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The present rapid growth of the electronic design revolution
is being fueled by the microprocessor/microcomputer. As one
of the industry leaders, Signetics gives new impetus to ad-
vancing the state-of-the-art with its technological strength,
product depth and manufacturing know-how. We continue to
develop all aspects of the microprocessor/microcomputer
area, simultaneously providing products, ready-to-use train-
ing, software and development tools that help you to under-
stand and apply Signetics advanced products.

This Microprocessor Data Manual will enable you to examine
Signetics complete line of Bipolar and MOS Microprocessors,
as well as a full line of support products. Each data sheet fully
explains the operation of each product and contains applica-
tion hints on how to best utilize the products’ design advan-
tages.

You will also find a variety of development systems, education-
al products, prototyping kits and software for both bipolar and
MOS. And with a team of field application engineers through-
out the country you will find that Signetics can provide you
with the answer to your design problems.

We offer one of the broadest selections available of both
bipolarand MOS microprocessor/microcomputers. Combined
with our complete line of logic, analog, bipolar and MOS
memories, a design engineer can select one source that will
provide him with the best possible, cost effective solution to his
design problems.

This book contains a compilation of all products currently
available. Signetics is continuously developing new products.
As you see new product announcements, you should contact
your local Signetics sales office, representative or authorized
distributor or write Signetics directly at 811 East Arques
Avenue, Sunnyvale, California, 94086, for the latest technical
information.

Sifnotics






TABLE OFf CONTENTS

Introduction R T T 3
Chapter 1 BIPOLAR MICROPROCESSORS, PERIPHERALS AND DEVELOPMENT PRODUCTS ............ 7
Microprocessors
Bit Slice Family INtrodUCtION . ....ouuuuiiit ittt et et e 9
8X02 CONLrol SLOre SEQUENCE ...ttt et e e 10
2901-1 Microprocessor Control Processing Element . ......o.iiiii e 16
Series 3000 INTrOdUCHION ... oottt ettt e ettt 25
A Guide to the Selection of Support Components for Signetics

Bit SliCe MICIOPrOCESSOrS ...\ttt ettt e et et 28
S/N3001 Microprogram CONtrol Uit ........ueureene e e 32
S/N3002 Central Processing EIBMENt ............uuereereuriie e 40
Introduction to the Bipolar Fixed INStruction MiCrOProCESSOr . .......u'u'eenees e, 49
BXB00 MICroCONIIONBr ..\ttt ettt e e e 50
Peripherals
INtroduction t0 SyStemM LOGIC « ...\ vuuur ettt ettt et et e 65
74S182/183 LOOK ANGAA CAITY ...ttt ettt et et e e e e e e e e e 66
54/74LS273 OcCtal D FIP FIOP & .o eeittt ittt it ettt e e e e e e e e e e 69
54/74LS377 OCal D FIIP FIOP « ottt ittt ittt e e e e e e e 69
8251007101 Field Programmable LOGIC AMTAY .....uu.'' e e e e e e e e e, 70
825200/201 Programmable LOGIC AFFAY .. ....vun ittt et ee e e e e e e e e e 80
825102/103 Field Programmable Gate ArTay ..............uuuueeeeeree e e, 86
8T31 8-Bit BidireCtional 1/0 POI .. ..vuuu ettt ettt et e e et 94
8T32/33/35/36 8-Bit Latched Addressable Bidirectional I/O POt ........ovvunns s 98
BT39 BUS EXPANUBE L.\ttt tit e ttet et ettt et e e e e e e e e 105
8T58 Transparent BUS EXPANGET ..........uuuuneeeeiitee et et e e, 109
8X01 CRC Generator/CheCKer ... .uuute ettt ittt e e et e, 112
8X08 AM/FM Frequency SYNtNESIZEr .. ........vuiuuiein et 115

Development Products

3000KT/1000 Designer's Development Kit .. ......oueeen et ee e e e e 120
3000KT/B0B0SK 8080 EMUIALOT Kit ... .ett sttt et e e e e e e e e e e e e e, 122
8X02AS1000SS Microassembler (SOFWAE) . ...........uuiiernn e etee et 124
8XB00KTTO00SK DeSIGNEI'S Kit ..ttt ettt ettt e e e e e e e e, 125
8T32/33/35/36 Programmer Kit ... ... ....uiuneiiitti ettt e e e e e 127
8X300AS100SS MCCAP 8X300 Cross Assembler (SOFtWAIE) ... .........eesnnsesees e 128
SMS3000 Microcontroller SIMUIALOr . ... ..uuuu ittt e e e e e e 129
MSBB00 MiCroController MONItOr ...ttt ettt e e e e e e e e e e e e 131
Chapter 2 MOS MICROPROCESSORS, PERIPHERALS AND DEVELOPMENT PRODUCTS ..........o...... 133
Microprocessors

2650/2650A-1 MICIOPIOCESSOr .ttt et ettt e e ettt et e e e e e e e e e e e e e e e e 135
ISP-8A/600 Simple Cost Effective Microprocessor (SC/MP-11) . ... vttt et 146
MPBOBOA 8-Bit N-Channel MiCroprOCeSSOr ...t ittt ettt ettt et et e 163

Sifnotics 5



Peripherals

2651 Programmable Communication Interface (PCI) ... .. i 174
2652 Multi-Protocol Communications Controller IMPCC) ... .. ittt 188
2655 Programmable Peripheral Interface (PPl ... .. e 206
2656 System Memory Interface (SMI) ... .. et i e 208
MP8251 Programmable Communication Interface (PCI) ... ... .. ot 219
MP8255 Programmable Peripheral Interface (PPI} ... ..o it 227

Development Products

2650KT9000 Microprocessor Prototyping Kit ... ..ottt aann e 238
2650PC1500/2650KT9500 Adaptable Board Computer (ABC) ... .iiiiiiiiiiiii e ias 241
PC-4000 2656 System Memory Interface (SMD) Emulator ...... ..ot 245
2650PC1001 Microprocessor Prototyping Card ................. e e, e e 257
2650PC2000 4KMEMOTY CArd .. ...utieeteeennstennnttonnneeaanseeesaessasssroseannesssssesteeanetonaencens 259
2650DS2000 MiCroprocessor Demonstration SYSIeM .. ....e..eeneeriueinerurarsnerinerieeeeaana oo 260
2650PC3000 Intelligent Typewriter CONtroller ... ..ot s 263
2650AS1000/1100 Assembler Version 3.2 (SOftware) ... ittt 266
2650SM1000/1100 Simulator Version 1.2 (SOftWAre) ... ...ttt iiiinaiaiiiinionnssestsstioiennunnnns 267
Signetics’ Higher Level Language: PLuS ...ttt a ettt aa s . 268
2650AR1000 Relocatable Assembler Version 5.0 ...........c.oiiiiiueeniinn e et e e 269
The TWIN (Testware Instrument) System ... .ottt it i Ve 271
Chapter 3 STANDARD SUPPORT CIRCUITS ...ttt ana ettt raast ot anasnnns 277
] ¥ oY [VT 1 { T o T R R R R R R R R PR TR SRR 279
Bipolar Memory Selection GUIAE ........ue ettt it e et a s ettt 280
MOS Memory SeleCtion GUIGE . ....uvtruteetene ettt rataennae et stesanrannaeenntsonnsony SR 282
0[O IR =Y 1= A ERR R LR 285
8200 SOIIES .« vviieieer sttt P 286
B8T00 Series INTEITACE & . vuv et ettt et ittt i it enaanae et eanasteeansneannans e e 287
ANAIOG (LiNBAI) .ttt ettt ettt r e st 288
LY T - ;1 "Z2% S R KRR CEE R R 291
PACKAGES ...ttt iititiiiierae ettt aainiiiiiiseraessannanas e ferereae e 331
SALES OFFICES .o\ ot vttt et et et e et e e e et et e e e et e et s e a et 347

6 Sifnotics



CHAPTER |

BIPOLAR
Microprocessors

Peripherals and
Development Products




sinotics



BIT-SLICE MICROPROCES-
SOR SERIES

Microcontrol and
Arithmetic Units

The introduction of the Signetics Bit-Slice
Microprocessors has brought new leveis of
high performance to microprocessor appli-
cations not previously possible with MOS
technology. Combining the Schottky bipo-
lar microprocessors with industry standard
memory and support circuits, microinstruc-
tion cycle times of 100ns are possibie.

In the majority of cases, the choice of a
bipolar microprocessor slice, as opposed to
an MOS device, is based on speed or flexi-
bility of microprogramming. Starting with
these characteristics, the design of the Sig-
netics slice microprocessors has been opti-
mized around the following objectives:

® Fast cycle time

® All memory and support chips are industry
standard

® Cooler operation

® Lower total system cost

Furthermore, systems built with large-scale
integrated circuits are much smaller and
require less power than equivalent systems
using medium.and/or small scale integrated
circuits.

Typically, slice microprocessors are em-
ployed in the realization of the Central Proc-
essing Unit (CPU) of a computer or for
implementing dedicated smart controtlers.
The generalized and simplified structure of
a CPU or “Smart” controller can be typically
classified into 3 distinct but interactively
related functional sections. These sections
are generally referred to as the Processing
section, the Control section, and the I/0 and
Memory Interface section. A simplified
block diagram of a CPU is illustrated in
Figure 1.

The major functions of the Processing sec-
tion are to:

provide data transfer paths;

manipulate-data through logic and arithmetic
operations;

provide storage facilities such as a register file;

The major functions of the Control section
are to:

initiate memory or 1/O operations;

decode macroinstructions;

control the manipulation and transfer of data;
test status conditions; and

sample and respond to interrupts.

o o o 0o 0

The major functions of the 170 and Memory
Interface section are to:

® multiplex data to the proper destination;

® provide bus driving/receiving capability; and
® provide latching capability.

With state-of-the-art bipolar Schottky tech-
nology, high-performance microproces-
sorsare designed to perform functions of the
Processing section. Due to the limitation on
the number of pins and chip size, the overall
Processing section is partitioned into sever-
al functionally equivalent slices. In today’s
bipolar microprocessor market, 2-bit and 4-
bit slice architecture predominates. Each
architecture type has its uniqueness but, in
general, a slice contains a group of general
purpose registers, an accumulator, special-
purpose register(s) ALU and related status
flags. All of these elements constitute the
Processing section of a CPU. The flexibility
of slice components allows the designer to
construct a processing section of any de-
sired width as required by his application.

The Control section of the CPU is more
complex in design. Typically this section
includes the macroinstruction decode log-
ic, test-branch decode, microprogram se-
quencing logic, and the control store where
the microprogram resides. Aside from the
microprogram, the remaining portion of the:
Control section (macroinstruction decode
and test-branch decode and sequencing
logic), does not lend itself to efficient parti-
tioning into vertical slices. This is due to the
random nature of the logic usually found in
the Control section. However, horizontal
functional grouping is possible. For exam-
ple, the macroinstruction decode and test-
branch decode logic can now be replaced
by the FPLA (Field Programmable Logic
Array); the .random logic traditionally

needed to implement the microprogram
sequencing can now be replaced by the
Microprogram Control Unit; and, of course,
the microprogram can be stored in high
density PROMs or ROMs. Since the design-
er must define his own microstructure, the
slice microprocessors permit fundamental
optimizations to be made. With slice hard-
ware, the designer may have no macroin-
structions atall, placing all of the program in
PROM for dedicated control applications.
Or he may define, as required, any number
of macroinstructions selected specifically
for his particular processor purpose. Vari-
ous minicomputers and several MOS micro-
processors have been emulated using slice
hardware.

The 1/0 and Memory Interface section con-
sists mainly of I/O ports, high power bus
drivers, receivers, and some temporary reg-
ister storage facilities. Bidirectional and
tri-state devices are the most popular logic
elements for implementing this interface
structure.

Figure 2 shows an LS| approach to the
implementation of the same generalized
CPU structure indicated earlier.

Data specifications for Signetics’ line of
slice microprocessor components are con-
tained within this chapter. Included is the
popular 3000 series Microprogram Control
Unit and the 2-bit slice Central Processing
Element. These Signetics devices feature
improved performance specifications over
3000 series components available on the
general market, Moreover, the unique Sig-
netics XL plastic package design results in
significantly cooler operation of the chip
than was previously possible with other
plastic package designs. This section also
features the 8X02 Control Store Sequencer.
This device may be used with any TTL
compatible slice processing elements and
features extreme ease of use. The 8 simple,
yet powerful, instructions permit subroutin-
ing and looping (using internai stack), un-
restricted jJumping, unrestricted conditional
branching and conditional instruction skip-
ping. .

CONTROL SECTION

AN LS| IMPLEMENTATION OF A CPU

and ROM-PROM PROCESSING SECTION 3
e generate necessary status flags based on the ‘M'C“;’z;’:‘:g“‘“"” 2
kind of operation performed by the ALU.
>
>
) 15t SLICE | 2nd SUICE | nth SLICE
MCU (SEGUENCER] | g N3002 N3002 N3002
N3001 OR 8X02 . OR OR OR
A SIMPLIFIED CPU ORGANIZATION N2901-1 N2901-1 N2901-1
FPLA (FOR DECODE) 2
CONTROL | | PROCESSING 8281007101
SECTION B = SECTION
4
¢ e 1/0 AND MEMORY INTERFACE SECTION
8T31 — 8-BIT 170 PORT
8T28/8T26A - 4-BIT HIGH DRIVE TRANSCEIVER
I 170 AND MEMORY INTERFACE I 8T95 — 98; HEX TRI-STATE BUFFERS
Figure 1 Figure 2
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PRELIMINARY SPECIFICATION

DESCRIPTION

The Signetics 8X02 is a low power Schott-
ky LSI device intended for use in high per-
formance microprogrammed systems to
control the fetch sequence of microinstruc-
tions. When combined with standard ROM
or PROM, the 8X02 forms a powerful micro-
programmed control section for computers,
controllers, or sequential logic.

BLOCK DIAGRAM

FEATURES

Low power Schottky process

1024 microinstruction addressability
N-way branch

4-level stack register file (LIFO type)
Automatic push/pop stack operation
“Test and skip” operation on test input
line

3-bit command code

Tri-state buffered outputs

Auto-reset to address 0 during power-up
Conditional branching, pop stack, and
push stack

(13) (11) (9} (8]

(12) (10} (8) (5)

(3}

(4)
AgAg A7 AgAg AL Az Ax ArAg

w7 T _T_
@ o-O——— outPuTBUFFER

s

VL

1
I
I 10 ]
| +1, +2 LOGIC \
l 10 X
(1) ACy v
(28) AC; ©0——{ DECODE ADDRESS REGISTER | |
LOGIC
(27) ACy O—— STACK |
10 REGISTER \
(25) cLK O—) gIsT 5
(22) v, |
ce +2 +1 |
(7} GNDO— 10 ) L ,{ES)T
26
ADDRESS MULTIPLEXER

8X02-1,XL

PIN CONFIGURATION

I.XL PACKAGE
AC, [I [28] ac,
&N [2] [27] ac,
A [3] 26] TEST
a [ [25] cik
A, E [24] s,
ano [7] [22] vee
» & = .
Ay IE; E Bs
Ag [E E By
a [ ] .
A, [iZ] 6] s,

S 1181101} :

BgBg By Bg Bg B4 B3 By B4 By
(24) (21) (19) (17) (18)

(23} (200 (18} (16) (14)
PIN DESIGNATION
PIN SYMBOL NAME AND FUNCTION TYPE
5-6 Ag-Ag Microprogram Address outputs Three-state
8-13 Active high
1,28,27 ACy-AC, Next Address Control Function inputs Active high
All addressing control functions are selected by these command lines.
14-21 Bo-Bg Branch Address inputs Active high
23-24 Determines the next address of an N-way branch when used with the BRANCH ’
TO SUBROUTINE (BSR) or BRANCH ON TEST (BRT) command.
2 EN Enable input Active low
‘When in the low state, the Microprogram Address outputs are enabled.
25 CLK Clock Input—High to Low transition for stack operations, Low to High trans- _LJ_
ition for address modification.
26 TEST Test input Active high
Used in conjunction with four NEXT ADDRESS CONTROL FUNCTION
commands to effect conditional skips, branches, and stack operations.
7 GND Ground
22 Vee +5 Volit supply
10 Sinotics
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PRELIMINARY SPECIFICATION

FUNCTIONAL DESCRIPTION

The Signetics 8X02 Control Store Sequenc-
er is an LS| device using low power Schott-
ky technology and is intended for use in
high performance microprogrammed appli-
cations. When used alone, the 8X02 is cap-
able of addressing up to 1K words of mic-
roprogram. This may be expanded to any
microprogram size by conventional paging
techniques.

The Address Register consists of 10 D-type,
edge-triggered flip-flops with a common
clock. A new address is entered into the
Address Register on the low-to-high tran-
sition of the clock. The next address to be
entered into the Address Register is sup-
plied via the Address Multiplexer.

The Address Multiplexer is a 5-input device
that is used to select either the branch input,
+1 adder, +2 adder, stack register file, or
ground (all zeros) as the source of the next
microinstruction address. The proper multi-
plexer channel is automatically selected via
the Decode Logic according to the Address
Control Function Input and Test Input line.

The +1, +2 logic is used to increment the
present contents of the Address Register by
1 or 2, depending on the function input
command. Thus, the next address to the
Contro! Store ROM/PROM may be either
the current address plus 1 (N+1) or the
current address plus 2 (N+2). If the same
Microprogram Address-is to be used on
successive occasions, the clock to the 8X02

-must simply be disabled; therefore, no new

address is loaded into the Address Register.

The Stack File Register is used to provide a
return address linkage whenever a subrou-
tine or loop is executed. The 4X10 stack
operates in a last-in, first-out (LIFO) mode,
with the stack pointer always pointing to the
next address to be read. Operation of the
stack pointer is automatically controlled by
the Address Control Function inputs. Since
the stack is 4 words deep, up to 4 loops
and/or subroutines may be nested. .

The branch input is a 10-bit field of direct
inputs to the multiplexer which can be se-
lected as the next control store address.
Using the appropriate branch command, an
N-way branch is possible where N is the"

NEXT ADDRESS CONTROL FUNCTION TABLE

8X02-1,XL

address of any microinstruction within the
1024 word microcode page. Likewise, the
RESET command is a special case of an N-
way branch in which the multiplexer selects
an all zeros input, forcing the next microin-
struction address to be zero.

The Test Input line is used in conjunction
with the conditional execution of 4 Address
Control Function commands. When the
Test Input is false (low), the sequencer
simply increments to the next address
(N+1). When it is true (high), the sequencer
executes a branch as defined by the input
command, thereby transferring control to
another portion of the microprogram.

All Address Output lines of the 8X02 are
three-state buffered outputs witha common
enable line (EN). When the Enable line is
high, all outputs are placed in a high-
impedance state, and external access to the
control store ROM/PROM is possible. This
allows a preprogrammed set of mi-
croinstructions to be executed from exter-
nal or built-in test equipment (BITE), vec-
tored interrupts, and Writable Control Store
if impiemented.

FUNCTION - '
MNEMONIC DESCRIPTION AC, ; TEST NEXT ADDRESS STACK STACK POINTER
TSK Test and skip 00 0 False Current + 1 N.C. N.C.
True Current + 2 N.C. N.C.
INC Increment 0 1 X Current + 1 N.C. N.C.
BLT Branch to loop if 0 0 False Current + 1 X Decr
test input true True Stack reg file POP (read) Decr
POP POP stack 01 1 X Stack reg‘ file POP (read) Decr
BSR Branch to sub- 100 False Current + 1 N.C. N.C.
routine if test True Branch address PUSH (Curr + 1) Incr
input true :
PLP Push for looping 10 1 X Current + 1 PUSH (Curr Addr) Incr
BRT Branch if test 110 False Current + 1 N.C. N.C.
input true True Branch address N.C. N.C.
RST Set microprogram 11 1 X All O’s N.C. N.C.
address output to ;
zero

X = Don't care
N.C. = No change

sifnntics
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PRELIMINARY SPECIFICATION

FUNCTIONAL DESCRIPTION

The following is a description of each of the eight Next Address Control Functions (AC,-ACy)

MNEMONIC

FUNCTION DESCRIPTION

TSK

INC

BLT

POP

BSR

PLP

BRT

RST

AC,., = 000: TEST AND SKIP
Perform test on Test Input Line.
If test is Next Address = Current Address + 1
False (Low): Stack Pointer unchanged
If test is Next Address = Current Address + 2
True (High) (i.e. Skip next microinstruction)
Stack Pointer unchanged

AC,.,=001: INCREMENT
Next Address = Current Address + 1
Stack Pointer unchanged

AC,.,=-010: BRANCH TO LOOP
IF TEST CONDITION TRUE.
Perform test on Test Input Line.
If test is Next Address = Current Address + 1
False (Low): Stack Pointer decremented by 1
If test is Next Address = Address from Stack
True (High): Register File (POP)
Stack Pointer decremented by 1

AC,,=011: POPSTACK
Next Address = Address from Stack Register File (POP)
Stack Pointer decremented by 1

AC,.,=100: BRANCH TO SUBROUTINE
IF TEST CONDITION TRUE.
Perform test on Test Input Line.
If test is Next Address = Current Address + 1
False (Low): Stack Pointer unchanged
If test is Next Address = Branch Address Input (Bg.o)
True (High): Stack Pointer incremented by 1
PUSH (write) Current Address + 1 —~ Stack Register File

AC,.,=101: PUSH FORLOOPING
Next Address = Current Address + 1
Stack Pointerincremented by 1
PUSH (write) Current Address — Stack Register File

AC,=110:BRANCHON TEST CONDITION TRUE
Perform test on Test Input Line.
If test is Next Address = Current Address + 1
False (Low): Stack Pointer unchanged
If test is Next Address = Branch Address Input (Bg.g)
True (High): Stack Pointer unchanged

AC,0=111:RESETTO ZERO
Next Address = 0
Stack Pointerunchanged

ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT

Vee Power supply voltage +7 Vdc
VIN Input voltage +5.5 Vdc
Vo Off-State output voltage +5.5 Vvdc
TA Operating temperature range 0° to +70° °C
TsTG Storage temperature range -65° to +150°| °C

12
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PRELIMINARY SPECIFICATION 8X02-1,XL

DC ELECTRICAL CHARACTERISTICS TA=0°Cto +70°C, 475< VGG < 525V

LIMITS
PARAMETER TEST CONDITIONS UNIT
Min Typ?! Max
Viy High level input voltage 2 v
ViL Low level input voltage 0.8 \Y;
v, Input clamp voltage Ve =475V, 1) = -18mA -1.5 v
Von High level output voltage Vee =475V, 1oy = -2.6mA 24 v
VoL Low level output voltage Voo =475V, 1oL = 8mA 0.5 v
F Input current at maximum Vgg =5.25V, V| =55V 100 HA
Input voitage
lin  High level input current Voo =5.25V, V=27V
AC,-AC,, EN, TEST 40 HA
Bo-Bo 20 HA
CLK 60 uA
hiL Low level input current Ve =525V, V| =04V
AC,-AC,, EN, TEST -0.72 mA
Bs-B, -0.36 mA
CLK -1.08 mA
los  Short-circuit output current Ve = 5.25V -15 -100 mA
lozH High-Z state output current Vour =27V 20 HA
lozL High-Z state output current Voyrt = 0.4V -20 HA
lcc  Supply current Veg =525V 165 200 mA
NOTE
1. All typical val tV =5V, T, =25°C.
ypeslus st Toe ™o Ta VOLTAGE WAVEFORMS
UP AND HOLD TI P IDTH
TEST LOAD CIRCUIT SET OLDTIMES ULSE WIDTHS
3v
TIMING { HIGH-LEVEL
INPUT 1.3V PULSE 1.3v 1.3v
TEST v _—Z ______ — o ty—
POINT cc tSETUP <-1HOLD R
?. R w
N IDNAPE$ 13V 13v LOW’;E“(EE 1.3V 13V
— OV
$1
FROM OUTPUT NOTE B
UNDER TesT SEENOTER) PROPAGATION DELAY TIMES
:i 5k INPUT

c }
(SEE NOTE A}
1N PHASE
ouTPUT ;
$2
_:{ OUT OF PHASE
= = ouTPUT 1.3v

ALL RESISTORS VALUES ARE TYPICAL AND IN OHMS.

NOTES
ENABLE AND DISABLE TIMES THREE-STATE OUTPUTS
A. Cy_includes probe and jig capacitance.
B. All diodes are 1N916 or 1N3064. OUTPUT v
- - CONTROL
GC. Ry =2k C = 15pF. (LOW-LEVEL N q3v 13v
ENABLING) \_— _Z ________ ov

~—1tzL 1Lz
JE— — — - ~asv $1AND 52 CLOSED
1 CLOSED, 13v <15V
WAVEFORM 1 52 OPEN
R S ——Vou
* iz |0V 05V
- oy
WAVEFORM 2 51 OPEN, 13v 15V

$2 CLOSED
—_— — — — — =0V $1 AND S2 CLOSED
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PRELIMINARY SPECIFICATION

AC ELECTRICAL CHARACTERISTICS Tp=0°-70°C,VCC = 5.0V £ 5%

. Typical values are to T = 25°C and Vcc = 5.0 voits
2. By-B, inputs are required to Clock (1) only. See TSK (1) and TSK (0).

sinetics

LIMITS
PARAMETER UNIT
Min | Typ?
ty () Test o | -10 ns
(0) 0 | -24
Control and data input setup ns
times with respect to CLK (1)
for stack related functions
(BLT, POP, BSR, PLP) (2)
tse' (1) ACr-AC, 35 | 28
(0) 35 | 22
tgy' (1) Test 28 23
(0) 28 | 22
Propagation delay ns
tpLZz Low to high Z 12
tpHZ High to high Z 16
tpzL High to low 14
tpzH High Z to high 15
Propagation delay
tPHL High to low 33
tpLH Low to high 33
Clock pulse width ns
tpw High 50 | 36
tpw Low 60 42
Control and data input setup ns
times with respect to CLK (1)
for non-stack related functions
(TSK, INC, BRT, RST)
tgr (1) ACy-AC, 90 70
(0) 9 | 70
tgk (1) By-Bg? 27 22
(0) 29 24
tgy (1) Test 60 | 45
(0) 60 | 45
Control and data input hold ns
times with respect to CLK (1)
tee (1) ACy-AC, 0 -7
(0) 0 | -12
thk (1) Bg-Bg? 0 | -12
() 0 | -10
NOTES




PRELIMINARY SPECIFICATION

TIMING WAVEFORM

. X

crock /. tpy \\ tpw /
TPLH )
—», TPXX} | TPHL

TSK(X) | TXK(X)

X X
BO-89 AN
——— TSFI X} met) o TSF(X) | e
X X
ACO-AC2 TR\
—

—>! TSI(X)!

\ td |
X

P4l XN

|

|

|

i

|

X

TEST !
|

1

IQ——- TSI(X) | ——!

BifAntics

8X02-1, XL
PULSE WIDTH (TPW) vs
TEMPERATURE
70ns |—
 80nsi— 2
8
5 50ns I~ as 2
3 a7 MINIMUM TPW
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30 ] | ]
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R CENTRAL PROCESSING ELEMENT

DESCRIPTION

The 4-bit bipolar microprocessor slice is
designed as a high-speed cascadable ele-
ment intended for use in CPUs, peripheral
controllers, programmable microproces-
sors and numerous other applications. The
microinstruction flexibility of the 2901-1 will
allow efficient emulation of almost any dig-
ital computing machine.

The device, as shown in the block diagram
below, consists of a 16-word by 4-bit 2-port
RAM, a high-speed ALU, and the associated
shifting, decoding and multiplexing circuit-
ry. The 9-bit microinstruction word is or-
ganized into 3 groups of 3 bits each and
selects the ALU source operands, the ALU
function, and the ALU destination register.
The microprocessor is cascadable with full
look-ahead or with ripple carry, has three-
state outputs, and provides various status
flag outputs from the ALU. Advanced low-
power Schottky processing is used to fabri-
cate this 40-lead LSI chip.

BLOCK DIAGRAM

FEATURES

e 80ns cycle time

e 2-address architecture
Independent simultaneous access to 2
working registers saves machine cycles

e 8-function ALU
Performs addition, 2 subtraction opera-
tions, and 5 logic functions on 2 source
operands

* Flexible data source selection
ALU data is selected from 5 source ports
for a total of 203 source operand pairs
for every ALU function

o Left/right shift independent of ALU
Add and shift operations take only 1
cycle

e 4 status flags
Carry, overflow, zero, and negative

¢ Expandable
Connect any number of 2901-1’s togeth-
er for longer word lengths

» Microprogrammable
3 groups of 3 bits each for source oper-
and, ALU function, and destination con-
trol

PIN CONFIGURATION
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PIN DESIGNATION
PIN SYMBOL NAME AND FUNCTION TYPE
1-4 Ag-A; A Address Active high

The 4 address inputs to the register stack used to select 1 register‘ whose contents are
displayed through the A port. A, is the LSB.

17-20 By-Bs B Address Active high
The 4 address inputs to the register stack used to select 1 register whose contents are
displayed through the B port and into which new data can be written when the clock goes
LOW. By is the LSB.

12-14, lo-1s Instruction Control Active high
26-28, The instruction control lines to the 2901-1 used to determined what data sources will be
5-7 applied to the ALU (ly42), what function the ALU will perform (l,45), and what data is to be
deposited in the Q register or the register stack (lgzg).
RAM; Shift Line Three-state
16 Q; A shift line at the MSB of the Q register (Q3) and the register stack (RAM;). Electrically Active high

these lines are three-state outputs connected to TTL inputs internal to the 2901-1. When
the destination code on Igg indicates a left (up) shift (octal 6 or 7) the three-state outputs
are enabled and the MSB of the Q register is available on the Q; and the MSB of the ALU
output is available on the RAM; pin. Otherwise, the three-state outputs are off (high-
impedance) and the pins are electrically LS-TTL inputs. When the destination code calls
for a right (down) shift, the pins are used as the data inputs to the MSB of the Q register
(octal 4) and RAM (octal 4 or 5).

