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INTRODUGTION

THE

1.

PURPOSES OF THIS  COURSE :

0 EXPLAIN :

CWHAT  BIT - SLICE DEVICES DO

WHY BIT - SLICE  DEVICES EXIST

T0 DEMONSTRATE IN DETAIL THE PROCEDURE  FOR

DESIGNING  WITH BIT - SLICE  DEVICES

T0 SURVEY THE BIT - SLICE DEVICES ON THE  MARKET

TO SURVEY THE RANGE OF APPLICATIONS OF BIT - SLICE
DEVICES.
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BASIC CONCEPTS

THIS

COURSE  EXPLORES TOPICS IN THESE  AREAS :

CENTRAL  PROCESSOR  ARCHITECTURES
PROGRAMMING ~ AND  MICROPROGRAMMING
LARGE  SCALE  INTEGRATION  (LSD)
BIT - SLICE  ARCHITECTURE
PROGRAMMED  LOGIC  ARRAYS  (PLA'S)
COMPUTER ~ ARITHMETIC

EMULATION

SPECIAL  FUNCTION  PROCESSOR  ARCHITECTURES

- SYBEX
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DEFINITIONS

CENTRAL  PROCESSOR :

PROGRAM

MICROPROGRAM

THE PART OF A COMPUTER  THAT  TRANSFORMS  DATA,
MAKES  DECISIONS.

- USUALLY  COMPRISES  REGISTERS,  ARITHMETIC - LOGICAL
UNIT, AND  CONTROL  LOGIC

THE DATA  WHICH ULTIMATELY CONTROLS THE  ACTIONS
OF THE CENTRAL - PROCESSOR

- USUALLY COMPRISES SEQUENCE OF  INSTRUCTION
WORDS IN  MEMORY '

A FIXED SEQUENCE OF  INSTRUCTION  WORDS  WHICH
CONTROL THE GATES OF A PROCESSOR. A  MICROPROGRAM
SEQUENCE IS INVOKED BY A SINGLE  INSTRUCTION

OF THE  (MACRO)PROGRAM,
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RELATIONSHIP OF PROGRAM, MICROPROGRAM, AND CPU

PROGRAM MICROPROGRAM CENTRAL PROCESSING UNIT
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DEFINITIONS (CONTINUED)

LARGE  SCALE

BIT - SLICE

PROGRAMMED

COMPUTER

LOGIC

ARITHMETIC

INTEGRATION

ARCHITECTURE

ARRAY

THE  TECHNOLOGY OF  ASSEMBLING  CIRCUITS  OF
ONE  THOUSAND OR MORE GATES ON A  SINGLE
CHIP (E.G., MICROCOMPUTERS. ROMS & RAMS,

BIT - SLICE  DEVICES)

THE  INTERCONNECTIONS OF  LOGICAL ELEMENTS
WITHIN THE BIT - SLICE CHIP

AN LS DEVICE FOR REPLACING  DISCRETE
LOGIC  NETWORKS BY  PERFORMING  THEIR
LOGICAL  EQUIVALENTS  THROUGH  MATRIX  MAPPING

THE  ALGORITHMS ~ (PROGRAM  STEPS)  BY  WHICH
COMPUTERS ~ PERFORM ~ NUMERICAL  CALCULATIONS
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DEFINITIONS (CONTINUED)

FMILATION

SPECIAL

FUNCTION

PROCESSES :

THE ~ PROGRAMMING OF A COMPUTER T0O  MAKC
IT  INTERPREY  THL  INSTRUCTION  GLT  nf
ANOTHER  COMPUTER

- MOST OFTEN :  MICROPROGRAMMED  EMULATION -
A MAJOR APPLICATION OF BIT -SLICL
DEVICES

COMPUTERS ~ DESIGNED ~ EXCLUSIVELY ~ FOR  SPECIFIC
APPLICATIONS (E.G., [ /0 DEVICE CONTROLLERS.
TEXT  HANDLERS)

SYBEX



1. BRIEF HISTORY OF CPU DESIGN
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CPU DESIGN EVOLUTION

BIT- SLICE TECHNOLOGY

A STEP IN CPU DESIGN EVOLUTION ?

OR

A SEMICONDUCTOR INDUSTRY BY - PRODUCT ?
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EVOLUTION

D EF

I

N

I TT1T0WN S -

HORIZONTAL STRUCTURES
FORMING
CONTROLLING

REGISTERS
ADDERS
COMPARATORS
MEMORY REGIS

VERTICAL STRUCTURES
FORMING
CONTROLLING

BUSSES

TH

TH

ARE

E DA

TERS
ARE

CIRCUITS

TA WORD

CIRCUITS

E DATA PATH

ADDRESS SELECTION

MULT IPLEXING
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EVOLUTION

1-3

CPU DESIGN HAS EVOLVED FROM
HORTZONTAL DEVELOPMENT
T0

VERTICAL DEVELOPMENT
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HORIZONTAL MACHINE ORGANIZATION

t

ACCUMULATOR

MEMORY

N

AN

i

4

MEMORY DATA REG.

I !

ARITHMETIC UNIT
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EVOLUTION

CPU DESIGN FOR MATHEMATICAL APPLICATIONS
EMPHASIZED HORTZONTAL ENHANCEMENTS

1. WIDER DATA WORDS
2, POWERFUL ARITHMETIC FUNCTIONS
3, FASTER ALU PROPAGATE TIMES

TO COMPENSATE FOR WIDER DATA

VERTICAL ORGANIZATION IS THE SAME IN MOST MACHINES
FROM PDP - 1 TO CDC 7600
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EVOLUTION
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NEW APPLICATIONS BROUGHT NEW CPU DESIGN PHILOSOPHY

DATA STRUCTURE APPLICATIONS

FILE SYSTEMS

ASSEMBLERS

COMPILERS

TEXT EDITORS

COMMUNICATION SYSTEMS
NON-ARITHMETIC LANGUAGES: LISP

SYBEX



EVOLUTION

DATA STRUCTURE PROBLEMS ARE
WORD ORDER TRANSFORMATIONS. . .

WORD ORDER TRANSFORMATIONS ARE ACCOMPLISHED BY
DATA PATH MANIPULATIONS. . .

THEY ARE A FUNCTION OF THE VERTICAL STRUCTURE OF THE CPU

SYBEX



EVOLUTION

EXAMPLES

OF

DATA  STRUCTURING  PROBLEMS :

PARSING

FILE  MOVEMENT

FILE EDITING

LINK - LIST  BUILDING
STACK  MANIPULATION
STRING EDITING

SYBEX
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EVOLUTION

FUNCTIONAL DEMANDS CHANGED —
CPU STRUCTURAL DESIGN EVOLVED
HORIZONTAL —> VERTICAL

EXAMPLE: FORTRAN — LISP
IBM 7090 —» DEC PDP - 6
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DEC PDP - 6 ROUGHLY

36
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EVOLUTION - PDP - 6

PDP - 6 FEATURES

DOUBLE ADDRESSING
(REGISTER TO REGISTER OPERATIONS)

20, ACCUMULATORS
AUTOMATED STRING MOVES
(VARIABLE LENGTH BYTE OPERATIONS)

PDP - 6 ARCHITECTURE IS PRECURSOR OF BIT SLICE ARCHITECTURE
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EVOLUTION - MACHINE POPULATION

~ SATURATION OF NUMBER CRUNCHER* MARKET
GROWTH OF MINI-COMPUTER MARKET
RAPID ENHANCEMENT OF MINI-COMPUTERS
1. AUGMENTED REGISTER ADDRESSING (REG-TO-REG OPS)
2. AUGMENTED BYTE AND VECTOR HANDLING (BLTR)
3. CONTEXT SWITCHING
4, FASTER CYCLE TIMES FOR NON ARTHMETIC TRANSFER

BUT  LITTLE OR NO ARITHMETIC AUGMENTATION
STANDARDIZED LENGTH 12 OR 16 BITS
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EVOLUTION: SUMMARY

THE COMPUTER MARKET NOW DEMANDS
VERTICAL POWER AND FLEXIBILITY
AT THE EXPENSE OF

HORIZONTAL POWER-

YERTICAL HORIZONTAL
REGISTER SPACE WORD WIDTH
COMPREHENSIVE BUSSING ARITHMETIC FUNCTIONS
ITERATIVE DATA TRANSFERS ~ FAST PROPAGATE TIMES

TRANSFER CYCLE TIME

SYBEX



2. BIT-SLICE PRINCIPLES

SYBEX



2-1

BIT SLICE PRINCIPLES

LARGE SCALE INTEGRATION BROUGHT TWO DEVELOPMENTS

1. TOTALLY INTEGRATED MICRO COMPUTERS
2, INTEGRATED BLOCKS OF ARCHITECTURE
FOR LARGER COMPUTERS

LIMITATIONS OF CURRENT LSI

1. LOWER DENSITY FOR HIGH SPEED LOGIC
2. HIGHER DISSIPATION FOR HIGH SPEED LOGIC
3. PIN COUNT LIMITS

SYBEX



WHY THE BIT SLICE?

L-L

LST DESIGNERS HAD TWO CHOICES

HORIZONTAL PARTITIONING -
WIDE REGISTERS

WIDE MULTIPLEXERS

WIDE ALUs

SYBEX

VERTICAL PARTITIONING

BIT WIDE SLICES OF THE
ENTIRE DATA PATH OF CPU
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WHY THE BIT SLICE?

HORIZONTAL LSI COMPONENTS (HYPOTHETICAL)
1. 16 BIT DUAL PORT REGISTER

T -] ° p ? I!
R
a;&kb!rlw
o BoRD WA I o] [ . -
Y*?YWVY V\f?\(
~100 GATES

48 DATA PINS
3 CONTROL PINS

g 2 GATES PER PIN
2 POWER PINS

53 PINS
SYBEX



WHY THE BIT SLICE?

OTHER HYPOTHETICAL HORIZONTAL LSI COMPONENTS

2, 16 BIT FAST ALU ~400 GATES / 53 PINS: ~8 GATES / PIN
3. 16 BIT 3:1 MULTIPLEXER <100 GATES / 68 PINS: 1Y% GATES / PINS

THESE ARE NOT TECHNICALLY LSI

HORIZONTAL STRUCTURES ARE PIN LIMITED TO MSI
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HYPOTHETICAL ONE-BIT-WIDE SLICE
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WHY THE BIT SLICE?

ASSUME 16 REGISTERS: 300 GATES / 23 PINS
OR
13 GATES PER PIN

MULTIPLYING SLICES ADDS 2 PINS PER SLICE:
EXTERNAL INPUT, EXTERNAL OUTPUT
MULTIPLYING SLICES ADDS 200 GATES PER SLICE

EXAMPLE 8 BIT SLICE 1700 GATES

39 PINS

- SYBEX



OTHER FACTORS FAVORING VERTICAL INTEGRATION

SPEED: EXTERNAL CONNECTIONS INCREASE
CAPACITANCE —» DECREASE SPEED

DISSIPATION: T?L COMPATIBLE DRIVE REQUIRED EXTERNAL
TO CHIP -- 10MW (5V 2mA)
INTERNAL DISSIPATION PER GATE TYPICALLY
1.2 - 1.4N: LOW PONER SHOTTKY
100 MICROWATTS: 12L (TI SBPO400)

BIT SLICE STRATEGY: :
MAXIMIZE INTERNAL VERTICAL INTERCONNFCTIONS
AT THE EXPENSE OF EXTERNAL HORIZONTAL INTERCONNECTIONS
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BIT-SLICE DEVICES

2-8

J

12974: THE COMMERCIAL BIRTH YEAR OF BIT-SLICE

NATIONAL SEMICONDUCTOR IMP SERTES

INTEL ‘ 3000 SERIES
SINCE THEN

MONOLITHIC MEMORIES 5700/6700 SERIES

ADVANCED MICRO DEVICES 2900 SERTIES

MOTOROLA 10800
TEXAS SBPO4OO

AND SECOND SOURCES IN U.S. AND EUROPE
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'BIT SLICE APPLICATIONS

BIT SLICE DEVICES ARE TO DESIGNERS IN 1976
WHAT MSI WAS T0 DESIGNERS IN 1973

RIT SLICE DEVIC E.S ARE # OUND IN PRODUCTION
MODELS OF PROTOTYPES OF
POPULAR MINI  COMPUTERS
FLOATING POINT ADD-ONS
HIGH SPEED 1/0 ADAPTERS: DISK & COMMUNICATIONS
SPECIAL FUNCTION BOXES: FFT, NAVIGATION
SPECIAL ARCHITECTURES: DISTRIBUTED PROCESSOR DESIGNS
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ABITSLICEDEVICEISNOT AMICROPROCESSOR

LT1Y

ALU

BIT-SLICE

L3I _MICRO

RbA-“bis”

SHIFT

REGISTERS

REGISTER SELECTION

INTPUT TO_BUS

QUTPUT _FROM BUS

P > P D < D

MICRO INSTRUCTION SEQUENCING

MEMORY ADDRESSING

ALU + SHIFT CONTROL

1/0__CONTROL

P> P< P D DX DX P D D <

< < P [><
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BIT SLICE PRINCIPLES: SUMMARY

BIT-SLICE DEVICES

ARE- VERTICAL STRUCTURES:
2 OR 4/NTHS OF THE DATA PATH.
CIRCUITRY OF AN N-BIT PROCESSOR

HAVE NO CONTROL LOGIC-
CONTROL SIGNALS ARE SUPPLIED FROM EXTERNAL CONTROLLER CHIPS

ARE INTENDED FOR FAST APPLICATIONS
CYCLE SPEEDS BETTER THAN SHOTTKY MSI EQUIVALENTS

ARE NOT INTENDED FOR MINIMUM COST
APPLICATIONS

MUCH EXTERNAL LOGIC REQUIRED

SYBEX
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BIT-SLICESYSTEM

2-12

DATA
(1IN

L'

REGISTER

2

DCCODER

2

UNIT

ADDRESS(C '
DATA
(un 1 [T 1 T 1
N-BIT N-BIT N-BIT
—N SLICE =N SLICE 2N sLice
() (@ P)

T4y

TTLY

CONTROL

CONTROL F<:

{}

MICROPROGRAM

\‘--.--llll--~\\/,‘—--...-...-__,/’
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3. BIT-SLICE IN DETAIL:

