.
External power supply control output corresponding to power down
standby.
Scan control output for sensor LED current limiting.
Automatic media chucking.
Power on automatic return to zero seek.
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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 active signal
should be applied through system interface terminal [MOTOR ON].

[ 3] -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 the Production line. Keep VSS level
during normal operation

[ 8] XIN (X'tal Input) Input
Oscillating resonator connecting terminal.

[ 6] XOUT (X'tal Output) Output
Osciilating resonator connecting terminal.

[ 7] -+ LR (Clear Input) Input
The eset terminal of IC. Low active reset signal is needed for correct
opetation when LSI's power is up.

[ 8] HOLD (Hold Input) Input
Hold indicating terminal of internal CPU. Not used for the current
firmware in the TC8602F. Keep VDD level or open for correct operation

{ 91 +DSOUT (Drive Select Output) Output
This terminal puts out an inverted signal of [-DS] pin. Usable for
extra control signal as positive [DS].

[10] +HDO (Head 0 Selected) Output
The read,write analogue circuit control signal. This signal will be
activated when head 0 is selected. The logical meaning of this output
is same as [-SJSEL] pin, but the transition is inhibited during [+WE]
or [+ERAY is activated.

[11] +ERA (Erase Gate Output) Output
The read write analogue circuit control signal. Delayed erase signal
(positive logic) is put out for the correct erase operation through a
tunne] erase head

[12] +WF (Wi .te Enable Output) Output

The veaud-write analogue circuit control signal. This pin output is
logic-., AND signal of [-DS] and [-WG] and [WP].
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11317  +<ENTO (Extra Function Select 0) Input
One of the function select pins. This function select 1s done by
combination with [EXT1] as selecting main mode of floppy disk type.
This program input pin is evaluate only once at the time power on

{14] +EXT! (Extra Function Select 1) Input
One of the function select pins. This function select is done by
combination with [EXTO] as selecting main mode of floppy disk type.
This program input pin is evaluate only once at the power on

[15] -WG (Write Gate Input) Input
Input pin for the WRITE GATE signal Connect to the WRITE GATE
terminal of the system interface

[16] -DKCHR (Disk Changed FF Reset) Input
Input pin for resetting ( Disk Change FF ) This pin will connect to
the DISK CHANGE RFESET terminal of the system interface

{171 [VDDl(Power Supply) Input
Power source terminal for J.8T. +5 V DC power will applied.

[181 -SISEL {Side Select iInput) Input
Input pin for selecting the side of disk media. Connect to the
SIDE SELECT or HEADO terminal of the system interface

[19}] -DS (Drive Select Input) Input
imput pin for drive select. Ready to connect to the one of the DRIVE
SELECT n terminal of the system interface by using jumper connector

[20] DIR (Direction Select) Input
tnput pin for direction select. Connect to the DIRECTION terminal of
the syvstem 1nterface.

121) STEP (Step Pulse Input) Input
input pin for receiving a step pulse signal. Connect to the STEP
terminal of the system interface

22} -SGHD (Selert Gap of Head) Input
One of the function select pins. This pin is used for mainly to
adjusting delayed time constant of erase read/write gap

(23] LPTYPE (Low Power Type Selection) Input
One of the function seject pins. This pin is used for mainly to select
SPECIAL LOW POWFR type

[24) +AUTORZ (Automatlic Return to Zero Select) input
One of the function select pins. This pin is used f{or mainly to s lect
automatic return to zero function.

[25] +RWPWR (Read/Write Circuit Power Control) Output
Power save control signal for -12 V read/write circuit power pply.
An active High signal appears in this pin when the system needs +12 V
power supply for read/write circuit

—229—



INTEGRATED CIRCUIT

TOSHIBA
TECHNICAL DATA TC8602F

|26] +SMPS (Step Motor Power Save) Output
This pinwill be activated to High level when the system cut off the
+12 V power supply to stepping motor.

{271 +MORTEN (Spindle Motor Enable Control) Output
This pin will be activated to high level when the system need spindle
motor rotating. The spindle motor will be control led not only by the
J-MTRON] input but also by diskette chucking instantaneous operation.