9 RAM, Shift Line ' ‘ Active high
21 Qo Shift lines similar to Q; and RAMj, at the LSB of the Q register and RAM. These pins are
tied to the Q; and RAM, pins of the adjacent device and are used to transfer data between
devices for left and right shifts of the Q register and ALU data.

22-25 Dy-D3 Direct Data Inputs Active high
A 4-bit data field which may be selected as one of the ALU data sources for entering data
into the 2901-1. Dy is the LSB.

36-39 Yo-Ys Data Out Three-state
The 4 data outputs of the 2901-1. These are three-state output lines. When enabled, they Active high
display either the 4 outputs of the ALU or the data on the A port of the register stack, as
determined by the destination code lg5. Yy is the LSB.

40 OE Output Enable Active low
When OE is High, the Y outputs are disabled; when OE is Low, the Y outputs are active
(high or low).

32,35 G,P Carry Generate, Propagate Active low

The carry generate and propagate outputs of the 2901-1. These signals are used with the
N74S182 for carry-lookahead. See Table 7 for the logic equations.

34 OVR Overflow Active high
This pin is logically the Exclusive-OR of the carry-in and carry-out of the MSB of the
ALU. At the most significant end of the word, this pin indicates that the result of an
arithmetic two’s complement operation has overflowed into the sign-bit. See Table 7 for
logic equation.

11 F=0 F=0 Active high
This is an open collector output which goes High (off) if the data on the 4 ALU outputs
Fo-3 are all low. In positive logic, it indicates the result of an ALU operation is zero.

29 Cn Carry In Active high
33 Ch+4 Carry Out (See Table 7 for logic equations.) Active high
15 CP Clock Active high

The Q register and register stack outputs change on the clock Low-to-High transition.
The clock Low time is internally the write enable to the 16X4 RAM which comprises the
“master” latches of the register stack. While the clock is Low, the “slave” latches on the
RAM outputs are closed, storing the data previously on the RAM outputs. This allows
synchronous master-slave operation of the register stack.

Silnotics 17




SYSTEM DESCRIPTION

A detailed block diagram of the bipolar
microprogrammable microprocessor struc-
ture is shown in Figure 1. The circuit is a 4-
bit slice cascadable to any number of bits.
Therefore, all data paths within the circuit
are 4 bits wide. The two key elements in the
Figure 1 block diagram are the 16-word by
4-bit 2-port RAM and the high-speed ALU.

Data in any of the 16 words of the Random
Access Memory (RAM) can be read from the
A port of the RAM as controlled by the 4-bit
A address field input. Likewise, data in any
of the 16 words of the RAM as defined by the
B address field input can be simuitaneously
read from the B port of the RAM. The same
code can be applied to the A select field and
B select field in which case the identical file
data will appear at both the RAM A port and
B port outputs simultaneously.

When enabled by the RAM write enable
(RAM EN), new data is always written into
the file (word) defined by the B address field
of the RAM. The RAM data input field is

driven by a 3-input multiplexer. This con-
figuration is used to shift the ALU output
data (F) if desired. This 3-input multiplexer
scheme allows the data to be shifted up
(left) 1 bit position, shifted down (right) 1 bit
position, or not shifted in either direction.

The RAM A port data outputs and RAM B
port data outputs drive separate 4-bit
latches. These latches hold the RAM data
while the clock input is low. This eliminates
any possible race conditions that could
occur while new data is being written into
the RAM.

The high-speed Arithmetic Logic Unit
(ALU) can perform 3 binary arithmetic and 5
logic operations on the two 4-bit input
words R and S. The R input field is driven
from a 2-input multiplexer, while the Sinput
field is driven from a 3-input multiplexer.
Both multiplexers also have an inhibit capa-
bility; that is, no data is passed. This is
equivalent to a “zero” source operand.

Referring to Figure 1, the ALU R-input mul-
tiplexer has the RAM A port and the direct

N2901-1 - |

data inputs (D) connected as inputs. Like-
wise, the ALU S input multiplexer has the
RAM A port, the RAM B port and the Q
register conneeted as inputs.

This multiplexer scheme gives the capabili-
ty of selecting various pairs of the A, B,D, Q
and “0” inputs as source operands to the
ALU. These 5 inputs, when taken 2atatime,
result in 10 possible combinations of source
operand pairs. These combinations include
AB, AD, AQ, A0, BD, BQ, BO, DQ, DO and
QO. It is apparent that AD, AQ and A0 are
somewhat redundant with BD, BQ and BO
in that if the A address and B address are the
same, the identical function results. Thus,
there are only 7 completely non-redundant
source operand pairs for the ALU. The 2901-
1 ‘microprocessor implements 8 of these
pairs. The microinstruction inputs used to
select the ALU source operands are the lg,
15, and I, inputs. The definition of Iy, 1;,and |,
for the 8 source operand combinations are
as shown in Table 1. Also shown is the octal
code for each selection.

RAM3 — r

DETAILED 2901-1 BLOCK DIAGRAM
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ALU SOURCE RAM Q REGISTER RAM Q
MICR Y :
CRO CODE | "5peRaANDS MICRO CODE| ryNCTION | FUNCTION |out.| SHIFTER | SHIFTER
Octal Octal . . PUT |RAM, | RAM;| Q, Q;
I, bk Iy Code R S Ig I lg Code Shift Load Shift Load LO/RI| LI/RO|LO/RI|LI/RO
L L L
L L H ? 2 g Lf O X None | None | F~Q F X
L H L 2 0 Q 1 X None X None
L H H 3 0 B
H L L 4 0 A LHL| 2 None F-B X None A
H L
H H l: g 8 é L HH| 8 None F-B X None F X X X X
H H H 0 i j
! D Houo| 4 [RON e, gl RN omal F | R | INg|Q | INg
Table 1 ALU SOURCE (Down) (Down)
OPERAND CONTROL HLH| 5 (g'ogvtl‘;) F2-B| X | None | F | Fo | IN; | Qo | X
. Left Left
The 2 source operands not fully described HHL| 6 (Up) 2F - B (Up) 2Q—-Q F INg Fs INg Qs
as yet are the D input and Q input. The D Left
input is the 4-bit wide direct data field input. HHH 7 (Up) 2F - B X None F INg Fg X Q3
This port is used to insert all data into the

working registers inside the device. Like-
wise, this input can be used in the ALU to

modify any of the internal data files. The Q"

register is a separate 4-bit file intended
primarily for multiplication and division rou-
tines butit can also be used asan accumula-
tor or holding register for some applica-
tions.

The ALU itself is a high-speed
arithmetic/logic operator capable of per-
forming 3 binary arithmetic and 5 logic
functions. The I3, 14, and |5 microinstruction
inputs are used to select the ALU function.
The definition of these inputs is shown in
Table 2. The octal code is also shown for
reference. The normal technique for cas-
cading the ALU of several devices is in a
look-ahead carry mode. Carry generate, G,
and carry propagate, P, are outputs of the
device for use with a carry-look-ahead-
generator such as the N745182. A carry-out,
Ch + 4, is also generated and is available as
an output for use as the carry flag in a status
register. Both carry-in (Cp) and carry-out
(C n+4) are active high.

MICRO CODE ALU
I5 1y 13 gg:;: Function | Symbol
LLL| o [RPusS R+S
L LH 1 |SMinusR | S-R
LHL| 2 |RMinusS | R-8
LHH| 3 |[RORS RV S
HLL| 4 |RANDS RAS
HLH| 5 |[RANDS RAS
HHL| 6 |REX-ORS | R¥S
HHH| 7 |REX-NORS| R¥S

Table 2 ALU FUNCTION CONTROL

The ALU has three other status-oriented
outputs. These are F3, F = 0, and overflow
(OVR). The F3 output is the most significant
(sign) bit of the ALU and can be used to

X = Don't care. Electrically, the shift pin is a TTL input internally connected to a three-state output which

is in the high-impedance state.

Table 3 ALU DESTINATION CONTROL

determine positive or negative results with-
out enabling the three-state data outputs. F5
is non-inverted with respect to the sign bit
output Y,. The F = 0 output is used for zero
detect. It is an open-collector output and
can be wire OR’ed between microprocessor
slices. F = 0 is high when all F outputs are
low. The overflow output (OVR) is used to
flag arithmetic operations that exceed the
available two's complement number range.
The overflow output (OVR) is high when
overflow exists. That is, when Cp+3 and
Cn+4 are not the same polarity.

The ALU data output is routed to several
destinations. It can be a data output of the
device and it can also be stored in the RAM
or the Q register. Eight possible combina-
tions of ALU destination functions are avail-
able as defined by the Ig, |7, and |g microin-
structon inputs. These combinations are
shown in Table 3.

The 4-bit data output field (Y) features
three-state outputs and can be directly bus
organized. An output control (OE) is used to
enable the three-state outputs. When OE is
high, the Y outputs are in the high-
impedance state.

A 2-input multiplexeris also used atthe data
output such that either the A port of the
RAM or the ALU outputs (F) are selected at
the device Y outputs. This selection is con-
trolled by the lg, |5, and lg microinstruction
inputs. Refer to Table 3 for the selected
output for each microinstruction code com-
bination.

As was discussed previously, the RAM in-
puts are driven from a 3-input multipiexer.
This allows the ALU outputs 1o be entered

sifnotics

non-shifted, shifted up (left) one position
(X2) or shifted down (right) one position
(+2). The shifter has 2 ports; one is labeled
RAM, and the other is labeled RAM;. Both of
these ports consist of a buffer-driver with a
three-state output and an input to the multi-
plexer. Thus, in the shift up mode, the RAM;
buffer is enabled and the RAM, multiplexer
input is enabled. Likewise, in the shift down
mode, the RAM, buffer and RAM; input are
enabled. In the no-shift mode, both buffers
are in the high-impedance state and the
multiplexer inputs are not selected. This
shifter is controlled from the Ig, I;, and Ig
microinstruction inputs as defined in Table
3. '

Similarly, the Q register is driven from a 3-
input multiplexer. In the no-shift mode, the
multiplexer enters the ALU data into the Q
register. In either the shift-up or shift-down
mode, the multiplexer selects the Q register
data appropriately shifted up or down. The
Q shifter also has 2 ports; one is labeled Qg
and the other is Q,. The operation of these 2
ports is similar to the RAM shifter and is also
controlled from lg, |7, and lg as shown in
Table 3.

The clock input to the 2901-1 controls the
RAM, the Q register, and the A and B data
latches. When enabled, data is clocked into
the Q register on the low-to-high transition
of the clock. When the clock input is high,
the A and B latches are open and will pass
whatever data is present at the RAM out-
puts. When the clock input is low, the
latches are closed and will retain the last
data entered. If the RAM-EN is enabled, new
data will be written into the RAM file (word)
defined by the B address field when the
clock input is low.
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SOURCE OPERANDS AND
ALU FUNCTIONS

There are eight source operand pairs avail-

affect the function performed while in the
logic mode, the carry will have no bearing
on the ALU output. Table 5 defines the
various logic operations that the 2001-1can

N2901-1 - |

perform and Table 6 shows the arithmetic
functions of the device. Both carry-in low
(Cn = 0) and carry-in high (Cpn = 1) are
defined in these operations.

able to the ALU as selected by the |y, |4, and
I, instruction inputs. The ALU can perform

eight functions; five logic and three arith-
metic. The Iy, I, and ls instruction inputs | g™ 210 OCTAL 0 1 2 3 4 5 6 7
control this function selection. The carry c ALU
input, Cp, also affects the ALU results when T Is Source
in the arithmetic mode. The Cpinputhasno | ao 4| ALU A Q A,B 10,0/0,B|0,A| DA D,a (D0
effect in the logic mode. When |, through |5 L * | Function i
and Cp, are viewed together, the matrix of —
Table 4 results. This matrix fully defines the o RCF"‘Il;sLS A+Q [ A+B | Q | B | A D+A) DrQ} D
:tlgi/source operand function for each Cn-=H A+Q+ia+B+ila+1lB+1|a+1D+A+ 1D+ Q+1|D+1
Ch=L Q-A-1 | B-A-1 | Q-1 | B-1| A-1| A-D-1 | Q-D-1 |-D-1
The ALU functions can also be examined on 1 S Minus R ‘
a “talsk" :asis,' iHeA, add, subtract, AND, OB, Cn=H Q-A B-A Q B A A-D Q-D -D
etc. In the arithmetic mode, the carry will Cn-L A1 | AB1 |-Q-1|-B-1]|-A-1| D-A-1 | D-Q-1 | D1
2 R Minus S
Cph=H A-Q A-B -Q| -B| -A D-A D-Q D
OCTAL | rouP | FUNCTION 3 RORS |AVQ|AVB|Q | B[ A[DVA|jDVQ]D
lsa3 1210 4| RANDS |AAQ|AAB| O | 0| 0| DAA|DAQ]| O
40 ANQ 5 RANDS |AAQ|AAB| Q| B| A|DAA|DAQ]| O
;‘ ; AND gﬁ\\i’ 6| REXORS | AvVvQ|AvB| Q| B | A|DYA|[DvYQ| D
4 6 D AQ 7 | REXNORS| Ava|AvB| Q | B| A |DvA|DvQ| D
3 0 AVQ + = Plus; - = Minus, V= OR; /A= AND, V= EX-OR
g ; OR 3 t// 2 Table 4 SOURCE OPERAND AND ALU FUNCTION MATRIX
3 6 DVAQ
8 0 A¥Q
6 1 . A~ B OCTAL Cn=0(LOW Cp=1(HIGH
6 5 EX-OR N n=0( ) n )
6 6 D %¥Q 1543, la1g Group Function Group Function
70 AV Q 00 A+Q A+Q+1
71 EX-NOR A B 01 ADD A+B ADD plus A+B+1
7 5 DA 0 5 D+A one D+A+1
7 6 D+ Q 0 6 D+Q D+Q+1
7 2 Q 0 2 Q Q+1
7 3 B 0 3 PASS B Increment B+1
7 4 INVERT A 0 4 A A+ 1
77 D 0 7 D D+1
6 2 Q 12 Q-1 Q
6 3 B 13 Decrement B-1 PASS B
6 4 PASS A 14 A-1 A
6 7 D 2 7 D-1 D
3 2 Q 2 2 -Q -1 -Q
3 3 B 2 3 1's Comp. -B-1 2's Comp. -B
3 4 PASS A 2 4 -A-1 (Negate) -A
3 7 D 17 -D -1 -D
4 2 0 10 Q-A-1 Q-A
4 3 “ZERO" 0 11 Subtract B-A-1 Subtract B-A
4 4 0 15 (1's Comp.) A-D-1 (2’s Comp.) A-D
4 7 0 16 Q-D-1 Q-D
5 0 A AQ 20 A-Q-1 A-Q
5 1 AAB 2 1 A-B-1 A-B
5 5 MASK BTAA 2 5 D-A-1 D-A
5 6 T AQ 2 6 D-Q-1 D-Q

Table 5 ALU LOGIC MODE
FUNCTIONS (Cp, Irrelevant)

Table 6 ALU ARITHMETIC MODE FUNCTIONS
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LOGIC FUNCTIONS FOR lsis | FUNCTION| Cn+4| OVWR
G, P, Cp + 4, AND OVR
The four signals G, P, Cp, + 4, and OVR are 0 R+s PsP2P1Po | Ga * P3G, + PoPoGy + PoPoP1Go| Ce Cs ¥ C.
designed to indicate carry and overflow 1 S -R  [*Same as R+S equations, but substitute R; for R; in definitions =~
:383:3”;::1’:”1.:1;:iogn;i:agsﬂ:ﬁ:?:g?é 2 R-S *Same as R+8S equations, but substitute §i for Sj in definitions
equations for these four signals for each of All logic . ; ;
the eight ALU functions. The Rand S inputs 37 operat?ons High High High
are the two inputs selected according to *
Table 1. Table 7 LOGIC EQUATIONS
Definitions (+ = OR)
Po =Ry + S Go = RS,
Py =R, + S, Gy = RS,
Py =R, +8, Gz = RyS;
P3=R; + §; Gjs = RyS;
Cs = G5 + PGy + P3P,G, + PyP,P,Gy + P3PyP1PCpy
Cs = Gz + PoGy + PP, Gy + P,P1P,Cn
DC ELECTRICAL CHARACTERISTICS 0°C < +70°C, 4.75V, Vce < 5.25v
LIMITS
PARAMETER TEST CONDITIONS UNIT
Min Typ Max
VoH High level output voitage Vco =475V, Igy = 1.6mA 24 v
Icex  Output leakage current Voo =4.75V, Vo = 5.25V, 250 A
for F = 0 output VIN=VigorVy
VoL Low level output voltage Vce =4.75V
Y loL = 20mA 0.5 Y%
G IoL = 16mA 0.5 v
Cnh+4, F=0,0VR, P, Fs loL = 10mA 0.5 \
RAM3,0, Q3,0 loL = 6mA 0.5 \
ViH High level input voltage 2.0 \
Vi Low level input voltage 0.8 v
Vic Input clamp voltage Vee =475V, 1) = -18mA -1.5 v
1y High level input current at maximum
input voltage Ve =5.25V, V| = 5.5V 1.0 mA
™) High level input current Voo =5.25v, V=27V
Clock, OE, A, B, D, I, Cp 20 HA
RAMg,5, Q3,0 (Note 1) 20 MA
I Low level input current Vece =525V, vV =0.5v
Clock, DE, A, B, D, I, Cp 50 MA
RAM3,, Qg,0 (Note 1) -100 MA
los Short circuit output current (Note 2) Ve =5.25v -10 -40 mA
loz High-Z state output current Y, - Y, Vo =24V 50 MA
Vo = 0.5V -50 MA
RAM;,q, Qg,0 Vo =24V 100 HA
Vo = 0.5V -100 LA
lce Supply current Veoo =5.25V 165 265 mA
NOTES

1. LO/RI and RO/LI are three-state outputs internally connected to TTLinputs. Input characteristics are
measured with lgzg in a state such that the three-state output is OFF.

2. Not more than 1 output should be shorted at a time. Duration of the short-circuit test should not
exceed 1 second.

Sifnotics
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ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT
Vee Power supply voltage +7 Vdc
VIN Input voltage +5.5 Vdc
Vo Off-state output voltage +5.5 vdc
TA Operating temperature range 0° to +70° °C
TgTg  Storage temperature range -65° to +150°C °C

AC ELECTRICAL CHARACTERISTICS Ta =0°C to +70°C, VCC = 5.0V £ 5%

PARAMETER LiMITS UNIT
Min Typ Max
Clock Times'
toy Clock cycle time 80 65 ns
tRMW Ready-modify-write cycle 70 55 ns
fa Clock frequency to shift Q register 25 30 MHz
teL Clock low period 30 22 ns
tcH Clock high period 30 13 ns
Hold Times'
tH Any input 0 -3 ns
Setup Times'
tsaB A, B, setup time2 3. 4 90 65 ns
tcL +30 |toL*19) ns
tseD B destination setup time2. 3. 4 toL*15 (tcL*® ns
tsp D input setup time 60 45 ns
tscn Cn input setup time 50 35 ns
tsio12 ALU source control setup time 80 60 ns
tg1345 ALU function setup time 75 58 ns
tsie78 ALU destination control setup time® toL+25 |tcL*15 ns
tgs RAMj,o, input setup time 30 20 ns
Qa0 15 10
NOTES

1. Setup and hold times are defined relative to the ¢clock low-to-high edge. Inputs must be steady atall
times from the setup time prior to the clock until the hold after the clock. The setup times allow
sufficient time to perform the correct operation on the correct operation on the correct data so that

the correct ALU data can be written into one of the registers.

2. |t the B address is used as a source operand, allow for the A, B source setup time; if it is used only for

the destination address, use the B dest. setup time.
3. Where 2 numbers are shown, both must be met.
4. tgL is the clock low time.
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PROPAGATION DELAYS (ns) C| =15pF Tp =0° to +70°C, VCC = 5.0V + 5%

N2901-1 - |

Cy = 15pF
(SEE NOTE 1)
S2

OuTPUT
CONTROL

(LOW-LEVEL 1.3v

ENABLING) '

-—‘ZL—-I
S10PEN, 1.3V

WAVEFORM 1 $2 CLOSED
WAVEFORM 2

T
—1tzZH |-'Hz 0.5V 0.5V
s . [ A—7
52 GhonED #1av ~1.5V

To _ _|F=0 SHIFT

From Output Y |F;[Ch+4|G, P|[RL=|OVR | OUTPUTS

Input 470 RAM Q

Clock 60 |55 45 50 65 50 65 45

A B 75 65 60 70 80 60 80 —

D (arithmetic mode) 40 30 30 40 55 40 55 —

D(l = X37, logic mode) 40 30 - -~ 55 — 55 —

Cn 40 25 25 -— 45 30 50 —

lo1o 60 50 45 60 45 65 —

lsas 56 |40 | 40 | 50 | 50 | 45 60 —
lezs 30 [—| —[=—1T=1= 45 45
OE Enable/Disable 25/30 | — - | = =1 = — —
A bypassing s - — | =1 = _ o
ALU () = 2xx)

TEST LOAD CIRCUIT VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES PROPAGATION DELAY TIMES
3v INPUT
TIMING (
INPUT 13V
PTOEI?\IT‘I' Vee J ______ o IN PHASE
'SET—U'j’{_—_w tHOLD OUTPUT - -
———3v "
R DATA 3 13V PHL
sl
A seenorea
:: 5K ENABLE AND DISABLE TIMES
>

THREE-STATE OUTPUTS

-}
$1 AND S2 CLOSED

—r— S8V
VoL

4.5V

ov S$1 AND $2 CLOSED

NOTES

1. C_ includes probe and jig capacitance.
2. All diodes 1N916 or 1N3064.
3. R =2K

Sifnetics
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VOLTAGE WAVEFORMS (Contd) Ta =0°Cto+70°C, Vg = 5.0V + 5%

MINIMUM CYCLE TIMES FROM INPUTS

tcL
o N o
30
90 <0 =
AB
60 20—
D
2 80 20—
|
50 20 e
Cn

Numbers Shown Are Minimum Data Stable
Times for 2901-1, DC, in ns.

SWITCHING WAVEFORMS FOR 16-BIT SYSTEM

I,

|« NOTE 4| AT LEAST |
A B,D,1
- 70—
G, F OUTPUTS

~» | 10 | «— NOTES 5,7

-<#——— 45 NOTE 7 i
Co+a

F=0
F3

OVR

50

SHIFT QUTPUTS

<¢— NOTE 6 ——p-
~* 30ns |

SET-UP

Assuming A, B, D, and | are all Driven from Registers with the same Propagation Dalay, Clocked by the 2801-1 Clock.

NOTES

4. This delay is the max. tpd of the register containing A, B, D, and I.

5. 10ns for lookahead carry. For ripple carry over 16 bits use 2 x (Cn —Cn + 4).

6. This is the delay associated with the multiplexer between the shift outputs and shift inputs on the
2901-1s. Normally applicable only for double length or circular shifts.

7. Not applicable for logic operations.
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INTRODUCTION

The 2 components of the Series 3000 chip
set, when combined with industry standard
memory and peripheral circuits, allows the
design engineer to construct high-
performance processors and/or controllers
with a minimum amount of auxillary iogic.
Features such as the multiple independent
address and data buses, tri-state logic, and
separate output enable lines eliminate the
need for time-multiplexing of buses and
associated hardware.

Each Central Processing Element repre-
sents a complete 2-bit slice through the data
processing section of a computer. Several
CPEs may be connected in parallel to forma
processor of any desired word length. The
Microprogram Control Unit controls the
sequence in which microinstructions are
fetched from the microprogram memory
(ROM/PROM), with these microinstruc-
tions controlling the step-by-step operation
of the processor.

Each CPE contains a 2-bit slice of 5 inde-
pendent buses. Although they can be used

in a variety of ways, typical connections are:

Input M-bus: Carries data from external
memory

Input I-bus: Carries data from input/output
device

Input K-bus: Used for microprogram mask or

literal (constant) value input
Connected to CPE Memory
Address Register

Connected to CPE accumulator.

Output A-bus:

Output D-bus:

As the CPEs are paralleled together, all
buses, data paths, and registers are corre-
spondingly expanded.

The microfunction input bus (F-bus) con-
trols the internal operation of the CPE,
selecting both the operands and the opera-
tion to be -executed upon them. The arith-
metic logic unit (ALU), controlled by the
microfunction decoder, is capable of over
40 Boolean and binary operations as out-
lined in the Function Description section
of the N3002 data sheet. Standard car-
ry look-ahead outputs (X and Y) are gener-
ated by the CPE for use with industry stand-

ard devices such as the 74S182.

A typical processor configuration is shown
in Figure 1. It should be remembered that in
working with slice-oriented microproces-
sors, the final configuration may be varied
to enhance speed, reduce component
count, or increase data-processing capabil-
ity. One method of maximizing a proces-
sor's performance is called pipelining. To
accomplish this, a group of D-type flip-flops
or latches (such as the 74174 Hex D-type
Flip-Flop) are connected to the micropro-
gram memory outputs (excluding the add-
ress control field ACy-ACg) to buffer the
current microinstruction and allow the MCU
to overlap the fetch of the next instruction
with the execution of the current one. The
time saved in pipelining operations is the
shorter of either the address set-up time to
the microprogram memory (ROM/PROM)
or the access time of the ROM/PROM. A
convenient way of implementing pipelining
is to use ROMs with on-board latches, such
as the Signetics 825115,

MICROCOMPUTER BLOCK DIAGRAM

1/0 CONTROL MEMORY ADDRESS BUS DATA BUS
> o6 AOUTPUTS =+ 7 3OUTRUTS
’ : XY PG
MICRO > K-INPUTS 745182
PROGRAM CPEs cr Cn+i
MEMORY N3002s 0 Co**
(828115) t> I
*Ci
0
A0-8 R 1-INPUTS M-INPUTS
ACO-6 :
mcu
N3001
Fo
I'L
$X0-3 F1
PX4-7_FCO-3

FROM I/0 DEVICES

Figure 1

DATA IN FROM MEMORY

. *Carry-in of first stage
**Carry-out of last stage
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Figure 2 shows a typical microinstruction
format using the 825114 PROMs contained
in the Signetics 3000 Microprocessor De-
signer’s Evaluation Kit. Although this parti-
cular example is for a 48-bit word (6
PROMSs), the allocation of bits for the mask
(K-bus) and optional processor functions
depends on the specific application of the
system and the trade offs which the design-
er wishes to make.

In using the K-bus, it should be kept in mind
that the K inputs are always ANDed with the
B-multiplexer outputs into the ALU. Bit
masking, frequently done in computer con-
trol systems, can be performed with the
mask supplied to the K-bus directiy fromthe
microinstruction.

By placing the K-bus in either the all-one or
all-zero condition (done with a single con-
trol bit in the microinstruction), the accu-
mulator will either be selected or de-
selected, respectively, in a given operation.
This feature nearly doubles the amount of
microfunctions in the CPE. A description of
these various microfunctions can be found
in the N3002 data sheet under the heading
Function Description by referring to the K-
bus conditions of all-ones (11) and all-zeros
(00).

The MCU controls the sequence in which
microinstructions are fetched from the mi-
croprogram memory (ROM/PROM). In its
classical form, the MCU would use a next-
address field in each microinstruction.
However, the N3001 uses a modified classi-
cal approach in which the microinstruction
field specifies conditional tests on the MCU
bus inputs and registers. The next-address
logic of the MCU also makes extensive use
of a row/column addressing scheme,
whereby the next address is defined by a 5-
bit row address and 4-bit column address.
Thus, from a particular address location, it
is possible to jump unconditionally to any
location within that row or column, or con-
ditionally to other specified locationsin one
operation. Using this method, the processor
functions can be executed in parallel with
program branches.

As an example of this fiexibility, let us as-
sume a disk controller is being designed. As
part of the sequence logic, 3 bits of the disk
drive status word must be tested and all 3
must be true in order to proceed with the
particular sequencing operation. In any
sequencing operation using a status word
for conditional branch information, there
are innumerable combinations of bits which
must be tested throughout the sequencing
operation. Using discrete logic techniques,
this would involve several levels of gating.

However, the entire operation can be done

26

USER-DEFINABLE FUNCTION FIELDS

TYPICAL MICROINSTRUCTION FORMAT

STANDARD FUNCTION FIELDS

.
7 NS
47 44]43 20]39 3635 32[31 28|27  24]23 2019 1615 12]11 8|7 4]3 0
FLAG
ER CP.E. JUMP
DEUFSINED MASK OR OPTIONAL FUNCTION FUNCTION LOG+"C
FUNCTIONS PROCESSOR FUNCTIONS (Fo-Fg) (ACq-ACg) |FUNCTION
(FCq-FC3)
[
Note: TO N3002 TO N3001

The mask field need only be used during masking operations.

At other times, it is entirely user definable.

Figure 2

SYSTEM TIMING—NON-PIPELINED CONFIGURATION

151ns——»|
17ns——| e

Figure 3

ety " U
——-i 36ns|~4— I
MICROPROGRAM X
MEMORY ADDR X )C
(MAO0-8) | 50ns FSnsI
ROM
OUTPUT: X -
——>| 40ns. i-—-
N3002
DATA OUT X )& X
(D-BUS)

in two microinstructions. First, the mask (K-
bus) field in the microinstruction format is
encoded with a one for each corresponding
status bit to be tested and a zero for each bit
to be discarded. The status word is inputvia
the I-bus and ANDed with the K-bus mask
using the CPE microfunction operation
from F-Group 2, R-Group ill. Assuming we
are using low-true logic (true = 0 volts),
we now test the result, which is located in
the accumulator AC, for all zeros using the
CPE microfunction operation from F-Group
5, R-Group ill. Depending on the zero/non-
zero status of AC, a one or zero will be
loaded into the carryout CO bit. Thisbitcan
now be used as a condition for the next
address jump calculation within the N3001
MCU. If the AC was zero (status word was
true), we will jump to the nextaddress within
our controller sequence. If the AC was non-
zero (status word not true), then a jump
would be made back to the beginning of this
2-microinstruction loop and the test se-
quence repeated until the status word (all 3
bits) is true.