BUILDING WITH BIT-SLICE DEVICES
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A BIT SLICE DEVICE IN DETAIL

3-1

ADVANCED MITICRD DEVICES 2901

FEATLURES
4 BIT SLICE

16 WORD TWO PORT RAM

8 FUNCTION ALU

INDEPENDENT SHIFT

FOUR STATUS FLAGS

9-BIT CONTROL MICRO-INSTRUCTION

BIPOLAR: LOW POWER SHOTTKY IMPLEMENTATION

MIN 105 NS CLOCK FOR COMHERCIAL

SYBEX
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AMD 2901 BLOCK DIAGRAM
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AMD 2901 - BUS STRUCTURE

ALU IMPUT SOURCES

R__BUS ABR S__BUS
1. RAM A-LATCH A 1. RAM A-LATCH
( 1 OF 16 REGISTERS ) ' ( 1 OF 16 REGISTERS )
2. DIRECT DATA INPUTS D 2, RAM B-LATCH
( 1 OF 16 REGISTERS )
AND INHIBIT - 3. Q@ - REGISTER
( FOR ON BUS) ﬂ AND INHIBIT

( FOR ON BUS )
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AMD 2901 - BUS STRUCTURE

\7\1
=

A

L

U

2!

ouTPUT-F B U S DESTINAT

CHIP QUTPUT (Y BUS) MULTIPLEXER

@ REGISTER MULTIPLEXER
SHIFTER/RAM MULTIPLEXER

ER PATHS

A-LATCH TO Y-MULTIPLEXE
Q9-REGISTER OQUTPUT TO @
SHIFT LEFT

INPUTS
SHIFT RIGHT

SYBEX
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REGISTER
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AMD 2901 - FLAGS AND STATUS OUTPUT

3-5

0 THER DATA ouUTPUT

1. CARRY GENERATE §
2, CARRY PROPAGATE P
3, CARRY OUT ¢
4, OVERFLOW (Cms=—Cpy ) OVR
5, F-BUS = § F=0
6. F-BUS MSB (SIGNBIT) Fs
7 RAM SHIFT LEFT OUT (SHARED)
. RAM SHIFT RIGHT OUT (SHARED)
9, Q-REG SHIFT LEFT OUT (SHARED)
0. Q-REG SHIFT RIGHT OUT (SHARED)

SYBEX
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AMD 2901 - FLAGS AND STATUS INPUT

0 THER

1'

DATA I NP UT
CARRY IN Cn
RAM SHIFT LEFT IN ( SHARES WITH RAM SHIFT RIGHT OUT )
RAM SHIFT RIGHT IN ( SHARES WITH RAM SHIFT LEFT OUT )
Q REG SHIFT LEFT IN ( SHARES Q@ SHIFT RIGHT OUT )

Q REG SHIFT RIGHT IN ( SHARES Q SHIFT LEFT OUT )

SYBEX



- AMD 2901 - CHIP CONTROL

AREAS OF CONTROL

1. ALU INPUTS R AND S

2. ALU FUNCTIONS

5, Y BUS MUX. Y BUS OUTPUT ENABLE
4, RAM SHIFT MULTIPLEXER

5, RAM A ADDRESS |

6. RAM B ADDRESS

7., Q-REGISTER MULTIPLEXER

PLUS CLOCK

_ SYBEX



AMD 2901 - CONTROL WORD

CONTROL WORD FORMAT 9 BIT

81716f(5]u4)3}2]1 0
I
DESTIN. F(a L v SOURCE

1. ALU SOURCE CONTROL

1, 1 R S
ree 0 A Q
&bl 1 A B
N “ 2 g
3 B
4 1 A
D
n T D g
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AMD 2901 - CONTROL WORD

2, ALU FUNCTION CONTROL

ISI,lI3 ALU FUNCTION SYMBOL
0 R PLUS S R+S

1 S_MINUS R S-R

2 R_MINUS S R-S

3 R OR S RVS

4 R_AND S RAS

5 R AND S RAS

6 R X OR S R¥S

l

R X WOR _$S (R¥S) _

SYBEX
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AMD 2901 - CONTROL WORD
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3., DESTINATION CONTROL
RAM RAM Y Qe Y
T SHIFT LOAD SHIFT - LOAD OUTPUT
=8.7.6 — — — — —
0 NO- F‘_s F
1. F
2 NO Fa-s A
3 NO Fa F
4 LEFT F.a.RLI LEFT Qi-s. OLI
(Fg — RLO) (@, —0LO) F
5 LEFT F.s,RLI
(Fg — RLO) F
6 RIGHT Fe-2, RRI RIGHT Qg-2,8R]
(Fs —RRO) (@5 - QRO) F
7 RIGHT Fg.z2, RRI |
(Fy — RRO) F

SYBEX



AMD 2901 - ALU FUNCTIONS

BY CONTROL OF l”-ISAND Cb THE AM2901 PERFORMS

THE FOLLOWING ARITHMETIC FUNCTIONS IN ONE STEP

Is.3.12-0 (N=20 e O =1 _
0 ADD A+Q ~ ADD PLUS ONE A+Q+1
), | A+B A+B+1
5 D+A D+A+1
6 D+Q D+Q+1
2 PASS @ INCREMENT g+1 o
3 B B =
0 4 A A=
7 D D= .
1 2 ODECREMENT Q-1 PASS Q
13 B-1 B
1y A-1 A
2 7 D-1 D

SYBEX
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AMD 2901 - ALU FUNCTIONS CONTINUED

Is.3, Ino Cn =1
2 ONES COMPL., -0-1 TWOS COMP, -Q
3 -B-1 (NEGATE) -B
4 -A-1 -A
7 -D-1 -D
0 SUBTRACT Q-A-1 Qa-A
1 ONES COMPL. B-A-1 B-A
5 A-D-1 A-D
6 Q-D-1 Q@-D
0 A-9-1 A-19
1 A-B-1 A-B
5 D-A-1 D-A
b D-@-1 D-48

RN N N N = = = == NN N

SYBEX



AMD 2901 CONTROL

9 BIT CONTROL WORD PROVIDES ALL CHIP CONTROL
EXCEPT RAM ADDRESSING

RAM ADDRESSING | B A

RAM Pitr 9113
ENABLE | [1-16 D.C f‘ﬁPﬁ?
L;Ae\r?. WEN |
. - |
>
Y
4y [ RAM, weEN

1 U o
[ RAML WEN
3
— v

WRITE (B) B-BUS A-BUS} READ
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AMD 2901 TIMING

TIMING IS PROVIDED BY A SINGLE CLOCK 105ns
(2 > 105 ns -]

et >30 NS e 230 NS —amd

CP+___[ 7 \ /

e < 3] -

PAM OUT GOOD e \ -
H OUTPUT

bo0p j;._ o o \ f]

1~

N

AVAILABLE _ *

BB o / Eﬁ@?gn(’gnn
| /

G_WRIT
BgE e =

EOBBG DATA L___/—_




AMD 2901: TIMING CONTINUED

EXTERNAL STIGNAL TIMING REQUIREMENTS

- 105 T |
- >3] ——
<75
¢ \ ’
S |- > ] | >0
/
193
0->
|- 85 l—>J
lo-8 [ /(70) /(55) \—
1012 (1345)  (1673)
| - . jean—>0
Do-3 Jr
| - 55 - |wa—>0
Cn ' f

® RAM ADDRESSES ARE THE CRITICAL TIMING SIGNAL
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AMD 2901: TIMING TABLES
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CYCLE TIME AND CLOCK CHARACTERISTICS

TIME Am29010C | Am29010M
Mrvmum Read Modiy Wrire
Cycle ([1ime from selection
of A, B regsters 10 end of 105 120

cycle}

Maxnum Clock Frequency to

Shift Q Register (50% duty 9.5 MHy 8.3 MHz
cycle)
Minimum Clock LOW Time 30 30 ns
Minimum Clock HIGH Time 30 nt 30ns
Minimum Clock Period 105 m 120 ns

GUARANTEED OPERATING CONDITIONS

Tantes 1, 11, and N1 betow defing the timing requuemnenty of
the Am2901 in & aysten The Am2901 # guaranteed 10
tuncpon correctly ‘!’Zl'l'..‘ff‘?.’"‘."li’! when uted within
the delay and tet up ttme consteants of these tablas for the
sppropriate dewice type. The tables sre divided into three
types of parsmeters; clock charactenstics, combinations! delsys
{rom inputs to outputs, and set-up and hold time requirements.
The Iatter table defines the time prior 1o the end of the cycle
{re. ctock LOW-10-HIGH transition) that esch input must be
stable 10 guarantee that the correct data is written into one of
the snternal regiaters .

The performance of the Am2901 within the limits of these
1ables it guarenteed by the testing defined a1 “Group A,
Subgroup 9" Electricel Testing. For # copy of the tests and
limits used for subgroup 8, contact Advanced Micro Devices'
Product Marketing,

TABLE 11
MAXIMUM COMBINATIONAL PROPAGATION DELAYS (att m ns, Cy_ € 150F}
Am2901DC Am2901DM

To £e0 RO, LO Fe RO, LO
From N v | £y leng| EF | A -jovA Y | F3 |Cosa] EF | np-|oOVR
Input 470 RAM! Q 47 RAM| Q
Cock & 115 | ms [100{100{110] 95 105] 60 J125| 95 | 110 [ 170|120 [ 105 ] 115 ] 65
A8 100185 [ 80| 8ol110] 75 {10] - J120] 95 00| 90 [120] 85 [120] -
) 100 70 | 70 | 70 [1oo[60 [60 [ - |10(e0 |75 | 75 [110] &5 | 65 | -
Cn s5 135 | % 50 [40 [65 | -~ J60 40|30 | — |6s]|a5|60] -
l012 ®5 [ 65 [ 65 {65 |80 (65 | B0 | - o0 |70} 70 70 85|70} BS| - |
1348 70 | 55 60 | 60 | 70 4_@ 65 | — 75 | 60| 65 | 65 | 75 _65~__ 0
i578 s -1 -1 Sl des s e - -] -1 -1 -1%]"%0]
OF Eneble/Disable 140/28] ~ | - | -~ | - | - |} - | - Jeorzs| - | - | - | - [ -] -]~
A bypassing _ _ _ - -1 -1 - _ ~ - i
ALY I = 2xx} bt I 5 L i

SET-UP AND HOLD TIMES [minimum cycies from esch input}

Set-up and hold times are defined relative to the clock LOW-to-
HIGH edge. Inputs must be steady at alt times from the set-up

time prior to the clock until the hold time afier the clock The
set-up times stow sufhcient time to perform the correct
operation on the correct data 1o that the correct ALU data
can be written into one of the regiters

TABLE Wl

Set.Up and Hold Times (sl in ns) (Note 1)
From Input Nores Am2901DC Am295010M

Set-Up Time Hold Time Set-Up Time Hold Time

AB 2.3.4 1ol * 30 0 o> 30 0
B Dest. 2,4 tpwl ¢ 15 0 towl ¢ 15 ]
D 100 0 110 0
[ 55 0 60 0
lo12 85 0 90 0

’_'w. 70 0 s o
lg79 N Towl ¢ 15 0 towl * 15 0
R1, L1 (RAM o O} 30 0 0 0

News: 1. Ses Figure 11 and 12

2. 11 the B addven s wied 2 b POUTCE Darend, iow fer Yhe A

"0 ot wrup vma
3 Whare 1we Aumbert are thewn, both must be met
4 “lpgl” i the ciock LOW tima

B souree” Wr.up Time. I It is UIRd DALy For The D¢t NetOn Rodrom. Lo e



AMD 2901: OTHER DATA

ELECTRICAL

1. 50 VvOLT SUPPLY
2. 185 MA CURRENT TYPICAL -280MAX (L4 WATTS)
TEMPERATIURE

C,O MMERCIAL 0°C TO +70°C / 4,75V T0 5.25V / 105ms
MILITARY -55°C T0 +125°C/ 4,50 TO 5.50V / 120ms

PHY ST CAL
49 PIN DUAL IN-LINE PACKAGE (ALL PINS USED)
2,000 INCHES MY .58 INCHES

SYBEX
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BIT SLICE APPLICATION: CASCADING 2901s

SIMPLE

CASCADING
-RIPPLE CARRY

SHIFT OFF ENDS OR END AROUND SHIFT

EXAMPLE 16 BIT CPU

m%;B

RS RS
as Qs
ABI

mﬁ3' mﬁ7 mdll
Rs"16 I 8 gg' RS RS RS RS
as6 1 C; AB] ABL Bl
cl, €Oy cly cog clg ¢
ABI
VI v v
-3 Y4 -7 Y8-1
RS = RAM LORI RS'" = RAM ROLI
9S = QREG LORI Qs = OREG RO

ABl = Ao-3Bo-3 lo-8
SYBEX



SIMPLE CASCADE — TIMING IMPLICATI‘ONS

3-19

CLOCK RATE MUST ACCOMODATE WORST CASE TIMING

FULL 16 BIT RIPPLE CARRY

CRITICAL TIMES

RAM RO/LO (LAST OUTPUT) = S55ns

-

CLoCK T0 Cn + 4 = 100ns
A. B T0 Cn+ 4= 80ns
Cn T0 Cn + 4= 30ns
CN T0
CLK _
.f REGISTER DELAY \
ABI _:ﬁL 2
. Jr---
C12 -
(e.c.) RAM RO
SHIFT . IN
+ &A}ING

SYBEX
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AMD 2901 SIMPLE CASCADE TIMING

SHIFT OF END - CLOCK RATE

REGISTER SET UP + CARRY DELAYS + LAST OUTPUT DELAY

20 + 160 + 55 = 215
END AROUND SHIFT
. ADD SHIFT IN + GATING

215 + 30 + 15 = 260ns

MINIMUM CLOCK FOR A PRACTICAL 16-BIT RIPPLE CPU

CP = 260ns

SYBEX



AMD 2901: LOOK AHEAD CASCADE

GENERATE AND

FOR

A M 2902/ 745182

STANDARD

PROPAGATE OUTPUTS
DESIGNED

LOOK AHEAD

SIMULTANEOUS WITH Cv# OUTPUT

CONFIGURATION FOR 16 BIT

SYBEX

CPU
2901 2901 2901 2901
Gl G' Gla Glt
Clo Pq, CI‘ P' CI. P!t "‘—" r.‘ C]\'L Plb
_1 F 7 F tel b
o r'y [} [] 1 1. 8 3 P’ 3
P GoC AN 2902 P G: Cx PG, C 6
K