[28] +SWFLTR (Switch Filter Control) Output
This pinwill be activated when the track position is inner (larger)
than 44 track(at 80 track mode). This signal is used for changing AC
characteristic of read amplifier or reducing write current of write
amplifier.

[29] +PHASE1 (Step Motor Phase 1) Output
This pin shows step motor @ 1 output.

[30] +PHASE2 (Step Motor Phase 2) Output
This pin shows step motor @ 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] +LEDSCN (LED Scan Output) Output
This pin used for current limiting of sensor LED lamp ( especially
DISK IN SENSOR). If the system is in the standby mode, this pin will be
in a scan mode so as to eliminate current consumption through the LED
lamp.

[33] +DSKCHG (Disk Changed FF Qutput) Output
The system interface pin. Connect to the (DISK CHANGED) terminal of
system interface via open collector inverting buffer.

[34] +WP (Write Protected) Output
The system interface pin. Connect to the (WRITE PROTECTED) terminal of
system interface via open collector inverting buffer.

[35] +INDEX (Index Pulse) Output
The system interface pin. Connect to the (INDEX PULSE) terminal of
system interface via open collector inverting buffer.

[36] +TRACKO (Track 00 Signal) Output
The system interface pin. Connect to the (TRACK 00) terminal of system
interface via open collector inverting buffer.

{37] +READY (Disk Ready} Output

The system interface pin. Connect to the (READY) terminal of system
interface via open collector inverting buffer

—230—



INTEGRATED CIRCUIT

TOSHIBA
TECHNICAL DATA TC8602F

[38] [VSS] (GND) Input
The LSI system ground terminal.

[39] [VDD](Power Supply) Input
Power source terminal for LSI. +5 V DC power will applied.

[40] +WPSNS (Write Protect Sensor) Input
Photo sensor input pin. 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 System 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 monitors these situation and generates control signals
precisely.
Read data —_— Read data
I I
Wnite data Readiwrtte IC Write signal  Erase signa
Write gate
Head select
-—— Erase control
_lli_lﬁE. +— Switch filter
RIE S Track 00
?vrmE ’ELT Digken
E GATE Write protect
SIDE ONE SEL
£ OMC Index pulse
DIRECTION TC8602F LED-on
STEP
READY P TA7774P
ower save
INDEX 5 Stepping |— DD Motor
WRITE PROTECT pnose motor controller
phasel driver 1A7715P
DSK CHANGE
IC TA7262P F
TRACK 0 TA7745P F
Motor-on MOTOR ON
Control PCB Motor PCB

3.2 Operation_Summary

There are two type of operation in a FDD which is controlled by FDMC
LSI TC8602F. These are initialization and normal operation. The
initialization 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
recalibrates head positioning by moving toward track O (outer) and
detects TRACK O SENSOR ON so as to reset the internal track monitoring
in the CPU. In the normal operation, TC8602F works as

Updating phase output of stepping motor according to the STEP PULSE
from system interface.

Generating READY STATUS by testing the time interval of INDEX PULSE
which comes from spindle motor.

counter
follows.
0
[¢)
o

Erase gate signal generation by detecting WRITE GATE signal from system
interface.
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3.3 Example of FDD System
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4. FUNCTIONAL DESCRIPTION

4.1 Floppy Model Selection
TC8602F has seven pins for function selection ( such as [EXT0], [EXT1],
[--HDMODE], [-TWSTEP], [AUTORZ], [-SPSEEK], [-SGHD! ). Five pins
([EXTO],[EXT1],[AUTORZ],[~SGHD] and [-SPSEEK]) of that are evaluated
only once after LSI power was on.
Table 4.1a shows the way of function select. [EXTOJand{EXT1] are used
for deciding model groups, also [-HDMODE] and [-TWSTEP} are used for
dividing each models.