Figure 3 shows a typical timing diagram for
a system operating in the non-pipelined
mode. Keep in mind that the maximum
clock rate is dependent upon the total of
propagation delay times plus required set-
up times. It is at the designer’s discretion to
resolve the speed versus complexity trade-
offs.
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ABSOLUTE MAXIMUM RATINGS

TEST LOAD CIRCUIT

PARAMETER N3001/N3002 $3001/53002 UNIT
Temperature under bias 0to +70 -55 to +125 °C
Storage temperature -60 to +160 -65 to +150 °C
All output and supply voltages -0.5 to +7 -0.5 to +7 \
All input voltages -1.0to +6.5 -1.0to +6.5 . \
Output currents 100 100 mA

*NOTE

Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at these or any other conditions
above those indicated in the operational sections of the specification is notimplied. Exposure to absolute
maximum ratings for extended periods may affect device reliability.

DC ELECTRICAL CHARACTERISTICS N3001/N3002 Tp =0°Cto +70°C

ouT

NOTE: All resistor values are typical and in ohms.

TEST CONDITIONS:

Input pulse amplitude of 2.5 volts

Input rise and fall times of 5ns between 1 volt and 2 volts
Output load of 10mA and 50pF

Speed measurements are taken at the 1.5 volt level

Vee

500

50pf Tk

$3001/83002 Tp =-55°C to +125°C

N3001/N3002 $3001/S3002
PARAMETER TEST CONDITIONS - UNIT
Min Typ | Max Min Typ | Max
Input voltage
ViL Low level Vog = 5.0V 0.8 0.8 \
ViH High level Voo =5.0V . 2.0 2.0 \Y
Vic Clamp Voo =475V, Ig =-5mA -0.55 | -1.0 -08 | 1.2 \
Output voltage
VoL Low level Vg =475V, loL = 10mA 035 | 045 035 | 045 Vv
VoH High level Vg =475V, 10H = -1TmA 2.4 3.0 2.4 3.0 \
mA, - MAg, ISE, FO
Input current ) -
IF Load N3001 Ve = 5.25V, VE = 0.45V
CLK input -0.21 | -0.75 -0.21|-0.75 | mA
"EN input -0.12 | -0.50 -0.12 | -0.50 | mA
All other inputs -0.05 | -0.25 -0.05 | -0.25 | mA
Ig Load N3002 Vgg = 5.25V, VF =045V
Fo-Fg, CLK, Ko, Ky, EA, ED -0.05 | -0.25 -0.05 | -0.25 | mA
lo, 11, Mo, My, LI -0.85 | -1.5 -085| -1.5 | mA
) Cl -23 | 4.0 -23 | 40 | mA
IR Input leakage N3001 Vg =5.25, VR = 5.25V VR = 6.5V
. CLK input 120 120 UA
EN input 80 80 LA
All other inputs 40 40 UA
IR Input leakage N3002 Voo =528V, VR = 5.25V
Fo-Fg, CLK, Ko, Ky, EA, ED 40 40 UA
lo, 11, Mg, My, LI 60 60 MA
Output current Cli 180 180 MA
los Short circuit Voo = 5.0V
mA, - mAg, ISE, FO -15 -28 -60 -15 -28 -60 mA
lo Off-state Vgg =525V
(off) PRy - PRz, MAg - mA,, FO
VourT = 045V -100 -100 MA
mA, - mAg, FO ! VouT = 5.5V
Vourt = 525V +100 : +100 MA
lcc Power supply current N3001 Voo = 5.25V2 170 240 170 | 250 mA
Power supply current N3002 145 190 145 210 mA
NOTES

1. SN3001 typical values are for T 4 = 25°C, Vgg = 5.0V
2. SN3002 EN input grounded, all other inputs and outputs open.
SN3002 CLK input grounded, other inputs open.
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INTRODUCTION

Signetics family of Bipolar Bit Slice Micro-
processor products consists of the 8X02
Control Store Sequencer, the 3001 micro-
program control unit (MCU), the 2901-1
four bit central processing element and the
3002 two bit central processing element.
These devices, all manufactured with low
power Schottky technology, can be readily
and efficiently interfaced with all other in-
dustry standard components, including the
7400, 74LS, 74S and Signetics' 82S and 8T
families.

Figure 1 is a generalized functional block
diagram of a typical Bipolar Microprocessor
based system. This applications memo
categorizes various components that can be
used to implement each of the major func-
tional blocks shown in Figure 1.

THE PROCESSING SECTION

The Processing Section of a computer, or
“smart” controller, as shown in Figure 2,
provides facilities for the transfer of data,
logical and arithmetic manipulation of data,
and temporary storage of data, address and
status information. Cache memories are
frequently used to enhance system perfor-
mance by providing immediately available
information and data to the CPU at high
speed.

Signetics devices that can be used to imple-
ment the Processing Section of the CPU or
controller are listed below in Tables 1 and 2.

DEVICE DESCRIPTION

2901-1 4-Bit Register and ALU
Central Processing Element

N3002 Central Processing Element

745182 Carry-Look-Ahead Generator

Table 1 ALU, GENERAL PURPOSE
REGISTERS, AND CARRY-LOOK-AHEAD

BLOCK DIAGRAM OF TYPICAL BIPOLAR MICROPROCESSOR SYSTEM

DATA BUS

ADDRESS BUS
INPUT/OUTPUT MEMORY
INTERFACE A INTERFACE
170 DEVICE
PROCESSING
SECTION RY
TIMING MAIN MEMO
GENERATION
AND K
MISCELLANEOUS
CONTROL
CONTROL CONTROL CONTROL
i]

CONTROL SECTION

Figure 1

CIRCUITS
DEVICE DESCRIPTION
3101A RAM (16 words by 4 bits)
82825 Write-While-Read RAM

(32 words by 2 bits)

82525 RAM (16 words by 4 bits)
82509 RAM (64 words by 9 bits)
825116/117 RAM (256 words by 1 bit)
745200/201 RAM (256 words by 1 bit)
745301 RAM (256 words by 1 bit)
93415A RAM (1024 words by 1 bit)
93425A RAM (1024 words by 1 bit)
82810/11 RAM (1024 words by 1 bit)

THE PROCESSING SECTION

AR AR R AR A A A A

PROCESSING
SECTION

GENERATION
AND

MISCELLANEOQU:

Figure 2

Table 2 HIGH SPEED BIPOLAR
CACHE MEMORIES
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THE CONTROL SECTION

The Control Section logic as shown in Fig-
ure 3, handles most, if not all, of the control

functions. These functions are typified by

operations such as decoding macro-
instructions, testing of hardware or pro-
gram status, initializing memory and /0
operations, manipulating data, and sam-
pling and responding to external and inter-
nal interrupts..These control functions are
implemented by executing asingle microin-
struction or a series of microinstructions.
Through microprogramming, a structured
form of control can be realized.

Reference Tables 3 through 6 for hardware
selection.

DEVICE DESCRIPTION
825100/101 | Field Programmable Logic Array
(FPLA)
825102/103 | Field Programmable Gate Array
NOTE

in addition to the FPLA, all ROMs and PROMs listed below
under Conditional Test and Branch Decoding and Micro-
program Memory can also be used.

Table 3 MACRO INSTRUCTION

THE CONTROL SECTION

MISCELLANEOUS

o 3
INTERFA(?E

GENERATION
AND

RY
INTERFACE

CONTROL SECTION

DECODING

DEVICE DESCRIPTION
825123 PROM (32 words by 8 bits)
82523 PROM (32 words by 8 bits)
8258229 PROM (256 words by 4 bits)
825226 ROM (256 words by 4 bits)
825129 PROM (256 words by 4 bits)
825126 PROM (256 words by 4 bits)
82827 PROM (256 words by 4 bits)

Table 4 CONDITIONAL TEST AND
BRAND DECODING

0000000 D B S S T 2 R R R Q0 0 000 00000000000000000G)
Figure 3
DEVICE DESCRIPTION

828130 PROM (512 words by 4 bits)
825131 PROM (512 words by 4 bits)
825114 PROM with output latches

(256 words by 8 bits)
828214 ROM with output latches

(256 words by 8 bits)
82S215 ROM with output latches

(512 words by 8 bits)
825230/231 ROM (512 words by 4 bits)
8228 ROM (1024 words by 4 bits)
8258115 PROM with output latches

(512 words by 8 bits)
825136/137 PROM (1024 words by 4 bits)
825236/237 ROM (1024 words by 4 bits)
825280/281 ROM (1024 words by 8 bits)
825184/185 PROM (2048 words by 4 bits)
825284/285 ROM (2048 words by 4 bits)

DEVICE DESCRIPTION
N3001 Microprogram Control Unit
(512-word addressability)
8X02 Control Store Sequencer
(1024-word addressability)
NOTE

In addition, all ROMs and PROMs listed in Conditional Test

and Branch Decoding can also be used.

Table 5 MICROPROGRAM
SEQUENCING

Table 6 MICROPROGRAM MEMORY

SinOtiEs
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I/0 INTERFACE LOGIC

There are many different types of bus struc-
tures (see Figure 4). To save hardware and
the number of signal lines, the use of a
bidirectional bus is an excellent solution for
handling the data bus problem, while a tri-
state bus structure is ideal for the address
bus, (see Table 7). In many instances, when
systems of different logic families need to
be interfaced with each other, logic level
translators are required, (see Table 8).

DEVICE DESCRIPTION

8T26A Tri-state, inverting quad bus
transceiver.

8728 Tri-state, non-inverting quad
bus transceiver.

8T31 Tri-state 8-bit bidirectional
1/0 port.

8T09 Tri-state quad bus driver
(40mA), with individual
enable/disable

8T10 Tri-state quad D-type bus (FF)
with high drive capability

8T13 Dual-line driver

8T14 Triple line receiver with
hysteresis

8T15 Dual Communications EIA/MIL
line driver

8T16 Dual Communication EIA/MIL
line receiver with hysteresis.

8T23 Dual-line driver

8T24 Triple-line receiver with
hysteresis

8T38 Quad bus transceiver

8T95 Tri-state, non-inverting hex
buffer

8T96 Tri-state, non-inverting hex
buffer

8197 Tri-state, inverting hex
buffer

87938 Tri-state, inverting hex
buffer

8T100 Quad differential line drivers

8T110 Quad differential line receivers

Table 7 BUS BUFFERS AND DRIVERS

30

1/0 INTERFACE LOGIC

INPUT/OUTPUT
INTERFACE

TTUTIMING
GENERATION
AND
MISCELLANEOUS

SECTION

Figure 4

DEVICE DESCRIPTION

10124 Quad TTL-to-ECL driver

10125 Quad ECL-to-TTL receiver

8T80 Quad gate TTL to High-
voltage

8T90 Hex buffer TTL to High-
voltage

8725 MOS-to-TTL translator

8718 High-voltage to TTL

Table 8 LOGIC LEVEL TRANSLATORS

sifnotics




MEMORY INTERFACE AND
MAIN MEMORY

When dynamic MOS memory devices are
used as main memory, see Figure 5, amem-
ory refresh scheme will be needed. Usually
sense amplifiers, address and data buffers,
and parity generators and checkers are
considered as part of the memory interface
logic, (see Table 9-12).

TIMING
GENERATION

CONTROL

MEMORY
INTERFACE

MAIN MEMORY

Figure 5

DEVICE DESCRIPTION

7520 Dual core-memory sense
amplifiers

7521 Dual core-memory sense
amplifiers

7522 Dual core-memory sense
amplifiers

7523 Dual core-memory sense
amplifiers

7524 Dual core-memory sense
amplifiers

7525 Dual core-memory sense
amplifiers

3207A-1 Quad TTL-MOS clock drivers

3207A Quad TTL-MOS clock drivers

8T09 Tri-state quad bus driver

8T380 Tri-state bus receiver,
with:

8T25 Tri-state dual sense
amplifier/latch

Table 9 SENSE AMPLIFIERS AND

DRIVERS

DEVICE DESCRIPTION

8262 9-bit parity
74180 8-bit parity

Table 10 PARITY GENERATOR AND

CHECKER
DEVICE DESCRIPTION
8281 Binary counter
8291 Binary counter
74123 Dual one-shot
82533 Quad 2-to-1 multiplexer
82534 Quad 2-to-1 multiplexer

Table 11 MEMORY REFRESH LOGIC

DEVICE DESCRIPTION
1103 1K (1024X1) RAM
1103-1 1K (1024X1) RAM
2602-1 1K (256X4) RAM,

static
2606 1K (256X4) RAM,
static
2102 1K (1024X1) RAM
2680 4K (4096X1) RAM
2660 4K (4096X1) RAM

Table 12 MOS MEMORY

TIMING GENERATION/MISCELLANEOUS CONTROL

INTERFACE

TIMING
GENERATION
AND
MISCELLANEOUS
CONTROL

QUOY

Figure 6

TIMING GENERATION AND DEVICE DESCRIPTION
MISCELLANEOUS CONTROL
Most timing generation requirements as 74123 Dual-monostable multivibrator
shown in Figure 6 can be met by using a 9602 Dual-monostable multivibrator
one-shot (retriggerable monostable multivi- 745194 4'b:.2idir?°:i°"3' universal
brator). If a multiple-phase clocking system shift register )
is required, additional shift registers may be 748195 4":;;5’;:29"“0955 shift
used. 745178 4-bit shift register

745179 4-bit shift register

Sinotcs
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DESCRIPTION

The S/N3001 MCU is 1 element of a bipolar
microcomputer set. When used with the
S/N3002, 54/745182, ROM or PROM mem-
ory, a powerful microprogrammed com-
puter can be implemented.

The 3001 MCU controls the fetch sequence
of microinstructions from the micropro-
gram memory. Functions performed by the
3001 include:

e Maintenance of microprogram address register

e Selection of next microinstruction address

* Decoding and testing of data supplied via
several input buses

* Saving and testing of carry output data from the
central processing (CP) array

e Control of carry/shift input data to the CP array

e Control of microprogram interrupts

BLOCK DIAGRAM

FEATURES

e Schottky TTL process
* 45ns cycle time (typ.)
o Direct addressing of standard bipolar
PROM or ROM
¢ 512 microinstruction addressability
e Advanced organization:
9-bit microprogram address register
and bus organized to address memory
by row and column
4-bit program latch
2-flag registers
* 11 address control functions:
3 jump and test latch function
16 way jump and test instruction
e 8 flag control functions:
4 flag input functions
4 flag output functions

PIN CONFIGURATION

S/N3001-1
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S/N3001-I
PIN DESIGNATION
PIN SYMBOL NAME AND FUNCTION TYPE

1-4 Wrﬁ)'(} Primary Instruction Bus Inputs Active low

Data on the primary instruction bus is tested by the JPX function to
o determine the next microprogram address.

5,6,8,10 SXo-SX;3 Secondary Instruction Bus Inputs Active low
Data on the secondary instruction bus is synchronously loaded into the
PR-latch while the data on the PX-bus is being tested (JPX). During a
subsequent cycle, the contents of the PR-latch may be tested by the JPR,

JLL, or JRL functions to determine the next microprogram address.
7,9,11 PRo-PR, PR-Latch Outputs Open Collector
The PR-latch outputs (SX,-SX,) are synchronously enabled by the JCE function.
They can be used to modify microinstructions at the outputs of the
microprogram memoty or to provide additional control lines.
12,13 FCo-FCsy Flag Logic Control Inputs Active high
15,16 The flat logic control inputs are used to cross-switch the flags (C and Z)
. with the flag logic input (F1) and the flag logic output (FO).

14 FO Flag Logic Output Active low
The outputs of the flags (C and Z) are multiplexed internalily to form the Three-state
common flag logic output. The output may also be forced to a logical
0 or logical 1.

17 Fl Flag Logic Input Active low
The flag logic input is demultiplexed internally and applied to the inputs
of the flags (C and Z). Note: The flag input data is saved in the F-latch
when the clock input (CLK) is low.

18 ISE Interrupt Strobe Enable Output Active high
The interrupt strobe enable output goes to logical 1 when one of the
JZR functions are selected (see Functional Description). It can be used
to provide the strobe signal required by interrupt circuits.

19 CLK Clock Input

20 GND Ground

21-24 ACy-ACq Next Address Control Function Inputs Active high

37-39 All jump functions are selected by these control lines.

25 EN Enable Input
When in the high state, the enable input enables the microprogram
address, PR-latch and flag outputs.

26-29 MA,-MA; Microprogram Column Address Outputs Three-state

30-34 MA,-MAg Microprogram Row Address Outputs Three-state

35 ERA Enable Row Address Input Active high

) When in the low state, the enable row address input independently
disables the microprogram row address outputs. It can be used to facilitate
the implementation of priority interrupt systems.

36 LD Microprogram Address Load Input Active high
When the active high state, the microprogram address load input inhibits
all jump functions and synchronously loads the data on the instruction
buses into the microprogram address register. However, it does not inhibit
the operation of the PR-latch or the generation of the interrupt strobe enable.

40 VCC +5 Volt supply

THEORY OF OPERATION

The MCU controls the sequence of microin-
structions in the microprogram memory.
The MCU simultaneously controls 2 flip-
flops (C, Z) which aré interactive with the
carry-in and carry-out logic of an array of
CPEs.

The functional control of the MCU provides
both unconditional jumps to new memory
locations and jumps which are dependent
on the state of MCU flags or the state of the
“PR” latch. Each instruction has a “jump
set” associated with it. This “jump set" isthe
total group of memory locations which can
be addressed by that instruction.

SijADLiCS

The MCU utilizes a two-dimensional ad-
dressing scheme in the microprogram mem-
ory. Microprogram memory is organized
as 32 rows and 16 columns for a total of 512
words. Word length is variable according to
application. Address is accomplished by a
9-bit address organized as a 5-bit row and 4~
bit column address.
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ADDRESSING ORGANIZATION

MA4-MAS

’<——— 16 COLUMNS ———»I

MAQ—-MA3

FUNCTIONAL DESCRIPTION
The following is a description of each of the
eleven address control functions. The sym-
bols shown below are used to specify row
and column addresses.

MNEMONIC FUNCTION

5-bit next row address
where n is the decimal
row address.

rown

4-bit next column address
where n is the decimal
column address.

colin

Unconditional Address

Control (Jump) Functions

The jump functions use the current micro-
program address (i.e., the contents of the
microprogram address register prior to the
rising edge of the clock) and several bits
from the address control inputs (AC0-AC6)
to generate the next microprogram address.

Flag Conditional Address

Control (Jump Test)

Functions

The jump/test flag functions use the current
microprogram address, the contents of the
selected flag or latch, and several bits from
the address control function to generate the
next microprogram address.
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JUMP FUNCTION TABLE

MNEMONIC

NAME AND FUNCTION

JCC

JZR

JCR

JCE

Jump in current column. ACy-AC, are used to select 1 of 32 row ad-
dresses in the current column, specified by MA,-MA;, as the next
address.

Jump to zero row. ACy-AC3 are used to select 1 of 16 column addresses
in rowg, as the next address.

Jump in current row. AC;-AC; are used to select 1of 16 addressesinthe
current row, specified by MA,-MAg, as the next address.

Jump in current column/row group and enable PR-latch outputs. ACy-
AC, are used to select 1 of 8 row addresses in the current row group,
specified by MA;-MA,, as the next row address. The current column is
specified by MA-MA;. The PR-latch outputs are asynchronously en-
abled.

JUMP/TEST

FUNCTION TABLE

MNEMONIC

NAME AND FUNCTION

JFL

JCF

JZF

JPR

JLL

JRL

JPX

Jump/test F-latch. ACq-AC; are used to select 1 of 16 row addresses in
the current row group, specified by MAg, as the next row address. If the
current column group, specified by MAg, is colg-coly, the F-latchis used
to select col, or col; as the nextcolumn address. If MA; specifies column
group colg-colys, the F-latch is used to select col,q or colq; as the next
column address.

Jump/test C-flag. ACy-AC, are used to select 1 of 8 row addresses inthe
current row group, specified by MA; and MAg, as the nextrow address. If
the current column group specified by MAg is colg-col;, the C-flag is
used to select col, or cols as the next column address. I1f MA; specifies
column group colg-col,s, the C-flag is used to select coly or colyy asthe
next column address.

Jump/test Z-flag. Identical to the JCF function described above, except
that the Z-flag, rather than the C-flag, is used to select the next column
address.

Jump/test PR-latch. ACo-AC, are used to select 1 of 8 row addresses in
the current row group, specified by MA; and MAg, as the next row
address. The 4 PR-latch bits are used to select 1 of 16 possible coiumn
addresses as the next column address.

Jump/test leftmost PR-latch bits. AC,-AC; are used to select 1 0f 8 row
addresses in the current row group, specified by MA; and MAg, as the
next row address. PR, and PR; are used to select 1 of 4 column
addresses in col, through col; as the next column address.

Jump/test rightmost PR-latch bits. AC, and AC, are used toselect 1 0f4
high-order row addresses in the current row group, specified by MA;
and MAg, as the next row address. PRy and PR, are used to select 1 of 4
possible column addresses in colyp through col,s as the next column
address.

Jump/test PX-bus and load PR-latch. ACoand AC, are usedtoselect 1 of
4 row addresses in the current row group, specified by MAg-MAg, as the
next row address. PX,-PX; are used to select 1 of 16 possible column
addresses as the next column address. SX,-SX; data is locked inthe PR-
latch at the rising edge of the clock.
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PX-Bus and PR-Latch FLAG CONTROL FUNCTION TABLE

Conditional Address Control | MNEMONIC FUNCTION DESCRIPTION

(Jump/Test) Functions -

The PX-bus jump/test function uses the SCz Set C-flag and Z-flag to FI. The C-flag and the Z-flag are both set to the
data on the primary instruction bus (PX4- value of Fi.

PX;), the current microprogram address, STZ Set Z-flag to Fl. The Z-flag is set to the value of Fl. The C-flag is
and several selection bits from the address unaffected.

z?c?;;g'grf:rzcgggr;c;sge;:ga;eRfT;cT]e}(;nﬂ; STC Set C-flag to Fl. The C-flag is set to the value of Fl. The Z-flag is
test functions use the data held in the PR- unaffected.

latch, the current microprogram address, HCz Hold C-flag and z-flag. The values in the C-flag ‘and Z-flag are
and several selection bits from the address ) unaffected.

control function to generate the next mi-
croprogram address.

FLAG OUTPUT CONTROL FUNCTION TABLE

Flag Control Functions MNEMONIC FUNCTION DESCRIPTION
The flag control functions of the MCU are - - -
selected by the 4 input lines designated FFO Force FO to 0. FO is forced to the value of logical 0.
FCo-FCs. Function code formats are given in FFC Force FO to C. FO is forced to the value of the C-flag.
“Flag Control Function summary.”
' FFZ Force FO to Z. FO is forced to the value of the Z-flag.
The following is a detailed description of . )
each of the 8 flag control functions. “ FF1 Force FO to 1. FO is forced to the value of logical 1.
Flag l;’lPUt Control FLAG CONTROL FUNCTION SUMMARY "
Functions :
The flag input control functions select TYPE - MNEMONIC DESCRIPTION FC, 0
which flag or flags will be set to the current . SCz Set C-flag and Z-flag to f 0 0
value of the flag input (FT) line. Flag 8Tz Set Z-flag to f 0 1
Data on F1 is stored in the F-latch when the Input EIT(;CZ; E'etldC-flc;tlg to fd 7.4 : (1)
clock is low. The content of the F-latch is old C-flag and Z-flag
loaded into the C and/or Z flag on the rising
edge of the clock. TYPE MNEMONIC DESCRIPTION FC, 2
FFO Force FO'to 0 0 0
Flag Output Control Functions Fiag FFC Force FO to C-flag 1 0
The flag output control functions select the Output FFZ Force FO to Z-flag 0 1
value to which the flag output (FO) line will FF1 Force FO to 1 1 1
be forced. -
LOAD
, FUNCTION _ NEXT ROW NEXT COL
LD MAg 6 5 4 MA, 2 1 0
0 See Address Contro! Function Summary
1 0. X5 X X X [ X Xg Xs X,
NOTE
f = Contents of the F-latch xn = Data on PX- or SX-bus line n (active low)
ADDRESS CONTROL FUNCTION SUMMARY ,
: FUNCTION ' NEXT ROW NEXT coL
MNEMONIC DESCRIPTION ACg 4 3 2 1 o | MA; 6 5 s | MA; 1 0
JCC Jump in current column 0 0 d; dy dy dy dy dy d; d, d; d, mg my; my my
JZR Jump to zero row 0 1 0 dy dy . d;y dy 0 0 0 0 0 da d, dy dp
JCR Jump in current row 0 1 1 d3 . d, dy dg Mg mM; mg mg my ds d, d; d,
JCE Jump in column/enable 1 1 1 0 d dy dy| mg m; d, . d, do mg m, m; m
JFL Jump/test F-latch 1 0 0 dy dy dy do| mg dy d, dy do| mg 0 1 f
JCF Jump/test C-flag 1 0 1 1T dydy do| mg m; dy dy d m, 0 1 c
JZF Jump/test Z-flag 1 0 1 1 d; di do| mg my dp dy do| mg 0 1 V4
JPR Jump/test PR-latch 1 1 0 0 “d; dy do| my m, d, d, d, [ P2 Py Po
JLL Jump/test left PR bits 1 1 0 1 dy dy do| myg m, d, dy dg 0 1 Ps P2
JRL Jump/test right PR bits 1 1 1 1 1 dy do| mg m, 1 dy d, 1 1 P11 Po
JPX Jump/test PX-bus 1 1 1 1 0 d;y  dp Mg mM; mg d; d, X7 Xg X5 X4

NOTE Pn = Data in PR-latch bit n
dn = Data on address control line n xn = Data on PX-bus line n (active low)
mn = Data in microprogram address register bit n f.c.z = Contents of F-latch, C-flag, or Z-flag, respectively
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STROBE FUNCTIONS

The load function of the MCU is controlled
by the input line designated LD. If the LD
line is active high at the rising edge of the
clock, the data on the primary and second-
ary instruction buses, PX,-PX; and SXo-SX3,
is loaded into the microprogram address
register. PX,-PX; are loaded into MA-MA;
and SX¢-SX; are loaded into MA,-MA;. The
high-order bit of the microprogram address
register MA; is set to a logical 0. The bits
from the primary instruction bus select 1 of
16 possible column addresses. Likewise,
the bits from the secondary instruction bus
select 1 of the first 16 row addresses.

The MCU generates an interrupt strobe
enable on the output line designated ISE.
The line is placed in the active high state
whenever a JZR to colys is selected as the
address control function. Generally, the
start of a macroinstruction fetch sequence
is situated at row, and colys so the interrupt
control may be enabled at the beginning of
the fetch/execute cycle. The interrupt con-
trol responds to the interrupt by pulling the
enable row address (ERA) input line low to
override the selected next row address from
the MCU. Then by gating an alternative next
row address on to the row address lines of
the microprogram memory, the micropro-
gram may be forced to enter an interrupt
handling routine. The alternative row ad-
dress placed on the microprogram memory
address lines does not alter the contents of
the microprogram address register. There-
fore, subsequent jump functions will utilize
the row address in the register, and not the
alternative row address, to determine the
next microprogram address.

Note, the load function always overrides the
address control function on ACy-ACs. It
does not, however, override the latch enable
or load sub-functions of the JCE or JPX
instruction, respectively. In addition, itdoes
not inhibit the interrupt strobe enable orany
of the flag control functions.