AMD 2901: LOOK AHEAD CASCADE TIMING

CRITICAL TIMES

CI T0 AM902 C, Cp Cy = I0ns
ABI TO G,P = 100Ns

CLK 70 G.P = 80ns

CI TO RAM RO/LO = S5ws

SHIFT IN SETUP = 30Ns

f [
CLK — s \
ABI :

- 100

G,P

Cl

- {
RAM RO/LO
-4-30.,6——-
SHIFT IN A
+ GATING

SYBEX



AMD 2901 LOOK AHEAD CASCADE TIMING

MINIMUM CLOCK WITH LOOK - AHEAD/ WITHOUT SHIFT AROUND

CP = 165ns

MINIMUM CLOCK WITH LOOK - AHEAD AND SHfFT AROUND

CP = 210ns
LOOK AHEAD CIRCUITRY GAINS 50ns PER CYCLE FOR 16 BIT CPU
GAINS INCREASE AS WORD WIDTH INCREASES

EXAMPLE : 48 BIT RIPPLE CP = 500ns

48 BIT LOOK - AHEAD CP = 240ns .

"SYBEX
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AMD 2901 RIPPLE VERSUS LOOK-AHEAD

_ RIPPLE LOOK - AHEAD
16 - BIT SIMPLE SHIFT 215 165
16 - BIT END AROUND . 260 . 210
48 - BIT SIMPLE SHIFT 455 195
48 - BIT END AROUND 500 : ' 240

FORMULAE FOR N BIT SIMPLE SHIFT
RIPPLE: CP = 155 + 30 ( (N/4) - 2) Ns
LOOK AHEAD: CP =155+ 10L ns
WHERE L = LENGTH OF 7uS182"S CASCADE
ADD 30 PLUS GATING FOR END AROUND SHIFT

SYBEX



BLANK

SYBEX
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USING THE BIT-SLICE DEVICE

AN ARRAY OF BIT SLICE DEVICES FORMS A PROCESSING UNIT:
AN ALGORITHM IS A SEQUENCE OF STEPS PERFORMED BY THE PROCESSING UNIT.

ALGORITHMS MAY ORIGINATE FROM
MACRO-PROGRAMS
MICRO-PROGRAMS

LOGIC
THE INSTRUCTION AND REGISTER ADDRESS LOGIC OF THE BIT SLICE ARRAY

DETERMINE THE FINAL FORMAT OF CONTROL FOR A GIVEN ALGORITHM,

SYBEX



A MULTIPLY ALGORITHM FOR A 16-BIT 2901 CPU

3-27

CONFIGURATION - 16 BITS (WITH OR WITHOUT LOOKAHEAD)

“MUL
TEST
ENABLE

RAM
START

RAM
FINISH

W N =

wW N e S

ang Trer
CNARLS

)

D D D D
T 1
RS RS
%og01 | 2901 | 2901 | 2901w
AB1 E
MULTIPLIER = J .
MULTIPLICAND - D °© QLO &4 MLTPLIER/PROD.L.O.

PRODUCT = PARTIAL

MULTIPLIER = J

MULTIPLIER - K

PRODUCT L.O,

PRODUCT H.0.

PRODUCT L.O.




MULTIPLY ALGORITHM =

EXT SOURCE EUNCTION DESTINATION A B

J—D D, B DV B @  LOAD MULTIPLIER R 9

K—D D, 8 DVO B 1 LOAD MULTIPLICAND R 1
2, A BV A 0 ) MOVE J TO G-REG
2. B DA B B 3 CLEARR 3

HATEST 0.8 B/A + B, B 1 3 ADD MULTIPLICAND TO R 3
a3 CERT IE LSB OF Q IS ONE. THEN

SHIFT LEFT COMBINED PRODUCT
R 3 (NOTE TIMING QLO)
REPEAT 15 TIMES

MUL{E§]

6RE Bs;lg4A' B 1 3 TRIAL SUBTRACT AND GATING
A. B LEFT OF SIGN INTO MSB OF R 3
MUkTES! 8. Q gva B 2 STORE PRODUCT L.O FROM
QTOR2

Tonpg " @ , I,v(mamestena A qw) , 1 = 661/p11

SYBEX



BIT-SLICE ARRAY: SEQUENCING

3-29

MULTIPLY ALGORITHM: 21 INSTRUCTION STEPS
(16 BIT RIPPLE 260 NS 16 BIT LOOK AHEAD 210 NS)

1000 Y

T

CONTROL FOR 21 STEPS _f—

SEQUENCE DATA IS CALLED

MICRO SEQUENCE
MICRO PROGRAM
MACRO PROGRAM

FOR THE MULTIPLY CONFIGURATION 21 x18 BITS

Te-s | Ao-s | Be-3 [ma:]

SYBEX



BIT SLICE ARRAY SEQUENCING TECHNIQUES 530

VARIOUS METHODS OF APPLYING SEQUENCE DATA TO DEVICE INPUTS

LOGIC
> togrc [ ™71 L BIT SLICE ARRAY
BIT
c NETWORK =
M (PLA)
cx T .
ROM
R
D
P ROM BIT SLICE ARRAY
)
cLk F

SYBEX



© BIT SLICE ARRAY SEQUENCING TECHNIQUES

MEMORY AND LOGIC

R/W
061C
MEMORY L BIT SLICE ARRAY

ADDRESS [est————e——d

ACLK ‘
MWEMORY, LOGIC AND ROM
R/W H L
MEMORY LOGIC ROM & BIT SLICE ARRAY
} ] ’
ADDRESS

CLK

SYBEX



BIT SLICE ARRAY SEQUENCING TECHNIQUES

3-32

LOGIC ONLY (HARDWARE PROCESSOR)
FAST, EXPENSIVE. INFLEXIBLE, FROZEN
ROM ONLY (MICROSEQUENCED PROCESSOR)
FAST, INEXPENSIVE, FLEXIBLE. FROZEN
MEMORY AND LOGIC (PROGRAMMED PROCESSOR)
SLOW, EXPENSIVE. FLEXIBLE, PROGRAMABLE
MEMORY. LOGIC, AND ROM (MICROPROGRAMMED PROCESSOR)

FAST, INEXPENSIVE (?), FLEXIBLE, PROGRAMABLE
--THE LAST CATEGORY COVERS ALMOST EVERY MACHINE MARKETED SINCE ROMS AND
MSI BECAME COMMERCIAL

SYBEX



- BIT SLICE MICROPROGRAM SEQUENCERS

3-33

CONTROL ROM INSTRUCTION SOURCE
MAY CONTROL BIT SLICE STATUS AND SHIFT LINES
MAY CONTROL ANCILLARY LOGIC

SIMPLEST FORM

CONTROL e MICRO

DOT >

DATA $ SEQUENCER

ROM

BIT SLICE ARRAY

LOADS ADDRESS REGISTER FROM EXTERNAL DATA

INCREMENTS ADDRESS REGISTER

CLK

SYBEX




AMD 2909 MICRO SEQUENCER 3-34

4 BIT SLICE CASCADABLE TO ANY WIDTH

ADDRESS REGISTER

FOUR DEEP PUSH DOWN STACK WITH PUSH/POP CONTROL
MICRO PROGRAM COUNTER REGISTER

ADDRESS INCREMENTER

DIRECT ADDRESS REGISTER INPUT
MULTIPLEXER DATA INPUT

OR’ED DATA INPUT ‘

28 PIN PACK

AMD 2911 SAME EXCEPT NO OR'ED INPUTS. DATA AND ADDRESS INPUTS SHARED
20 PIN PACK

SYBEX



'AMD 2909 MICROPROGRAM SEQUENCER

3-35

oo 1O [RCEREIRI |

Eoﬁﬂ I—* DD LLD‘:DG‘ >

e < I [ {

e -
P LM T L u“"wm‘ i

TP - - |

. :

e

O

SYBEX



AMD 2909 MICROPROGRAM SEQUENCER CONTROL

L

FUF SEQUEANCER ALSO CONTROLS THE MICROPROGRAM TO ITSELF.

HMITCROSEQUENCER CONTROL INPUTS

Sy So ADDRESS SOURCE SELECTION
S0 P

1 AR

2 STK®

3 D{
FELPP STACK CONTROL

1 - NO CHANGE

01 INCREMENT STKPTR, PUSH .PC - STKD

0 0 DECREMENT STKPTR (POP)

BRI ENABLE ADDRESS REGSISTER

SYBEX
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AMD 2901, 2909 MICROPROGRAM INSTRUCTION

EVERY MICROINSTRUCTION MUST CONTAIN:

. BIT SLICE ARRAY CONTROL e
2., ARRAY ANCILLARY LOGIC CONTROL
SHIFT END AROUND o ’
MULTIPLY TEST ENABLE

3. MICRO SEQUENCER CONTROL
. MICROPROGRAM BRANCH ADDRESSING
5. SECUENCER ANCILLARY LOGIC CONTROL

CONDITIONAL TESTS
MICRO LOOP COUNTER
6. PROCESSOR BUS CONTROL
MEMORY
170
INSTRUCTION DECODE

SYBEX



MICROPROGRAMMED 16-BIT PROCESSOR WITH AMD 2901/2909
- —— AOIRESS

X-BUS DATA [X-BUS_ ADDRESS |

DATA OUT BUS - Y

2 DATA IN BUS - D —
% s 2 v 11 - 1 T
X [or_nc] [(Res]res ]| T
22 —INT. 1 VECTOR | 5 ]
cB‘:: — INT B VECTOR ﬂ-": L J) 1 2901 x 4
5[31 ROM [1 g
'8 L — 256 | E= .
[ —s& | WORDS | [0 BUS, Y BUS
2909 48 LB/ BRLLPTIC ]
X 3 : ~ ‘ [——J
D 2 BITS | IICOND c—
M LOGIC LOOPCTR
BRANCH 7 LITERAL MISC
CONTROL
SI oSOlFEr PUP
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BLANK

SYBEX



SELECTING MlCROPROGRAM STORAGE - ROM

3-40

THO CRITERIA

1. SIZE
2. SPEED

OTHER CRITERIA

1. PROM AVAILABLE
2, SECOND SOURCE

SIZE: . EXAMPLE

IF TOTAL ROM SPACE REQUIRED 256 WORDS x 48 BITS
CHOICE 256 x 4 TWELVE REQUIRED
256 x 8 SIX REQUIRED (HALF BOARD SPACE)
BUT SLIGHT TIME PENALTY

SYBEX



ROM SELECTION AND USE

3-4]

SPEED OF CHIP
ROMS/ SIGNETICS 825229 256x4
SIGNETICS 825214 256x8
PROMS/ SIGNETICS 825129 256x4
SIGNETICS 825114 256x8
SPEED IN SYSTEM (SERIAL)

+

[anoe_]

SEQUENCER

“TA = 50ns

TA = 60ns
TA = 50ns
TA = 60ns

ROMS

]

[ : ADDRESS

A.B.1
2901 ARRAY

i

FROM COMPLETION OF CYCLE

CHANGE ADDRESS

DELAY ROM
(WORST CASE ACCESS TO ABI

| rthNEOPS | <TRUE 60N (50NS) |

;)

CLK

2901 ARRAY CYCLE (-20ws)

SYBEX

190ns

—1 =290ns/

! (280wns)



BUFFERED OPERATION (PIPELINING) e

INSTEAD OF SERIAL OPERATION OF THE SEQ-+ROM--ARRAY
BUFFERED OPERATION

ARRAY AND SEQ/ROM CONTROL IN PARALLEL
ARRAY LAGS ONE STEP BEHIND SEQ/ROM

F
. - ROMS ARRAY
SEQ . E
1 _— 9 ? 1
1 CLK

SYBEX
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BUFFERED SYSTEM TIMING

‘| sE@ ROM (% SEQ ROM (2
DELIVERS ?SFESSES AT BUFFER DELIVERS ACCESSES AT BUFFER
ADDR C+2 Cra
4t 60 -t - = ot
720
A:B,1
ARRAY 29 S, So ARRAY
EXECUTES ng |FE. PUP EXECUTES
» ¢ . L C+r
e 190ns =190ns = -
> ‘ F F

* THROUGH BUFFER DELAY ~15ns (AM 2918) / ALLOW 20ns

ADVANTAGES
210ns VERSUS 290ns
NON-CRITICAL SEQUENCER AND ROM TIMINGS
ALLOWS MORE LOGIC IN CONTROL CIRCUITS
ALLOWS SLOWER ROMS
DISADVANTAGES
REQUIRES BUFFER
"INITIATE/EXECUTE OFFSET”

SYBEX



| 3-4y
INITIATE/EXECUTE OFFSET PROBLEMS

THE BUFFERED ARCHITECTURE REQUIRES
SEQUENCER/ROM TO INITIATE L+ 1 HWHILE ARRAY IS EXECUTING

(NOTE: THE MICRO-INSTRUCTION i IN THE BUFFER IS CONDITIONING THE SEQUENCER
DURING THE INITIATION OF L+ 1.)

CONSEQUENCES: ' o
1, IF THE OUTCOME OF INSTRUCTION L MUST CONDITION i+ 1 ADDRESS

IHEN U+ 1 MUST BE DELAYED ONE CYCLE
2, IF A BRANCH IS TO BE EXECUTED IN CYCLE AFTER INSTRUCTION L

THEN THE NEW ADDRESS MUST BE AVAILABLE TO SEQUENCER AT BEGINNING OF i
3. IF INSTRUCTION & IS LAST IN A LOOP

THEN LOOP COUNTER MUST BE DECREMENTED DURING i- 1

SYBEX



CONDITION TESTS - FOR 2901/2909 CPU

3-45

CONDITIONS TO BE TESTED

FROM ARRAY:  CARRY

TIME AVAILABLE

END CYCLE @

OVR

END CYCLE .i

-

SIGN

END CYCLE ¢

F=0

END CYCLE

FROM LOOP CTR: CTR=0

BEGIN, CYCLE v

OTHERS: BUS ACCESS

ASYNCHRONOUS

INTERRUPT

ASYNCHRONOUS

SYBEX



CONDITION MICROINSTRUCTION SEQUENCING

AN “"ABORT"

CYCLE
EXECUTE
FETCH
CONDITION

NOTE:

FACILITY

A 2
¢ ABORTED
L+1 L(BR)
T.
(>BR) -
YES (nO)

I
CONDITIONS AVAILABLE END cYCLE 1/1

ABORT DECISION MADE EARLY IN cYCLE 2/2'
EXECUTION OF L+] IN PROGRESS DURING CYCLE 2

IS

3
L(BR)

((BR)+1

(no)

SYBEX

REQUIRED

OR

Fi
- (-?B R)

(nO)

i+1

(+2

(no)

46



EXECUTION ABORT

DEFINITION

AN INSTRUCTION IS ABORTED IF PREVENTED
FROM ALTERING REGISTER OR CONDITION STATES.