Table 4.1a Operation Mode of FDMC

) ' T ; ;
i ‘ , |

PN —

N |

IEXT1 |EXTO | HDMODE | TWSTED | FDD MODEL iMODEL | SPINDLE | ROTATE | PHASE |PHASE!
i | | | | ( Unformat volume)|{ MODE|ROTATE | I /TPI | rate]
L i ! | [ *1,*2,*3 | Byte{ rpm | *4 | *5 | mS |
'HIGH |[HIGH| HIGH | HIGH |1M/500K or 1M/1.6M| 1M 300/360! 300 [1/185 | 3.0 |
{HIGH|HIGH| HIGH | LOW |1M/500K [500K i 300 ' 300 !2/67.5! 3.0 |
[HIGH [HIGH| LOW | HIGH |1M/1 6M |1.6M {300/360| 360 [1/135 | 3.0 |
[HIGH|HIGH| LOW | LOW | ! 300/360| 360 12/67.5] 3.0 |
JHIGHILOW | HIGH | HIGH |1M/500K | 1M ¢ 300 | 3060 {2/135 ! 3.0 |
[HIGH|LOW | HIGH | LOW |1M/500K 500K ;, 300 | 300 14/67.5| 3.0 |
[HIGH|LOW | LOW | HIGH !1M/500K {IM | 300 | 300 ]2/135 | 3.0 |
'HIGH|LOW ;| LOW | LOW | 1M/500K (500K | 300 | 300 14/67.51 3.0 |
[LOW {HIGH| HIGH | HIGH ;1M/2M or 1M/1.6M | IM 1300/360; 300 |2/135 | 3.0 |
{LOW !HIGH| HIGH | LOW |1M/2M or 1M/1.6M | 1M |300/360; 300 12/135 | 3.0 !
|LOW |HIGH| LOW | HIGH |1M/2M i 2M | 300 | 300 |2/135 | 3.0 |
(LOW |HIGH| LOW | LOW !1M/1.6M |1.6M 1300/360| 360 |2/135 | 3.0 |
|LOW [LOW | HIGH | HIGH |1M/2M or 1M/1.6M | 1M [300/360{ 300 {2/135 | 1.5 |
[LOW {LOW | HIGH | LOW [IM/2M or IM/1.6M | IM [300/360! 300 {2/135 | 1.5 |
ILOW [LOW | LOW | HIGH |1M/2M i 2M ¢+ 300 | 300 [2/135 | 1.5 |
{LOW 'LOW | LOW | LOW_ |1M/1.6M [1.6M [300/360| 360 12/135 | 1.5
[Note]

*¥1 : 1M/500K means a type of floppy disk drive that can be modified
500K byte type or 1M byte type in using same mechanism.

*¥2 : 2M/1.6M means a type of floppy disk drive that can be modified
1.6M byte type or 1M byte type in using same mechanism.

*3 : 2M/1.6M means a type of floppy disk drive that can be modified
1.6M byte type or 2M byte type in using same mechanism. 2M byte
drive means a type of floppy disk drive which has 500Kbps transfer
rate in 300rpm media rotation.

*4 : These values mean the available rotation speed of spindle motor.
*5 : These values shows the relation between a track density. and phase
shift in the stepping motor. For example, 2/135 means that 1 track

movement in 135TP1 is dope by 2 phase shift of stepping motor. In
this mode, the TC8602F will automatica:iy gencerats: second phase
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shift Jor correct operation The phase rate means the time
constant for the deiay time between first phase shift and second
phuase shift.

The TC8602F is able to adjust the erase delay time constant for correct
erase pattern through a tunnel erase magnetic read/write head Some
of the drive model will perform full compatible read write operation
using same head in the different models. Table 4.1B shows various
erase delay time constanl in each model.

Table 4.1b Erase Delay Timing of Various Drive Mode

i B o ! . i i i |
ool i % \____IROTATE | DISK  1ON-DELAY |OFF--DELAY| GAP |
{EXT1,EXTO | HDMODE | TWSTEP | SGHD | g ! , i

’ ! [ ’ i | SPEED | VOLUME | |

1 ' .
t i

i LENGTH
uSEC | umn
i

. i
‘ | { rpm | MODEL '
; | | | L } ) ; L o
[HIGH |HIGH! HIGH | HIGH .HIGH! 300 |IMbyte - 420- 444|1064-1088| 1700
HIGH |HIGH{ HIGH | HIGH [LOW | 300 |IMbyte | 324- 348] 920- 944| 600
[HIGH|HIGH| HIGH | LOW I!HIGH! 300 !500Kbyte, 420  444/1064 1088 700
|
]
{