JUMP SET DIAGRAMS

The following 10 diagrams illustrate the
jump set for each of the 11 jump and jump/
test functions of the MCU. Location 341
indicated by the circled square, represents 1
current row (row,;) and current column
(cols) address. The dark boxes indicate the
microprogram locations that may be select-
ed by the particular function as the next
address.
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JUMP SET DIAGRAMS

S/N3001-1

Jcc JZR
JUMP IN CURRENT COLUMN JUMP TO ZERO ROW
ROWy—>
ROWzy—>
cOLg  CURRENT COLqg
COLUMN
JPR JLL
JUMP/TEST PR-LATCH JUMP/TEST LEFT LATCH
ROWp —»
CURRENT CURRENT
ROW ROW
GROUP GROUP
Mg 7 g7
10 10
ROW3q—»
t
coLg CoLyg cory 07
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— S/N3001

S/N3001-I
JUMP SET DIAGRAMS (Cont'd)
JRL JPX . JCR
JUMP/TEST RIGHT LATCH JUMP/TEST PX-BUS JUMP IN CURRENT ROW
ROWg—»
CURREN'I]_ : ggl:vnem—l——
ROW [ ]
GROUP @ GROUP CURRENT__,_
Mg 76 Mg (713
1
101 — —
ROW3q—
! !
coL,, %h1s coLg colLqg
JCF, JZF
JCE JFL JUMP/TEST C-FLAG
JUMP COLUMN/ENABLE JUMP/TEST F-LATCH JUMP/TEST Z-FLAG
CURRENT CURRENT
COLUMN COLUMN
GROUP GROUP
Mg=0 M3 =0
CURRENT ] curment |-
ROW - ROW -
GROUP || GROUP n
Mg 7 - Mg 7 -
10 CURRENT [ ] 10 |
ROW
GROUP B :1
J— Mg ] [
3 u
f ém.a (f=1) T gOL (ez=1)
CURRENT COLUMN COLy (= 0) COLy ez = O)
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N3001 T a = 0°C to +70°C, VoG = 5.0V, t 5% S/N3001-1
AC ELECTRICAL CHARACTERISTICS S3001 Tp = -55°C to +125°C, Vg = 5.0V £ 10%
PARAMETER N3001 S$3001
Min Typ? Max Min Typ? Max UNIT
toy Cycle Time? 60 45 95 45 ns
tpw Clock Pulse Width 17 10 40 10 ns
Control and Data Input Set-Up Times:
tgg LD, ACy-AC; (Set to “1"/“0") 20 3/14 20 3/14 ns
tgk FCo FCy 7 5 10 5 ns
tgx PX,-PX; (Set to “1"/*0") 28 4/13 35 4/13 ns
tg) Fl(Setto “17/10") 12 -6/0 15 -6/10 ns
tgx SXo-SXs 15 5 35 5 ns
Control and Data Input Hold Times:
tye LD, AC-ACs (Hold to “17/%0") 4 -3/-14 5 -3/-14 ns
thnk FCo FCy 4 -5 10 -5 ns
thx  PXq-PX; (Hold to “17/%0") 0 -4/-13 © 25 -4/-13 ns
ty, Fl (Hold to “17/70") 16 6.5/0 22 6.5/0 ns
tix - SXo-SXs 0 -5 25 -5 ns
tco Propagation Delay from Clock Input (CLK) to Outputs 17/24 36 10 17/24 45 ns
(mAg-mAg, FO) (tPHL/tPLH)
tko Propagation Delay from Control Inputs FC, and FC3to Flag 13 24 13 50 ns
Out (FO)
tgo Propagation Delay from Control Inputs AC,-ACg to Latch 21 32 21 50 ns
Outputs (PRy-PR,)
teo Propagation Delay from Enable Inputs EN and ERA to 17 26 17 35 ns
Outputs (mAg-mAg, FO, PRy-PRy)
te) Propagation Delay from Control Inputs AC,-ACqg to 20 32 20 40 ns
Interrupt Strobe Enable Output (ISE)
NOTE

1. Typical values are for TA = 25°C and 5.0 supply voltage.
2. 83001: tCY = tWP + tSF + tCO

38

Sinotics



VOLTAGE WAVEFORMS

S/N3001-I

CLK
CLOCK INPUT

tpw

EN, ERA
ENABLE INPUTS

MAG—MAg
CONTROL MEMORY
ADDRESS OUTPUTS

ACy—ACg, LD
AD%RES CONTROL
INPUTS

PRo-PR
“PR" LATCH OUTPUTS

FCo—FC3
FLAG CONTROL
INPUTS

Fl
FLAG INPUT

FO
FLAG OUTPUT

ISE
INTERRUPT STROBE
ENABLE OUTPUT

SXg—PX7
INSTRUCTION
BUS INPUTS

~—1co +———>

te0

HF

'Sk

teo

sk

= tHK

1

s

l=— tco

e 1O ]

<—te0

~—tF|

sx
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$3002-1 ® N3002-1,XL

DESCRIPTION FUNCTION TRUTH TABLE PIN CONFIGURATION
The N3002 Central Processing Element 1,XL PACKAGE
(CPE) is one part of a bipolar microcom- FUNCTION F F
puter set. The N3002 is organized as a 2-bit GROUP Fs 5 l - v
slice and performs the logical and arithmet- 0 0 0 0 o[ ce
ic functions required by microinstructions. 1 0 0 1 T[] [27] F 5
A system with any number of bits in a data 2 0 1 0 .
word can be implemented by using multiple 3 0 1 1 o [3] (]
N3002s, the N3001 microcomputer control 4 1 0 0 _'ZTE B
unit, the N74S182 carry look-ahead unitand 5 1 0] 1
ROM or PROM memory. 6 1 1 0 x =] [ea] Fa
7 1 1 1 —
FEATURES qo =]ED
® 45ns cycle time (typ) =5 Ty
« Easy expansion to multiple of 2 bits REGISTER 0 2
¢ 11 general purpose registers GROUP |REGISTER | F; F, F, F, 7o 1] 2]y
e Full function accumulator R 0 0 0 O — — 5
e Useful functions include: R(: 0 0 0 1 L] b
2's complement arithmetic R, 00 1 0 <i [t BErY
Logical AND, OR, NOT, exclusive- Rs 0 0 1 1 - o
NOR R4 0 1 O O EA M 18| CLK
Inc.remenl, decrement | Rs 0 1 0 1 =~ [7]Fa
Shift left/shift right Re 0 1 1 0
Bit testing and zero detection R, o 1 1 1 %o [13) 16]F 5
Carry look-ahead generation R 1 0 0 O
Masking via K-bus Hz 10 0 1 ano [ [5]Fs
Conditioned clocking allowing non- T 1 1 0 0
destructive testing of data in accumu- AC 1 1 0 1
lator and scratchpad
* 3 input buses 1l T 0 10
e 2 output buses AC 10 11
e Control bus T 1 1 1 0
i AC 11 1 1
BLOCK DIAGRAM
(12) (13) (20} (19)
i Aq ifo ;‘Di ;‘ﬁé
r—————_ A N 1
ao—g———f gy Sureur b—ocs
EA | I ED
| T 1 |
| MEMORY I
: bt AC REGISTER :
t |
| T | |
(5) X O—+ l I
| —
6 YO T ARITHMETIC AND Cl {10)
7y co LOGIC UNIT M'R‘d (8)
Q) ﬁg:g T T |
(18) cLko—ol
(412;) c\;ﬁgg:; MULTI:LEXER MULTIPBLEXER :
(15) Fg Ommrdpmrd 1 I T T |
A e e— L |
17) Fa FUNCTION I
(24) 33:—_1: DECODER SCRATCHPAD |
(27) F2 REGISTERS |
A o e— fofe T |
25) Fq T
1 i l
g D —_—, A e i
My Mo B o K Ko
(21) (22) (2 (1) @)(3)
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PIN DESIGNATION

S3002-1 ® N3002-1,XL

PIN SYMBOL NAME AND FUNCTION TYPE

1,2 © Tl External Bus Inputs Active low
The external bus inputs provide a separate input port for external input devices.

3,4 KoK, Mask Bus Inputs Active low
The mask bus inputs provide a separate input port from the microprogram memory,
to allow mask or constant entry.

56 X, Y Standard Carry Look-Ahead Cascade Outputs Active high
The cascade outputs allow high speed arithmetic operations to be performed when they
are used in conjunction with the 745182 Look-Ahead Carry Generator

7 co Ripple Carry Out Active low
The ripple carry output is only disabled during shift right operations. Three-state

8 RO Shift Right Output Active low
The shift right output is only enabled during shift right operations. Three-state

9 ] Shift Right Input Active low

10 Ci Carry Input Active low

11 EA Memory Address Enable Input Active low
When in the low state, the memory address enable input enables the memory
address outputs (Ag-Aq).

12-13 As-Aq Memory Address Bus Outputs Active low
The memory address bus outputs are the buffered outputs of the memory Three-state

. address register (MAR).

14 GND Ground

14-17, Fo-Fg Micro-Function Bus Inputs Active high

24-27 The micro-function bus inputs control ALU function and register selection.

18 CLK Clock Input

19-20 Dy-D, Memory Data Bus Outputs Active low
The memory data bus outputs are the buffered outputs of the full function Three-state
accumulator register (AC).

21-22 Mo-M; Memory Data Bus Inputs Active low
The memory data bus inputs provide a separate input port for memory data.

23 ED Memory Data Enable Input Active low
When in the low state, the memory data enable input enables the memory
data outputs (Dg-D+).

28 vVce " +5 Volt Supply

SYSTEM DESCRIPTION

Microfunction Decoder and K-Bus
Basic microfunctions are controlied by a 7-
bit bus (F¢-Fg) which is organized into 2
groups. The higher 3 bits (F,-F;) are desig-
nated as F-Group and the lower 4 bits (Fo-
F3) are designated as the R-Group. The F-
Group specifies the type of operation to be
performed and the R-Group specifies the
registers involved.

The F-Bus instructs the microfunction decoder to:
e Select ALU functions to be performed

e Generate scratchpad register address

o Control A and B multiplexer

The resulting microfunction action can be:
e Data transfer

Shift operations

Increment and decrement

Initialize stack

Test for zero conditions

2's complement addition and subtraction
Bit masking

Maintain program counter

e e 0 ® 0 0 0

A and B Multiplexers
A and B multiplexers select the proper 2
operands to the ALU.

A multiplexer selects inputs from one of the
following:

e M-bus (data from main memory)

® Scratchpad registers

® Accumulator

B multiplexer selects inputs from one of the

following:

® |-bus (data from external I/O devices)

® Accumuliator

e K-bus (literal or masking information from
micro-program memory)

Scratchpad Registers

e Contains 11 registers (Ry-Rq, T)

e Scratchpad register outputs are multiplexed to
the ALU via the A multiplexer

e Used to store intermediate resuits from arith-
metic/logic operations

* Can be used as program counter

silnoLics

Arithmetic/Logic Unit (ALU)
The ALU performs the arithmetic and logic
operations of the CPE.

Arithmetic operations are:
e 2's complement addition
® Incrementing

* Decrementing

® Shift left

* Shift right

Logical operations are:
e Transfer

AND

Inclusive-OR
Exclusive-NOR
Logic complement

ALU operation results are then stored in the accu-
mulator and/or scratchpad registers. For easy
expansion to larger arrays, carry look-ahead out-
puts (X and Y) and cascading shift inputs (LI, RO)
are provided.
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Accumulator

e Stores results from ALU operations

¢ The output of accumulator is multiplexed into
ALU via the A and B multiplexer as one of the
operands

Input Buses

M-bus: Data bus from main memory

e Accepts 2 bits of data from main memory into
CPE

* Is multiplexed into the ALU via the A muiti-
plexer

|-bus: Data bus from input/output devices

e Accepts 2 bits of data from external input/out-
put devices into CPE

e Is multiplexed into the ALU via the B
multiplexer

K-bus: A special feature of the N3002 CPE

® During arithmetic operations, the K-bus can be
used to mask portions of the field being operat-
ed on

® Select or remove accumulator from operation
by placing K-bus in all “1” or all “0" state re-
spectively

¢ During non-arithmetic operation, the carry cir-
cuit can be used in conjunction with the K-bus
for word-wise-OR operation for bit testing

e Supply literal or constant data to CPE

S3002-1 « N3002-1,XL

Output Buses

A-bus and Memory Address Register

® Main memory address is stored in the memory
address register (MAR)

¢ Main memory is addressed via the A-bus

» MAR and A-bus may also be used to generate
device address when executing /OO instruc-
instructions

® A-bus has Tri-State outputs

D-bus: Data bus from CPE to main memory or to

1/0O devices

e Sends buffered accumulator outputs to main
memory or the external 1/O devices

e D-bus has Tri-State outputs

FUNCTION DESCRIPTION

DESCRIPTION

Logically AND AC with the K-bus. Add the result to Ry and
carry input (Cl). Deposit the sum in AC and Rp.
Conditionally increment R, and load the resultin AC. Used
to load AC from Ry or to increment Ry and load a copy of the
result in AC.

Add AC and Cl to R, and load the result in AC. Used to add
AC to a register. If R, is AC, then AC is shifted left one bit
position.

Logically AND AC with the K-bus. Add the result to Cl and
the M-bus. Deposit the sum in AC or T.

Add CI to M-bus. Load the result in AC or T, as specified.
Used to load memory data in the specified register, or to load
incremented memory data in the specified register.

Add the M-bus to AC and Cl, and load the resultin ACor T, as
specified. Used to add memory data or incremented memory
data to AC and store the sum in the specified register.

None

Shift AC or T, as specified, right one bit position. Place the
previous low order bit value on RO and fill the high order bit
from the data on LI. Used to shift or rotate AC or T right one
bit.

Logically OR R, with the K-bus. Deposit the result in MAR.
Add the K-bus to Rn and Cl. Deposit the result in Rp,.
Load MAR from Rp. Conditionally increment Rp;. Used to
maintain a macro-instruction program counter.

Set MAR to all ones. Conditionally decrement R, by one.
Used to force MAR to its highest address and to decrement
Rn.

F R K
GROUP |GROUP | BUs | NAME EQUATION
0 | XX — Rp + (AC ~K) + Cl = Rp, AC
(e]e} ILR Rp+Cl—=R ,AC
1 ALR | AC +Rp +Cl~ Rp, AC
0 i | XX | — |M+(AC~K)+Cl~AT
OO0 | ACM | M+ CIl—~AT
11 AMA | M+ AC + Cl = AT
0 1 XX — | AT_A(~KD -~ RO
LIV (I~ KH) AATH] = ATH
[ATL A (1L ~ Kp)
[AT v (I AKH)] = AT
00 | SRA AT_ - RO
AT ~ AT
Ly~ ATH
1 I XX — | KvRn- MAR
Rn+K+Cl—=Rp
00 | LMI | Rn~MAR, Rn+Ci- Rn
11 | DSM | 11~ MAR, Rn-1+Cl~ Rn
1 I XX — KVM - MAR
M+K+Cl— AT
00 LMM | M= MAR, M+ Cl— AT
11 | LDM | 11~ MAR
M=-1+Cl—AT

Logically OR the M-bus with the K-Bus. Deposit the resultin
MAR. Add the K-bus to the M-bus and CIl. Depositthesumin
ACorT.

Load MAR from the M-bus. Add C] to the M-bus. Deposit the
result in AC or T. Used to load the address register with
memory data for macro-instructions using indirect address-
ing.

Set MAR to all ones. Subtract one from the M-bus. Add Ci to
the difference and deposit the result in AC or T, as specified.

Used to load decremented memory data in AC or T.
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FUNCTION DESCRIPTION (Contd)

S3002-1 ® N3002-1,XL

F R K ;
T
GROUP | GROUP| BUS NAME EQUATION DESCRIPTION
1 Hi XX — (AT vK) + (AT AK) + Cl - AT Logically OR the K-bus with the complement of AC or T, as
: specified. Add the result to the logical AND of specified
register with the K-bus. Add the sum to Ci. Deposit the result
in the specified register.

00 CIA AT + Cl - AT Add ClI to the complement of AC or T, as specified. Deposit
the result in the specified register. Used to form the 1’s or 2’s
complement of AC or T.

11 DCA ATT -1+Cl—- AT Subtract one from AC or T, as specified. Add Cl to the

) difference and deposit the sum in the specified register.

Used to decrement AC or T.
2 | XX - (AC~K) -1+ Cl—Rp Logically AND the K-bus with AC. Subtract one from the
result and add the difference to Cl. Deposit the sum in Rp.

00 CSR Cl-1-Rjp Subtract one from Cl and deposit the difference in Rn. Used

(See Note 1) to conditionally clear or set R, to all 0’s or 1's, respectively.

11 SDR AC-1+Cl—-Rp Subtract one from AC and add the difference to Cl. Deposit

(See Note 1) the sum in Rp. Used to store AC in Rp or to store the
decremented value of AC in Rp.
2 Il XX — (ACAK)-1+Cl— AT Logically AND the K-bus with AC. Subtract one from the
" (See Note 1) result and add the difference to CI. Deposit the sum in AC or
» T, as specified.
(e]e) CSA Cl-1-AT Subtract one from Ci and deposit the difference in ACor T.
(See Note 1) Used to conditionally clear or set AC or T.
11 SDA AC-1+Cl—~ AT Subtract one from AC and add the difference to Cl. Deposit
(See Note 1) the sum in AC or T. Used to store AC in T, or decrement AC,
or store the decremented value of AC in T.
2 1 XX — (I1~K)-1+Cl—= AT Logically AND the data of the K-bus with the data on the I-
(See Note 1) bus. Subtract one from the result and add the difference to
Cl. Deposit the sum in AC or T, as specified.

[e]6} CSA Cl-1-AT Subtract one from ClI and deposit the difference in ACor T.
Used to conditionally clear or set AC or T.

1 LDI I-1+Cl-AT Subtract one from the data on the I-bus and add the differ-
ence to Cl. Deposit the sum in AC or T, as specified. Used to
load input bus data or decremented input bus data in the
specified register.

3 | XX — Rp + (AC~K) + Cl - Ry, Logically AND AC with the K-bus. Add R and ClI to the
result. Deposit the sum in Rp,.

00 INR Rp+ Cl— Rp Add CI to Ry, and deposit the sum in R,. Used to increment

" ADR AC +Rp +Cl = Rp, Rn.

AddAC toRp,. Add theresult to Cland depositthe sumin Rn.
Used to add the accumulator to a register or to add the
} incremented value of the accumulator to a register.
3 1] XX — M+ (ACAK) + Cl - AT Logically AND AC with the K-bus. Add the result to Cl and
the M-bus. Deposit the sum in AC or T.
(o]6] ACM M+ Cl - AT Add CI to M-bus. Load the result in AC or T, as specified.
’ Used to load memory datain the specified register, or to load
incremented memory data in the specified register.

11 AMA M+ AC + Ci = AT Add the M-busto AC and Cl, and load theresultin ACor T, as
specified. Used to add memory data or incremented memory
data to AC and store the sum in the specified register.

NOTE
1. 2's complement arithmetic adds 111 .. .11 to per-

form subtraction of 000. . . 01.

Sifnetics
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FUNCTION DESCRIPTION (Cont'd)

S3002-1 ® N3002-1,XL

F R K
GROuP | GROUP| BUS NAME EQUATION DESCRIPTION
3 I XX —_ AT + (I~ K) + Cl = AT Logically AND the K-bus with the I-bus. Add Cl and the
contents of AC or T, as specified, to the result. Deposit the
sum in the specified register.
e]6} INA AT + Cl - AT Conditionally increment ACor T.Used toincrementACor T.
1 AlA I + AT + Cl = AT Add the I-bus to AC or T. Add Clto the result and depositthe
sum in the specified register. Used to add input data or
incremented input data to the specified register.
4 | XX — Clv (RaAnACAK) ~ CO Logically AND the K-bus with AC. Logically AND the result
RpA (AC AK) = Rp with the contents of Rp. Deposit the final result in Rp.
Logically OR the value of Cl with the word-wise OR of the
bits of the final result. Place the value of the carry OR on the
carry output (CO) line.
(o]0} CLR Cl - CO. O-Rp Clear Ry to all O's. Force CO to Cl. Used to clear a register
and force CO to Cl.
1 ANR Clv(Rp~AC) - CO Logically AND AC with Rp,. Deposit the result in R,. Force
Rp~ AC = Rpy COto one if the resultis non-zero. Used to AND the accumu-
lator with a register and test for a zero result.
4 1} XX — Clv(MA~AC~K) -~ CO Logically AND the K-bus with AC. Logically AND the result
M A(ACAK) = AT with the M-bus. Deposit the final result in AC or T. Logically
OR the value of Cl with the word-wise OR of the bits of the
final result. Place the value of the carry OR on CO.
[e]0] CLA Cl—-CO, O—-AT Clear AC or T, as specified, to all O’s. Force CO to Cl. Used to
clear the specified register and force CO to CI.
11 ANM Clv(M~AC)— CO Logically AND the M-bus with AC. Deposit the resultin ACor
MAAC - AT T. Force CO to one if the result is non-zero. Used to AND M-
bus data to the accumulator and test for a zero result.
4 i XX — Cl v(AT ~14K) - CO Logically AND the I-bus with the K-bus. Logically AND the
AT A (1A K) = AT result with AC or T. Deposit the final result in the specified
register. Logically OR Cl| with the word-wise OR of the final
result. Place the value of the carry OR on CO.
e]e} CLA Cl—- CO, O—-AT Clear AC or T, as specified, to all O’s. Force CO to Cl. Used to
clear the specified register and force CO to ClI.
11 ANI Clv (AT~ 1) = CO Logically AND the I-bus with AC or T, as specified. Deposit
AT~ 1 - AT the result in the specified register. Force CO to one if the
result is non-zero. Used to AND the I-bus to the accumulator
and test for a zero result.
5 | XX — Clv(Rn~K)—~ CO Logically AND the K-bus with Rp,. Deposit the resuit in Rn.
KARp = Rnp Logically OR Cl with the word-wise OR of the result. Place
the value of the carry OR on CO.
(o]6] CLR Cl - CO. O-Rp Clear Rn to all O's. Force CO to Cl. Used to clear a register
and force CO to Cl.
11 TZR ClvRp —~ CO Force CO to one if Rn is non-zero. Used to test a register for
Rnp = Rp zero. Also used to AND K-bus data with a register for
masking and, optionally, testing for a zero result.
5 I} XX - Clv(M~K)— CO Logically AND the K-bus with the M-bus. Deposit the result
KaM~—~ AT in AC or T, as specified. Logically OR Cl with the word-wise
OR of the resuit. Place the value of the carry OR on CO.
00 CLA Cl—-CO, O—-AT Clear AC or T, as specified, to all O’s. Force CO to Cl. Used to
) clear the specified register and force CO to Cl.
1" LT™M CivM—-CO Load AC or T, as specified, from the M-bus. Force CO to one
M-~ AT if the result is non-zero. Used to load the specified register
from memory and test for a zero result. Also used to AND the
K-bus with the M-bus for masking and, optionally, testing for
a zero result.
44
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FUNCTION DESCRIPTION (Cont'd)

S$3002-1 @ N3002-1,XL

F R K
GROUP | GROUP| BUS NAME EQUATION DESCRIPTION
5 i XX — Cl v (AT ~K) - CO Logically AND the K-bus with AC or T, as specified. Deposit
K AAT = AT the result in the specified register. Logically OR CI with the
word-wise OR of the result. Place the value of the carry OR
on CO.
00 CLA Cl—- CO, O~ AT Clear AC or T, as specified, to all O's. Force COtoCl.Usedto
clear the specified register and force CO to Cl.
11 TZA ClIvAT - CO Force CO to one if AC or T, as specified, is non-zero. Used to
AT — AT test the specified register for zero. Also used to AND the K-
bus to the specified register for masking and, optionally,
testing for a zero result.
6 | XX — Cl v(AC ~K) - CO Logically OR CI with the word-wise OR of the logical AND of
Rp v(AC~K) = Rp AC and the K-bus. Place the result of the carry OR on CO.
Logically OR Ry, with the logical AND of AC and the K-bus.
Deposit the result in Rp.
ole} NOP Ci - CO, Ry~ Rp Force CO to Cl. Used as a null operation or to force CO to Cl.
" ORR CIVAC—~ CO Force CO to one if AC is non-zero. Logically OR AC with Rn.
Rnh vAC —~ Rp Deposit the resuit in Rp. Used to OR the accumulator to a
register and, optionally, test the previous accumulator vatue
for zero.
6 1 XX — Cl v(AC ~K) - CO Logically OR Cl with the word-wise OR ofthe logical AND of
Mv (AC ~K) = AT AC and the K-bus. Place the carry OR on CO. Logically OR
the M-bus, with the logical AND of AC and the K-bus.
Deposit the final result in AC or T.
00 LMF Cl—-CO, M— AT Load AC or T, as specified, from the M-bus. Force COtoCl.
Used to load the specified register with memory data and
force CO to Cl.
11 ORM ClvAC —~ CO Force CO to one if AC is non-zero. Logically OR the M-bus
Mv AC —~ AT with AC. Deposit the result in AC or T, as specified. Used to
OR M-bus with the AC and, optionally, test the previous
value of AC for zero.
6 n XX — Clv(1~K) -~ CO Logical OR CI with the word-wise OR of the logical AND of
ATv (I Al)—= AT the I-bus and the K-bus. Place the carry OR on CO. Logically
AND the K-bus with the I-bus. Logically OR the resuit with
AC or T, as specified. Deposit the final result in the specified
register.
o0 NOP Cl—- CO, AT — AT Force CO to Cl. Used as a null operation or to force CO to Cl.
11 ORI Clvl—-CO Force CO to one if the data on the |-bus is non-zero.
IvAT - Logicaily OR the |-bus to AC or T, as specified. Deposit the
resultin the specified register. Used to OR I-bus data with the
specified register and, optionally, test the I-bus data for zero.
7 | XX — Clv (Iin A~ AC ~K) = CO Logically OR Cl with the word-wise OR of the logical AND of
Rp ® (AC~K) = Rp Rn and AC and the K-bus. Place the carry OR on CO.
Logically AND the K-bus with AC. Exclusive-NOR the resuit
with Rpy. Deposit the final result in Rp.
o]} CMR Cl - CO, Rn—Rn Complement the contents of Rp. Force CO to Cl.
11 XNR Clv(Rpn~AC) -~ CO Force CO to one if the logical AND of ACand Rn is non-zero.
Rn ® AC ~ Rp Exclusive-NOR AC with Rpy. Deposit the resultin R p. Used to
exclusive-NOR the accumulator with a register.

Sifantics
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FUNCTION DESCRIPTION (Contd)

S$3002-1 @ N3002-1,XL.

DESCRIPTION

F R K
GROUP | GROUP | Bus | NAME EQUATION
7 I XX — Clv(MAAC ~K) = CO
M & (AC ~K) ~ AT
00 | LcM Cl-CO, M= AT
1| XNM Clv(MAAC) - CO
M@AC - AT
7 ] XX - Clv(ATA 1K) = CO
ATE (I K)~ AT
00 CMA Cl-CO AT-AT
1 XNI Clv (AT A1)~ CO
| AT = AT

Logically OR Cl with the word-wise OR of the logical AND of
AC and the K-bus and M-bus. Place the carry OR on CO.
Logically AND the K-bus with AC. Exclusive NOR the result
with the M-bus. Deposit-the final result in AC or T.

Load the complement of the M-bus into AC or T, as specified.
Force CO to ClI.

Force CO to one if the logical AND of AC and the M-bus is
non-zero. Exclusive-NOR AC with the M-bus. Deposit the
result in AC or T, as specified. Used to exclusive-NOR
memory data with the accumulator.

Logically OR Cl with the word-wise OR of the logical AND of
the specified register and the |-bus and K-bus. Place the
carry OR on CO. Logically AND the K-bus with the I-bus.
Exclusive-NOR the result with AC or T, as specified. Deposit
the final result in the specified register.

Complement AC or T, as specified. Force CO to Cl.

Force CO to one if the logical AND of the specified register
and the I-bus is non-zero. Exclusive-NOR AC with the I-bus.

Deposit the result in AC or T, as specified. Used to exclusive-
NOR input data with the accumulator.

FUNCTION DESCRIPTION KEY

SYMBOL MEANING

I,K.M Data on the |, K, and M buses,
respectively

ChLI Data on the carry input and left
input, respectively

CO,RO | Data on the carry output and
right output, respectively

Rn Contents of register n includ-
ing T and AC (R-Group 1)

AC Contents of the accumuiator

AT Contents of AC or T, as specifi-
ed

MAR Contents of the memory ad-
dress register

LH As subscripts, designate low
and high order bit, respectively
2's complement addition

2's complement subtraction
Logical AND

Logical OR

Exclusive-NOR

Deposit into

+

T@<> |
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$3002-1 ® N3002-1,XL

AC ELECTRICAL CHARACTERISTICS N3001 = Tp = 0°C to +70°C, Vo = 5V £ 5%
§3001 =T 5 = -55°C to +125°C, Vi = 5V * 10%

N3002 $3002
PARAMETER UNIT
Min Typ* | Max| Min| Typ* |Max
tCY Clock Cycle Time 70 45 120 45 ns
tWP  Clock Pulse Width 17 10 42 10 ns
tFS  Function Input Set-Up Time (F, through Fg) 48 -23 - 35 70 -23- 35 ns
Data Set-Up Time:
tDS o, I, Mo, My, Ko, K 40 12-29 60 12-29 ns
tSS LI, ClI 21 0-7 30 0-~7 ns
Data and Function Hold Time:
tFH Fy through Fg 4 0 5 0 ns
tDH - 1g, 13, Mo, My, Ko, K; 4 | -28--11 5 | -28--11 ns
tSH LI, ClI 12 -7-0 15 -7-0 ns
Propagation Delay to X, Y, RO from:
tXF  Any Function Input 28 52 28 65 ns
tXD Any Data Input 16 - 20 33 16 - 20 65 ns
tXT Trailing Edge of CLK 33 48 33 75 ns
tXL Leading Edge of CLK 13 18 - 40 70 | 13 18~ 40 90 ns
Propagation Delay to CO from:
tCL Leading Edge of CLK 16 24 ~ 44 70 24 - 44 90 ns
tCT Trailing Edge of CLK 30 —~ 40 56 30 ~ 40 100 ns
tCF  Any Function Input 25~ 35 52 25-35 75 ns
tCD Any Data Input 17 - 23 55 17 - 28 65 ns
tCC CI (Ripple Carry) 9-13 20 9-13 30 ns
Propagation Delay to Ag, A4, Do, D4 from:
tDL Leading Edge of CLK 17 - 25 40 17 - 25 75 ns
tDE Enable Input ED, EA 10-12 20 10-12 35 ns
“NOTE
Typical values are for T 4 = 25°C and typical supply voltage.
CARRY LOOK-AHEAD CONFIGURATION
mMCcu
74808
FO Fl 74851 74851

3001 —°< i

745182 Ch |d 745182 Cn |-

P, G Cnrz P, G Caey Coz P, 6, Cny P, G Cnx P, G,

-
-
>~
>
> »
<p»io
]
>
% 1o
< P>»1e
L
B
|
e
|
[

N3002 N3002 N3002 N3002

¢
'
:
:

ROF—»|LI RO

—u RO f——3»
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TYPICAL CONFIGURATIONS

S3002-1 e N3002-1,XL

MEMORY ADDRESS BUS

DATA INPUTS
——

Ig. 11. Kg. K. Mg, My

SHIFT AND CARRY
INPUTS LI, O e e e

CARRY AND SHIFT
QUTPUTS X, Y, RO

ENABLE INPUTS
EA,

DATA QUTPUTS

Ag. A7, D@, Dy e ot o o e

48
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—————— . (2N LINES)
, DATA BUS TO MEMORY
(2N LINES)
CLOCK
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CARRY FROM MCU u ROt——— —— R
FoFy
I MK
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b L ]
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MICROPROGRAM [ -
CONSTANT MASK -
INPUT BUS
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{2N Bit Array) e— {2N LINES}
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CLOCK INPUT b tyyp ———]
e Fs tFH |
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FUNCTION INPUTS
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INTRODUCTION

A Microcomputer Designed
for Control

The 8X300 is a microcomputer designed for
control. It features:

Execution Speed

® 250ns instruction execution time

® Direct address capability—up to 8192 16-bit
words of program memory

® Eight 8-bit general purpose registers

® Simuitaneous data transfer and data edit in a
single instruction cycle time

® n-way branch or n-entry table lookup in 2
instruction cycle times

® 8X300 instructions operate with equal speed on
1-bit, 2-bit, 3-bit, 4-bit, 5-bit, 6-bit, 7-bit, or 8-bit
data formats b

The 8X300 instruction set features control-
oriented instructions which directly access
variable length input/output and internal
data fields. These instructions provide very
high performance for moving and interpret-
ing data. This makes the 8X300 ideal in
switching, controlling, and editing applica-
tions.