NOTE: ALL 2901/2909 REGISTERS AND FLAGS ENABLES
ON CLOCK _r—
(RAM LATCHES MAY BE DISREGARDED)

ABORT IS ACCOMPLISHED BY PREVENTING _f

FOR GIVEN INSTRUCTION
ABORT
:::::::j:::::::>-—--- ABORTABLE CLK (CLK")
CLOCK

INPLEMENTATION
SYBEX



3-
EXECUTION ABORT TIMING ¢

ABORT SIGNAL MUST STABILIZE BEFORE CLKHL

CYCLE 2 CYCLE 3
| —
CLK — DELAY ] , \_____J
' —a] (=— ABORT HOLD
ABORT — \ |
CLK" "y I .
ABORTED L
TEST CONDITI /
LA?‘CHED/FE(IBS—OE- --- R _— - .
. - - ¢ (BR)+
—¢H FETCH N FLE%S j Fégﬁ) 1
e o o CHANGE ¢ +1 TO i(BR) AT
2909 mux. . INSTRUCTION BUFFER OUTPUTS
i) MUST OCCUR HERE

SYBEX



CONDITIONAL TEST IMPLEMENTATION USING 2909

TEST AND BRANCH IN INSTRUCTION U (EXAMPLL ».63)
BRANCH ADDRESS AND TEST MUST BE LATCHED

DURING L+ 1,  (USE ADR REG IN 2909s FOR BR)

RO-7
R [.A.B
| Dig7 LR g —
- - F TEST FIELD

S, MUX ROM F v
S, 3 BRANCH
° 2909s ’ R FIELD

TEST

LATCH

FLAG
COND i -
LOGIC " LooP CTR CARRY
LY 10] Y - w—— OVR

F=0
LATCH SIGN



| - - 3-50
CONDITIONAL TEST IMPLEMENTATIONS USING 2909

ALTERNATTIVE
TEST AND BRANCH IN INSTRUCTION ¢ +1
FLAGS OF INSTRUCTION ( ARE LATCHED
TEST FIELD AND BRANCH ADDRESS GATED FROM

BUFFER DURING € + 1 (USE 2909 Do., INPUTS)
LOOP RET ADR §

B
DO—7 ROM U [ IIAIB
[ - F
o= [ux F ) TEST FIELD
s E (1s
° 2909]s R
|
BRANCH
FIELD
FLAG
coND. |
-t LOOP CTR
LoGIC CARRY
N0 S S— - ——— GUR
: . F=0
LATCH SIGN

SYBEX



COMPARISON OF BRANCH/TEST IMPLEMENTATIONS

FAR-REACHING IMPLICATIONS:

BRANCH/TEST IN L BRANCH/TEST IN (+1

ADVANTAGES ADVANTAGES

CLEANER, MORE COMPACT PROGRAM ENCODED MICROINSTRUCTION

SAVES ROM WIDTH

GREATER PARALLELISM (OVERLAP

OF TEST AND EXECUTION OF {+1 LEAVES 2909 ADR. REGISTER

IF TEST FAILS) FREE FOR LOOP IMPLEMENTATION

. CLEANER TIMING (BUFFERED LESS HARDWARE (NO TEST

ADDRESS LOOP ‘ LATCHES - ONE CHIP)
DISADVANTAGES * DISADVANTAGES

WIDER ROM WORD LESS COMPACT MICROPROGRAM

EXTRA CHIP FOR TEST LESS PARALLELISM

LATCH

1. NO OVERLAP OF TEST

2. EXTRA INSTRUCTION FOR
BRANCHES AND RETURNS

3., EXTRA STEP FOR INITIALIZING
LOOP RETURNS

SYBEX
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. 3-52
COMPARISON OF MICRO INSTRUCTION FORMATS

BRANCH IN U
Tyg 21 Ap-3 |B] By.s | DY BUs sl [ conp | — | BeAncHApor.
? i 4 . 4 S 2 &£ 11 2 4 4 8

e—1¢ 87 LrERer (ahvz) ——>]
b 48 BIIs |
BRANCH /TEST IN t+1
" I A Aps [&|Be-s | DY BUs  [usrmer(d] - EXECVTE
V r] i 4 i 4 ) s 2 2 1 2
IEMMCWD l - - BrANCH ATOR. | BRANCH

]

vz 4 s fo— 16" BT LTERALCA/Le 1) —
g 32875 —

SYBEX



COMPARISON: SUMMARY

3-53

BRANCH/TEST IN & 2. BRANCH/TEST IN i+ 1
FASTER BUT MORE EXPENSIVE CHEAPER BUT SLOWER
FEWER ROM WORDS/WIDER FIELD MORE WORDS/NARROWER FIELD

HOW TO DECIDE

IF SPEED IS CRUCIAL -- CHOOSE 1

IF COST IS CRUCIAL: PROBABLY BIT SLICES AREN'T THE RIGHT TECHNOLOGY
IF SPACE IS CRUCIAL THEN CHOOSE 2

- IE THE LACK OF MICROPROGRAM COMPACTNESS DOESN'T
FORCE THE ADDITION OF ANOTHER BANK OF ROMS

THE APPLICATION MUST DECIDE

SYBEX



CONDITIONAL LOGIC TIMING REQUIREMENTS

TIMING: ASSUME 210 NS CLOCK WITH T, = 50
' ASSUME 20 NS CLK-ABORT — CLK’

CONDITIONAL LoGIC MUST

1. GENERATE ABORT SIGNAL BEFORE CLK —y_
210 NS - Ty - DELAY = 140 NS
2. GENERATE'S S TO SELECT BRANCH ADDRESS
IN TIME FOR: ROM OUT —> BUFFER AT _#—
210 NS - (SEQUENCER DELAY + ROM DELAY)
| (S, Sy — Yi)
210 NS - ( 20 NS + 60 NS ) = 130 NS

ASSUME 20 NS LATCH/BUFFER DELAY AT START OF CYCLE
MAX CONDITIONAL LOGIC DELAY = 110 NS

SYBEX



CONDITIONAL TESTS

3-55

MICROINSTRUCTION

COND

L. . [iF

COND

\IO'I\.H-:\.NND—-'SI

FIELD

TRUE
CARRY
0VR
Fi1s =
Fo-15
Fp- 7
Fg-15
BUS
T/E
g :
1:

1

(UNCONDITIONAL)
1

]
—_ =
=

B (LOWER BYTE)
B (UPPER BYTE)

BRANCH IF CONDITION TRUE
BRANCH IF CONDITION FALSE

SYBEX



BRANCHING OPERATIONS DEFINITION =

ASSUME  BRANCH/TEST IN INSTRUCTION (48 BIT IMPLEMENTATION)
I - FIELD B/L =8 (BRANCH)

2909 2909 PINS ABORT
sh: ] SYMBOL ACTION S, So FE PUP
0 - MPC 10 ROM ADR 0 0 1 X NO
1 BR AR 10 ROM ADR 0 1 1 X YES
2 PUSH BR AR 10 ROM ADR 0 1 0 YES
#PC 10 STK
3 POPRET STKB 1o ROM ADR 1 0 0 0 YES
PLUS LOOP RETURN (SPECIFIED IN LP FIELD)
- . )
LPRET B§?EEE/DQ-7 70 ROM ADR 1 1 1 X NO!
AND INTERRUPT (AUTOMATED)
- INTERRUPT  INT.ADR/Dg-7 To ROM DR
1 0 1 NO
mPC 10 STK
. LITERAL/
PRIORITY : LOOP RETURN > o ECR=" >  INTERRUPTS

SYBEX
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LOOP RETURN MICRO COMMANDS

LR to['o]  LD: LOAD LOOP COUNTER O = NOP/1 = LOAD
TD: TEST AND DECREMENT O = NOP/1 = TEST LPCTR#® ?
BRANCH IF TRUE
DECREMENT IF TRUE
NOP IF FALSE
TIMING: :
UNLIKE ALU TESTS. LOOP CTR # @ IS AVAILABLE AT START OF CYCLE
BRANCH ADDRESS IN INSTRUCTION BUFFER DURING
1. GATED INTO 2903 D INPUT IF COUNTER # 3
2. IGNORED OTHERWISE
NO ABORT IS REQUIRED
A CYCLE IS SAVED IN EACH ITERATION

SYBEX



LOOP RETURN TIMING

ASSUME A MICROPROGRAM LOOP
Lgp /FIRST INSTRUCTION

EXECUTE
BUFFER
ADDRESS
FIELD
LOOP CTR

FETCH
uPC

1D

“t /...TD =1, BR., ADDR= itp /END OF LOOP
Le+ 2 /NEXT INSTRUCTION

G o

J¢— 'L}.Pfl“b'

PR Jp—

Up

1
) ¢

b Lt-i o L.t-——~_>
L
¢ 1
1 1 g(oec”) @
R Lt — L'(p —>
Lt i*1
TEST/DECR
OCCURS HERE
CTR¥ @8 —BR

L;.p +1

SYBEX

S
Letl

TEST. NO DECR
OCCURS HERE
ClR=p-— .L{"‘ 1

4 Ly ———of—— L+l



BRANCH/TEST CONTROL LOGIC

S -
So -
FE -
PuP -
ABORT -
SE?NPUT

CNTL -

LITERAL TO BUS=-

DISCRETE
LOGIC
OR
PLA
OR
ROMS

oF

MUX

L \
-—————-Cw

——— OVR

e Fls'l

FROM

s=al)

e )

L

I

'

SYBEX

F

-~ 290ls

Fa_‘s.¢
BUS }

CONDg \
COND,

CONDz

CONDT/F )

BR,

BR,

1D (LoOPCTL) /
B/L (BRANCH/LITERAL)
INTRGE (SYSTEM)
INTR@L ([/0)

INTRGZ (OP, AvAIL)
LOOP CTR

INSTR
BUFFER



BRANCH LOGIC IMPLEMENTATION >80

THE LOGIC IN THE BOX CAN BE PERFORMED BY

8 CHIPS DISCRETE LOGIC
oR 1ROM 512x8
oR 1PLA 14(16) x 48 x 8

COMPARISON - | INPUT
METHOD SPEED PINS* DISSIPATION COST SEACE EXPANSION
8 CHIPS Ls. 4ONS 8x16=128 8 x 50 MK = 40O MW $8 4 IN® NO
1ROM512x 8 60 NS 24 700 uH $15 118 N
: nga S 33)
1PLA (48) 50 NS 2u/28 600 MW ? 1IN YES
: (5 SIGNALS)

*RELIABILITY AND BOARD COMPLEXITY
**HIGHLY UNPREDICTABLE

SYBEX



P.L.A. REVIEW

P.L.A, IS A THREE STAGE ARRAY

FUNCTION STAGE 1: PRODUCTS OF INPUT TERMS

P = Kl’\'¢(.'¢ A K""ﬂ- LlA Kr\.z. Lz,\ e e o o
3
=1, f. -1 such THaT Lt=1i
@t= unperineDd (1€ NO TERM)

wHERE K,

1= L
n = UI l 2 1. 00
K 1S A MATRIX
Y Ky
X
PRODUCT
WHICH MAPS ONTO [ W™MATRIX
P

SYBEX
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- 3-62
CIRCUIT OF PRODUCT (STAGE 1) MATRIX

g % Vee
-« —% tn  in
‘. --f-::zéi IE;-"}Z ZE,ﬂ"gL
- —I2 tn H

Po P,
AT EACH INTERSECTION AT LEAST ONE FUSE MUST BE BLOWN
STANDARD INPUTS Ly :14 0R16
PRODUCTS Px:48 or 96

SYBEX



PLA STAGE 2: SUMMATION 563

FUNCTION STAGE 2 : SUMMATION OF PRODUCT TERMS
Se = e Py Vo dea BV ez BV

WHERE Jes =1, 0  sucH tHaT 1-P =P
@-P = unDEFINED (1.E. NO TERM)

JoISAMRIX g

X

CWHICH MAPS ONTO [
S MATRIX

P

NOTE: STAGE 3 FUNCTION -- NEGATION OF SUM TERMS

Sc =1L, S, wHerRe L, =1, -1 sucH THAT 1§’

= g
-18 =%

SYBEX



CIRCUIT OF SUMMATION (STAGE 2) MATRIX

P AAN

B P
STAGE 3
Vee Vee (NEGATION_OF
! SUM TERMS)
Vee Vee _{:—) j>

s

m'

Vce

T

Vee

balra

STy

.”PL

<2
ho
v

—L_ STANDARD S, = 8

(P,=48 or 96)

SYBEX

I}__&

ﬂkl
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PLA CHARACTERISTICS B

THREE STANDARD CONFIGURATION

14 INPUTS 48 PRODUCTS 8 OUTPUTS (PLA. FPLA)
16 INPUTS 48 PRODUCTS 8 OUTPUTS (PLA. FPLA)
14 INPUTS 96 PRODUCTS 8 OUTPUTS (PLA ONLY)