{HIGH |HIGH| HIGH LOW |LOW , 300 [500Kbyte| 324- 348| 920- 9441 600

'HIGH|HIGH! LOW HIGH |HIGH: 860 [1.6Mbyte’ 180 204, 520~ 544] 400
THIGH |HIGH| ILOW HIGH |LOW | 360 |1.6Mbyte; 180~ 204 520~ 5441 400
'HIGH IHIGH: LOW LOW |HIGH| 360 RAAKEE180- 204| 520- 544; 400

[ 180- 204 520 544| 400
IMbyte | 420 444[1064- 1088 1700
| 324~ 348| 920- 944| 600

{LOW [LOW HIGH HIGH {HIGH| 300

I i
"LOW !LOW | HIGH | BIGH [LOW | 300

! !

| |

|

{HIGH HIGH| LOW LOW [LOW | 360 | ****¥x
i 1Mbyte
!

JLOW 'LOW ! HIGH | LOW [HIGH| 300 [500Kbyte 420- 44411064-1088! 1700
(LOW !LOW | HIGH | LOW {LOW | 300 |500Kbyte| 324- 348| 920- 944| 600
{LOW {LOW ; LOW | HIGH IHIGH, 300 | 1Mbyte , 420- 444|1064-1088| 700
[LOW |LOW | LOW HIGH {LOW | 300 | IMbyte | 324- 348| 920- 944| 600
|LOW |LOW | LOW LOW |HIGH| 300 [500Kbyte| 420- 444|1064-1088| 700
|LOW |LOW | LOW LOW__|LOW | 300 '500Kbyte| 324- 348 920- 944| 600

|
[HIGH|HIGH| HIGH !
[HIGH 'HIGH| HIGH i
[HIGH |[HIGH| HIGH |
|HIGH |HIGH| HIGH |
|HIGH {HIGH| LOW i
|HIGH [HIGH| LOW |
|HIGH |HIGH| LOW |1.6Mbyte| 148- 172| 456 480| 350
[HIGH |HIGH| LOW LOW _[LOW | 360 [1.6Mbyte| 180- 204 520- 544| 400
|
1
|
[

!
|
|
|
| HIGH |HIGH! 300
|
|
|
|
|
[
[LOW |[LOW | HIGH | HIGH |HIGH| 300 1Mbyte | 100- 124| 696- 720| 300
|
|
l
|
|
|
1

HIGH |LOW | 300
LOW |HIGH| 300
LOW |LOW | 300
HIGH |HIGH| 300
HIGH |LOW | 300
LOW [HIGH| 360

|

|

|

l

J

|

|

]

i

|

i

|

1

|
IMbyte | 100~ 124| 696- 720| 300 |
IMbyte | 148- 172| 728- 752 350 |
1Mbyte | 148- 172| 728- 1752| 350 |
I

|

|

|

]

|

|

|

|

|

u

|

|

2Mbyte 180- 204| 456- 480]| 300

|
|

1Mbyte | 164- 188| 760- 784 400
|

2Mbyte |

228- 252| 568- 592| 350

ILOW |LOW | HIGH | HIGH |LOW | 300 IMbyte | 148- 172| 728- 752| 350
[LOW |LOW | HIGH | LOW [HIGH| 300 IMbyte | 148- 172| 728- 752| 350
|LOW |[LOW | HIGH |{ LOW |LOW | 300 1Mbyte | 164- 188 760- 784| 400
|LOW |LOW | LOW | HIGH |HIGH| 300 2Mbyte | 180- 204| 456-- 480| 300
[LOW |LOW | LOW | HIGH [LOW | 300 | 2Mbyte | 228- 252| 568- 592| 350
|LOW |LOW | LOW LOW [HIGH! 360 |[1.6Mbyte| 148- 172| 456- 480| 350
LLOW |LOW | LOW LOW |LOW | 360 |1.6Mbyte| 180 204] 520- 544! 400
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4.2 Miscellaneous Functions

o Automatic Return to Zero Function & Special Seek
The automatic¢c return to zero function is a kind of initiasirzing
operation which performs recalibration of track position. This segquence
18 divided two parts that 1s, power on step in and return to zero seek.

in the Power on step 1n, at tirst, the status c¢f TRACK 0 1s evaluated,
1f it is active (ACTIVE means that [ -TZSNS] pin 1s Low level and
stepping motor phase s 11 i e @1=p2:-High level!, then FDMC executes
inner seek step by step unt:l TRACK O is nou active. This step
operation will be done 48 steps at maximum. The phase rate of each step
1s decided by the program condition i.e. 1 5mS or 3.0msS After
detecting TRACK 0 1s non active, even if before first time ol stepping
operation, FDMC goes tu next procedure( return to zero seek) after
waiting 15 m$S settling time for head assembly.