Direct Processing of
External Data ’
The 8X300 I/0 system is treated as a set of

internal registers. Therefore data from ex-
ternal devices may be processed (tested,
shifted, added to, etc.) without first moving
them'to internal storage. In fact, the entire
concept is to treat data at the I/0 interface
no differently than internal data. This con-
cept extends to the software which allows
variables at the input/output system to be
named and treated in the same way as data
in storage.

Separate Program Storage

and Data Storage

The storage concept of the 8X300 is to
separate program storage from data stor-
age. Program storage is implemented in
read-only memory in recognition of the fact
that programs for control applications are
fixed and dedicated. The benefits of using
read-only memory are that great speeds
may be obtained at lower cost than if
read/write memory were used, and that
program instructions reside. in a non-
volatile medium and cannot be altered by
system power failures.

8X300 Architecture

Figure 1 of the 8X300 data sheet illustrates
the 8X300 architecture. The 8X300 contains
an Arithmetic Logic Unit (ALU), Program
Counter, and an Address Register. Eight 8-

Sinotics

bit general purpose registers are also pro-
vided, including 7 working registers and an
auxiliary register which performs as a work-
ing register and also provides an implied
operand for many instructions. The 8X300
registers are shown in Figure 1 of the 8X300
data sheet and are summarized below:

Control Registers include:

® Instruction—A 16-bit register containing the
current instruction

¢ Program Storage Address Register (AR)—A
13-bit register containing the address of the
current instruction being accessed from Pro-
gram Storage

e Program Counter (PC)—A 13-bit register con-
taining the address of the next instruction to be
read from Program Storage

Data Registers include:

® Working Registers (WR)—Seven 8-bit registers
for data storage

* Overflow (OVF)—A 1-bit register that retains
the most significant bit position carry from ALU
addition operation. Arithmetically treated as
2°.

® Auxiliary (AUX)—An 8-bit register. Source of
implied operand for arithmetic and logical in-
structions. May be used as a working register.

A crystal external to the CPU may be used to
generate the CPU system clock. The CPU
executes 8 instruction types.
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DESCRIPTION

The Signetics 8X300 Microcontroller is a
monolithic, high-speed microprocessor im-
plemented with bipolar Schottky technolo-
gy. As the central processing unit, CPU, it
allows 16-bit instructions to be fetched,
decoded and executed in 250ns. A 250ns
instruction cycle requires maximum memo-
ry access of 65ns, and maximum 1/O device
access of 35ns.

Microcontroller instructions operate on 8-
bit, paralle! data. Logic is distributed along
the data path within the Microcontrolter.
Input data can be rotated and masked be-
fore being subject to an arithmetic or logical
operation; and output data can be shifted
and merged with the input data, before
being output to external logic. This allows 1-
to 8-bit 1/0 and data memory fields to be
accessed and processed in a single instruc-
tion cycle.

PROGRAM STORAGE INTERFACE

Program Storage is typically connected to
the A0-A12 (A12 is least significant bit) and
10-115 signal lines. An address output on
AO0-A12 identifies one 16-bit instruction
word in program storage. The instruction
word is subsequently input on 10-115 and
defines the Microcontrolier operations
which are to follow.

The Signetics 825115 PROM, or any TTL
compatible memory, may be used for pro-
gram storage.

I1/0 DEVICES INTERFACE

An 8-bit I/0 bus, called the Interface Vector
(IV) data bus, is used by the Microcontroller
to communicate with 2 fields of 1/O devices.
The complementary LB and RB signals
identify which field of the 1/0 devices is
selected.

Both 1/0 data and 1/0 address information
can be output on the IV bus. The SCand WC
signals are typically used to distinguish
between 1/O data and I/0 address informa-
tion as follows:

SC WC

1 0 1/0 address is being output on IV
bus

1/0 data is being output on IV bus
1/0 data is expected on the IV,
bus, as input to the Microcontroller
Not generated by the Microcontrol-
ler

The Signetics 82SXXX series RAM, and the
8T32/33 may be attached to the {V bus.

01
00

11
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FEATURES

o 185ns instruction decode and execute 1ZA PACKAGE
delay (with Signetics 8T32/33 1/0 port) ver 7 50
e Eight 8-bit working registers =
¢ Single instruction access to 1-bit, 2-bit, 3- as ]
bit or 8-bit field on 1/0 bus o E
e Separate instruction address, instruc- Az O
tion, and 1/0 data buses =
e On-chip oscillator X1 E
e Bipolar Schottky technology o=
e TTL inputs and outputs rl? E
e Tri-state output on I/O data bus =
* +5 volt operation from 0° to 70°C s E
15 ]
e [
17
18 3
19 O
110
s =25 26

PIN DESIGNATION

PIN CONFIGURATION

8X300-I

OooouoooooooooogoooioTid
z

PIN SYMBOL NAME AND FUNCTION TYPE
2-9, 45-49 | AO-A12: Instruction address lines. A high level equals | Active high
“1.” These outputs directly address up to
8192 words of program storage. A12 is least
significant bit.
13-28 10-115: Instruction lines. A high level equals “1.” | Active high
Receives instructions from Program Storage.
l15 is least significant bit.
33-36, [VBO-IVB7 | Interface Vector (IV) Bus. A low level equals | Three-state
38-41 “1.” Bidirectional tri-state lines to communi- | Active low
cate with 1/O devices. IVB7 is least significant
bit.
42 MCLK: Master Clock. Output to clock I/O devices,
and/or provide synchronization for external
logic
30 WC: Write Command. High level output indicates | Active high
data is being output on the IV Bus.
29 SC: Select Command. High level output indicates | Active high
that an address is being output on the IV
Bus.
31 LB: Left Bank. Low level output to enable one of | Active low
two sets of 1/0 devices (LB is the comple-
ment of RB).
32 RB: Right Bank. Low level output to enable one of | Active low
two sets_of 1/0 devices (RB is the comple-
ment of LB).
44 HALT: Low level is input to stop the Microcontroller. | Active low
43 RESET: Low level is input to initialize the Microcon- | Active low
troller.
10-11 X1, X2: Inputs for an external frequency determining
crystal. May also be interfaced to logic or test
equipment.
50 VR Reference voltage to pass transistor.
1 VCR Regulated outputvoltage from pass transistor.
37 Veo! 5V power connection.
12 GND: Ground.
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8X300-1

MICROCONTROLLER ARCHITECTURE

SHIFT | MERGE

OVF
0 7
R1
R2
R3
gl’ > B R4
" RS
Rr6
R11
AUX
ALU
L, <:
@
w
RIGHT \} 5 VB0_ Va7
MASK <: ROTATE '< = IV BUS
-
>
INTERNAL CONTROL | =
-——q SIGNALS
(s)=0 A
| pb——————0 &8
| o
'3 o———————O LB
| & .
« ———— 0 WC
DECODE
! ARO-AR4 AND sc
CONTROL 0
AR5—AR12 LOGIC L O MCLK
o——————O0 HALT
jb——— 0 RESET

I r | IR0—IR2 fe——————————0 X3

45— e

GND ————
AD-A12 10115 VR—

INSTRUCTION ADDRESS : INSTRUCTION DATA v
CR

Figure 1
R1 — General working'register_ OVF — The least-significant bit of this reg- Program Counter (PC)
R2 — General working register ister is used to reflect overflow sta- — Normally contains the address of
R3 — General working register tus resulting from the most recent . the current instruction and is incre-
R4 — General working register ~: ADD operation (see Instruction Set mented to obtain the next instruc-
R5 - General working register Summary). tion address. .
R6 — General working register
R11 — General working register Address Register (AR)
AUX — General working register. Con- Instruction Register (IR) — A 13-bit register containing the
tains second term for arithmetic or — Holds the 16-bit instruction word address of the current instruction.
logical operations. currently being executed.

Table 1 INTERNAL REGISTERS
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INSTRUCTION CYCLE

Each Microcontroller operation is executed
in 1 instruction cycle, which may be as
short as 250ns. The Microcontroller gener-
ates MCLK to synchronize external logic to
the instruction cycle. Instruction cycles are
subdivided into quarter cycles. MCLK is an
output during the last quarter cycle.

During the third quarter cycle of an instruc-
tion, an address is outputon A0-A12, identi-
fying the location in program storage o ..ie
next instruction word. This instruction word
defines the next instruction, which must be
input on 10-115 during the first quarter cycle
of the next instruction cycle (see Table 2).

Instruction Set Summary

The 16-bit instruction word input on 10-115
is decoded by the instruction decode logic
to implement events that are to occur during
the remainder of the instruction cycle. Gen-
erally the 16-bit instruction word is decoded
as follows:

BitPositon 0 1 2 3 15

|

——
Instruction
Class

- o
Operand(s) Specification

A detailed usage of the 13 “operand(s)
specification” bits is given in following sec-
tions.

Three operation code bits allow for 8 in-
struction classes. The 8 instruction classes
are summarized in Table 3. Each entry is
referred to as an “instruction class” because
the unique architecture of the Interpreter
allows a number of powerful variations to be
specified by the 13 operand (s) specification
bits. A complete description of instruction
formats and some instruction examples are
provided in the Microprocessor Applica-
tions manual.

Data Processing

The Microcontrolier architecture includes
eight 8-bit working registers, an arithmetic
logic unit (ALU), an overflow register, and
the 8-bit IV Bus. Internal 8-bit data paths
connect the registers and IV Bus to the
ALU inputs, and the ALU output to the
registers and IV Bus. Data processing logic
is distributed along these internal 8-bit data
paths. Rotate and mask logic precedes the
ALU on the data entry path. Shift and
merge logic follows the ALU on the data
output path. All 4 sets of logic can operate
on 8 data bits in a single instruction cycle
(See Figure 1).

When less than 8 bits of data are specified
for output to the IV bus by the ALU, the.data
field (shifted if necessary) is inserted into
the prior contents of the IV bus latches. The
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TYPICAL SYSTEM CONFIGURATION
+5V
0 .
X ®  USER
. <" ®  CONNECTION
L o320 .
- A
PROGRAM STORAGE l—_|7_ 1 czo
: A0-A12 Ve VR VCR :m 2 8732
10-115 SC » -—
ROM/PROM/RAM -——_—_b 8X300 M‘ng ae
TTL COMPATIBLE Bic
uP !;'ogxx 16 BITS Xq colezno?L-En —= —1[TT L [ A1
S -
(825115) I RB 55¢
MHz D
- .
Xo k)
8733 c:>
AALT —f J_ —+
RESET = -
GND
L BIC
<~ . P
L)
Figure 2
INSTRUCTION ADDRESS AND
AND IV ADDRESS IV BUS DATA
BUS DATA DATA AND IV VALID
INPUT PROCESSING | BUS CHANGING | MCLK=HIGH'
«— Yacycle — | < Y4 cycle ~— | < Y cycle — <« Y cycle —
Table 2 INSTRUCTION CYCLE

IV bus latches contain data input at the start
of an instruction. This data in the IV bus
latches will be specified in the instruction as
a) IV bus source data or b) data from an
automatic read when the IV bus is specified
as a destination. Therefore, IV bus bit posi-
tions outside an inserted bit field are un-
modified.

Data Addressing

Sources and destinations of data are speci-
fied using a 5-bit octal number. The source
and/or destination of data to be operated
upon is specified ih a single instruction
word.

Referring to Figure 1, the Auxiliary register
(address 00) is the implied source of the
second argument for ADD, AND or XOR
operations.

IVL and IVR are write-only registers used
only as a destination. They have addresses
and are treated as registers, but in reality
they do not exist. When IVL is specified as a
destination or the D field = 20-27¢, then LB =
‘low’, RB = ‘high’ are generated; when IVR is
specified as a destination or the D field = 30-
373, then RB = low, LB = ‘high’ are generat-
ed.

When IVL or IVR is specified as the destina-
tion in an instruction, SC is also activated
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and datais placed on the IV bus. If IVL or IVR
is specified as a source of data, the source
data is all zeroes.

INSTRUCTION SEQUENCE
CONTROL

The AddressiRegister and Program Counter
are used to generate addresses for access-
ing an instruction. The Address Register is
used to form:the instruction address, and in
all but 3 instructions (XEC, NZT, and JMP)
the address is copied into the Program
Counter. The instruction address is formed
in 1 of 3 ways:

1. For all instructions but the JMP, XEC,
and a satisfied NZT, the Program Coun-
teris incremented by 1 and placedin the
Address Register.

2. For the JMP instruction, the full 13-bit
address field from the JMP instruction is
placed into the Address Register and
copied into the Program Counter.

3. For the XEC and NZT instructions, the
high order 5- or 8-bits of the Program
Counter :are combined with 8- or 5-
lower-order bits of ALU output (XEC or
NZT) and placed in the Address Regis-
ter. For the NZT instruction, it is also
copied into the Program Counter.
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INSTRUCTION SET

The 8X300 Microcontroller has a repertoire
of 8 instruction classes which allow the user
to test input status lines, set or reset output
control lines, and perform high speed
input/output data transfers. All instruc-
tions are 16 bits in length and each is
fetched, decoded and executed in 250ns.

Within the 8X300, all operations are per-
formed on 8-bit bytes. Arithmetic opera-
tions use 8-bit, unsigned 2's complement
arithmetic.

INSTRUCTION FORMATS
The general 8X300 instruction format is:
012/3456789101112131415

(S) field, Destination (D) field, Rotate/
Length (R/L) field, immediate (I field, or
(Program Storage) Address (A) field.

The instructions are divided into 5 format
types, based on the Op Code and the Oper-
and(s), as shown in Figure 3.

Data is respresented as an 8-bit byte; bit Op o d
positions are numbered from left to right, | code perand(s) INSTRUCTION FORMATS
with the least significant bit in position 7. OPERATIONS
01234567 All instructions are specified by a 3-bit KHEG,\I,,SOT:: TOR;,:;SYER)
Operation (Op Code) field. The operand ADD XOR
MSB LSB may consist of the following fields: Source T35 e 5571500 111215415
or s R D
CODE (ROTATE)
OPERATION | FORMAT RESULT NOTES Type |
Content of data field specified by
MOVE LIl {S. R/L} replaces data in field OPERATIONS
specified‘ by{D' R/L‘} (REGISTER TO 1/0, 170 TO REGISTER, I/0 TO 170)
. MOVE ADD
Sum of AUX and data specified by AND XOR
ADD LI {S,R/L} replacesdatain fieldspec- | If S and D both are
Ifled by {D, R/L} registers, ‘hen R/L 012 34567 8 9 10 |11 12 13 14 15
' " opP L
Logical AND of AUX and data speci- z)iﬁ:'e:: ai‘srtfrh; rg::ftie_ CODE : (LENGTH) °
AND L | fied by {S, R/L) replaces data in | 0\ g o P Type Il
field specified by {D, R/L.} vy
Logical exclusive OR of AUX and OPERATIONS
XOR 1,1 data specified by {S, R/L ¢ replaces .
data in field specified by {D, R/L.} xec  xwir
" S iS an I/O address 0123 4 56 7 8 9 10 11 12 13 14 15
YMIT jiy | The literal value | replaces the data then | is limited to =
: in the field specified by {S.L. range 00-37. Other- cope s '
wise | is limited to
Type Il
range 000-377.
If the data in the field specified by OPERATIONS
S, L} equals zero, perform the | if 5 is an 1/O address xec  xmir
- ze;(t mstr.L;'ct(njoS iseLqu.encet. Ifthe' then | is limited to NZT
v ata specified by \S.L. jisnotequal| range 00-37. Other-
to zero, execute the instruction at wisg | is limited to "O‘PZ 3456718 SL“’ 11121371878
address determined by using the lit- range 000-377. CODE s (LENGTH) !
eral | as an offset to the Program T Y
Counter. ype
Perform the instruction at address | The offset operation is OPERATIONS
determined by applying the sum of | performed by reduc-
the literal | and the data specified by | ing the value of PC to JMP
XEC "1,V S, L} as an offset to the Program | the nearest multiple of
Counter. If that instruction does not | 32 (if | =00-37) or 256 (if 012 ]| 3458678910 11 12 13 14 15
transfer control, the program se- | { = 000-377) and add- op N
quence will continue from the XEC | ing the offset. cops
instruction location. Type V
i limi
oMP Ve e Goter " 07T | | e
' If XMIT. S actually represents the destination
Table 3 8X300 INSTRUCTION SUMMARY Figure 3

Sifnotics
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INSTRUCTION FIELDS

Op Code Field (3-Bit Field)
The Op Code field is used to specify 1 or 8
8X300 instructions as shown in Table 4.

OP CODE

OCTAL

VALUE INSTRUCTION
0 MOVE S,R/L,D
1 ADD S,R/L,D
2 AND S,R/L,D
3 XOR S,R/L.D
4 XEC LR/LSor I,S
5 NZT ILR/L,S or |,S
6 XMIT LR/L,D or I,.D
7 JMP A

Table 4 OP CODE FIELD OCTAL
ASSIGNMENTS

S,D Fields (5-Bit Fields)

The S and D fields specify the source and
destination of data for the operation defined
by the Op Code field. The Auxiliary Register
is an implied second source for the instruc-
tions ADD, AND and XOR, each of which
require two source fields. That is, instruc-
tions of the form,

ADD X, Y

imply a third operand, say Z, located in the
Auxiliary Register so that the operation
which takes place is actually X + Z, with the
result stored in Y.

The S and/or D fields may specify a register,

or a 1 to 8-bit I/0 field. S and D field value
assignments in octal are shown in Table 5.
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08-178 is used to specify 1 of 7 working registers (R1-R6, R11), the Auxiliary Register, the

Overflow Register, or IVL and IVR write-only registers.

OCTAL
VALUE

OCTAL
VALUE
AUX-Auxiliary Register 10 OVF-Overflow register-Used only
R1 as a source
R2 11 R11
R3 12 Unassigned
R4 13 Unassigned
R5 14 Unassigned
Ré 15 Unassigned
IVL Register-Left Bank I/0 address 16 Unassigned
register. Used only as adestination. 17 IVR Register-Right Bank 1/0 ad-

dress register. Used only as a desti~

nation.

a. Register Specification

208- 27gis used to specify the least significant bit of a variable length fieid within the I/0
Port previously selected by the IVL register. The length of the field is determined by R/L.

01234567

[YYYY)
R

Field within previously selected Port; position of LSB =0 J

Field within previously selected Port; position of LSB = 1

Field within previously selected Port; position of LSB =2

Field within previously selected Port; position of LSB =3

Field within previously selected Port; position of LSB = 4 —_.J
Field within previously selected Port; position of LSB =5

Field within previously selected Port; position of LSB =6

Field within previously selected Port; position of LSB =7 -

b. Left Bank 1/0 Fleld Specification

144

308-378 is used to specify the least significant bit of a variable length field within the I/0
Port previously selected by the IVR Register. The length of the field is determined by R/L.

01234567

[TILIIIT]
FEEFER

Field within previously selected Port; position of LSB = 0—”
Field within previously selected Port; position of LSB = 1

Field within previously selected Port; position of LSB = 2 —
Field within previously selected Port; position of LSB =3

Field within previously selected Port; position of LSB =4

Field within previously selected Port; position of LSB=5

Field within previously selected Port; position of LSB =6

Field within previously selected Port; position of LSB =7 —

c. Right Bank 1/0 Field Specification

Table 5 S AND D FIELD OCTAL ASSIGNMENTS

SinOtCS



R/L Field (3-Bit Field)
The R/L field performs one of two functions,
specifying either a field length (L) or a right
rotation (R). The function it specifies for a
given instruction depends upon the con-
tents of the S and D fields:

A .When both S and D specify registers, the R/L
field is used to specify a right rotation of the
data specified by the S field. (Rotation occurs
on the bus and not in the source register.) The
register source data is right rotated within one
instruction cycle time independent of the num-
ber of bit positions specified in the R/L field.

B. When either or both the S and D fields specify a
variable length I/0 data field, the R/L field is
used to specify the length of that data field.

C. R/L field assignments are shown in Table 6.

R/L FIELD

OCTAL SPECIFICATION

VALUE
(4] Field Length = 8 Bits
1 Field Length = 1 Bit
2 Field Length = 2 Bits
3 Field Length = 3 Bits
4 Field Length = 4 Bits
5 Field Length = 5 Bits
6 Field Length = 6 Bits
7 Field Length = 7 Bits

Table 6 R/L. FIELD OCTAL

ASSIGNMENTS

| Field (5/8-Bit Field)

The | field is used to load a literal value
(contained in the instruction) into aregister,
or a variable 1/0 data field, or to modify the
low order bits of the Program Counter.

The length of the | field is based on the S

field in XEC, NZT, and XMIT instructions, as

follows:

A. When S specifies a register, the literal t is an 8-
bit field (Type Il format).

B. When S specifies variable I/0 data field, the
literal | is a 5-bit field (Type IV format).

A Field (13-Bit Field)

The A field is a 13-bit Program Storage
address field. This allows the 8X300 to di-
rectly address 8192 instructions.

REGISTER OPERATIONS

When a register is specified as the source
and a variable /0O data field is specified as
the destination, the low order bits of the
results of the instructions MOVE, ADD, XOR
are merged with the original destination
data.

When an /O data field of 1 to 8 bits is
specified as the source, and a register as the
destination, the 8-bit result of the opera-
tions MOVE, ADD, AND, XOR is stored in
the register. The operations ADD, AND,
XOR actually use the I/0 data field (1 to 8
bits) with leading zeros to obtain 8-bit
source data for use with the 8-bit AUX data
during the operation.

IVL and IVR are write-only pseudo registers,

and therefore can be specified as destination
fields only. Operations involving IVL and

IVR as sources are not possible. For exam-

ple, itis not possible toincrement IVR or IVL

in a single instruction, and the contents of

IVL or IVR cannot be transferred to a work-

ing register, or 1/0O Port.

The OVF (Overflow) Register can only be
used as a source field; it is set or reset only
by the ADD instruction.

ADDRESSING DATA ON THE
INTERFACE VECTOR

1/0 data fields are implemented via general
purpose 8-bit I/0 registers called Interface
Vector (IV) Bytes. The IV registers serve to
select IV bytes. In order for an instruction to
access (read or write) an 1/0 data field, the
address must be output to the IVL or IVR
registers.

Thus, two instructions are required to oper-
ate on an Interface Vector byte.

XMIT
MOVE

ADDRESS, IVL
LB, RB

Sifetics
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Each of the two IV registers (IVL and IVR)
may be setto selectan IV byte, therefore two
1/0 ports may be active at one time—one on
the Right Bank (IVR) and one on the Left
Bank (IVL). Data may be input and output in
one instruction following the selection of IV
bytes:

XMIT ADDRESS1, VL
XMIT ADDRESS?, IVR
ADD LB, RB

Once the IV byte is selected (addressed) it
will remain selected until another address is
output to the same IV register. Since an IV
register (IVL, IVR) can be used only as a
destination field of an instruction, any in-
struction sending data to VL or IVR can be
used to select an IV byte.

From the user’s standpoint, however, all IV
byte outputs can be read by an external
device regardless of whether they are se-
lected or not.

The address range of IVL and IVR is 0-2551¢.

INSTRUCTION DESCRIPTIONS
The following instruction descriptions em-
ploy MCCAP (the 8X300 Cross Assembly
Program) programming notation. This no-
tation varies somewhat from the instruction
descriptions provided in Tables 3 through 5.
Thus, for example, explicit L field definition,
as shown in Table 3 and Table 4 is not
required by MCCAP instructions; MCCAP
can create appropriate variable field ad-
dresses from information contained in Data
Declaration statements which may be pro-
vided by the programmed at the beginning
of his program.

The 8X300 instruction set is described be-
low with examples shown in Figures 4
through 11.
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MOVE $,D or
MOVE S(R),D

Format: Type |, Tvpe Il

Operation: (S)»(D)

Description

Move data. The contents of S are transferred
to D; the contents of S are unaffected. If
both S and D are registers, R/L specifies a
right rotate of the source data before the
move. Otherwise, R/L specifies the length of
the source and/or destination I/0O data field.
If the MOVE is between Left Bank and Right
Bank 1/0 field, an 8-bit field must always be
moved.

Example

Store the least significant 3 bits of register 5
(RS5) in bits 4, 5 and 6 of the |/O Port previ-
ously addressed by the IVL register. See
Figure 4.

ADD S,D or
ADD S(R),D

Format: Type |, Type Il

Operation: (S) * (AUX)—>»D
Carry—»OVF
Description
Unsigned 2's complement 8-bit addition.
The contents of S are added to the contents
of the Auxiliary Register. The resultis stored
in D; OVF is set to the value of the carry. If
both S and D are registers, R/L specifies a
right rotate of the source (S) data before the
operation. Otherwise, R/l specifies the
length of the source and/or destination I/O
data fields. Sand AUX are unaffected uniess
specified as the destination.

Example

Add the contents of R1 rotated 4 places to
AUX and store the resultin R3. See Figure 5.
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MOVE 8,D or MOVE S(R),D

MOVE RS, IV

0 1 2 3 465 6 7891011121314 15

c 0 o0

00101011

170110 BINARY REPRESENTATION

[}

H
o1 5 3
i

21 6 OCTAL REPRESENTATION
H

NOTE

RS S —

| l— SPECIFIES LSB OF 1/0 FIELD AS BIT 6
SPECIFIES LEFT BANK 1/0 FIELD
SPECIFIES 3-BIT 1/0 FIELD

SPECIFIES REGISTER 5

SELECTED LEFT BANK IO FIELD AFTER OPERATION

X's in the field denote bits unaffected by the move operation.

Figure 4

ADD

S,D or ADD S$(R),D

olo o o 11 BINARY REPRESENTATION

3 OCTAL REPRESENTATION

1011110

11

1001 01

100 00100
0Ot 1 01001

]

R1

CONTENTS OF R1 ROTATED RIGHT 4 PLACES

AUX

R3—AFTER OPERATION

OVF

Figure 5
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AND S,D or
AND S(R),D

Format: Type I, Type Il
Operation: (S) A (AUX)>D
Description

Logical AND. The AND of the source field
and the Auxiliary Register is stored into the
destination. If both S and D are registers,
R/L specifies a right rotate of the source (S)
data before the AND operation. Otherwise
R/L specifies the length of the source and/
or destination I/0O data fields. S and AUX are

unaffected unless specified as a destina-
tion.

Example

Store the AND of the selected right bank 1/0
field and AUX in R4. The right bank data
field is called WSBCD and is 4 bits long and
located in bits 2, 3, 4 and 5. See Figure 6.

XOR S,D or
XOR S(R),D

Format: Type |, Type Il

Operation: (S) ® (AUX)»D
Description

Exclusive-OR. The Exclusive-OR of the
source field and the Auxiliary Register is
stored in the destination. If both Sand D are
registers, R/L specifies a right rotate of the
source (S) data before the XOR operation.
Otherwise R/L specifies the length of the
source and/or destination I/O data fields. S
and AUX are unaffected unless specified as
a destination.

Example

Replace the selected 1/0 data field with the
XOR of the field and AUX. The I/0 data field
is called STATUS and is 5 bits in length and
located in bits 3, 4,5, 6 and 7 of left bank. See
Figure 7.

o i =
8X300-1
AND S,D or AND S(R),D
AND WSBCD, R4
0 1 0|]11t101]100]00 1 0 0 BINARY REPRESENTATION
2 3 I 5 4 0 = 4 OCTAL REPRESENTATION
-.,-«.‘—4 —— -
l—_ SPECIFIES REGISTER 4
I* SPECIFIES 4-BIT 1/0 FIELD
SPECIFIES LSB OF RB FIELD AS BIT 5
SPECIFIES RB FIELD
012345667
10010 1 01 SELECTED RIGHT BANK 1/0 FIELD
000001 01 SELECTED FIELD RIGHT JUSTIFIED WITH LEADING ZEROS ADDED.
AND OPERATION
00000011 AUX
00 0O0O0O0GO0CT™1 R4
Figure 6
XOR S,D or XOR S(R),D
x/oa STATUS STATUS
o 1 1 1T0111]101)]101 11 BINARY REPRESENTATION
3 2 l 7 5 2 ! 7 OCTAL REPRESENTATION
1.
01 2345867
01110011 SELECTED I/0 DATA FIELD—BEFORE OPERATION
00010011 SELECTED FIELD RIGHT JUSTIFIED WITH LEADING ZEROS ADDED
XOR OPERATION
00001010 AUX
00011001
01111001 SELECTED 1/0 —BEFORE OPERATION
——
UNAFFECTED
Figure 7
- ]
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XEC I(S)

Format: Type Ili, Type IV

Operation

Execute instruction at the address specified
by the Address Register with lower 5 or 8
bits replaced by (S) + 1.

Description

Execute the instruction at the address de-
termined by replacing the low order bits of
the Address Register (AR) with the low order
bits of the sum of the literal | and the con-
tents of the source field. If Sisaregister, the
low order 8 bits of AR are replaced; if Sisan
170 data field, the low order 5 bits of AR are
replaced, resulting in an execute range of
256 and 32 respectively. The Program
Counter is not affected unless the instruc-
tion executed is a JMP or NZT (whose
branch is taken).