AVAILABLE OC OR TRI-STATE OUTPUT. OUT ENABLE

RANGE OF SPEED 50 NS - 100 NS

DISSIPATION: EXAMPLE (SIGNETICS 825101 16 x 48 x 8 FPLA 50 NS)
| 600 MH-

24 oR 28'PIN PACKS

PROGRAMMING: SPECIFY J,K.L MATRICES BY PAPERTAPE OR CARDS
PLA: FACTORY MASKED
FPLA: FIELD PROGRAMMABLE WITH FUSE BLOWER

SYBEX



PLA MASK CODING: CARDS OR TAPE

3-66

PROGRAM TABLE OF SAMPLE DEVICE

PROGRAM TABLE ENTRIES
INPUT VARIABLE OUTPUT FUNCTION OUTPUT ACTIVE LEVEL
lo 1. DON'T CARE PROD. TERM PROD. TERM ACTIVE ACTIVE
PRESENTINF, NOT PRESENT IN F4 HIGH LOW.
H L - {dash) A ® (period) H L

“ NOTE NOTES NOTES )

2 Enter (-} tor unused mputs of used 11 Entesps independemt of output poisrity 1) Polarrty progiammaed once only
8 a 3 P-reems 2) Enter {A) toc vaused outputs of vasd P-lerme 21 Enter (M) for eit Lnused outputs )
~ Q =~ PRODUCT TERM* ACTIVE LEVEL
N L oy m— TTITLLiLnEATHT ]
83! |wlZ 1M1 T T b arseormar = romg =1 | |-y QUTPUT FUNCTION: _] TWX TAPE CODING FORMAT
N x| slal3l2]1lol9l8lz{e}lslaf3]2]1]o 7]8}s514]13]2]1]0
Q o ~ o O0f —|—~|—] —~|—j L] H] —}—] -] =] =] —]—=]H olelo] Ale| el el A
Q0 D15 — == —=1= — == —T=T=1=
23| 1318 AR e A
u;'w > ~ [ :i | owan to® : uuo':’xu !enogramvase ! ¥ A knd Vemocham tasie? 2 ”- '
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FPLA: FUSIBLE LINK 367

FUSE F1 |
)
[ S
F2
SIGNAL ‘g—/\/\/\—q S
Vec

EITHER FUSE F1 OR F2 IS BLOWN

SYBEX



A TYPICAL FPLA TRUTH TABLE
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FPLA’S
INPUTS |  PRODUCT OUTPUTS PINS
TERMS
AMD 16 48 8 28
INTERSIL 14 48 8 24
MMI 14 48 8 28
SIGNETICS 16 48 8 24

SYBEX



CURRENT PLA’S

- HUGHES

- INTERSIL

- NATIONAL SEMICONDUCTOR

- SIGNETICS

SYBEX



PLA APPLICATIONS

SEQUENCING

ALU CONTROL = MICROINSTRUCTION DECODING

CODE CONVERSION

ASC I1 STANDARD INTERFACE BUS (IEEE 488-1975)

FAST DECODING (50-100 NS)

ROM PATCHES

SYBEX
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BRANCH CONTROL PLA PRODUCT TERMS

BRANCH & N " e \ T )
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D
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er ¢ Te§e'—ﬂéﬂ“ '7676'—*% T&" L ETgtlpgiégi::t)
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T_I
t

X

-+ 4 o] INTRQ A
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B ] =T INTRQ (0P, AVAIL)
L . L v vz Wz w9z vz W= Z
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PRODUCT TERMS (18)
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BRANCH CONTROL: PLA SUM TERMS

TERMS §

PRODUCT

13440071 H—K—x¢

dOON X

an

(1)yud X

aN

(1)yaHsnd

(1)13¥dod

N

(4)us

N

(3)YgHsnd

(4)134d0d =X

POYINI

JOYINI

COYINI

IvY¥ILLT X-

€:))

PUP
ABORT

SW¥3IL Wns

CTRL




CONTROL AND DATA TO 2909 SEQUENCER

INSTRUCTION BUFFER (AM 2913)

COND - BRANCH ADDR)
A I oc -Re:s
__‘4_{7_,37 — K / Ve 2909s
TRO(ESR ca -
D-BS — : %_ STK.PTR.
p-15 < -1 AR | sTack [T
LITERAL Do-7 *
PLA
8 vl EPD
1 Nt | g Ll D jSemTeen
PROCEIR : 2 C, v
beos | OPCODE
FED | Rom/PLA E_] — % .! +1 ]
) ro 28015 | | %
[NTERRUPTS . e Vo
INTB: SYSTEM O
INT1: 1/0

SYBEX

PLA
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MICROPROGRAMMED 16 BIT PROCESSOR WITH AMD 2901/2909

DATA ADDRES
g5

L X-BUS DATA_| [X-BUS ADDRESS |

J

DATA OUT BUS - Y
. < b
. I -
W, 5 - 5] ] DATA IN BUS - D e -
3 0P, DG REG |REG
o LRes Res | JT
o1 [ INT. 1 VECTOR 1 |
o | INT @ VECTOR — =L )
) 1 T <L, 2901 x 4
= s N o | I = o s
3 | ——L 25 | EEr——— 18 l
g WORDS | "D BUS, ¥ BU
w — ]
2909 48 ; B/L.BR,LPCIL :
‘ mpri pm—— R o
D BITS COND
ml LOGIC LOOPCIR
Lnnn ADNDR_ é j 4;
BRANCH / LITERAL MISG
CONTROL | -
S+ ,Se,FE, PUP




BUS CONTROL 7

- D_BUS SOURCES CONTROLLFD BY
LITERAL— D B/L =1
X BUS DATA—> D | D BUS, = 1
D BUS DESTINATIONS
D — OP DECODE ALWAYS ENABLED
D — A/B REG. REGS D BUS, =1
D — 2901s Io,t.z
D — LOOP CTR llo=1
Y BUS DESTINATIONS
Y — X BUS DATA . YBUS, =1
Y—+ X BUS ADDR/RD Y BUS, , = 01
Y—= X BUS ADDR/WR Y BUS,, = 10
Y~ X BUS ADDR/OPR * R BUS,2 = 11

“NOTE: CAUSES PAUSE —» INT3 WITH OP

SYBEX



D TO X - BUS LOGIC: DATA TRANSCEIVER

AM 2907  QUAD BUS TRANSCEIVER LS 400 MW / 35 NS
TRI STATE RECEIVED OUTPUTS 20 PIN PACK
LATCHED OPERATION
PARITY CHECK / GENERATE

r— I
4 o ouTPyT
or CONTADL

LY

Qat

mo LT

e I

d
e T e
T
T

A =
=)

omivEA
Lok DACP O

ws o :D nrctiven
tnasy MO ——-‘————-0<|—4'ﬂ'1 u::n



INT 1: 1/0 INTERRUPT GENERATION

INT1 IS GENERATED BY I/0 REQUESTS

NHEN INT1 IS ACKNOWLEDGED THE INT@ VECTOR IS GATED
TO SEQUENCER D INPUTS, aPC IS STACKED

THE INTERRUPT VECTOR IS THE ADDRESS OF THE MICROPROGRAM
SEQUENCE TO SERVICE THE INTERRUPT

SINGLE LEVEL INTERRUPT SIMPLY FORCES FIXED ADDRESS

PRIORITIZED INTERRUPTS MUST BE SORTED
VECTORS MUST BE GENERATED

INT 1 ROM
VECTOR 32x§
(1s

Weer  [Bi5TOS]
SYBEX

il

PRIORITY LEVEL

3-78



VECTORED PRIORITY INTERRUPT ENCODER AM 2914

8 LEVELS

MASKING REGISTER

STATUS FOR LOWEST PERMISSABLE LEVEL

LATCH
sYeass

’ ]

o~in
et [Tl B0
wouts tarmts

v, [}
-~ M’m 7

1 vecron

. L CLIAN T naR(t  hee
L) L CHEAR FLr 00
e BTN coNInoL 3

. ImT
3-8t VECTOR HOLD
RIGISHA
o l Nvu L
necisten [0 ! (oatn

VECTOR OUTPUT
CASCADABLE FOR 8 LEVELS
70 NS DELAY

PINSYRIUC. T

N LT
[D—rmruren - A O

—{Douruian
SR TCTIONAL TaIEE LT At
Ej [X:] —"{’) cunut

¥,

N s
_.—.7{__.@ vecton
QuiIryt

INTA AROULSS

w0
CROUP ENABLE

INTERRUPY
97 meousst

) PARALLEL
wee L puant

? O RPPLE
DiANLE
capyr

“""D ADVANCE
SEND

-

s
STatys
HEsd o O Svenriow
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SUMMARY

16 BIT PROCESSOR EXPLOITS MAXIMUM CAPABILITIES OF THE AMD 2900 BIT SLICE SERIES

MINIMUM CYCLE TIME
POWERFUL MICROINSTRUCTION
HIGH DEGREE OF PARALLELISM
LOOK AHEAD
FETCH PIPELINE
BRANCH PREPARATION (SINGLE INSTRUCTION INTERRUPT SERVICE)
CONDITION TESTING
LOOP COUNTING (SINGLE INSTRUCTION LOOPS)
POWERFUL ‘DATA PATHS |
SIGNIFICANT AUTOMATISM
OP CODE VECTORING
LOOP CONTROL

SYSTEM
INTERRUPTS STE

170
~ 50 CHIPS

SYBEX



NEW AMD CHIPS

AM 2901A SCHEDULED (76Q4)
IMPROVED SWITCHING SPEED
NEW CONTROL CIRCUITS: (7604)

- 29811 FOR SELECT LINES AND STACK CONTROL OF 2911
CONTAINS LOOP COUNTER

- 29803 CONTROLS OR INPUTS ON 2909 = MULTI-WAY BRANCHING
(UP TO 4 TEST LINES)

NEW 2-PORT 16 x 4 RAMS 29704, 20705 (76Q4)

2910 MICROPROGRAM CONTROLLER

SYBEX



USING A CONTROLLER

Y

>
INST, REG
OPCODE.

MAPPING

PROM
START
ADDRESS 8

BRANCH ADDRESS/COUNTER

8
211 x 2 ROM -2 PIPE-
8 LINE
SEQUENCER ﬁ{) (icro >J REG |
ADDRESS PROGRAM)
T
29811 DIRECT
2

i

7

TEST CONDITIONS

3

CONDITION SELECT

SYBEX




AM 29811 SEQUENCE CONTROLLER

3-83

JUMPS
' T0 ZERO
TO ADDRESS
REPEAT IF COUNTER # 0
TO SUBROUTINE (1 oF 2)
TO EXTERNAL ADDRESS
TO MAP ADDRESS

COUNTER OPERATIONS
LOAD
TEST AND JUMP

STACK OPERATIONS
PUSH PC
RETURN
JUMP AND POP

SYBEX



29803
—d FE— ﬂ
1 29803 "1 00
— L 2 ¢
JU— s sssrmeceee P 3
1 |
4 MICROPROGRAM
/ MEMORY
\
MICROREGISTER

SYBEX
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2930 PROGRAM CONTROL UNIT

I IE  TEST

g | ¢

u INSTRUCTION

4

-

D CLockK
n

DECODE
REERRRRERRR 16-LEVEL —= FULL
c
P. PUSH-POP
REGISTER r USSTACI? T
g a CP -t {T
8
Yy YN/
STK R D PC
SOURCE SELECT » C, FEGISTER(PC)
i 5
IN MR G Z 1
>Cin ™ Cof—>0
0E



2910 CHARACTERISTICS

- 12-BIT MICROPROGRAM ADDRESS GENERATOR
- i LEVEL STACK
- 12-BIT LOOP COUNTER (TEST/DECREMENT)
_ 16 PAIRS OF INSTRUCTIONS:
- 4. BIT PAIR SELECT
- CONDITION CODE CC + LOOP COUNTER SELECTS ONE OF PAIR

- 40-PIN DIP

SYBEX



AMD 2910 MICROPROGRAM CONTROL UNIT

CLOCK e MPPING ROM
e | Y12 ' 12
Lt L
TE-ST . 1 SEN
2922 | 7" amoglo fecuock
FUNCTIONS Rew
T
, ADDRESS
/q //q [}
/ MICROPROGRAM
MEMORY
UK
Fy l
»loe MICROREGISTER  fe—cLock

L4 ] l l
REST OF SYSTEM
SYBEX




4. OTHER BIT-SLICE DEVICES

SYBEX



THE BIT-SLICE FAMILY TREE

1973 .

1975

1976

1977

7400

9

p

130 MMI 6701

AMD 2901

SESCOSEM
MOTOROLA

STGNETICS RAYTHEON

3000 6701-1 SIGNETICS
7110

| 2901 A

SYBEX
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OTHER BIT-SLICE SERIES - MM 5700/6700 SERIES

4-1

MONOLITHIC MEMORIES 5701/6701

IMMEDIATE
ALMOST

PREDECESSOR
IDENTICAL ARCHITECTURE

0F AMD 2901

Not

e The

oM
INSTAUCTION >-—£'- srmTS L&mvnm l:..)J'—.