1n the return to zero seek, FDMC executes cuter seek operatron until
TRACK 0 status will be active. This stepping operdtion wiil be done 400
phase shift at maximum. After 400 phase shift 1s done without TRACK 0
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
ikeep precisioness avoiding mechanical collision. But using such
mechanism causes wrong track recalibrating, in case that head is
located outer track O ( -1 or -2 track ) position. In that drives,
actual track O position is defined as a track which is the first 0
track found scanning from inner direction. With this manner, FDMC
never misplace track 0, even if start at negative track position by the
residue of former status of disk drive.

The special seek is a tunction that postpones the recalibrate funciion
at power on time, so as to avoid cush current through the all drives by
doing the recalibrate operation. This function is suitable for battery
operation type personal computer. If this function is selected, the
FDMC do nothing when the power is on. But the FDMC memorized the status
for executing special seek operation when the FDMC receives first step
pulse. In that case, when the FDMC receives first step pulse after
power is up, the FDMC examines TRACK O status and if it 1s active {
ACTIVE means on track 0 ), the FDMC transfer motor phase toward inner
direction even if [DIR] input was outer seek. This operation will
continue until detecting non track 0 in each operation. This function
is same as the step in sequence in the automatic return to zero. And
because of the first step pulse applied for disk drive is outer
direction issued by floppy disk controiler, the recalibrate operation
completes precisely.

In additionally these operation 1s decided by the situation whether a
diskette(disk media) is in the drive or not, so as to avoid scratching
some mechanical parts by moving head assembly without diskette
Table 4.2a shows this conditions

—236—



INTEGRATED CIRCUIT

TECHNICAL DATA TC8602F

TOSHIBA

Table 4.2a_The Condition of AUTORZ and SPSEEK Operation

L AUTORZ gigihk Automatic Retuen to Zero  Special Scek

__HIGH Tncond:

lonal execulic

no execation

_HIGH . _LOW___ Wajting Cor Disk 10 _ _ no_execulion _ Note 1
S LOW_ HIGH Execute af disk 13 n ocomwd it ron Note 2
LOW _ TOW_  No execution exXecut ron

Note 1 . Whether disk media is in ur not s examiped hefore  executing
automal ic return to zero ceek., Tt disk o« tn. Chen executing
automatic return to zZero seek. 1f disk 18 not 'n, the FDMC
waits until insertion of the disk putting off exe(ntion ot
auntomatic return to zero seek and other 1niytiajlilzineg
operatinn

Note 2 - Whether disk media is 1n or not s cxamined befoere executing
automatic return to zero seek 1f disk in, then executing
auntomatic return to zero seek, 1t disk is not in  the FIM(
gives up frem executing auvtomatic retarn to z2ero  and select
sneclal seek tunction for future

o Automatic Disk Media Chucking Function
The FDMC has a function that rotates spindle motor instantancously when
disk 1s inserted. so as to get correct (huckirg of diskette holding
mechanism. The <pindle motor rotatron sustains antil detecting internai
READY or ti1l1l one second passed

o Low Power FDD Support Function
The FDMC has a function that eliminates the power consumption of the
disk drive. That 1s. stepping motor power saving controi,
recalibration of step motor positioning after power save, sensor LED
(Light Emitting Diode) power saving in stand-by mode, reduction of
read/write circuit power consumption