Example

Execute one of n JMPs in a tabie of JMP
instructions determined by the value of the
selected I/0 data field on the left bank. The
table follows immediately after the XEC
instruction and the 1/0 field is called IN-
TERPT and is a 3-bit field located in bits 4,5
and 6. See Figure 8.

XMIT I,D

Format: Type lll, Type IV
Operation: 1= (D)

Description

Transmit literal. The literal field | is stored in
D. If D is a register, an 8-bit field is trans-
ferred; if D is an 1/0 data field, up to a 5-bit
field is transferred.

Example

Store the bit pattern 110 in the selected I/0
data field on the right bank. The field name
is VALUE and is located in bits 3, 4 and 5.
See Figure 9.

58

8X300-1

XEC I(S)
XEC 41 (INTERPT)
T o o]1o0110]o11]1 010 0] BINARYREPRESENTATION
It 21 6 3 21 4 OCTAL REPRESENTATION
H
0 13

lo 00011*To0o110 01 1] ADDRESS REGISTER--BEFORE OPERATION

1 2 3 4 5 6 7
010 1 10 SELECTED i/0 DATA FIELD

0000 OO0 1 1 SELECTED FIELD RIGHT JUSTIFIED WITH LEADING ZEROS ADDED

ettt | F|E LD

[oooo1 10 1510 1711 ADDRESS REGISTER. AFTER OPERATION

— —

UNAFFECTED
ADDRESS INSTRUCTION
0000110110011 XEC *+1 (INTERPT)
0000110110100 JMP A1
L]
[ ]
L]
0000110110111 JMP A4 JMP TABLE
[ 4
L]
L]
0000110111011 JMP AB

JMP A4 1S EXECUTED BECAUSE I/0 FIELD INTERPT = 3

Figure 8

XMIT I,D

XMIT 6, VALUE

11 0110101100110 BINARY REPRESENTATION

6 31 65 3 o 6 OCTAL REPRESENTATION

012345 67

11001001 SELECTED I/0 DATA—-BEFORE OPERATION

0000O0OOI110 | FIELD

SELECTED 1/0 DATA—AFTER OPERATION
~—

Y 7

UNAFFECTED'

Figure 9
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NZT sl
Format: Type Ill, Type IV

Operation:

Non-Zero Transfer. If (S) # 0, PC offset by
— PC; otherwise PC + 1 — PC.

Description

If the data specified by the S field is non-
zero, replace the low order bits of the Pro-
gram Counter with |. Otherwise, processing
continues with the next instruction in se-
quence. If S is a register, the low order 8 bits
of the PC are replaced; if S is an 1/0O data
field, the low order 5 bits of the PC are
replaced, resuiting in an NZT range of 256
and 32 respectively.

Example

Jump to Program Address ALPHA if the
selected right bank I/0 field is non-zero.
The field name is OVERFLO and it is a 1-bit
field located in bit 3. See Figure 10.

JMP A
Format: Type V
Operation: A ~ PC

Description

The literal value A is placed in the Program
Counter and Address Register, and proc-
essing continues at location A.'A has a
range of 0-17777g (0-8191).

Example »
Jump to tocation ALPHA (0000101110001).
See Figure 11.

NZT S|

NZT OVERFLO, ALPHA

10 1110

1100111010 BINARY REPRESENTATION

3 1 31 2 OCTAL REPRESENTATION
1

0 12 3 4 5 6 7

X X X 1 X X XX SELECTED I/0 DATA

w— OVERFLO

ADDRESS INSTRUCTION
L]
L]
L]
0000110110011 NZT OVERFLO, ALPHA
B L]
L]
L]
ALPHA 0000110111010 INSTRUCTION
———
OFFSET
Figure 10
JMP A
JMP ALPHA

- |—23

0000101110001 BINARY REPRESENTATION

T T T T
7 o: 0 jI 5 ! [3 I 1 OCTAL REPRESENTATION
ADDRESS (NSTRUCTION

L]

.

L]
0000000011011 JMP ALPHA

L]

.

.
ALPHA 0000101110001 INSTRUCTION

JoJo]o]ofe]o]o]e] ]1][e]1]1] eprosmam counter serone oreraTiON

lolo]olo]1]of 11 1]o]ofo]s] procram counter aFTER OPERATION

Figure 11

Silnotics
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SYSTEM DESIGN USING THE
8X300 MICROCONTROLLER

Designing hardware around the 8X300 In-
terpreter reduces to selecting a program
storage devicer (ROM, PROM, etc.), select-
ing I/0 devices (IV byte, multiplexers, RAM,
etc.), selecting clock mode (system driven
or crystal controlled) and interfacing the
Microcontroller to these components.

A specific example of a control system
using the 8X300 Microcontrolleris shown in
Figure 12. Only 8 components—four 8T32
1/0 Ports, one 825208 RAM, two 82S215
ROMSs, and an 8X300 are required to build
this system which contains 512 words of
program storage, 32 TTL I/O connection
points, 256 bytes of working storage, and
operates at a 250ns instruction cycle time.

Halt, Reset Signals

HALT:

A low level at the HALT input stops internal
operation of the Microcontroller at the start
of the next instruction after HALT is applied
(quarter cycle after MCLK). Since HALT is
sampled at the start of each instruction
cycle it is possible to prevent a cycle by
applying HALT early in that cycle. HALT
does not inhibit MCLK or affect any inter-
nal registers. Normal operation begins with
the next complete cycle after the HALT
input goes high.

8X300-1

RESET: o

A low level at the RESET input sets the
program counter and address register to
zero. While RESET is low MCLK is inhibit-
ed. If RESET is applied during the last 2
quarter cycles, the MCLK during that cycle
may be shortened. RESET should be ap-
plied for 1 full instruction cycle time to as-
sure proper operation. When RESET input
goes high an MCLK occurs prior to the re-
sumption of normal processing. RESET
does not affect the other internal registers.

SYSTEM TIMING

In systems with fast instruction cycle times,
most Microcontroller delays are strictly de-
termined by internal gate propagation de-
lays.

EXAMPLE OF CONTROL SYSTEM
_ SIGNETICS
45V RESET HALT 8T32
(o]
Ad-A12
] —— UDO_UD7
SIGNETICS E‘H
825215 L 2N5320 170 PORT
512x8 -
ROM
1017 p
Vee| VR VCR :;E ™ME
— Ad-A12 — | L o6
CcE, | CEy Jugtey
STROBE -— _ 1VBO-IVB7
AD-A3 —— 8X300
P — MICROCONTROLLER MCLK, s>
] SC, WC
— — uDO-UD7
B LCLC LU Ge—
" 0115
> RE 8
=
S Q
x,L );j Gmil_ ME g
alc 2
7 I————o BIC 3
SIGNETICS AT 1 l 8 g
825215 = O BOC
512x8 8.00 MHz a
ROM
0 18115 =
™~ UD0-UD7
170 PORT
CE,| CEy
ME
L l——o BIC
O BOC
L—g
8X350 < > ¢ edicamlo) :
1 256X8 170 PORT
60 = RAM
ME E
L__.__o BIC
-O BOC
Figure 12
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Since some events are constrained to occur ]

in certain quarter cycles, as system cycle SYSTEM INSTRUCTION CYCLE TIME
times become slower, the delays will appear
to increase due to gating with internal I

|

clocks. In the table of AC Electrical Charac- ' '

teristics, 2 columns are used: 1 to denote [ :
MCLK

|

times which occur due to internal clock

{
intervention and 1 to denote minimum de- =0 = : :
lays for fast cycle times. % | | |

S§C, WC, LB, or RB
When using Signetics 8T32 I/0 Ports, selec- ' : :
| [
| |
| |
I [
| |
| [
I |

tion of instruction cycle time involves calcu- : = @ MCLK to LB/RB (input phase)
lating the maximum program storage ac- | o Instruction to LB/RG
cess time. Assuming the instruction is Vo7 | @ 170 Port output anable (T o)
available when MCLK falls, the 1/0 control | ) ® 1/2 cycla - §5ns,
lines are stable 35ns later. Signetics 8T32's | |
require another 35ns to disable a previously [ @55 o

|

selected port and enable the desired port
(assumes a change in bank signals). A 10ns
margin has been added to the 8T32 enable Figure 13
for this evaluation to reflect the fact that
most systems will have more capacitive
loading than the 50pF test condition in the SYSTEM INSTRUCTION CYCLE TIME
8T32 specification and to allow for line de-

lays. |
. . R I ’
The system instruction cycle time for nor- MCLK |

mal systems such as shown in Figure 12 is | \ :
determined by Microcontroller propagation ™ T
delays, program storage access time, and % | |

AD-A12 | [l

port output enable times. Instruction cycle

:

|
T
|
1
time is normally constrained by one or more | e——O—— 1 |
of the following conditions: I | | |
| | | | [ Program storage access time.
| MCLK LB/RB (i t phase)
1. Instruction to LB/RB (input phase) and I/O Port s ! l ! 1@ or instr;‘;uon to Lg'/%lsp o
output enable: | [ i @ |- ! | I (input phase).
TOE =<' cycle - 55ns (Figure 13). l : : : :Cs) 170 Port output enabie {T o)
2. Program storage access time and instruction to LB, RB : | ! | | I® I\éddata (input phase) to
LB/RB (input phase) and 1/O Port output en- . address.
able and IV data (input phase) to address < : : : Qb t—@— : :
instruction cycle time (Figure 14). | " | |
3. Program storage access time and instruction to | | l | \
address < instruction cycle time (Figure 15). Vo7 : | : | |

The first constraint can be used to deter-
mine the minimum cycle time. Using the
inequality 35ns + 35ns < 1, cycle - 55ns
implies ¥, cycle = 125ns or an instruction
time of 250ns.

Figure 14

SYSTEM INSTRUCTION CYCLE TIME

Program storage access time for a 250ns | |
instruction cycle can be calculated from the _/_\
second constraint. Noting that the specifi-

cation for IV data (input phase) to address is mCLK | I
115ns: Program storage access time + 35ns ]

—
+ 35ns + 115ns < 250ns implies program %/
storage access time < 65ns. 10-115

I A W

B

|
|
' ' '
INSTRUCTION TO PROGRAM STORAGE
ADDRESS —p»|-—| ACCESS |—»

:

The third constraint can be used to verify
the maximum program storage access time.
Noting that the specification for instruction
to address is 185ns: Program storage ac-
cess time + 185ns < 250ns confirms that
program storage access time 65ns is satis-
factory.
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System Clock

The Micrcontroller has an integrated oscii-
lator which generates ail necessary clock
signals. The oscillator is designed to con-
nect directly to a series resonant quartz
crystal via pins X1 and X2. The crystal reso-
nant frequency, f, is related to the desired
cycle time, T, by the relationship f =2/T.For
a 250ns system, f = 8.00MHz.

Type: Fundamental mode,
series resonant

Impedance at

Fundamentai: 35 ohms maximum

Impedance at
harmonics and 50 ohms minimum
spurs:

Table 7 CRYSTAL CHARACTERISTICS

In lower speed applications where the cycle
time need not be precisely controlled, a
capacitor may be connected between X1
and X2 to drive the oscillator. Approximate
capacitor values are given in Table 8. If
cycle time is to be varied, X1 and X2 should
be driven from complementary outputs of a
pulse generator. Figure 16 shows a typical
configuration. For systems where the Inter-
preter is to be driven from a master clock the
X1 and X2 lines may be interfaced to TTL
logic as shown in Figure 17.

Cx,pF CYCLE TIME
100 300ns
200 500ns
500 1.us
1000 2.0us

Table 8 CLOCK CAPACITOR VALVES
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8X300-I

+ X1
PULSE 50 8X300
GENERATOR MICROCONTROLLER
_ »> Xo
50
Pulse generator characteristics:
ZOUT =509 VOUT = 0-1 volt =
Risetime < 10ns < Skew < 10ns
Complementary outputs
NOTE: All resistors values are typical and in ohms.
Figure 16
CLOCKING WITH TTL
1000
S
470 8X300
CLOCK O— MICROCONTROLLER
Xz
TTL driver characteristics: 470
Risetime and Falltime < 10ns
Skew between complementary -
outputs < t0ns
Figure 17

AC ELECTRICAL CHARACTERISTICS V=5V £5%and 0°C < Tp <70°C

DELAY DESCRIPTION pggr:s ?;::‘CéN CY?_II';;I.;.IME

X1 falling edge to MCLK (driven from external

pulse generator) 75ns
MCLK to SC/WC falling edge (input phase) 25ns
MCLK to SC/WC rising edge (output phase) 5 cycle + 25ns
MCLK to LB/RB (input phase) 35ns ;
Instruction to LB/RB output (input phase) 35ns
MCLK to LB/RB (output phase) Y4 cycle + 35ns
MCLK to IV data (output phase) 185ns 2 cycle + 60ns
IV data (input phase) to IV data (output phase) 115ns
Instruction to Address 185ns Y, cycle + 40ns
MCLK to Address 185ns % cycle + 40ns
IV data (input phase) to Address 115ns
MCLK to IV data (input phase) % cycle - 55ns
MCLK to Halt falling edge to prevent

current cycle s cycle - 40ns
Reset rising edge to first MCLK 0to 1 cycle

NOTE

1. Reference to MCLK is to the falling edge when loaded with 300pF.
2. Loading on Address fines is 150pF.

S{fnotics



8X300-1

TYPICAL INSTRUCTION CYCLE TIMING
—

|
OUTPUT PHASE ~————— +— INPUT PHASE
t

————— INSTRUCTION CYCLE

INPUT PH

INST & IV BUS

|

|

! ADDRESS & IV
! INPUTS ACCEPTED

I

[

BUS CHANGING

ADDRESS & IV
BUS OUTPUT STAB ITE
T

DATA
PROCESSING

: s
i | |
| l :
x [ I | [
[ Y A N A N
I | I

. T )

|
[
|
| eroGRAM
t
|
|

i
'
+
|
|
|
|
[
|

INSTRUCTION
ADDRESS
(A0-A12)

—

| |
+—————~—MCLK TO ADDRESS STABLE

STORAGE
ACCESS

[« INSTRUCTJON TO ADDRESS STABLE ———=

INSTRUCTION | T
DATA |

(10-115) |

I

|

|
I
I
|
|
|
|

1
o MCLK TO SCWC !
OUTPUT CONTROL
—l «—  wmcLK TO scwe
INPUT CONTROL

|
|
scwe I \ I { /
|
|

g

|
—+| Ik INSTRUCTION TO
| LB/RB INPUT CONTROL
|~————— MCLK TO LB/RB __A—__-—.}

| OUTPUT CONTROL |

w I T X

«— MCLK TO LB/RB
INPUT CONTROL

‘ |
!<7 INSTRUCTION TO IV BUS STABLE

|
|
|
|
|
|
|
|
|
f
|
T
!
|
|
|

il
ryeus | |
{IVBO~-IVB7) | .
|‘77 IV BUS TO ——] l
ADDRESS STABLE I
[« MCLK TO IV BUS STABLE | I
|
IR** 1V BUS — -~ IV BUS
" INPUT ACTIVE | OUTPUT ACTIVE
o]

DEVICE CROSS HATCHED y
ACCESS AREA INDICATES /A
IV BUS TRI-STATE zd
SOLID AREA
INDICATES
CHANGING
Figure 18 DATA
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DC ELECTRICAL CHARACTERISTICS

8X300-I

ABSOLUTE MAXIMUM RATINGS

LIMITS
PARAMETER TEST CONDITIONS UNIT
Min | Typ Max
Vg High level input voltage
X1,X2 6 Vv
All others 2 \
VL Low level input voltage
X1,X2 4 \
All others .8 \%
Vic Input clamp voltage Voo =475V -1.5
(Note 1) II = -10mA
Iy High level input current
X1,X2 Ve =525V 2700 MA
Viy = 8v
All others Veg =525V <1 50 A
Vi =45V
'IL Low level input current
X1,X2 VCC = 5.25V -2500 A
IVBO-7 Vi =4V -140 | -200 UA
Voo =525V
10-115 V=4V -880 { -1600 | WA
Vg =5.25V
HALT, RESET V=4V -230 | -400 LA
Vg =5.25v
VL= 4V
VoL Low level output voltage
AO0-A12 Veg =475V .35 .55 Vv
gL = 4.25mA .
All others Veg =475V .35 .55 "
'OL = 16mA
Von High level output voltage VCC_= 4.75V 2.4 v
|OH = 3mA
tog Short circuit output current
(Note 2) Veg =525V -30 -140 mA
Voo Supply voltage 4.75 5 5.25 \Y
Icc Supply current VCC = 5.25V 1.60 mA
!reg Regulator control VCC =5.0V ~-14 -21 mA
'CR Regulator current (Note 3) 290 mA
Vcr Regulator voltage (Note 3) 22 3.2 \

PARAMETER RATING|UNIT
vVece Suppfy voltage 7 \Y

Logic'input voitage| 5.5 \

Crystal input 2 Vv

voltage

NOTES

1. Crystal inputs X1 and X2 do not have clamp diodes.

2. Only one output may be grounded at a time.

3. (Limits apply for Vo = 5V £ 5% and 0°C < T 5 < 70°C unless specified otherwise.)
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INTRODUCTION

Recenttrends in system design are focusing
on significantly lower costs and greater
reliability while simultaneously maintaining
or improving system preformance. Conse-
quently, second generation as well as new
system designs demand alternatives to con-
ventional logic realizations which substan-
tially reduce the system manufacturing
costs. Signetics’ LS| Logic Family provides
this alternative by employing state-of-the-
art technology to produce Large-Scale-
Integrated, system oriented building
blocks. By replacing a relatively targe num-
ber of conventional logic circuits with a few
LSI Logic components, system costs are
reduced in proportion to system printed
circuit board area, total number of circuits
and power requirements. Moreover, system
reliability is increased in direct proportion
to the decrease in the number of integrated
circuits within the system.

SYSTEM LOGIC FAMILY

Signetics’ LSI Logic offers the designer a
dual technology logic family to achieve cost
objectives. First, where speed is a primary
objective, low power Schottky TTL technol-
ogy is employed to yield devices which
feature high speed, low power, and medium
density. Therefore, significant reduction in
the number of high speed logic components
is possible without any sacrifice in per-
formance. The distinct advantages of low
power Schottky TTL give it one of the best
technologies for high performance LS| de-
sign. The particular features of LS are:

o Comparable propagation delay to standard
TTL 7-10ns/gate average

* Low power dissipation—2mW per gate typical
at 50% duty cycle

* Low speed power product—19pj typical

e 45MHz typical maximum J-K flip-flop clock
frequency

¢ High fan-out capability—22 unit load—LS input
current requirement is 1/4 that of standard TTL
(0.36mA/input). Outputs are capable of sinking
8mA.

e High logic density—70 gates/mm2 of silicon

e Higher system reliability due to reduced power
density.

Secondly, while lower power Schottky of-
fers increased density at high speeds, sub-
stantial component reduction is achieved
with devices employing Integrated Injection
Logic (12L). The very high density and low
power of 12L makes it extremely attractive
for use in realizing relatively large system
building blocks. System level functions may
each be accomplished at 10MHz speeds by
a single 12L integrated circuit. I2L features
are:

® Speed—comparable to TTL (10-20ns propaga-
tion delay)

e Power—1-2 orders lower than any technology
power down mode

o Density—40% smaller than PMOS—
comparable to NMOS

e |nterface—capability of mixing TTL, ECL cir-
cuits on the same chip.

The LSI Logic series of products are spe-
cially designed to aid system logic design-
ers in the design of high performance, cost
effective systems with a minimal number of
parts. This is achieved through a line of
standard products which are designed with
the following objectives:

e | arge Scale Building Blocks—devices are par-
titioned by function with high-level complexity
and sophistication. These one chip building
blocks are equivalent to 400 to 1500 elementary
logic gates.

e Highest Performance Possible—devices in
each category are optimized in performance
according to their requirements. Devices re-
quiring highest speed are designed using low
power Schottky TTL and devices requiring
medium speed are designed using 12L to mini-
mize device power dissipation and maximize
logic density. .

¢ Off-the shelf items—system logic devices are
designed to ailow general purpose usage. De-
vices in this series can be used as stand-alone
items to enhance performance on a certain
system design or to utilize several components
within the family to design a minimal cost
system with minimum number of components,
such as in microprocessor based systems.

SIGNETICS CAPABILITIES

Signetics is a leader in the development of
bipolar LSI logic circuits using both LS and
12L technologies. Our capabilities are dem-
onstrated by an 8-bit Fixed Instruction Mi-
croprocessor that Signetics is presently
manufacturing with low power Schottky
technology.

This circuit, the 8X300 Microcontroller, con-
tains the equivalent of 700 logic gates on a
250X250 mil chip. This capability is being
used to develop the LSI Logic Family and
produce the substantial cost reduction of-
fered by LS| without paying a penalty in
performance.

Signetics is a leader in 2L technology.
Signetics has been researching 2L as a
standard product technology for over three
years. Presently, Signetics possesses one of
the fastest 12L processes in the industry.
Recognizing the vast potential of I12L tech-
nology, Signetics is heavily committed to
develop this high-speed line of LS products
using this technology. Signetics’ 12 proc-
ess is basically the same process as its low
power Schottky process that utilizes a thin
expitaxial layer for speed improvement.
Since this process is a highly reliable stand-
ard process in Signetics, the confidence

level of producing such LSI circuits is ex-
tremely high. In addition to its own develop-
ment activities, Signetics has access toN.V.
Philips' vast development resources for
continued development and enhancement
of its present capabilities. This massive
investment will result in continued improve-
ment in speed/power performance of 2L
products.

Table 1 shows expected trends in 121 speed/
power curves during the next five years.
Clearly 12L will play a major role in the
innovation of faster and possibly more com-
piex LSI Logic functions in the support of a
continued exploitation of LSI circuitry in
systems design.

ADVANTAGES

The advantages of using LSI in system
design are multifold. First, note that the
cost of an LS| chip is no more than the sum
cost of the circuits it replaces, consequently
there is a direct saving in manufacturing
costs as a result of a net reduction in the
number of parts. Moreover an LS| system
offers economic advantages over an SSI or
MSI approach besides lowering direct man-
ufacturing costs. Some important consider-
ations are:

® Power supply costs are reduced because logic
cells internal to the device require less drive
capability and consequently consume less
power.

® Field repair costs are reduced because reliabili-
ty is higher with an LS! implementation. This
higher reliability is achieved because IC failure
rates are largely proportional to number of
devices rather than device complexity.

e Another factor to be considered is that the
development cost of printed circuit boards will
decrease because of smaller number of ICs and
that to some extent, this reduction offsets the
cost of layout on the LS| devices.

* Applications requiring medium speed per-
formance are often forced to use lower density,
high speed semiconductor devices due to lack
of availability of medium speed LS! devices. {2L
has changed this picture significantly. With the
capability of controlling the amount of device
injection current into an LS| circuit, the device
can be controlled to operate at the desired
speed and power for that particular application;
thus, power consumption is minimized.

USING STANDARD LS PROCESS

Average Propagation Delay

10-20ns at 200uA/Gate Injection Current

Density (Dual Layer Metal)

Shift Register etc.
Random Logic
Single Inverter

320 gates/mmz2
150 gates/mm?2
1.5 mil2

Chip Complexity

2000 gates at maximum speed (Random Logic)
4000 gates at maximum speed (Regular Arrays)

Speed-Power

3pj @ maximum speed
0.35p] @ < 1MHz

Table 1 SIGNETICS I2L CAPABILITY

Sifnotics
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OBJECTIVE SPECIFICATION

DESCRIPTION

The “182” is a high speed Look-Ahead Carry
Generator ordinarily used with the “181” 4-
Bit ALU or other arithmetic processing ele-
ments. This combination provides high
speed Look-Ahead over word lengths of
more than 4 bits.

The “182" accepts up to 4 pairs of active Low
Carry Propagate and Carry Generate sig-
nals, an active High Carry input, and pro-
vides anticipated active High carries-across
4 groups of binary adders.

INPUT/OUTPUT SCHEMATICS

EQUIVALENT OF EACH INPUT

Vee INPUT Req NOM
Cn 2.8kQ
P3 1.4k0)
P2 9400
PO,P1,G3 7000
INPUT G0,G4 4000
G1 35000
TYPICAL OF ALL OUTPUTS
—+—O vce
} 50 (INOM
<
——O OUTPUT

A

66

Logic equations provided at the outputs are:

745182/183-A,F W

PIN CONFIGURATION

Cotx = Go + PoCn AF,W PACKAGE
Cn+y = Gt + P1Go + P1PoCn
Cn+z = G2 + P2G1 + P2P1Go + P2P1PoCn o [0 (€l vee
G = G + P3Gz + PaP2Gy + PaP2P1Go e 2] 5] 2
P = P3PoP1Po weutsd 60 [=] [14] G2 7 npuTs
srenro PO Iz E Cn
FEATURES o 5] e,
. :::zl';ig ;t:::(;:ead carrles across a ps [E] T, . , f,’f,’,’;
® Multi-level look-ahead for high speed oureur ¢ [} [0l
arithmetic operation over long word ano [2] olec, .,
lengths
PIN DESIGNATION
PIN NOS. DESIGNATION FUNCTION
Active-Low
G0,G1,G2,G3 31,145 Carry Generate Inputs
Active-Low
PO.P1,P2,P3 42,156 Carry Propagate Inputs
Cn 13 Carry Input
C'”é’ ?"’y‘ 12,11,9 Carry Outputs
n+z
Active-Low
@ 10 Carry Generate Output
Active-Low
P 7 Carry Propagate Output
Vce 16 Supply Voltage
GND 8 Ground

Sifnetics



OBJECTIVE SPECIFICATION

DC ELECTRICAL CHARACTERISTICS

PARAMETER TEST CONDITIONS 748182 748183 UNIT
Min Typ | Max Min Typ | Max
Vi Input Low voltage Vge = Min 0.8 0.8 Y
ViH Input High voltage Vce = Min 2.0 2.0 \"
Veo Input clamp diode voltage Vece = Min, in =-12mA -1.5 -1.2 \
VoL Output Low voltage Vcc = Min, loL = 16mA 0.4 0.5 \
VOH Output High voltage Vce = Min, loH = -800uA 2.4 2.7 Vv
I Input High current Vce = Max, VIN = 2.4V
Cn input 80 50 uA
P2 input 160 - 150 uA
P3 input 120 100 uA
Po, P1, Ga input 200 200 uA
Go, G2 input 360 350 nA
G input 400 400 uA
he Input Low current Vcc = Max, VN = 0.4V
Cn input -3.2 -2.0 mA
P2 input -6.4 -6.0 mA
P3 input -4.8 -4.0 mA
Pg, P4, G3 input -8.0 -8.0 mA
Go, G2 input -14.4 -14 mA
G1 input -16 -16 mA
los Output short circuit current Vcc = Max -40 -100 | -40 -100 mA
lcc Power supply current Vcec = Max, ViNn=5V 72 109 mA
AC ELECTRICAL CHARACTERISTICS Ta=25°C, Vcc = +5V unless otherwise specified.
PARAMETER TO FROM TEST CONDITIONS 54774 541748 UNIT
Min | Typ |Max| Min | Typ | Max
Propagation delay time
trLH Low to high 11 | 17 ns
tpHL  High to low 15 | 22
trLH Low to high GO, G1, G2 Ch+x 45| 7
G3, PO, P1 Ch+y 451 7
tpHL High to low P2, P3 Cn+z CL = 15pF
trLH Low to high GO, G1, G2, G RL = 40001 5175
G3, P1, P2 RL=2800Q2 7 1105
tpHL High to low P3
trLH Low to high PO, P1, P2 P 4.5 | 6.5
P3
tpHL High to low 6.5 | 10
tpLn  Low to high Cn Chix, 6.5 | 10
Cn+y
tpHL. High to low Cn+z 7 [10.5
NOTES

Load circuit and typical waveforms are shown at the front of section.

1. RL = 4000 for 54/74.
2. RL =280 for 54/748.

siotics
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F4S51827183

OBJECTIVE SPECIFICATION 745182/183-A,F W

LOGIC DIAGRAM

Cn GO PO G1P1 G2 P2 G3 P3

00 ?9 00

Cn+x Cn+y Chiz G P
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DESCRIPTION

The 54/74LS273 is an Octal D Flip-Flop
used primarily as an 8-bit positive edge-
triggered storage register. D input informa-

LOGIC DIAGRAM

tion is transferred to storage during the Low -

to High transition of the clock puise. The
Master Reset (MR) input simultaneously
clears all flip-flops when low.

01 D2 D3 Dy Ds Dg Dy Dg
|@ | @ |m | ®) |m) ]ua) |(m (18
cp . . . . . . [
o] Q D Q D Q o] Q D Q! D Qi D Q D Q
>cp >cp b CP cp p-cp P> CcP t>CcP Pcp
(11) T
vr—o >0
[ [ [® [ (02 [i19) e (19)
Qay [P Q3 Q4 Qs Qg ay Qg

541.5273-N o 741.8273-N

PIN CONFIGURATION

N PACKAGE
™R E [20] Vee
a1 2] [15] a8
o1 2] 18] e
o2 [4] [17] o7
a2 [5] [16] o7
Q3 E E Qe
o3 [7] 73] pe
pa [2] [13] bs
as 2] 2] a5
GND |10 1] cp

DESCRIPTION

The 54/74LS377 is an Octal D Flip-Flop
used primarily as an 8-bit positive edge-
triggered storage register. D input informa-
tion is transferred to storage during the Low

LOGIC DIAGRAM

to High transition of the clock pulse. The
edge-triggered Clock Enable (CE) input
enables the clock when Low and holds data
when High.