Vﬂ: 1A}
ano D 1)

Numbers 1n parentheses are the numbaers of signal lines

SYBEX



MM 6701 VERSUS AMD 2901

CYCLE

6701
185 NS (SPEC 175 NS)
(6701 - 1: 90 NS)

2901
105 NS A. B CLK

ADDRESS HOLD

-10 NS/CLK _A~

@ NS/CLK £

16 BIT COMPARISON
(W/0 SHIFT AROUND)

185 NS (175)

145 NS

C. OVR, F =8,

FLAGS OUT C,OVR. N. F=10
F=1111 |
(6701 - 1 HAS N)

BUSSING . AOR B ORF AORF
T0 DATA OUT TO DATA OUT
BoD-+B AeD—B

ALWAYS LOAD B AND/OR @

LOAD B AND/OR @ OR NO LOAD

(MISCELLANEOUS ALU DIFFERENCES)

SYBEX
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MM 6701 DETAILED DIAGRAM

O 3 PACKADE WM T
Ot + PACRAGE OUTPUT
O—sad « PACKAGE MPUT AND OUTPUT

SHET LEFT OUT 1SLOY
SHIET RIGHT IN (SRI}

SHIFT RIGHT OUT ISRO)
SWIFT LEFT IN [SLI}

BHET O MGHT m¢

1SORny

ST O MGHT OUT [SOROY

Ot et b—to—O
SHIET Q LEFT OUT SHFT QL LEFY M (SOLY
53 1SOL0) Sy $3
*
T *
T ~ : e
‘,,——\ TRANSFER /—-—\
ST LEFT 4]
SHIFT MGHT QSHIFTER ;1
3
O4 o3 o2 Oy
430 SOUNCE B
Sounct | A3 O S4BT (16 & 41 ML TIPOAT V""—'O:l AND 58 € Q" REGISTEN (MASTER/SLAVE}
a | a0 fanas [—=+—0 " | pestmanon LOAD
o Oua  Owa O O1p |0 Oa Q1
e A
LATCH B
agce
L=
4y
At TRAY B
. FUNCTION 39 B4 N'A"‘ n’-m.ur.»o;n
QUTPUT + 1 WEITHER SELFCTED L L ‘“‘o"l]
LY
nucvs&"?— vln : \\_ S DUAL @ DY 3,2 runcron
WM NOR OFDATAMBA N N Sio seuect 343[ L€ S9 8 3yg
16t nomo oaraw
SELECT & OR A D AL MIGNS ¢ 3 e/
17 O] [ S10 SELECT OV n 14 come
[ S11 TAUE/COMPL.
. O-— nes [ SCTe ane 080G
. .. 513 SELECTO
'8 O-e—1 “tom S1a TRUE COMPL $1y et ! 8! °"°¥»
4 Opni [ Sis ALU (ADD/TRANSFER] [ Yrge ARITHARENIC LOGIC ‘-—MMhu -
13 O] [ S1 ALuiLoGiCIvvERT) 10— et [rigese
[ 511 ALUIKIL, CARAY) Cn O—arif L . oo SANOR
MSTRUCTION d E J
AND, OB, EXCLUSIVE O, J
|__ S1 SHIFT LERT FORCE, INVERT, ADD,
2 [ 57 NOSHieT SUSTRACT INCREMENT,
°"_1 [ 53 SHIET MIGHT OECREMENT, TRANSFER, =]
54 LOAD RaM FORM 2'S COMPLEMENT Cuie
W] 378 t:x. L0ADQ
MOM T se ouTeUT A LATCH
0 O~y S} OUTAUT 8 LATCH
S¢ OutPUTE
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MM 6701 TIMING
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MM 6701 MICRO INSTRUCTIONS

INSTRUCYIONS IN THE 37 » 3 POM - MOSITIVE LOGIT 11 e H » 3\ IN™F RPPETATION

PR BT L)

0w w00 NaCaryin | WanCorry 1o
w[a]a T | owm Jorse (Seu Py 1070 Bymbotam 1o |y Koy - 20
Ll s Iy
oo
S
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ot
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T
oot
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et
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Thwlw . a
N0 5 e LT it ey For e rone Y
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SN 5
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TR IR Lo rpewas U Lisauiee e
LR LS L l‘ 3 €,
W R s D
CICICED o
Wl e = - Ten
LCIIONT
WOl
LILIIRT T
wWlnoal= ot
IR
MM e L)
CRCH 2 ED - Ay
Baaan T [ X)

INSTRUCTION MODIFIERS IN THE 8 « 8 AOM —
POSITIVE LOGIC{1 = H - J V. INTERPRETATION

Rom Werd Lase Contem

Oatwost l-ﬁ.—::ll.vdﬂ

Do Were

|

L LN S 3
[SNC) 0
RN 7
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1721 173 10 (Y
LY €3 0% B




MM 5710/6710 MICROPROGRAM CONTROL UNIT

COMPLETE CONTROL INIONE CHIP

CONDITIONAL BRANCHING 40 PIN PACK
SHIFT CONTROL 100 N CLOCK MIN
I-LEVEL SUBROUTINE REGISTER (GO-LOW, 70-H1GH)

LOOP COUNTER
ADDRESS 512 WORDS MICRO CONTROL

n

3
g8 |—o«
o

i
!

" SYBEX



6701/6710 INTERCONNECTIONS

iy DIy Dng Oty _ .:o'JUnGJC LI
Ay —1%"
Ay .
Ay —il
A b
By ——ll
: -
mm;ol 89 b :{
am pum—
) :: ~ o l'n:mﬂm
SUCE 1y r——Ns
i —t
[ — ::
1] r—- —] N§
1] —1 N3
L] — :;
—1N
=S S o cLocx
LoV sno/ ot —
s [ CRAR
6123486678
— e W
-t HNEAREAR
0 ‘:.V: e ADDRESS
c $12 WORD
» ROM/PROM
pa— H ourPuTs
004003002004 I l 1
] MEMORY 1/0
CONTROL

- SYBEX



6710 MICRO CONTROL SET

Table | — MCU Control Options
Control Code Address Fisld Dettination l Controf Action
2 (il
0 1] 0 None Continue to next pinstruction
0 0 1 Control Counter Continue to next pinstruction
0 1 0 None/CRAR {Cond. Jump) Jump to next pinstruction if Control
Counter # 0, Decrement Control
. Counter
1] 1 1 None/CRAR (Cond. Subr. Jump) Subroutine Jump to next pinstruction
if Control Counter # 0, Decrement
Control Counter
1 ojo"* ‘None Return from Subroutine
1 0 1 CRAR (Jump Subroutine) Jump to next ginstruction
Return from Subroutine when Control
Counter Subroutine Latch = CRARp4
1 1 ] CRAR {Jump) Jump to next pinstruction
1 1 1 CRAR (Jump Subroutine) Subroutine Jump to next instruction
Table (11 - Shift Control
Bidiractional Shift Lines Acti;; Om;un o
Control Y TRy J Tty T T TTae
Code Shifting Operation (SLO/SRI) {SRO/SLI) {SQLO/SQRI) (SQRO/SQL!)
T Pt SR Rt vdeae I
o]0 Acithmetic Snift Lett | - [ o | - Flag (SC)
1] 1 Anthmetic Shitt Right ! N@V Fo -
1 0 Rotate Shitt Left ) Fy - Flag (SC)
1l Rotate Shift Right | Fo - - _

High Impedance State
SC Contents of Carry Flip Flop



6710 MICRO CONTROL CONTINUED

4-9

5 | 1s
"o o
o |o
6 |0
0o
0
0|1
0|1
o |1
1]0
10
110
10
1
1]
11
11

- - - - - - -

|

1e

:-'Q-O-'O-‘Q-O-'O—'O-‘O

|
|

I

_-_;Eqmrol Codc 4___ T_

Table Ul - Flag Status Control Options

_ Action
" None - 17 10 CRARg Unconditional Branch
Store C 17 to CRARg Unconditional Branch
Store N, V, Z i7 to CRARg Unconditional Branch
StoreC N, V, Z 1; 1o CRARg Unconditional Branch
Shift Flag Register into Qg 7 to CRARq Unconditional Branch
Shift Flag Register out of Qg 17 to CRARg Unconditional Branch

Instantaneous value of Q3 to CRARq
Instantanecous value of Qg to CRARg
Stored value of C 10 CRARp

Stored value of N to CRARy

Stored value of V to CRARg

Stored value of Z 10 CRARy
Instantaneous value of C to CRARg
Instantaneous value of N to CRARg
Instantaneous value of V to CRARg

Instantaneous value of Z to CRARg

Conditional Branch
Conditional Branch
Conditional Branch
Conditional Branch
Conditional Branch
Conditional Branch
Conditional Branch
Conditional Branch
Conditional Branch
Conditional Branch

Code bit I inverts the status of output line so that the condition is dependent upon C, etc. For the first six entries in
the table it I; = O there is an unconditional branch to X,0. If I3 = 1 an unconditional branch to X,1.

SYBEX



4-10
COMPARISON 6710 VERSUS 2909

6710 2909
FUNCTIONS ADDRESS GATING ADDRESS GATING
LOOP COUNTING STACK CONTROL

FLAG TESTING
SHIFT CONTROL

ARCHITECTURE COMPLETE CONTROL SLICE OF CONTROL
UNIT FOR SMALL UNIT FOR LARGE
SYSTEM SYSTEM

SPEED: CYCLE 100 NS MIN 60 NS MIN

SPEED: CLOCK

T0 ADROUT 25 NS 40 NS (FILE POP MODE)

SIZE 40 PIN 28/20 PIN

SYBEX



4-11
OTHER MM 5700/6700 SERIES DEVICES

5702/6702 4 BIT CPU SLICE WITH ADDITIONAL

BIDIRECTIONAL 1/0 PORT (NO Q REGISTER)
5716/6716 PRIORITY INTERRUPT CONTROLLER
5717/6717 DA CONTROLLER

5718/6718 /0 INTERFACE CONTROLLER

SYBEX



INTEL 3000 SERIES

-12

3002 CENTRAL PROCESSING

2 BIT WIDE SLICE

11 GENERAL REGISTERS

ACCUMULATOR
MEMORY ADDRESS REGISTER

MEMORY ADDRESS BUS QUTPUTS MEMORY DATA BUS
———— P ———
A, A LT
MEMORY r oUTPOT 1
l WEMORY
ADDAESS
| Lo [ e megsten
L“—'——-—\L | I -
CARAY ] b
Look Aweap § | 7T ARITHME TIC
oureuTs co—dq SECTION
aipeet CaRRY — o ']
ouTPyT Y ¥
ls:;:‘; MGHT :::j Lumm;u.u ] wuLTRLExER
[+ 1]
" —! 1 I [ 1 1!
MICAO h I
[ MICAD
funcion ) fe
il e e
1NPUTS '::t: Ny Ry T
;,.._1_. ‘I ki
| I, —

ELEMENT

3 INPUT CHANNELS
2 QUTPUT CHANNELS

100 NS CYCLE
28 PIN PACK

ta MEMOMY DATA

ENARLE

CARRY INPUT

——
MEMORY DATA

BUS tNPYTS

—_—— g — — —
[N [

EXTEANAL  MASK BUS
SUSINPUTS  pylS

SHIFT AiGNT

1
I
|
|
¢
T ureur
l
|
l
I
I
-



INTEL 3002 CPE

4-13

16 BIT CYCLE TIME WITH LOOK AHEAD (NO SHIFT AROUND): 155 NS
(INTEL 3003)

ADVANTAGES:
SPEED
MULTIPLE BUS INPUTS AND OUTPUTS
BUFFERED OUTPUTS '

DISADVANTAGES:
2 BITS PER CHIP
LIMITED GENERAL REGISTER ACCESS - ALU A - MUX ONLY
COMPLICATED MICROINSTRUCTION SET
LIMITED FLAG OUT (CARRY AND LOOK AHEAD)

- SYBEX
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INTEL 3002 CPE TIMING

Ta = 0°C w0 70°C, Ve = 5V 25%

SYMBOL PARAMETER MIN Ty MAX
ey Clock Cycte Time ) 100 7
twr Clock Puilte Width 3 2
s Funcuon input Set-Up Time {Fg thvough Fg) &0 40
Dats Set-Up Tine
tos fo. }1. Mg. My, Ko, Ky 50 30 ~
tss L, ¢t 2] 13 ™~
Date and Functinn MHold Tuna:
(™ Fo through Fg 5 -2 ™
tox fg. 1. Mg. My, Ko, Ky 1} -4 ~
om L. Ct 18 2 ~
Propagation Dalay to X, ¥, RO from:
xe Any Funcuon Input 37 82 n~
txD Any Data input 2 42 ~
IxT Traling Edge of CLK 40 80 ~
e Leading Edge of CLK 20 "
Propagetion Dalay to CO from:
tcu Leading Edge of CLK 2 ™
T TYrailing Edge of CLK 48 ” n
ter Any Function Input 43 €5 L]
tco AnysData Input 0 &5 ~
e CI (Ripple Carry) 4 ® ~
‘Propegation Delsy to Ag. Ay, Dg. Dy from:
[ 7%% iLeading Edge of CLK [ 32 50 n
tos Enable input ED, EA 12 25 ~

SYBEX
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A o] |1
L] | ||
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DATA QUTPUTS



INTEL 3002 CPE

4-15

MICRO FUNCTIONS '

APPENDIX A MICRO-FUNCTION SUMMARY

Clv (AC AK) =~ CO R, -~ IAC A X} =R,
Cis {(AC A K} - CO M LAC v K) < AT
Clvit AK)~CO AT v (1 A K) - AT

Cl v [Ry A AC AK} ~CO R, “(AC ~ K} *A,
CIv (MA AC ~AKj~CO M T (AC £ K} + AT
CivIATAT A Kl ~CO AT T 0 K) < AT

1 25 compiement sthmenc edds 111 11 10 perform subteaction of 000 o
2 R, 000 T ang AC a4 10urcs and 0R$0LN810n regusters in R group 1 Micro lunct.any

f GROUP A.GROUP MICRO-FUNCTION "
1 R, ¢ {AC A K) + Cl = R, AC
[ " M+ (AC A K]+ Cl~ AT
m AT A (i  AK I = RO LUV Hil A Kyd A ATy ] = ATy, ?
(AT A iy A K i VAT vily A Ky)l = AT,
] K ¥ Rq ~ MAR Rat K+ Cl =Ry NOTES
1 H K VM- MAR M+K+Cl~AT
" (AT v Ki ¢ {AT A K) ¢ CI = AT
' (AC AK)-1¢Cl=R, SYMBOL
2 [} (ACAK}-1+Cl = AT (see Note 1) 1K M
] (1 AKI-1¢Cl~AT cu
co, RO
] Rp ¢ {AC A KL+ ClL =R, ‘E
3 ] Me {AC AK)+Cl = AT AT
i AT+ {1 AK)¢Cl = AT e
1 Cl vIR, A AC A K} - CO Aa A (AC AK) =R, *
. ’ 1 Cl viIM A AC AK) ~CO M A JAC AK) = AT
L1} Clv (AT Al AK)~CO AT A {1 A KL~ AT
1 Cl v iR, AKI=CO K AR, <R, ’
5 " Cl v (M AK) = CO K AM=AT
n Civ (AT AK) = CO K AAT = AT

SYBEX

MEANING

3 S$14n047d 2. IAMENC Clity OuIPuT waluet 3tk ganerated sn F .g1oup 0. 1, T and J wmstructions

Data on the 1. K, and M busses, respectively
Dala on the cairy nput and fteft nput. respechvely

Data on
Contents
Contents
Contents
Contents

the
ot
of
ot
of

carcy oulput and nght oulput, respectively
teguster noincluding T and AC (R Graup 10
the sccumulator