The stand-by mode 1s defined such state that a floppy disk drive
receives no active DRIVE SELECT and no active MOTOR ON signal. The
stepping motor is controllied by four pins i e [+PWRON], [+SMPS],
|+PHASE1}, [+PHASE2]. The pbase control outputs are used with [:SMPs
to control a driver IC When system nced high drive current to drivieg
stepping motor ( Usually appiying -12Volts DC ), the [+SMPS| output is
negated. And after 30mS passed without new updating of stepping motor
phase, the [+SMPS] output is activated so as to decrease stepping motor
current ( Usually applying -3Velts DO )

—237—



INTEGRATED CIRCUIT

TOSHIBA
TECHNICAL DATA TC8602F

The [+PWRON] pin is more effective in a stand-by mode. In the stand-by
mode, the FDMC negates [+PWRON] so as to cut off the whole power fed
into the stepping motor. By using this method, some stepping motor will
lose acruracy of the positioning inside the motor phase. Against this
phenomenon, the FDMC negates [+SMPS] and activates [+PWRON] whenever
bring back from stand-by mode. And if it 1is programed, extra
recalibrating operation is available

This function is selected by programming [+LPTYPE] pin as a high level
with conditinn of [EXT1] and [EXTO]. Table 4.2b shows this selection.

Table 4.2b The Condition of LPTYPE Selection

,Ei%ivE&TO' The function when [-LPTYPE] is Low level.

— — e e e

: Additional recalibration is done. ;
HIGH i HIGH | ‘

i

Inner and outer seek after stand-by mode.

HIGHILOW

I A temporary rotation of spindle motor is done
LOW {HIGHj I
after the LSI power is on.

¢

—————

.LOW {LOW |

]
——- . - - J

[ S

The power control of read/write circuit is done through [RWPWR] pin. Of
course, this pin is negated during stand-by mode, additional negation
1s done, that is, negation after spindle motor in starting period, and
negation 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 each
positive phase signal i.e. [PHASE1],[PHASE2]. The internal circuit in
the FDMC is sampling [-DIR] 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 1
AD AE

-STEP I I
TRACK NO. 3 (] 2 [ 1 o ] 1
PHASE1 1 [ 1

t%> < 4B i
PHASE? AA -

t AC !
+SMPS f
Lol 2phase/l1track mode —
Fig. 4.3.1 Step Pulse Signal Timing

Table 4.3.1 Step Pulse Drive Timing

|SYMBOL| _ITEM i MIN | TYP_ | MAX [UNIT
| tAA | Step to Phase Shift Time | 180 | | 320 | us |
| tAB | S.M.Motor Power Save Time | 28 | { 33 | ms |
| tAC | Second Phase Starting Delay | 2.7 | | 3.2 | ms |Note 1
| tAD | Set Up Time for direction | 200 | | | ns |
__tAE_ | Hold Time for direction | 200 | | | _ns_ |

Note 1: Step Rate=3.0ms
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4.3.2 Ready Timing Control

The ready condition is produced by examining index pulse interval that
is input from [+IXSNS] pin.

o Ready on condition : Two times of valid interval index pulse is
detected, under the condition that disk media
is in and spindle motor is on states,

0 Ready off condition : 1. When disk media is out or spindle motor is
disable

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 specified interval times are shown below.

i Spindle Rotation Valid Index Interval

300 rpm | 162 - 238 ms

— A J—

| 360 rpm i 129 - 204 ms

o Index pulses that are input at an interval below several
uS(micro second) are ignored.

o READY signal is output at the [+READY] pin when [-DS] is Low
level.

IXSNS M
READY — s ' B

Fig.4.3.2 Ready Timing

Table 4.3.2 Ready Timing

SYMBOL| ITEM |_MIN | TYP | MAX |UNIT|
__tBA | INDEX Sensor to READY ] 0.2 1] 0.8 | 2.5 | ms |
. BB | INDEX Sensor to NOT READY | 0.2 | 0.8 | 2.5 | ms
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4.3.3 Disk Change Uutput Control

The FDMC has a built-in disk change monilor FF for judging exchange of
disk media. This FF status is outrput at the [+DSKCHG) pin when [ DS]
pin is Low level.