D4 D, Dy Dg Dg Dg o7 Dg
@ (@ [ ® (13) (14) a7 (18)
oot o Jo fo  fw  w
I— o a o ah{HYo o b o D aq D q l D a o o
cp b cp cp cp b>cp b cp > cp b>cp
)
oE (11 ] T T T
3
l@ |(5) |(s) IE) |(12) jos) |(1s) (19)
Qq Q2 Qg Q4 Qs Qg Q7 Qg

s{fnntics

54L5273-N © 741.5273-N

PIN CONFIGURATION

N PACKAGE
e [ [20] v
a1 [2] [19] o6
o1 [3] 8] 08
02 [4] [17] o7
a2 5] [16] o7
a3 [€] [75] s
o3 [7] 73] e
pa [2] [13] ps
as [2] [12] o5
GND 10 1] cp

69




DESCRIPTION

The 82S100 (tri-state outputs) and the
825101 (open collector outputs) are Bipolar
Programmable Logic Arrays, containing 48
product terms (AND terms), and 8 sum
terms (OR terms). Each OR term controls an
output function which can be programmed
either true active-high (Fp), or true active-
low (F ). The true state of each output
function is activated by any logical combi-
nation of 16-input variables, or their com-
plements, up to 48 terms. Both devices are
field programmable, which means that
custom patterns are immediately available
by following the fusing procedure outlined
in this data sheet.

The 82S100 and 82S101 are fully TTL com-
patibie, and include chip-enable control for
expansion of input variables, and output
inhibit. They feature either open collector or
tri-state outputs for ease of expansion of
product terms and application in bus-
organized systems.

Both devices are available in commercial
and military temperature ranges. For the

APPLICATIONS

e CRT display systems
Random logic

Code conversion
Peripheral controllers
Function generators
Look-up and decision tables
Microprogramming
Address mapping
Character generators
Sequential controllers
Data security encoders
Fault detectors
Frequency synthesizers

TRUTH RATINGS

825100-1,N . 825101-1,N

PIN CONFIGURATION
I,N PACKAGE*

FEt K 28] Ve
1, |Z E Is
L[] 2] s
r. 1] a] v
anp [14] Ej [
* | = Ceramic
N = Plastic

1Open during normal operation

THERMAL TABLE

commercial temperature range (0°C to MODE | Pn |CE [sr 2 #(Pn)| Fp Fp COM-
+75°C) specify N825100/101,! or N, and for - TEMPERATURE MILI- MER-
the military temperature range (-55°C to Disabled ‘ TARY | CIAL
+125°C) specify $825100/101,1. (828101) L -

Disabled X1 X MTJ:\T::; 175°C | 150°C

FPLA EQUIVALENT LOGIC PATH | (s25100) Hi-ZHIZ it
1o Yes 1o ambient 125°C 75°C

0 1 Allowable thermal
Read rise ambient
Xio0 No 01 to junction 50°C |- 75°C
LOGIC DIAGRAM
16
INPUTS

LOGIC FUNCTION

Typical Product Term:
Po=lge lialaelselyy

Typical Output Functions:
Fo = (CE) + (Py + P, + P,) @ S = Closed
Fg = (CE) + (Poe Py* Py) @ S = Open

NOTE

For each of the 8 outputs, either the function Fp
(active-high) or Fﬁ (active low) is avaiiable, but not
both. The required function polarity is programmed
via link (S).

(POSITIVE "OR"” GATES)

SUM MATRIX I

r "\

é Vce

<

|‘|»—

)y

TC L y ﬁ r

» i

BaViRVARIDARINIDED

2 2 : AN

q ¢
_el Py b) ! AAA
~ 148 A A4
ag
_ _ _ PRODUCT
he hs Iy n N lo TERMS
Y or AR T T A T SV VRS »
o2 wv Par g ) SAAA
1S} 1S s s, 81 [so « < ’
L PRODUCT MATRIX
= - (POSITIVE "AND"” GATES)
[P S = 8 vee
_ OUTPUT
CE FUNCTIONS
F Fy Fo
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ABSOLUTE MAXIMUM RATINGS?

PARAMETER RATING UNIT
Min Max
Vce Supply voltage +7 Vdc
VIN Input voltage +5.5 Vdc
Vour Output voltage +5.5 Vdc
N Input currents -30 +30 mA
lout Output currents +100 mA
Temperature range °C
TA Operating
N82S100/101 0 +75
$82S5100/101 -55 +125
TsTG Storage -65 +150

DC ELECTRICAL CHARACTERISTICS

N82S100/101: 0° < Ta < +75°C, 4.75V < V¢c < 5.25V
$825100/101: -55°C < Ta < +125°C, 4.5V < Vce £ 5.5V

82S100-1,N e 825101-I,N

N825100/101 $825100/101
PARAMETER TEST CONDITIONS Min [ Typ | Max| Min| Typ| Max UNIT
Input voltage3 \
ViH High Veoe = Max 2 2
ViL Low Vee = Min 0.85 b 0.8
Vic Clamp3.4 Ve = Min, Iin =-18mA -0.8 | -1.2 -0.81 -12
Output voltage Vce = Min \
VoH High (825100)3.6 loL = 9.6mA 2.4 2.4
VoL Low38 loH = -2mA 0.35 | 0.45 0.35| 0.50
Input current whA
lin High VIN = 5.5V <1 25 <1 50
i Low Vin = 0.45V -10 [-100 -10 | -150
Output current Vce = Max
loLk Leakage? Vout = 5.5V 1 40 1 60 uA
lo(OFF) Hi-Z state (825100)7 Vourt = 5.5V 1 40 1 60 uA
Vout = 0.45V -1 -40 -1 | -60
los Short circuit (825100)4.8 Vout = 0V -20 -70 | -15 -85 | mA
Icc Vce supply current® Vce = Max 120 | 170 120 | 180 | mA
Capacitance’ Ve = 5.0V 8 8 pF
CiN Input ViN = 2.0V 17 17
Cout Output Vout = 2.0V
AC ELECTRICAL CHARACTERISTICS R1=4700, Rz = 1kQ, CL = 30pF
N82S100/101: 0°C < Ta < +75°C, 4.75V < Vcc < 5.25V
$825100/101: -55°C < Ta < +125°C, 4.5V < Vce = 5.5V
N82$100/101 $825100/101
PARAMETER TO M - |
. Min Typ2 | Max Min | Typ2 | Max UNIT
Access time ns
Tia Input Output Input 35 50 35 80
TcEe Chip enable Output Chip enable 15 30 15 40
Disable time ns
Teco Chip disable OQutput Chip enable 15 30 15 40
NOTES on following page.
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=BIPOLAR FIELD PROGRAMMABLE

=IDGIC ARRAY {16X48X8)

i

NOTES

1. Stresses above those listed under “Absolute Maximum Ratings" may cause permanentdamage to the
device. This is a stress rating only, and functional operation of the device of these or any other
condition above those indicated in the operation of the device spécitications is not implied.

. All typical values are at Vcc = 5V, Ta = 25°C.

. Test one at the time.

DA LN

sink current is applied thru a resistor to Vcc.
. Measured with: Vin applied to CE.
. Duration of short circuit should not exceed 1 second.

o~

. Measured with Vi applied to CE and a logic high stored.
. Measured with a programmed logic condition for which the output test is at a low logic level. Qutput

. All voltage values are with respect to network ground terminal.

9. Icc is measured with the chip enable input grounded, all other inputs at 4.5V and the outputs open.

TEST LOAD CIRCUIT

825100-1,N » 828101-I,N

VOLTAGE WAVEFORM

Vee
' BV
|
: T )
| ouTt |
| |
' - F, R, CL
115 Q-] I
_ - ==~ (INCLUDES
CE 0—p»{ GND = = SCOPE AND JIG
J_ CAPACITANCE)
TIMING DIAGRAM
READ CYCLE
+3.0V
INPUT x 1.8V
ov
_ —— «3.0V
ce 1.6V 1.8V
ov
Tce |<—Tco—>|
— VDH
Fo-Fy 1.6V 151)(
- = VoL
l—Ta

TIMING DEFINITIONS

Tce Delay between beginning of Chip
Enable low (with Address valid)
and when Data Output becomes
valid.

Delay between when Chip Enable
becomes high and Data Output is
in off state (Hi-Z or high).

Delay between beginning of valid
Input (with Chip Enable low) and
when Data Output becomes valid.

Tco

Ta

VIRGIN DEVICE

The 825100/101 are shipped in an unpro-

grammed state, characterized by:

1. All internal Ni-Cr links are intact.

2. Each product term (P-term) contains both
true and complement values of every
input variable Im (P-terms always logical-
ly “false”).
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3. The "OR" Matrix contains all 48-P-terms.

4. The polarity of each outputis set to active
high (Fp function).

5. All outputs are at a low logic level.

RECOMMENDED
PROGRAMMING PROCEDURE
To program each of 8 Boolean logic func-
tions of 16 true or complement variables,
including up to 48 P-terms, follow the Pro-
gram/Verify procedures for the “AND” ma-
trix, “OR” matrix, and output polarity out-
lined below. To maximize recovery from
programming errors, leave all links in un-
used device areas intact.

SET-UP
Terminate all device outputs with a 10K
resistor to +5V. Set GND (pin 14) to OV.

Sinotics

INPUT PULSES

Measurements: All circuit delays are measured at the
+1.5V level of inputs and outputs.

Output Polarity

PROGRAM ACTIVE LOW

(Fp FUNCTION)

Program output polarity before program-
ing “AND” matrix and “OR” matrix. Pro-
gram 1 output at the time. (S) links of unused
outputs are not required to be fused.

1. Set FE (pin 1) to VFEL.

2. Set Vce (pin 28) to VccL.

3. Set CE (pin 19), and lo through l15 to ViH.

4. Apply VopH to the appropriate output,
and remove after a period tp.

5. Repeat step 4 to program other outputs.

VERIFY OUTPUT POLARITY

1. Set FE (pin 1) to VreL; set Ve (pin 28) to
Vees. s

2. Enable the chip by setting CE (pin 19) to
ViL.

3. Address a non-existent P-term by apply-
ing ViH to all inputs Ig through I1s.

4. Verify output polarity by sensing the
logic state of outputs Fo through F7. All
outputs at a high logic level are pro-
grammed active low (Fp function), while
all outputs at a low logic level are pro-
grammed active high (Fp function).

5. Return Vcc to Veep or Veel.



“AND” Matrix

PROGRAM INPUT VARIABLE

Program one input at the time and one P-
term at the time. All input variable links of
unused P-terms are not required to be
fused. However, unused input variables
must be programmed as Don't Care for all
programmed P-terms.

1. Set FE (pin 1) to VreL, and Vcc (pin 28)
to Vcep.

2. Disable all device outputs by setting
CE (pin 19) to ViH.

3. Disable all input variables by applying
Vix to inputs Io through I4s.

4. Address the P-term to be programmed
(No. 0 through 47) by forcing the corre-
sponding binary code on outputs Fo
through Fs with Fg as LSB. Use stand-
ard TTL logic levels Vonr and VoLFr.

5a. If the P-term contains neither lg nor To
(input is @ Don't Care), fuse both'lg and
lo links by executing both steps 5b and
5c, before continuing with step 7,

5b. If the P-term contains lo, set to fuse the
lo link by lowering the input voltage at
lo from Vix to Vin. Execute step 6.

5¢. If the P-term contains To, set to fuse the
lo link by lowering the input voltage at
lo from Vix to VL. Execute step 6.

6a. Aftertpdelay, raise FE (pin 1) from VFEL
to VFEH.

6b. After tp delay, pulse the CE input from
Vin to Vix for a period tp.

6c. After tp delay, return FE input to VFgL.

7. Disable programmed input by return-
ing lp to Vix.

8. Repeat steps 5 through 7 for all other
input variables.

9. Repeat steps 4through 8 for all other P-
terms.

10. Remove Vix from all input variables.

VERIFY INPUT VARIABLE

1. Set FE (pin 1) to VreL; set Vcc (pin 28) to
Vcer. .

2. Enable F7 output by setting CE to Vix.

3. Disable all input variables by applying Vix
to inputs lo through I1s.

4. Address the P-term to be verified (No. 0
through 47) by forcing the corresponding
binary code on outputs Fo through Fs.

5. Interrogate input variable I as follows:
A. Lower the input voitage at lg from V|x
to ViH, and sense the logic state of
output F7.
B. Lower the input voltage at lp from Vi
to ViL, and sense the logic state output
F7.

The state of Igp contained in the P-term is
determined in accordance with the follow-
ing truth table:

INPUT VARIABLE STATE
I | F7 CONTAINED IN P-TERM
0|1 e

lo

110
0|0 o
1 1
0|1 Don’t Care
1 1
010 o), (To)
1 1o (lo), (Io

Note that 2 tests are required to uniquely
determine the state of the input variable
contained in the P-term.

6. Disable verified input by returning lo to
Vix.

7. Repeat steps 5 and 6 for all other input
variables.

8. Repeat steps 4 through 7 for all other P-
terms.

9. Remove Vix from all input variables.

“OR” MATRIX

PROGRAM PRODUCT TERM )
Program one output at the time for one P-
term at the time. All P links in the “OR”
matrix corresponding to unused outputs
‘and unused P-terms are not required to be
fused.

1. Set FE (pin 1) to VFEeL. -

2. Disable the chip by setting CE (pin 19)
to Vin.

3. After tp delay, set Vcc (pin 28) to Voes,
and inputs lg throvug(h 15 to VIH, VIL, or
Vix.

4. Address the P-term to be programmed
(No. 0 through 47) by applying the
corresponding binary code to input

Sifnotics

825100-1,N ¢ 825101-I,N

variables lp through 15, with lg as LSB.

5a. If the P-term is contained in output
function Fo (Fo= 1 or Fg=0), gotto step
6, (fusing cycle not required).

5b. If the P-term is not contained in output
function Fo (Fo=0 or Fo=1), setto fuse
the Pn link by forcing output Fo to
VorF.

6a. After tp delay, raise FE (pin 1) from
VFEL to VFEH. .

6b. After tp delay, pulse the CE input from
ViH to Vix for a period tp.

6c. After tp delay, return FE input to VFeL.

6d. After tp delay, remove Vopr from out-
put Fo.

7. Repeat steps 5 and 6 for all other out-
put functions.

8. Repeat steps 4 through 7 for all other
P-terms.

9. Remove Vccs from Vcce.

VERIFY PRODUCT TERM

1. Set FE (pin 1) to VFEL. .

2. Disable the chip by setting CE (pin 19) to
VIH.

3. After tp delay, set Vcc (pin 28) to Vces,
and inputs lothrough 15to Vi, ViL, or Vix.

4. Address the P-term to be verified (No. 0
through 47) by applying the correspond-
ing binary code to input variables lo
through Is.

5. After tp delay, enable the chip by setting
CE (pin 19) to ViL.

6. To determine the status of the Pn link in
the “OR" matrix for each output function
Fp or Fp, sense the state of outputs Fo
through F7. The status of the link is given
by the following truth table:

OUTPUT
Active High| Active Low| P-TERM LINK
(Fp) (Fp)
1 Fused
1 0 Present

7. Repeat steps 4 through 6 for all other P-
terms.
8. Remove Vccs from Vcc.
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825100-1,N ¢ 828101-L,N

OUTPUT POLARITY PROGRAM-VERIFY SEQUENCE (TYPICAL)

OFH-9'O-/ -
OUTPUT Fa TR
VOLTAGE 10% F?, (54
VopL.—°- o — e | P2 i
vccs=f0 {0l ol
[veriFy '__I
Vee yee, A k____
—f tDfe— ——I'DI-— —-—ItD
Viy m LI__ —— v
= ViL—
CE —{tp| —_t |.._ — :,_-,I,,_
TeR Tps o

{(PROGRAM) (PAUSE)

“AND” MATRIX PROGRAM-VERIFY SEQUENCE (TYPICAL)

Vee=Vecer
A7 _—————— e E 8 e I
Fos PN Pt
voprtrioio .~~~ ———_—— :_-_
v —— — —— —— ——
VO I L I B B .'
lo VILZ/H -‘u e ————— - | T,
Vot |1 e
F v __LI LI_
(VERIFY OUTPUT) tpr Ot Tps
0" (PROGRAM) PAUSE)

V B H—| — g -
[~ 90% T (VERIFY)

FUSE 10% je——Thg |.—>

ENABLE VFE( e e e e =

—1 ID|4—-

cE Vix—

o e — T
Vi —ltof l'ol— ———— o it e

“OR” MATRIX PROGRAM-VERIFY SEQUENCE (TYPICAL)

Vees [ - ——
Vee Veer
Vin - — -
! v PN I Pre
iw - ———
N u|-— (P, NOT IN Fp/Fpj
V OPF e e e = T e m—————— - r-—--
Fos Vou —r ————— -
voL 1P wd
T T
o PR PS
Veen— | J(PROGRAM (PAUSE) -
FUSE | 90%
ENABLE T
v 10% R
FEL mmmm—d L e ——
—ltpt— (VERIFY)
v
Ix—+ "‘Di'E i I. -

CE '] VISSRN—— N Ry TN EELURE S s T et
c —“(Dl“l"D LV l—r
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825100 (1.5)/

PROGRAMMING SYSTEM SPECIFICATIONS ' '(Th = +25°C)

825100-1,N ¢ 825101-1,N

LIMITS
PARAMETER
» TEST CONDITIONS Min Typ Max UNIT
Vces Vce supply (program/verify Iccs = 550mA, min, 8.5 8.75 9.0 v
: “OR”, verify output polarity)2 Transient or steady state
VeoL Vcc supply (program output polarity) 0 0.4 0.8 Vv
Iccs Icc limit (program “OR") Vces = +8.75 £ .25V 550 1,000 mA
Output voltage . v
VopH Program output polarity3 lopH = 300 + 25mA 16.0 17.0 18.0
VorL Idle 0 0.4 0.8
lopH Output current limit (Program output VopH = +17 £ 1V 275 300 325 mA
poiarity) .
Input voltage "
VIH High 2.4 5.5
ViL Low 0 0.4 0.8
Input current HA
liH High Vin = +5.5V 50
e Low ViL =0V -500
Forced output voltage \%
VOHF High 2.4 55
VoLF Low 0 0.4 0.8
Output current
loHF High VOHF = +5.5V 100 A
loLr Low _ VoLF = 0V -1 mA
Vix CE program enable level 9.5 10 10.5 \Y
lix1 Input variables current Vix = +10V 2.5 mA
lix2 CE input current Vix = +10V 5.0 mA
VEEH FE supply (program)3 IreH = 300 = 25mA, 16.0 17.0 18.0 \
Transient or steady state
VFEL FE supply (idle) IFEL = ~1MA, max 1.25 15 1.75 v
IFEH FE supply current limit VFEH =+17 £ 1V 275 300 325 mA
Vcep Vce supply (program/verify “AND”) lcep = 550mA, min, 475 5.0 5.25 v
Transient or steady state
lccp Icc limit (program “AND”) Vcep = +5.0 = .25V 550 1,000 mA
Vorr Forced output (program) 9.5 10 10.5 v
lopF Output current (program) 10 mA
Tr Output pulse rise time 10 50 us
tp CE programming pulse width 03 0.4 0.5 ms5
to Pulse sequence delay 10 us
TPR Programming time 0.6 ms
TPR
————— Programming duty cycle 50 %
Tem + Trs g g Yy Cy
FL Fusing attempts per link 2 cycle
Vs Verify threshold4 1.4 15 1.6 \
NOTES
1. These are specifications which a Programming System must satisy in order to be qualified by
Signetics. .
2. Bypass Vcc to GND with a 0.01,f capacitor to reduce voltage spikes.
3. Care should be taken to ensure that the voltage is maintained during the entire fusing cycle. The
recommended supply is a constant current source clamped at the specified voltage limit.
4. Vsisthe sensing threshold of the FPLA output voltage for a programmed link. It normally constitutes
the reference voltage applied to a comparator circuit to verify a successful fusing attempt.
5. These are new limits resulting from device improvements, and which supersede, butdo not obsolete
the performance requirements of previously manufactured programming equipment.
75
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16X48X8 FPLA PROGRAM TABLE

82S100-1,N * 825101-,N

THIS PORTION TO BE COMPLETED BY SIGNETICS

CUSTOMER SYMBOLIZED PART #

PROGRAM TABLE ENTRIES

INPUT VARIABLE

OUTPUT FUNCTION

QUTPUT ACTIVE LEVEL

P-terms.

Enter (—) for unused inputs of used

1. Entries independent of output poiarity.
2. Enter (A) for unused outputs of used P-terms.

im ™ Don't Care Prod. Term Prod. Term Not Acltive Active

Present in Fp Present in Fp High Low
H L — (dash) A ® (period) " H L
NOTE NOTES NOTES

1. Polarity programmed once only.
2. Enter (H) for all unused outputs.

PRODUCT TERM*

[ 1|1
1] o0

_INPUT VARIABLE*

ACTIVE LEVEL*
T T T T T

o i

OuUTPUT FUNC'I_'ION f

Lo 1

7!6|5]4]3]2|1]0

o
w
=
w
- o £
X w Z
$3¢8
% o=
w < QO
o g o
w

-

o

g
ata:&
w *
wGoOw,

T 2ol ok

Zoo02 g3

hwaes s

s <2zx

S35zt

O E Z - O >

535 90 o & W

O a w k- o @

.;7’
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« Inputand Output fields of unused P-terms can be left blank. Unused inputs and outputs are FPLA terminals left floating.
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=tOGIC ARRAY (16X48X8)

825100-,N * 82S101-I,N

PUNCHED CARD CODING
FORMAT

The FPLA Program Table can be supplied
directly to Signetics in punched card form,

using standard 80-column IBM cards. For
each FPLA Program Table, the customer
should prepare in input card deck in ac-
cordance with the following format. Product
Term cards 3 through 50 can be in any

order. Not all 48 Product Terms need to be
present. Unused Product Terms require no
entry cards, and will be skipped during the
actual programming sequence:

CARD NO.1—Free format within designated fields.

N
w
w
w
B
S
=
@
o
@
o
o
o
)
o

T 1)1]2)2zy2(2)2|2)2 212|3|3[3|3 3|3 3 4 4 4l|4l|4l4(4|5|5 5 5 6 656’;
112[3{a|{5|6(7|8|9|0f1|2[3|4|6(6(|7|8|9|0|1|2|3{4|5|6|7|8[9|0[1]2]|3|4|5|6|7]|8]9|0|1]|2]|3 7

=
@
>
3
©
©
°©
~
w
=
o
)
3
)
©
)
~ o
® o
© o |
o
=
T~

SIGNETICS
DEVICE NO.

CUSTOMER NAME PROGRAM TABLE NO. REVISION DATE
(1 ALPHA CHAR))

SYMBOLIZED PART NO.

CARD NO. 2—

>
~
N
N
~
~
~
~
~
N
N
w
w
w
w
w
)
W
w
w
w
S
&
»
»
=
LR
S
S &
@
S
o
i
L
-
2
o
o
o
o
o
L
D
D
>
@
o
&
L
=2
o
N
~
~N
3
~
~
~
N
N
~
©

Fs Fo

OUTPUT ACTIVE LEVEL (8) TOTAL PRODUCT TERMS USED (2 DECIMAL DIGITS) COMMENTS (FREE FORMAT)

CARD NO. 3 through NO. 50

111111111122222222223333333333444444444455555555556666666;‘6577777777775

112[3|4[5|6{7|8|9|0|1|2f314|56(6|7(8|9|0|1|2(3[4]5|6|7{8|9|0[1]|2|3]|4a[s|6[{7|8[9]|0|1{2]|3[4|5|6]7|8|9|0[1|2|3]4]|5|6]|7|8|9|0|1]|2]|3]|a|5|6|7{8|9|0|1]|2|3|4|5[6]7|8]{9]0
hs fo Fy Fy
INPUT VARIABLE {16} OUTPUT FUNCTION (8) COMMENTS (FREE FORMAT)

PRODUCT TERM NO. (00 THROUGH 47)
CARD NO. 51

i1 1[1]2[2]| 2|2|2|2|2[2|2|2(3|3|3|3[3|3|3|3]|3]|3|4}a]a|a|4|a|4a|a|a|4a{5]|5|5|5|5|5|5|5|5[5|6|6|6|6|6{6|6|6|6|6]|7|7|7(7]7|7|7]7|7|7]e
1]2|3[4i5[6|718[9]0|1|2|3|4(5|6(7|8{9;0(1|2|3|4[5[6[7(8|a|0|1]|2[3|4|5|6|7|8}9|0}1]|2{3|4|5|6]|7[89]0{1]|2|3|a[si6|7|8]{9|0|1]{2]3|a]5|6|7|8]9|o[1|2|3{4|s]|6]|7|8]|9|0

EIT[X I I

COMMENTS (FREE FORMAT)

Output Active Level entries are determined
in accordance with the following table:

Input Variable entries are determined in
accordance with the following table:

Output Function entries are determined in
accordance with the following table:

OUTPUT ACTIVE LEVEL INPUT VARIABLE OUTPUT FUNCTION
. — ) Product term Product term not
Active high Ac“vl_e low l,T Ian D_orz(;acs?? present in Fp present in Fp
H A  (period)
NOTES NOTE

NOTES

1. Polarity programmed once only.
2. Enter (H) for all unused outputs.

Enter (—) foriunused inputs of used P-terms. 1. Entries independent of output polarity.

2. Enter (A) for unused outputs of used P-terms.
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TWX TAPE CODING FORMAT

The FPLA Program Table can be sent to
Signetics in ASCII code format via airmail
using any type of 8-level tape (paper, mylar,
fanfolid, etc.), or via TWX: just dial (910) 339-

9283, tell the operator to turn the paper
puncher on, and acknowledge. At the end of
transmission instruct the operator to send
tape to Signetics Order Entry.

A number of Program Tables can be se-

" e T ! T
24 x 5 suB
IILEADER | & : MAIN | cm :
i cm VB lHEAD'NG} MIN. | )
;e

HEADING | RUBOUTS

25 suB

PROGRAM TABLE

T
|
| MIN. ‘l DATA (1) MIN. (N)

N
| {C/R) ' HEADING
! |

825100-1,N  82S101-I,N

quentially assembled on a continuous tape
as follows, however limit tape lengthtoaroll
of 1.75 inch inside diameter, and 4.25 inch
outside diameter:

i A N v

| qusouts | PrOGRAM TABLE L ' rpaer(

min. | DATAMD 15 em) Iy

—_— e =ALN

A. The MAIN HEADING at the beginning of tape includes the following information, with each entry preceded by a ($) character,

whether used or not:

1. Customer Name

2. Customer TWX No.

3. Date

4. Purchase Order No.

5. Number of Program Tables
6. Total Number of Parts

B. Each SUB HEADING should contain specific information pertinent to each Program Table as follows, with each entry
preceded by a ($) character, whether used or not:

1. Signetics Device No.

4. Date

2. Program Table No.

3. Revision

8. Number of Parts

5. Customer Symbolized Part No.

C.Program Table data blocks are initiated with an STX character, and terminated with an ETX character. The body of the data
consists of Output Active Level, Product Term, and Output Function information separated by appropriate identifiers in

accordance with the following format:

START OF DATA TEXT
(CONTROL A or B)
START OF DATA
FIELD
ACTIVE LEVEL
IDENTIFIER
ACTIVE LEVEL DATA
(8 DIGITS. H/L)

|||

START OF DATA FIELD
PRODUCT TERM IDENTIFIER
1 SPACE (MANDATORY)

PRODUCT TERM NUMBER
(2 DECIMAL DIGITS)
START OF DATA FIELD
INPUT VARIABLE IDENTIFIER

INPUT VARIABLE DATA

(16 DIGITS, H/L/-) |

START OF DATA FIELD

END OF DATA TEXT
(CONTROL C)

OUTPUT FUNCTION IDENTIFIER

OUTPUT FUNCTION DATA
(8 DIGITS. A/e)

INPUT AND OUTPUT DATA FOR
ALL PRODUCT TERMS USED

STX * A FFeFsFaFaFoF Fo* P00 * | byshighialialialiololslzlelslalslalilo® F F7FeFsFaFaFaF Fo” P

l r

Entries for the 3 Data Fields are determined in accordance with the following Table:

INPUT VARIABLE

OUTPUT FUNCTION

OUTPUT ACTIVE LEVEL

T . Product term Product term not
! Don’t care . " i
'ﬂ r — (dash) present in Fp present in Fp Acllv; high Actlv: low
) A « (period)
NOTE NOTES NOTES

Enter (—) for unusedinputs of used P-terms.

1. Entries independent of output polarity.
2. Enter (A) for unused outputs of used P-terms.

1. Polarity programmed once only.
2. Enter (H) for all unused outputs.

Although the Product Term data are shown entered in sequence, this is not necessary. It is possible to input only one Product
Term, if desired. Unused Product Terms require no entry. ETX signalling end of Program Table may occur with less than the
maximum number of Product Terms entered.

NOTES

1. Corrections to any entry can be made by backspace and rubout. However, limit consecutive rubouts
to less than 25.

2. P-Terms can be re-entered any number of times, The last entry for a particutar P-Term will be
interpreted as valid data.

3. Any P-Term can be deleted entirely by inserting the character (E) immediately following the P-Term
number to be deleted, i.e., *P 25E deletes P-Term 25.

4. To facilitate an orderly Teletype print out, carriage returns, line feeds, spaces, rubouts etc. may be
interspersed between data groups, but only preceding an asterisk (*).