AC o1 T. as specihied

the memory address tegister

As subscripts, designate fow and high order b resprctuely
2’3 complement addtion

2's complement subtraction

Logcal AND
Logical OR
Exclusae NOR

| ATRIVI N

(R 1Y



R-GROUP

APPENDIX B ALL-ZERO AND ALL-ONE K-BUS MICRO-FUNCTIONS

" K-BUS = 00 MICRO-FUNCTION

F-GROUP MNEMONIC  K-BUS = 11 MICRO-FUNCTION MNEMONIC

[ Ry +Cl= R, AC ILA AC + R, +Cl= R, AC ALR

0 1} M+ Cl=AT ACM - M+ AC+Cl—~AT AMA
1] | AT, ~RO AT, ~AT_ LI=AT, SAA {See Appendix A) -

! R,~MAR R,+CI~R, LMI 11+ MAR R,-1+Cl~R, DSM

1 ] M~MAR MsCI=AT LMM 11 = MAR M-1+C1=AT Lom
m AT » Cl = AT cla AT ~ 1+ C1~ AT DCA

] Cl-1+R, SeeNotel CSR AC-1+CI~R, SieNotl SOR

2 [ Cl—1=AT  SeeNotes 1,4 csa AC-1+Cl=AT  See Notes 1,4 SDA
n (See CSA above) - 1=1+C1—~AT Lo

N R, +CI~R, INR AC+R,+Ci=R, ADR
3 " {See ACM above) - {See AMA above) -
m AT + Cl = AT INA I+ AT + Cl = AT AlA

' Ci=Co 0-R, CLR Cl7 (R, - AC)=CO R, " AC—R, ANR

4 " a-co 0-=AT CLA Cl. (M~ AC)=CO M~ AC-AT ANM
] {See CLA above) - Cl - (AT N ~CO AT - 1=~AaT ANI

' {Ses CLR above) - Cl. R,~CO . R,~R, TZR

5 n {See CLA above} - Cl. M~CO M- AT [R¢"]
m [See CLA abovel - Cl AT=CO AT = AT T2A

' c1=co R, =R, NOP Cl: AC~CO R.v AC~R, ORR

[ " Ci-Co M= AT LMF Cl - AC~CO M AC—~ AT oR”RM
n {See NOP above) - . t=Cco 1+ AT = AT ORi

) f c1-co AL -n, CMR Clv (R, ACI~CO R,%AC-—R, XNR

? " C1-CO  M-aT Lem ClviM AC)-CO _MTAC—-AT XNM
m C1=-CO0  AT-~ar cMA C1 /(AT n-CO 15 AT - AT XN

& The more general operetions, CSA and SOR, thould be used in piace of the CSA and SDA operstions, respectively.



522 INSTRUCTION ADDRESSING

CONDITIONAL TESTS

BRANCH CONTROL

meanes -
now MICROPROGAASS MEMORY
ApOREss ADORESS
(L) MAg - - - WA, hy -~ MAgy
— —— —— —— — —— —_———
ouTeuT ot
FrEn wern
——=FFFF =9
RGP W M S S
Bl ol ol ol adbebe

MICROPROGRAM
ADORESE REUSTER

NOXT ADDALSS LOKC

[ ]
[ 1111

— o — — —— v— — —

2
:



Tl ¥ ¥ bmis W W W 1/ W woes

CONTROL 1O HEMOAY DATA BUS
MEMOAY 110 ADORESS BUS 10 MEMORY
wnrs L1135 -
AQuTPUIS "0 O0UTRUTS
2 - TYR .
a! CPARRAY
S noELINE .
ef reGisen  \ LTS 007S
o2 OPLIONAL
.,.::o 3y [ . o
NEXT PRGGRAM X [{) Nyt o INPYT! ¥
N ess | MOwORT fA LI ey TS s
CONTRDL o A\
- A
2008E3S 18 wasy §UC
- -
e -
(3011 S - e
Tt s .
MICAQPADCAAY "
. ADOAESS BUS aco¢ -
Yoor 0] |y e
= I T
Fl Y [
-
FLAG CONTAQL INPYTS .
SECONOARY sNSTRUCTION BUS suTs

\

EROW EXTEANAL DATA 1 FROW
LODEVICES | WEWORY

SYBEX



WEXT COL

Contents of F-latch, C-flag, or Z-flag, respectivety

. - ) FUNCTION NEXT ROW
MNEMONIC DESCRIPTION , i

: ACg 5 4 3 2 1 0 MAa 3y ¢ 5 4 MAy 5 , o
Jc Jump in current column 0 0 dy dy dy; dy dg dg d3 9 ;1, dg m3 my my mg
dzR Jump 10 zero row 0 1 0 d3 dp d¢ ¢9 O O O O O dy dy dy dg
JCR Jump in cuirent row o 1 d3 dy dy dg mg my mg mg my dy dy di dy
JCE . Jump m column/enable 1 1 1 0 dy dy dg mg my dp dy dg m3 my my my
JFL Jump/test F-latch 1 0 0 d3 d dy dg wmg d3 dy dy dg my 0 ¥ .t
JCF Jump/test C-flag 1 1.0 0 dp dy dg mg my dp dy dg my O 1V ¢
JzF Jump/test Z-flag 1 0 1 1 d; dy dg mgmy dy dy dg m3 O 1 2
JPR Jumpltest PR-larches 11 0 0 d; dy dg mgmy dy d do - P3s P2 P1 Po
Jte Jump/test left PR bits 1 1 0 1 dy dy dg ‘mgmy da dy d¢ 0O 1 p3 m,
JRL Jumpl/test right PR bits 1 1 1 1 1 d dg mgmy 1 dy dg 1 1 pm pp
Jpx Jump/test PX-bus 11 1 10 d dg mg m; mg dy dp X7 xg X5 Xg
SYMBOL MEANING
- Data on address controf line n
mp Data in microprogram address register bit n
Pn Data in PR latch bitn
Xn Data on PX-bus fine n {active LOW)
fcz

SYBEX



S R W W W P W e e v o=

EEEER PP SR

ZSTAR AT A mAY
B
3

v
rmd e

FAdxu e i

fyiasdenan

bEEE R
8%

b lalalele}

Juing in Current Row

JCR

Jump to Zere Rew

zn

xc
Jump in Current Column

em

i =
mﬁﬁ
i

SRR “

wigti=0

]

Jummp/Tost Lott Loweh

Jwep/Toat PR-Lavch

row irowz;) and current column {cols)

jump 30d jump/ast functions of the
MCU. Location 341, indicated by the
black squars, represents one current -
address. The grey baxes indicate the
ricroprogram locations that may be
mlected by the particular function as
the next address.

The following ten diagrams illustrate
the jump set for each of the sleven

SYBEX



532 MULTIMODE 8 -BIT LATCH (2 REQUIRED FOR BI-DIRECTIONAL)
36 ITNTERRUPT CONTROL UNIT '

36 4 BIT BI-DIRECTION BUS DRIVERS/RECEIVERS

o o e e e e e e e A . e - - — o ———

M= D |
I MESULET ACTIITY '
__._J—.q‘ | 1
—— = .
l’ - )
LS V.[j ! N
e PRIOMTY
n,_’—_l__.q =1 V{—_ : o
" ] 4 1
" i
|
! L_‘ _:i "‘ﬁ‘_} - ;— g
]
PRIGRTE I : ;. N RN R
e , :
.:::E:g i | | :
a—r :
| e ;
: "7r [ 1
Ll |
I !

ax | St ————————————— U !

Figure 1. 3214 Block Diagram.



TEAMOD 1INV 1 1 lWw/ iV it 3 1w - - - - R

NORMALIZED PROPAGATION DELAY TINE

4 BIT CPU SLICE IN I2L
10 REGISTERS
FACTORY PROGRAMMABLE PLA ON CHIP .
1000 NS CLOCK: TYPICAL ALU PROPAGATE=500 NS
FUNCTIONS ON .85 V @ 150 ma 128 MW MAX
FULL MILITARY TEMPERATURE RANGE AVAILABLE ,
CAN OPERATE OVER SEVERAL ORDERS OF MAGNITUDE OF CURRENT/PROPAGATE

SBPOA0O
NORMALIZED PROPAGATION DELAY TIME

JIECTOR CURRENT
100K gomrmyrrrryamrmrrrer T

TA=25°C

-
o
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Tyrmg
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=

g

RBLELALLEL L RALLLL LR A LL

3

£ batilaedo b2 ARRR

seonned Lt 5 arsaigl 3
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REGISTER-ALU SLICE/MOS-P CHANNEL

MULTIPLEXED COMMAND BUS - FOUR PHASE EXECUTION
7 GENERAL REGISTER
16 WORD STACK
BIPOLAR COMPATIBLE OUTPUTS : o
330 NS MIN PER PHASE / 1,3 uS PER INSTRUCTION




1A Command inputs
CommanG et

TIME N
INTERVAL NCBi3) NCB(2) NCa1 NCBI0}
u STACK A BUS
13 COnP B BUS
iy [ CTL —_;}"‘- ALY
1 ) l[ - nBUS
1.8 Command Codes3
ALU FUNCTIONS CTL FUNCTIONS
NCB(1.10) € TS | FUNCTION NCB(3), (2@ 15 FUNCTION
1 AND - " NONE
10 XOR 10 R BUS CONTROL
o1 OR o SHIFT LEFT
00 ADD 00 SHIET RIGHT
A. B & R BUS ADDRESSES A BUS CONTROL .
NC8i21, (1), (0} ADDRESS ) BYTE R BUS VALUE
m ZEROES, FLAGS. STACK? INCBI3I @TT7) | (SININ @ TS}
110 R 1 ) OUTPUT OF SHIFTER
101 A2 1 1 OUTPUT OF SHIFTER
100 "Rl /] (1] OUTPUT OF /D MUX
on Ba o 1 VALUE OF SIGN INPUT
010 /S ONSININ® T?
001 RE
000 R?

Notw 1: Commands are complemented signahy

Note 2 See text and Tabiet H and 111 tor scddressing Tiage snd svack. B bus only sddremat Tevoes
Note 3. Logic vatues shown are valuer which must be apphed 10 NCB wnputs 10 get indscated results

SYBEX




NS IMF HALU

HIIVIEINQG wiAaanmavg

et 7 OO N B N A B A O e
coes “ b - .
B *, L L—/ ™\ »~ 1

o Mo \___f_———_— ~ n

[ »os L__-/—---— L n

cowvand .

NCBiOY ~OS B o [ ] o AU | 0 ] E [ n

NeBis "5 n B3 L3 - Ean A A L1l o " ®

NCBi2} MOS 3 . N [ 7] 0" &ito -0 (3 o L] »

Nea wos | STACR | o COoMP v & o ] o - ]
™m Aoeusioun | agusioun | e ‘Z'_‘_:: ;:_ W [i7ser

SELECT T o«-vxc-nocr————I SELECT r———— 0F —— ] - ”

svRst ™ oc ] svAsT | oc - .

crov I |t CAGRY OR OVERFLOW } -1 ouT 18

FLAG | TIL e FLAG —wfe -+~ out "

STFL TIL  |fes————— STACK FULL i - out 3

neeco | T e 7D ———-!-o——————— —-—————-—] u'"_l L] out .

st wos TS ;
sum | TP E pe——— DoniCon 0 ———=] o¥TE | 0c | siow | e " 0

o | was | L iioH aereoance —a] SARY | CE SFT o o "

oo | wos [T s [ | oo | | T | e |

Nete 1 & 5OVIve true g COmIenton  uaed N0 88 gnati | g
B4 noes Brp g - R 8 COrmen S gt

1 s morpouiatoitage O ¢ more mewetiee voiiagd

Mots 3 C3m0 one CSHI ngh smwedoncs wiat fos inrervans T3 theaugh T4 e TRISTATE mace for Surpur $en

New 3
inm e OpE 11 s Detned B W @ Bt

SYBEX
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CONTROL UNIT AND-ROM

PROVIDES MULTIPLEXED INSTRUCTIONS FOR RALU
BRANCH CONTROL
SHIFT AND CARRY CONTROL

~ SUBROUTINING
MICROPROGRAMMMABLE : 100 INSTRUCTIONS 23 BITS

STANDARD 8 AND 16 BIT EMULATIONS AVAILABLE

DRIVES UP TO 8 RALUS

* CONTROLLERS ARE ARRAYABLE

TABLE I. IMP Microinstruction Word Formats
ARITIRE TIC MISTALCTIONS ‘

AR ANRANNR RN flu“ﬂ IR

ES RN RN RS ES

VO WSTRECT 0N

#0123 4.6 & 7 5 8 18111212 W16 w. BN nn

I R Ry

Je NETRUCTIONS
9.1 2.3 8.8 8 7 b UNDOINNATIAR RN
m"l] ason ]!‘l Kne l ConTROL 1
Ny - Ny

neaty




E} . 8 &
H i g a & !
odeholo
— .
- | meriic
< | “omn
"<
uv Ml
I‘"—‘
Aowm
conran thew rustauction st
o RCISTER TIRCeT
iacm .
INETAYCTION MATK R TIALITE ADBR
i
FETCH 60DR S OWOITION f—
Yt (> I .
. Ty,
e [ — ) woa | ﬂi:::bmﬁs‘!. *7ons 3508 .
Voo 1w [ I
SosnauTme
NETOAN ABDAESS
- D— . RECHSTEN A




sioNALS 1L0GIC TIE INTERVALE [*™ .~
Note 1} LEVELS m | 2 [ v [ va T vw | w [ nn T m roncTion | wo.
* MOS INPUT 16
LLOCKS < N /
oS ——y r eyt 11
- “os g =\ 4 NeyuT "
(] MOS. INPUT 13
L= T I b 1] b KL% h h outeuT ]
NCB() | NOS Y] o L]} -0~ AT b2l L) - ouTRuT "
NeOIZ | MOS F - 200 I I o j s | o L] o outruT »
NCBINI|  MDS STATK b ToWF b L fu] o 23 b ouTeUT ”
FL )
onoLIN | TTL |t pONT CARE meruT G DATA | pe 1) 88107
oo ! wveuny |
DHALISLIL(TE|  TTL  fet————————— DON'T CARE DATA | BC weuT | 5432
»
ENCTL] WOS Jy, I-— SFETCH (INFOUT) — el UNSPECIFIED OUTPUT — e ] »
NFLEN| TTL -y TG e 1" g AFIE bt "1" —ad  OUTPUT n
e
NICND|  TTL | JCOND ~—9{tti——m DON'T CARE (DC) ~——a= DATA | DC meut 1
N VTR lNun 3 g mow2l .'-
HOCSH  MOS | oum) | ouny | M momce L "o n
LocH|  wos oc l-.—u: um——l—-"‘o canny .{ - I SHIFT /08 " n

Note 1: & pomtee truw I0gec COMEALIon o vaed 10r Sl lpgnglt TxCept CIChs Segnat namet baprmng with N ars complemented
gty

Neotg 2: HOCTSM ot T8 sndt TH w w1 the TALSTATE heph wmpdency sutput mode of CROM losg drivers.
Hote 3: 17 {OUT meens CROM « dereng thet 20de 16 The 10gec 1~ lewat durong e deimad mvearvel For LIO lonos Who togic
m-m- Tin" @r “oul * 18put 01 Butput nodes e deimed onty 88 1 or “0."