-DS ] [ 1
-DKCHR u
~DISNS {
i L Internal Signal
+DSKCHG ’——'—I—[ P
t N ‘ t X }
CA - = (B->» &
Fig.4.3.3 Disk Change Output Timing
Table 4.3.3 Disk Change Output Timing
_SYMBOL| _[TEM L MIN | TYP ; MAX !UNIT,
! tCA | DKCHRS to DSKCHG off _: 08 ., 2.5 1 ms |
| tCB [ _DISNS to DSKCHG on 1 | 1 0.8 + 2.5 I ms | Note 1
i | _DISNS to DSKCHG on 2 | .. 2.0 111.0 . ms , Note 2

Note 1: [ -DS]=Low or [-MOTRON] -Low
Note 2: Stand-by Mode
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5. ELECTRICAL CHARACTERISTICS

5.1 Absolute Maximum Rating

VSS = 0OV (GND)

|_SYMBOL I T E M | RATING |UNIT]|
| VDD i Supply Voltage f - 0.5 - 6.5 v
L { i ’
i VIN | Input Voltage [ - 0.5 - VDD+0.5 PV
L I H ' -
! VOUT | Output Voltage | 0.5 - VDD+0.5 |V
L L j | J
| Tstg | Storage Temperature ! | o |
H | | -55 - +125 | C |
! Topr | Operating Temperature | o |
! | | 30 __-__. *70 L€ ]
i Ioutl | Output Current each terminal | Output group 1 + 3 | mA |
L | [ | J
| Iout2 | Output Current each terminal | Output group 2 + 6 | mA |
L | i | J
| PD I Power Dissipation ! 300 | mW |
! _i L | J

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, reliability of LSI may be adversely affected.

Output group 1
[+RWPWR], [+SMPS], [+MOTREN], [+SWFLTR], [PHASE1], [PHASE2],
[ FPWRON], [+LEDSCN].

Output group 2

[XOUT], [+DSOUT], [+HDO], [+ERA], [+WE], [+DSKCHG], [+Wp],
[+INDEX], [+TRK0OO], [+READY].

5.2 Recommended Operating Conditions

VDD = 5.0V, VSS = 0OV

ISYMBOL, I T E M
Topr

CONDITION [MIN|MAX | UNIT]
[-30| 70| o

| | €|

|4.5/5.5| V |

)

|

J

Operating Temperature

| | |
[3.9]4.1|MHz
[ [ |

fCLK

i
[
VDD | Supply Voltage
|
| Clock Frequency

l
L
l
L
|
L

1
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5.3 DC Characteristics

VDD = 5.0V, VSS = 0V, Topr=-30 to 700C

[SYMBOL] I TEM | CONDITION. [ MIN| TYP!| MAX|UNIT|
| VHS1 | Hysteresis Width (1) | Input terminal group 1 | 0.2) 0.8] (A
L | i | ! | | J
| VHS2 | Hysteresis Width (2) | Input terminal group 2 | 0.8] 0.8] A
L | | ! | | 1 j
{ TIH1 | Input High current (1) | Input with pull up device| -20] i 20| uA |
i i ! I N B
i TIL1 | Input Low current (1) | Input with pull up device|-100/ | -20] uA |
L ! i I N N
| TIN | Input Current (2) | CMOS input gate | —20]| i 20] uA |
L 4 | R T RN B
| VIH1 | Input High Voltage (1) | Input terminal group 1 | 2.1} | VDD| V |
L | | | i ! I J
| VIL1 | Input Low Voltage (1) | Input terminal group 1 | 0.0 i 0.6f V|
L | | N R R
| VIH2 | Input High Voltage (2) | Input terminal group 2 | 2.8  VDD| V |
L L | ; N ‘ i j
i VIL2 | Input Low Voltage (2) | Input terminal group 2 1 0.0 1.0V
L L | [ | L
| VIH3 | Input High Voltage (3) | Input terminal group 3 | 3.5, , VDD|

! X ; X .
- L l | | ! 1 |
| VIL3 | Input Low Voltage (3) | Input terminal group 3 0.0 1.5] V|
L | | Y S S S
| IOH1 | Output High Current(1) | VOH=4.6V Output group 1 |, -- | 1=2.0] mA |
L | | | H i J
{ IOL1 | Output Low Current (1) | VOL=0.4V Output group 1 | 2.0j o= ] mA |
L L l | | | | !
| IOH2 | Output High Current(2) | VOH=4.6V Output group 2 | -- | {-3.0] mA |
L | : L 1 | |
| IOL2 | Output Low Current (2) | VOL=0.4V Output group 2 | 3.0j -- | mA |
L L ; I " —m R
| IDD | Power Consumption | VDD-5.0V fC=4 OMHz == 1 2.0, 4.0] mA |
| i | [N Lo |