5. Comments are allowed between data fields, provided that an asterisk (*) is notused in any Heading or
Comment entry.
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825100-1,N o 828101-I,N

TYPICAL APPLICATIONS
SUBROUTINE ADDRESS MAP

MAIN MEMORY |—>[o l 4 I_ —R_ _|15I

16 BIT INSTRUCTION

Y

ADDRESS MAP (FPLA) 1

—————»0O

El ﬂ

T
(4)
ROM AR
of1|—————— 8
MICROPROGRAM
ROM

Q
@ [ ..
STATUS — S’z
(FPLA) 2 T
@) BRANCH LOGIC |
JUMP CONDIT. _ |
—_—————
SUB 48

—qJa
3
I

CONTROL FIELD

SEQUENTIAL CONTROLLER

PARITY
CLOCK
DATA 12 ITY
02 PAR PAR CHECK & RESET
GENERATOR > LATCH ———
ERROR
————
4
Q
(1g‘> CcE @ [
FPLA
@ @)
OUTPUT

(4) >

]

CLOCK ——f
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—LOGIC ARRAY (16X48X8)

825200 (1.5.)/825201

L)

DESCRIPTION

The 825200 (tri-state outputs) and the
825201 (open collector outputs) are Bipolar
Programmable Logic Arrays, containing 48
product terms (AND terms), and 8 sum terms
(OR tems). Each OR term controls an output
function which can be programmed either
true active-high (Fp), or true active-low (Fp*).
The true state of each output function is
activated by any iogical combination of 16-
input variables, or their complements, up to
48 terms. Both devices are mask program-
mable by supplying to Signetics Program
Table data in one of the formats specified in
this data sheet.

The 825200 and 825201 are fully TTL com-
patible, and include chip enable control for
expansion of input variables, and output
inhibit. They feature either open collector or
tri-state outputs for ease of expansion of
product terms and application in bus-
organized systems.

Both devices are available in commercial
and military temperature ranges. For the
commercial temperature range (0°C to
+75°C) specify N825200/201, t or N, and for
the military temperature range (-55°C to
+125°C) specify $S825200/201, 1.

PLA EQUIVALENT LOGIC PATH

LOGIC FUNCTION

Typical Product Term:
Po=lge [ye e l50 1

Typical Output Functions:
Fo = (CE) + (Pg + Py + Py) @ S = Closed
Fg = (CE) + {Pye Pye P;) @ S = Open

NOTE

For each of the 8 outputs, either the function Fp
(active-high) or Fp (active low) is available, but not
both. The required function polarity is programmed
via link (S)

APPLICATIONS*

* CRT display systems
¢ Random logic

¢ Code conversion

¢ Peripheral controllers

¢ Function generators

¢ Look-up and decision tables
* Microprogramming

® Address mapping

¢ Character generators

* Sequential controllers

¢ Data security encoders

* Fault detectors

¢ Frequency synthesizers

“For diagrams of Typical Applications reference 825100

(T.5.)/825101 (O.C.) Data Sheet,

TRUTH TABLE

825200-1,N & 825201-I,N

PIN CONFIGURATION

“I,N PACKAGE*
net [ B
v (2] [27] 1,
1 [4] 75] 1o
Iy E Zi] bz
1o [9] [20] 1.s
F, [ig] [19] c&
% [7] 18] Fo
ano [14] E] Fy
‘I = Ceramic
N = Plastic
1Open during normal operation

THERMAL RATINGS

MODE | Pn|CE |sr?t(Pn)| Fp| Fp com-
: TEMPERATURE MiLi- MER-
Disabled TARY | CIAL
(825201) 111
X 1 X .
Disabled L Maximum
(825200) Hi-z|Hi-Z junction 175°C [ 150°C
- Maximum
110 Yes 1 ambient 125°C | 75°C
010 0]1 Aliowable thermal
Read : )
X 0 No ol rise amb‘lent
to junction 50°C 75°C
LOGIC DIAGRAM
16
INPUTS
SUM MATRIX ls o « o o o ol lo
(POSITIVE "OR” GATES) ? ?
S B I B TV
1 e ] q 0-,('1 4*?*»{('1 0{(?
w 3 Py b AAAA
(49 (]
L L L 9 <
1
M—ez AVARMVAL ; i 2 (B i -] e
PR(;SUCT
J hs lis Iy ,J Iy Iy ly TERMS
[a9] ~ ~ [aYAY] N 2 5 ~ L N L (%]
N\~ v N "FI W la' v
L L :f<1 ird!
52 Py bpY AAA4
18) 18, S s, 8) |[se N << s
PRODUCT MATRIX
= = _rj-" (POSITIVE "AND"” GATES) P
ouTPUT
CE FUNCTIONS
4
F [ Fo
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ABSOLUTE MAXIMUM RATINGS'

RATING
PARAMETER UNIT
Vee Supply voltage +7 Vdc
VIN Input voltage +5.5 Vdc
Vout Output voltage +5.5 Vdc
IiN Input currents -30 +30 mA
lout Output currents +100 mA
Temperature range °C
Ta Operating
N825200/201 0 +75
$825200/201 -55 +125
TsTa Storage -65 +150

DC ELECTRICAL CHARACTERISTICS N825200/201: 0° < Ta < 475°C, 4.75V < V¢g < 5.25V
5828200/201: -55°C < Ta < +125°C, 4.5V < Ve < 5.5V

825200-I,N e 825201-I,N

N82S5200/201 $§825200/201
PARAMETER TEST CONDITIONS UNIT
Min | Typ 2| Max | Min | Typ 2| Max
Input voltage3 3
ViH High Vce = Max 2 2
ViL Low Vee = Min 0.85 0.8
Vic Clamp3.4 Vce = Min, iy 7 -18mA -0.8 | -1.2 -0.8 | -1.2
Output voltage Vee = Min \
Vou High (828200)3,5 loH = -2mA 24 24
VoL Low36 loL = 9.6mA 0.35 | 0.45 0.35 | 0.50
Input current uA
v High ViN = 5.5V <1 25 <1 50
e Low VIN = 0.45V -10 | -100 -10 | -150
Output current Vce = Max
loLk Leakage? VouTt = 5.5V 1 40 1 60 | uwA
lo(OFF) Hi-Z state (825200)7 Vout = 5.5V 1 40 1 60 | uA
Vout = 0.45V -1 -40 -1 -60
los Short circuit (825200)4.8 Vout = 0V -20 -70 | -15 -85 | mA
Icc Vce supply current8 Vce Max 120 | 170 120 | 180 mA
Capacitance? Vece = 5.0V pF
CIN Input VIN = 2.0V 8 8
CouTt Output Vour = 2.0V 17 17
Sinotics 81




AC ELECTRICAL CHARACTERISTICS R1 =470, Rz = 1k}, CL = 30pF

825200-1,N ¢ 825201-1,N

N825200/201: 0°C < Ta < +75°C, 4.75V < Vce < 5.25V
8825200/201: -55°C < Ta < +125°C, 4.5V < Vcc < 5.5V

N825200/201 $825200/201
NIT
PARAMETER TO FROM Min | Typ? | Max | Min | Typ? | Max | ©

Access time ns
Tia Input Output Input 35 50 35 80
Tce Chip enable Output Chip enable 15 30 15 50

Disable time ns
Tco Chip disable Qutput Chip enable 15 30 15 50

NOTES

1. Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the
device. This is a stress rating only, and functional operation of the device of these or any other
condition above those indicated in the operation of the device specifications is not implied.

2. All typical values are at Vcc = 5V, Ta = 25°C.

3. All voltage values are with respect to network ground terminal.

4. Test one at the time.

5. Measured with Vi_ applied to CE and a logic high stored.

6. Measured with a programmed logic condition for which the output test is at a low logic level. Output
sink current is applied thru a resistor to Vcc.

7. Measured with: Vi applied to CE.

8, Duration of short circuit should not exceed 1 second

9. lIcc is measured with the chip enable input grounded, all other inputs at 4.5V and the outputs open

TEST LOAD CIRCUIT

VOLTAGE WAVEFORM

Vee INPUT PULSES
1o O—3o| 5V
|
| - R,
| | °
| puT |
| |
| —»F, Ry c,
15 O—p-| I
CE 0—»] = = ‘s"égfféoffo JIG
(j‘f CAPACITANCE)
* Measurements: All circuit delays are measured at
.the +1.5V level of inputs and_outputs.
TIMING DIAGRAM
READ CYCLE i
weor o oy TIMING DEFINITIONS
' ov Tce Delay between beginning of Chip
Enable low (with Address valid)
— 3.0V and when Data Output becomes
CE 1.5V 1.5V valid.
ov Tco Delay between when Chip Enable
Tce i“‘TCD“’i v becomes high and Data Output is
e v o o in off state (Hi-Z or high).
o ‘ ’ v Tia Delay between beginning of valid
T - Input (with Chip Enable low) and
when Data Output becomes valid.
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16X48X8 PLA PROGRAM TABLE

825200-1,N ¢ 825201-1,N

*Input and Output fields of unused P-terms can be left blank. Unused inputs and outputs are PLA terminals left floating.

PROGRAM TABLE ENTRIES
INPUT VARIABLE OUTPUT FUNCTION OUTPUT ACTIVE LEVEL
'm im Don't Ca Prod. Term Prod. Term Not Active Active
" re Present in Fp Present in Fp High Low
2 H L —(dash) A * (period) H L
E NOTE NOTES NOTES
(_9 Enter (—) for unused inputs of used 1. Entries independent of output polarity. - 1. Polarity programmed once only.
w P-terms. 2. Enter (A) for unused outputs of used P-terms. 2. Enter (H) for all unused outputs
>
: PRODUCT TERM* ACTIVE LEVEL"
> T T T T T T T
l’f_l _ _ __ _INPUT VARIABLE I I T U
w NOJ 1|11 1]1]1 OUTPUT FUNCTION*
o —_—— —— — —_— —_ - T - — —
H 5l413(2]11]0({9|8]7|6|514]3|2|1]0 615|413/ 2|1]0
o HREE
o ‘
w
[*3) £
}_-
° g
Z a
Q a
- w
o N
o] -
o @]
[, m
I = 0
S
b w
ook
X s w Z
> o o w
= =
X = w
w2
w D « O
O o0 a O
(2]
=
o
<
w w0
ul I+
g E00 u,
S Ea 0@k
Zoonoa0 g
IS s + 0O
S < = Z <
O Xl &
O 7 < [0}
250805 2%
oOad»F acx
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825200 (1.5.)/825201 (0.L.]

PUNCHED CARD CODING
FORMAT

The PLA Program Table can be supplied
directly to Signetics in punched card form,

using standard 80-column IBM cards. For

each PLA Program Table, the customer
should prepare an input card deck in ac-

CARD NO.1—Free format within designated fields.

cordance with the following format. Product
Term cards 3 through 50 can be in any

825200-1,N e 825201-I,N

order. Not all 48 Product Terms need to be
present. Unused Product Terms require no
entry cards, and will be skipped during the
actual programming sequence:

1)) 1)1]2]2]| 2)2|2|2|2]|2| 2] 2|3{3|3]|3|3|3|3|3|3|3{4|a}a[a|a]|a|a]a]|a|4a|5|5|5]|5(5|5|5{5|5|6|6]|6|6|6|6|6{6|6|6[6(717|7|7(7|7(7(7(717]|8
1 3la{si{e|7!8lolc|1]|2|3|a|5|6|7|8|9|0]|1]2|3|a|5|6|7|8]|a]o]|1]|2|3|a|5|6|7|8|a|0|1]|2]|3|a|5]6|7|8|9|0|1|2[3]|a|5|6|7|8|9|0|1|2}3]|4]5|6|7|8|2f0]1|2[3|4|5|6|7|8|9|O
c RIEV
SIGNETICS CUSTOMER NAME PROGRAM TABLE NO REVISION DATE
DEVICE NO {1 ALPHA CHAR.}
SYMBOLIZED PART NO

~
~
~
~
~
~
~
~
~
~

o
o
o

o
o)
o
a
o

F, F,

QUTPUT ACTIVE LEVEL (8}

TOTAL PRODUCT (ERMS USED (2 DECIMAL DIGITS)

COMMENTS (FREE FORMAT)

CARD NO. 3 through

1|1 a|1 ||| 1|1 2]|2| 2{2]2|2]|2]2|2{2|3|3|3|3]|3{3|3]|3[3]3|a|a|a|a[a]a|als]|a|a|5|5|5[5|5|5|56[5|6|5|6|6|6|6|6[6|6|6(6/6]|7|7|7|7)7|7(7|7(7]|7(8
12| 3la|s|6|7|8|9|0]1]|2|3]a|5|6]|7|8|9]0[1|2]3]|a|5|6|7|8|o|o|1]|2|3]a|5|6|7|8|9|0f1{2]|3]|4|5|6|7|8|9|0|1[2|3|4|6(6]|7|8]3|0[1]2][3]|4|5|6|7]|8{9|0|1]{2[3]|4|5]|6|7]8|9{0
[ lo| IFy Fy
INPUT VARIABLE (16} QUTPUT FUNCTION (8] COMMENTS (FREE FORMAT)
PRODUCT TERM NO_ (00 THROUGH 47)
bl )11} 1]2|2| 22| 22| 2{2f 2| 2|3|3|3|3|3{3|3|3|3|3|a|4}aja|ala]a|a|ala|s|5|5|5|5[5{5|5|5{c|6[6|6|6|6]6(616|6(6)7(7|7|7(7)7(7|717|7}8
1|2|3|a]|s|6[7|8[o)0}1]|2]|3|a|5|6|7]8|o[0|1]2|3|a|5|6|7|8|oj0[1]2|3|4|s|6|7]|8|9]0|1|2|3]a|5|6|7[B|9|0[1]2|3|4[5|6|7|8]9|0|1]2]|3]{4|s|6|7|8|9|0[1]2]3]|4|5]6|7|8)9|0

COMMENTS (FREE FORMAT)

Output Active Level entries are determined
in accordance with the following table:

Input Variable entries are determined in
accordance with the following table:

Output Function entries are determined in
accordance with the following table:

OUTPUT ACTIVE LEVEL INPUT VARIABLE OUTPUT FUNCTION
. . — ' Product term Product term not
Achv: high Activ: low Ilr_|n |r|11 D—or(|c§acsahr)e present in Fp present in Fp
A * (period)
NOTES NOTE

1.

Polarity programmed once only

Enter () for unused inputs of used P-terms

2. Enter (H) for all unused outputs.
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1. Entries independent of output polarity.
2. Enter (A) for unused outputs of used P-terms.




TWX TAPE CODING FORMAT

The PLA Program Table can be sent to
Signetics in ASCII code format via airmail
using any type of 8-level tape (paper, mylar,
fanfold, etc.), or via TWX: just dial (910) 339~

9283, tell the operator to turn the paper
puncher on, and acknowledge. At the end of
transmission instruct the operator to send
tape to Signetics Order Entry.

A number of Program Tables can be se-

825200-1,N ¢ 825201-I,N

quentially assembled on a continuous tape
as follows, however limit tape length toaroll
of 1.75 inch inside diameter, and 4.25 inch
outside diameter:

T T T —_ T\ - T -
T - ™ : | 25 | suB " 25 _{ : l;-{_ 120 |/
| LEADER ! E | cmy | HEADING | RUBOUTS PROGRAM TABLE | (c/R) | HEADING | RUBOUTS PROGRAM TABLE ! ITRAILER(
| cmy |5 | HEADING| ) min, | DATA() | MIN. b mN ! DATA(NY | 51 /Ry I\
L= 1 | | 1 H L =

A. The MAIN HEADING at the beginning of tape includes the following information, with each entry preceded by a ($) character,
whether used or not:
1. Customer Name
2. Customer TWX No.
3. Date

4. Purchase Order No.

5. Number of Program Tables

6. Total Number of Parts

B. Each SUB HEADING should contain specific information pertinent to each Program Table as follows, with each entry
preceded by a ($) character, whether used or not:

1. Signetics Device No. 4. Date

2. Program Table No.

5. Customér Symbolized Part No. —

3. Revision 6. Number of Parts

C.Program Table data blocks are initiated with an STX character, and terminated With an ETX character. The body of the data
consists of Output Active Level, Product Term, and Output Function information separated by appropriate identifiers in
accordance with the following format:

START OF DATA TEXT
(CONTROL A or B)
START OF DATA

START OF DATA FIELD
PRODUCT TERM IDENTIFIER

1 SPACE (MANDATORY) END OF DATA TEXT

FIELD PRODUCT TERM NUMBER START OF DATA FIELD
ACTIVE LEVEL (2 DECIMAL DIGITS) (CONTROL ©)
IDENTIFIER START OF DATA FIELD OUTPUT FUNCTION IDENTIFIER
ACTIVE LEVEL DATA INPUT VARIABLE IDENTIFIER OUTPUT FUNCTION DATA INPUT AND OUTPUT DATA FOR
(8 DIGITS, H/L) INPUT VARIABLE DATA (8 DIGITS, A/s) ALL PRODUCT TERMS USED
(16 DIGITS, H/L/-) X L
1 r P —— — ——

STX™* A F7F5F5F4F3F2F1Fo P 00" I I15I14I13I12I11I10I9I9I7ISI5I4I3I2I1I0* F FiFgFsF4FaFF Fo* P

Entries for the 3 Data Fields are determined in accordance with the following Table:

INPUT VARIABLE OUTPUT FUNCTION OUTPUT ACTIVE LEVEL

T ) Product term Product term not
Im Im Don't care . . Active high Active low
— (dash) present in Fp present in Fp
H L (das . H L
A s (period)
NOTE NOTES NOTES
Enter (—) for unused inputs of used P-terms. 1. Entries independent of output polarity. 1. Polarity programmed once only.

2. Enter (A) for unused outputs of used P-terms. 2. Enter (H) for all unused outputs.

Although the Product Term data are shown entered in sequence, this is not necessary. It is possible to input only one Product

Term, if desired. Unused Product Terms require no entry. ETX signalling end of Program Table may occur with less than the
maximum number of Product Terms entered.

NOTES

1. Corrections to any entry can be made by backspace and rubout. However, limit consecutive rubouts
to less than 25.

2. P-Terms can be re-entered any number of times. The last entry for a particutar P-Term wilt be
interpreted as valid data.

3. Any P-Term can be deleted entirely by inserting the character (E) immediately followingthe P-Term
number to be deleted, i.e., *P 25E deletes P-Term 25.

4. To facilitate an orderly Teletype print out, carriage returns, line feeds, spaces, rubouts etc. may be
interspersed between data groups, but only preceding an asterisk (*).

5. Comments are allowed between data fields, provided that an asterisk (*) is notused in any Heading or
Comment entry.
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DESCRIPTION

The 825102 and 825103 are Bipolar pro-
grammable AND/NAND gate arrays, con-
taining 9 gates sharing 16 common inputs.
On-chip input buffers enable the user to
individually program for each gate either
the True (Im), Complement (im), or Don't
Care (X) logic state of each input. In addi-
tion, the polarity of each gate output is
individually programmable to implement
either AND or NAND logic functions.

Alternately, if desired, OR/NOR logic func-
tions can also be realized by programming
for each gate the complement of its input
variables, and output (DeMorgan thieorem).

Both devices are field-programmable,
which means that custom patterns are
immediately available by following the fus-
ing procedure outlined in this data sheet.

The 82S102 and 825103 include chip-
enable control for output strobing and in-
hibit. They feature either open collector or
tri-state outputs for ease of expansion of
input variables and application in bus-
organized systems.

Both devices are available in the commer-
cial and military temperature ranges. For
the commercial range (0° C to +75° C) speci-
fy N82S102/103, | or N, and for the military
range (-55°C to +125°C) specify
$82S102/103, k.

86
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825102-1,N o 825103-I,N

FEATURES PIN CONFIGURATION
¢ Fleld programmable (Ni-Cr link) ILN PACKAGE®*
¢ 16 Input varlables : ;
* 9 output functions WO 28] vee
e Chip enable Input
¢ 1/0 propagation delay: e ]
N825102/103: 30ns max Qe 26]
$825102/103: 50ns max 1, [4] [25] totia)
e Power dissipation: 600mW typ L [E] [24] 1 1)
¢ Input loading: 3]
N825102/103: -100uA max g 2 el
$825102/103: -150.A max w7 [22] 1 1)
e Output options: w[s Ee
82S102: Open collector
825103: Tri-state o 0] 1 e
e OQutput disable function: r. [io] 19} c2
825102: Hi F, 1] 18] F,
825103: HI-Z v [i2] 7] r,
¢ Fully TTL compatible . G el v,
APPLICATIONS 6no [14] [75] F.
Random logic +} = Coramic
Address decoders N = Plastic
Code detectors

Peripheral selectors
Fauit monitors
Machine state decoders

LOGIC DIAGRAM

)

v THRASS
e it D
h
(8)
i ‘ .
he [
Ts 1s) ]

O

For each of the 9 outputs, either the function Fp (active high) or Fp (active low) is available, but not both.
The required function polarity is user programmable via fuse (S).

Sifnotics



ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT
Vce Supply voltage +7 Vdc
Vin Input voltage +5.5 Vdc
Output voltage Vdc
VoH High (825102) +5.5
Vo Off-state (825103) +5.5
IIN Input current +30 mA
louT Output current +100 mA
Temperature range °C
TA Operating
N825102/103 0to +75
5825102/103 -55 to +125
Tsta Storage -65 to +150

J
x—»/{:

EQUIVALENT LOGIC PATH

(9)

\! J \;EL——Z
v——(h}—m—
CE
§=SHORT =
Z=XeV OR Z=%X-Y

x—0
v—q}z

The Field Programmable Gate Array con-
sists of 9 gates with individually program-
mable inputs and outputs,

The inputs to each gate can be programmed
either True (Im), Complement (Im), or Don’t
Care via corresponding links (j) and (k). The
outputs of each gate can be programmed
active-high (Fp) or active-low (F3) via corre-
sponding links (S). Thus, each gate provides
either of 2 output logic functions in terms of
external input logic variables Xm as defined
below (positive logic):

At S = Open:
Fp=CE+Xo® X1 e Xae....Xm)=Yp
At 8 =Closed: _
Fp=CE+(Xo+X1+X2+....Xm)=yp
m=012..... 15
—tls}
1
i tFob—~
| FIELD '
PROGRAMMABLE H
Xp! GATE Yo/yp
| ARRAY :
|
1 ‘F-)'—""
[
—fl)

p=012..... 8 _
and where Xm = Im, Im, Don't Care, as as-
signed by programming polarity of inputs
lo- Iis.

When CE = low, all gates are enabled, and
‘; = ?p giving yp = Vp.

PROGRAMMABLE LOGIC
FUNCTIONS

All internal links of virgin FPGAs are intact.
Therefore, as shown in the Equivalent Logic
Path, all symbolic switches are initially
closed. Selective programming (opening) of
links (J), (K), and (S) enables the user to
assign input and output polarities to each
gate for implementing NAND, NOR, AND,
OR logic functions without changing the
routing of input and output wires. This is
shown in the following diagrams for a typi-
cal gate in terms of 2 input variables, which
can be readily extended up to 16.

Sifnptics
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— BIPOLAR FIELD PROGRAMMABLE GATE ARRAY (16X3)

825102-I,N e 825103-I,N

DC ELECTRICAL CHARACTERISTICS N825102/103: 0°C < Ta < +75°C, 4.75V < V¢ < 5.25V
$82S8102/103; -55°C < Ta < +125°C, 4.5V < Vcc < 5.5V

N825102/103 $825102/103
1
PARAMETER TEST CONDITIONS ™in Typ2 | Max | Min Typ? | Max UNIT
Input voltage \
ViL tow! Voo = Min 0.85 : 0.8
ViH Hight Vcec = Max 2.0 2.0
Vic Cilamp1.3 Vee = Min, IINn = -18mA -0.8 -1.2 -0.8 -1.2
Output voltage Vee = Min \%
VoL Low1.4 loL = 9.6mA 0.35 0.45 0.35 0.50
Vo High (825103)1.5 lon = -2mA 2.4 2.4
Input current uA
he Low Vin = 0.45V -10 -100 -10 -150
HiH High VinN = 5.5V <1 25 <1 50
Output current Vce = Max
loLk Leakage (825102)6 VouTt = 5.5V 1 40 1 60 uA
l0(OFF) Hi-Z state (825103)6 Vout = 5.5V 1 40 1 60 pA
Vour = 0.45V -1 -40 -1 -60
los Short circuit (82S103)3.7 VouTt = 0V -20 -70 -15 -85 mA
Icc Vce supply currents Vee = Max 120 170 120 180 mA
Capacitance Vce = 5.0V pF
CIN Input VIN = 2.0V 8 8
Cout Outputé Vourt = 2.0V 15 15
AC ELECTRICAL CHARACTERISTICS Ri = 4700, Rz = 1k}, CL = 30pF
N825102/103: 0°C < Ta < +75°C, 4.75V < Vce =< 5.25V
$825102/103: -55°C < Ta < +125°C, 4.5V < Vcc < 5.5V
o FROM N82S102/103 $825103/103 UNIT
PARAMETER T Min Typ2 | Max |  Min Typ2 | Max
Access time ns
Tia Input Qutput Input 20 30 20 50
Tce Chip enable Output Chip enable 15 30 15 40
Disable time ns
Tco Chip disable Output Chip enable 15 30 16 40
NOTES
1. All voltage values are with respect to network ground terminal.
2. All typical values are at Vcc = 5V, Ta = 25°C.
3. Test each output one at a time.
4. Measured with a programmed logic condition for which the output under test is at a low logic level.
Output sink current is supplied through a resistor to Vcc.
5. Measured with Vi applied to CE and a logic high at the output.
6. Measured with Vin applied to CE.
7. Duration of short circuit should not exceed 1 second.
8. Icc is measured with the chip enable input grounded, all other inputs at 4.5V and the outputs open.
TEST LOAD CIRCUIT VOLTAGE WAVEFORM
3.0V
?Vcc INPUT %é;v
1 ov
: Vee — +3.0V
: F-Fo R, 3 1.5V 1.5V
: out ) ' ov
. .., c S —
150} Ro I{IF:CLUDES Vou
. 1 1 scope anoJic Fo~Fa 1.5V 1.5%—/
CEO—+ aND = T CAPACITANCE) v
T e T | e

All inputs: tr = tt = 5ns (10% to 90%)
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 BIPOLAR FIELD PROGRAMMABLE GATE ARRAY (16X3)

3015).

OUTPUT POLARITY PROGRAM-VERIFY SEQUENCE (TYPICAL)

L

Veep—
V,
cc F I | I
N (Fpl (Fp+) (Fp+2)
cev TPR (PROGRAM) |
VOPF = =~ So% (VERIFY)
tp : —] D|
ouTPUT
VOLTAGE “—Tr
Vou To%| Fp
: .
—f tDfea-Lomt tple—| LRI _vy, [
CE VIX e —{tp L_
ViH J l
ViL—- U

INPUT MATRIX PROGRAM-VERIFY SEQUENCE (TYPICAL)

VG sm———

Vops —|=— — ] _1
t
ouTPUT I 90% e
VOLTAGE TR
10%
Vo | -

TPS
v [*———— TPR (PROGRAM) ————| ppgg) |o—o
X _—
Io 15 Im=H I I T
V= ey = | ' : —-
—=ftof— L (.. & S
Veep —
Vee
—[tp]e

Fp |Fp
-——
Fp [ Fp
-V L
Vi -»l'ol«‘p»l‘DL— HVERIFY)| oL WVERIFY)}
e - 1

VIRGIN DEVICE

The 828102/103 are shipped in an unpro-
grammed state, characterized by:

1. All internal Ni-Cr links are intact. .

2. Each gate contains both true and com-
plement values of every input variable im
(logic Null state). )

3. The polarity of each output is set to active
low (Fp function).

4. All outputs are at a high logic level.

RECOMMENDED
PROGRAMMING PROCEDURE

To program each of 9 Boolean logic func-
tions of 16 True, Complement, or Don't Care
input variables follow the program/verify
procedures for the Input Matrix and Output
Polarity outlined below. To maximize re-
covery from programming errors, leave all
links of unused gates intact.

SET-UP
Terminate all device outputs with a 10KQ
resistor to +5V.

Output Polarity

PROGRAM ACTIVE HIGH (Fp FUNCTION)
Program output polarity before program-
ming inputs (for convenience). Program one
output at a time. (S) links of unused outputs
are not required to be fused.

1.Set GND (pin 14) to 0V, and Vcc (pin 28) to
Veev. .

2. Disable all device outputs by setting CE
(pin 19) to VIH.

3. Disable allinput variables by applying Vix
to inputs lp through I1s.

A .Raise Vcc (pin 28) from Vcgv to Vocp.

B After tp delay, force output to be pro-
grammed to Vorr. -

C .Aftertp delay, pulse the CE input from Viy
to Vix for a period tp.

D.After tp delay, remove Vopr voltage
source from output being programmed.

E.After tp delay, return Vcc (pin 28) to Veov,
and verify.

F.Repeat steps A through E for any other
output.

VERIFY OUTPUT POLARITY

1. Set GND (pin 14) to 0V, and Vcc (pin 28) to
Veev.

2. Disable all input variables by applying Vix
to inputs lg through I1s. )

A After tp delay, set the CE input to Vi_.

B.Verify output polarity by sensing the
logic state of outputs Fo through Fg. All
outputs at a low logic level are pro-
grammed active low (Fp function), while
all outputs at a high logic level are pro-
grammed active high (Fp function).

Silnotics
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Input Matrix
PROGRAM INPUT VARIABLE

Program one input at atime forone gate ata
time. Input variable links of unused gates
are not required to be fused. However, un-
used input variables must be programmed at
Don't Care for all used gates.

1. Set GND (pin14)to 0V, and Vcc (pin 28)
to Vecev.

2. Disable all device outputs by setting
CE (pin 19) to V.

3. Disable all input variables by applying
Vix to inputs lg through I1s.

- A-1.If a gate contains nether ip nor ip (input

is a Don'’t Care), fuse both jand k links
by executing both steps A-2 and A-3,
before continuing with step C.

A-2.1f a gate contains lg, set to fuse the k
link by lowering the input voltage at lg
from V|x to ViH. Execute step B.

A-3.If a gate contains To, set to fuse the j link
by.lowering the input voltage at lo from
Vix to ViL. Execute step B.

B-1.After tp delay, raise Vcc f