Input terminal with pull up devices.
[-EXTO], [-EXT1], [~HOLD]

Input terminal group 1
[-EXTO],[-EXT1], [-WG],[ DKCHRS], [STSEL],[-DS].[-DIR], [-STEP],
[-SGHD], [-TWSTEP], [-HDMODE], [-MOTRON], [-SPSEEK]

Input terminal group 2
[-CLR], [-WPSNS], [-TZSNS], [-DISNS], [41XSNS]

Input terminal group 3
[+TEST], [XIN], [-HOLD], [-LPTYPEJ, [+AUTORZ]

Output group 1
[+RWPWR], [+SMPS], [+MOTREN], [+SWFLTR], [PHASE1], [PHASE2],
[+PWRON], [+LEDSCN].

Output group 2
[XouT], [+DSoOUT], [+HDO], [+ERA], [+WE], [+DSKCHG], [+WP],
[+INDEX], [+TRKOO], [+READY].
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5.4 _AC Characteristics
Unless otherwise noticed, Ta=00C to 709C, VDD = 5.0 + 0.5V
5.4.1 Pulse Width
{SYMBOL| I T EM o o . MIN| TYP| MAX!UNIT/
tWSP | Step Pulse Width | 500, ' ; nS
. | OSSN S
5.4.2 Transmission Delay Characteristics
SYMBOL__ T TEM | MIN| TYP| MAX UNIT|
! tWEH . Write Gate Fall -> Write Enable Rise | | | 200} nS |
R S RS UY GVRY SSS AU N
, tWEL | Write Gate Rise -> Write Enable Fall o i 200| nS |
- : . SRS PRI S SR R
, tIFH | -DS Fall -> +DSOUT Rize | i | !
| : -> +DSKCHG Rize | | | | :
| | => WP Rize |- | -] 200 nS |
> +INDEX Rize i | I | |
e =>» _tREADY _ Rize L L1 b
v tIFL -DS Rize ->  +DSOUT Fall ) y ! i |
; | ->  +DSKCHG Fall ; | | ; i
| i > WP Fall : .- ' 200] nS :
1 , -> +INDEX Fall | i i l :
. -> __+tREADY Fall | i | 1 )
| tHDH | -SISEL Rize -> +HEADO Rize | | i 200| nS |
' : . ! i | i
tHDL |, -SISEL Fall -> +HEADO Fall | | 200} nS |
S | | I | j
. tSNH | +IXSNS Rize > «INDEX Rize i I | |
{ \ - | 200| nS |
i WPSNS Fall ->  Wp Rize ) 1 i , |
, tSNL . +IXSNS Fall >  <INDEX  Fall | i | |
! | -1 - | 200| nS |
- . _-WPSNS Rize -> WP Fall | ! | 1 |
tDS 1 {setup time) DIR from -STEP Fall - 1 200] nS |
e — | J | | J
+ tDH ' (hold time) DIR from -STEP Fall [ | 200| nS |
[ S . I J | L]
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5.4.3 Testing Waveform
( VDD = 5.0V )
LSTTL Equivalence Input
Input terminal group 1

[-EXTO],[-EXT1], [-WG],[-DKCHRS]}, [SISEL],[-DS},[-DIR],
[-SGHD], [-TWSTEP], [-HDMODE], [-MOTRON], [-SPSEEK]

5 0V
2.2V
—  2.0V(VIH)
0.6V(VIL)
0 4V
0oV

Sensor Input Terminals
Input terminal group 2
[-CLR], [-WPSNS], [-TZSNS], [-DISNS], [+IXSNS]

5.0V
3.0V
2.8V(VHD
L.OV(VIL)
0.8V
0.0V

Other Input Terminals
Input terminal group 3
[+TEST], [XIN], [-HOLD], [-LPTYPE], [+AUTOR