SYBEX



MOTOROLA 10800 RALU 4 BIT (MSD)

50 NS ECL IMPLEMENTATION
1 ACCUMULATOR, 1 INPUT LATCH
~ BCD FUNCTIONS

'FAIRCHILD MACRO LOGIC SERIES

9405 RALU 4 BIT (MSD)
8 REGISTERS .

"ONE ALU INPUT "BARE”
9u0u DATA PATH 4 BIT -

SHIFTING. MULTIPLEXING. MASKING
9407 DATA ACCESS 4 BIT

ADDITION, MULTIPLEXING

HOLDING REGISTERS

SYBEX



CONTROL > REGISTER P
ROM SLICE
_ Y
MICROCONTROL »{ ALU SLICE
MCJ.USO]. > MC10800
A
TIMING INTERFACE
MC10802 > MC10803
ADDRESS  DATA

SYBEX




~ MOTOROLA BIT SLICE ORGANIZATION

:’ MEMORY : r—-——|<, | NPUT BUS-
“DATA MEMORY | Y U A @ —
INTERFACE A A i l L
REGISTER MC10179 > oL b P CONTROL
MC10803 FILE 1010 300's : 10 01's
10803’ . :
o A-BUS {T 17 | AN
: MEdoRY | . — 1 |
ADDRESS | OUTPUT BUS
CMA
P-INPUTS {
MEM TIMING
CLOCK —] CO‘URG_C: CONTROL
MC10802 ROM _ .
Ty ; 1 ~ NEXT ADDRESS

TIMING

SYBEX



INPUT/QUTPUY DIAGRAM — MC10800

Sesect
[

AQ 29
ar—-=q32
az—=q3e
A3 —=q30
080 423
") —ai22
OB7 et 2
083 =120

. ASO ——memd 37
ASY ——end
AS? i
AS3 —a-d
254 ——en
ASE -y
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AS7 —med
o J—
AGD ——eed 19
AS10—d 41
AST —eqd a2
ASI2 ] &3
AS13 —eem] 4?7
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X R EE-R ]

Latch Ciock AS 16 ~——ad 28
ACC. Clock ~ CH ——eud 27
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|GG - Generare ALY
= Cgyt - Caery Out . Suatus
| OF - Overtiow Outputs
|20 - Zero Detect
S

€1y
[ g e

bR 1 SR LSE | Aegter
po—em R4 - SritrmsB | Enon

1 vecocme

1 o
1—‘/77 2.0 vea

:l_vu 182 voct

4-BIT SLICE BLOCK DIAGRAM — MC 10800
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ASSOCIATED TO SMS 360 IV BYTE

AVAILABLE IN CARD AND MODULE FORM FROM SMS.
MODIFIED CHIPS AVAILABLE FROM SIGNETICS

BIPOLAR DESIGN, 48-PIN DIP
300 TO 600 NS/INSTRUCTION

8 REGISTERS (ACCUMULATORS). NO STACK POINTER.
"13-BIT PROGRAM COUNTER = 8 K ADDRESSING
ORTENTED TOWARDS FAST SIGNAL PROCESSING WITH SMALL RAM

NON-STANDARD INSTRUCTION SET

 SYBEX



300 NS INSTRUCTION CYCLE
16-BIT MICROINSTRUCTIONS
13-BIT ADDRESS

8-BIT DATA

8 REGISTERS

ON-CHIP OSCILLATOR

BIPOLAR SCHOTTKY

 SYBEX



PROGRAM STORAGE

ROM/PROM/RAM
TTL COMPATIBLE

UP TO 8K X 16BITS

(825115)

o\

S USER
WATYEY) SCONNECTION
IN5337 -
— N 7=
S— ¢ o s
0-115 . g ‘ B
) sow R C
v MCLK A____ BIC
X1 1 INTeRPRETER 1B t----—-—-—
_E——) RB . . ﬁ
1 8 ‘
_L——. 7
Xy L)ﬂ
o S , L «
RESET ) > 3
| > _
SYBEX e
U ¢



';1 SHIFT |

> OVF
p 7
R 1
R 2 L
R3. ' [VBA-1vB7
RS {}mmmmcmmmsmmm
R 6 _
R11 O
Ux DECODE [—o B
UX 0 WC
| RieHr Lo AND o
MASK ‘ |———0 MCLK
ROTATE [N\ )
= S : , CONTROL  je—omaLT
ARS-R12 f . | IR3-IR13 . O RESET
Sy ] _ TRO- | .
B~V 2 o _ [ conRoL g LOGIC e
AR T - <«—0 X]
| I pC 45 <+—o0
N <«—o0
: i 10-115
AB-A12

INSTRUCTION ADDRESS

INSTRUCTION DATA



LOW-POWER SCHOTTKY

50 NS CYCLE TIME

10-BIT ADDRESS = 1K MICROINSTRUCTION ADDRESSABILITY
N-WAY BRANCH |

4-LEVEL STACK

 TEST AND SKIP ON INPUT LINE

3-BIT COMMAND CODE

AUTO-RESET TO ADDRESS -8 DURING POWER-UP
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-- =" FFFFFFH—?P“
- - = - -
en| |
(2) o-o— OUTPUT BUFFER » |
l i 10 l
| 4 >1+1, 42 LOGIC | |
I A0 0§ |
(1) Acgo—— 7 ng BUS N
E%ﬁ%%-%%f ADDRESS REGISTER ST l
&) CLS;:j 10 REGISTER  fas :
VCC ‘ 7
) GNDC>—1 - ) o FILE 10 l
| Y 10 ; }_*DTEST
| * ADDRESS MULTIPLEXER % . : (26)
| ?é;; STACK POINTER |
T |

(ga)

BBBB BzBB

(21) (1 ) (1

)
23y @20 A8 (16) (lﬂ)
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5. BIT-SLICE APPLICATIONS

 SYBEX



IMP - 16
MM 300/600 (NOVA EMULATION)
INTEL DESIGN PROJECT 16 BIT CPU
INTEL DISK CONTROLLER
SPECIAL ARCHITECTURES |
FLOATING POINT PROCESSOR
LARGE SCALE COMPUTERS (CHIP REDUCTION/COST REDUCTION)
HIGH LEVEL LANGUAGE INTERPRETERS
CHARACTER STRING PROCESSORS
MICRO APPLICATIONS
MULTI CHANNEL SERIAL 1/0 ADAPTOR
~ SERIAL NIBBLE PROCESSOR
LSI -MICROCOMPUTER EMULATIORS

SYBEX



10 uwmuwxuna CSinnunng “hwiie 44 AN L I Vive

~ MEMORY - yp TO 65K 16 BIT woRps
'PAGE ADDRESSING (256 WORDS) / INDEXING oyT OF PAGE
1.4 uS MICRoCYCLE :

-nne’hctnf"h""

-

WETR TR T TN




IMP 16P INSTRUCTION FORMATS

Instruction Type

Register to Register
Register to Me@w
Meémory Reference (Class 1)
Memory Reference (Class 2)
170 and Miscellaneaus
Branch

Control Flags

Memory Referance
{Double Word)

Machine Format
11 111 P v
oP &« | or JoP] NOT USED | OP
| 1 I O O
orP r dip
Ligprpr it
oF . i r i Explanation of Symbols
- : Op — Instruction Mnemonic
N T O O I I O O A OP - Operation Code
oP’ xr diwp ‘ sr° ~ Source Register Value
- dr — Destination Register Value
ISR xr — Index Register Value {2or 3)
oP et disp —~ Displacement Value
1 | . L1111 cc -~ Condition Code Value
] 1] r - Register Value
o cc disp ctl . — Control Bits Value
[N 111
oP1 fc g et
1111l | I I I I |
or x | oe | NOT UsED
Lt vttt iett
disp




Memory | Memory
Instruction Mnemonic Execution Cycles Read Write
. Cycles Cycles
‘erence Instructions
‘ LD 5 2 -
irect! LD s 3 -
ST 6 1 1
irect! ST 8 2 1
ADD 5 2 -
SUB S 2 -
MP 3 1 -
irect! IMP 5 2 -
Subroutine JSR 4 1 -
Subroutine Indirect? JSR 6 2 -
tand Skip if Zero 152 7,8 if SKIP 2 1 Tae A2 TUP16C Ext.reke ductrmeram Set (Exevniad be CKOM 111
it and Skip if Zero DSZ 8,9 if SKIP 2 1 ' :
NDis Zero SKAZ - . 6,7 if SKIP 2 : Mumonic | ErewioaCytn | ey’ | Vo
eater SKG Like Signs: 8,9 if SKIP - 2 Crdes Crom
. Raltply wry 108 00 122 3 -
erence Instructions - v s s _
o Stack Register PUSH 3 1  Dooble Freclalon Add DADD 1 . -
Stack PULL 3 1 Dowble Preciion Sabtract psun 2 . -
ediate, Skip if Zero AISZ 4,5 if SKIP 1 Lood Bye e ety
nediate .o u 3 1 12(right) . -
f:; ;nd Add lmm#d_iale g::.l" 2; : Seore Byt sT8 . :;?l.:,l) o .
Register and Top of Stack | XCHRS S 1 Set Sesmes Flg et 17024 ! -
Registers RXCH 8 1 e Siotue Flog cLasT e ' -
And RAND 6 1 Skip If Stato Flag Trea SKSTF T 19wed 1 -
ixclusive Or RXOR 6 1 Sot 34 sereg Ll ! -
\dd - RADD 3 1 Chue Bt cLRamT 155034 1 -
R SHL 44+ 3K 1 Conpleraant B oot 15t i -
at SHR 4+3K 1 Skig f Bt Tree KuT e ' -
oft ROL 4+3K 1 Itorrupt Scan AN b0 ! -
ight ROR 4+3K 1 Somp Indirect 80 Level Zaro Jaterrupt nNy ’ 2 -
. Jumg Through Polnter . har ? 3 -
Sumyp 1o Subewuting Theewgh Polnter ner ' H] -
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IMP 16P DETAIL OF PROCESSOR CIRCUIT: RALUSAND CROM
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NN MICROCYCLE
‘NS CYCLE MOS MEMORY
M 600 PROCESSOR CARD

FRONT PANEL
-<—- CONTROLLER
| (FPC)

MWHESCPU
: Al 627 MULT/DIV
MAMI 628 PMAR
MME 629 EAC

140 DC ——

MMI 6224
T

i i o
MMI6228 TP MMI 621 TTY/RSZR

SYBEX



MM 600: MACRO INSTRUCTION TIMING

Instruction - Execution . instruction Execution

Mnemonic  Time (ugd Mnemonic Time (us)
152 0 JMP@ 23
082 . 3.0 * NIOSCPU {INTEN) 35
JMP 1.0 NIOCCPU (INTOS) 15
- JSR .19 . DIACPU {READS) 35
LDAP : 2.0 DOBCPU (MASKD) 35
STA 20 DIBCPY (INTA) 15
NIQ : 35 BiCCPU HORSTY 35
SKPBN . 3.2t - DOCCPU {HALT) 35
SKPeZ 3.2 SKPBNCPU : .3
SKPON ' 32 DXPBZCPU 3.2
SKPDZ 3.2% SKPONCPU - .3
DI1AB,C - 35 SKPOZCPU 3.2*
00A8.C 35 OMA N 24
com - 13 DMA 0UT 2
NEG 1.3 i ~ DMAINC . 3.6
MOV 1.3 OMA ADD . 4.7
INC 13 MULT 8.2
ADC 1.3 Div 10.1
SUB 1.3 LDA@ - 30
ABD 1.3 STA@ 30
AND ' 13 ) IMPE@ 33

* Add 0.3 us «f skip occurs. .
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W BT WEMDAY SUT (TIME SHARED Bi OWMECTIONALY

!
RENNRE

i .
[NNERNER)

MM 600 CPU IS SIMILAR

4100

|
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. : ol [2]3]a(s[s]7 8 1 3 [1o[r1]32]13]va]s]
5| 1 START COUNT mOM LOAD | insTRUCTION REG »
| ¥ \ 228301 2. Mi7S E ¢
2 1 R e LR D 1< H lIlLH INNNEN
N T HeE of1]2;3]a[s e[ [s]o]w0]1
E' : l Tlll[l ’L_‘—‘ng':—o'”
z] \  [DELDEDI: e
’ b e J R !
| . rrlthld!IﬂTﬁ T g g
— B et <
TSR R - :
W 1 DIl TeT 121 S
u(::::v 1 m,‘;;m;m - }_;_ E
froey - [ v -
i ‘:'fé'gﬂs : 71 GUTPUT LINES UGED ff he
i S Rprrii { l‘_ij | ! ‘GI.II cLock ~0] e 01 o
i o R T - -
! e : crocx, : =
! gl I
Stor T I =
ADDWESS 2.0 -
f . T
== b =1
MEMORY ! 100 ¥ ciock0—eiciock
B | T A
YaTarn 1 cLEAm counTER e 182z — etz 25 ERFLOw
[T | Ry Wy o =i SRV [s=30]
B U Lo A ]
! : LsTo2 17804 < 74183 L o o ] 7| s ]# To[ri}1zhs]sa]sw
! B _'l‘llllllllltlll
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INTEL DESIGN PROJECT CPU USING 3000 SERIES

16 BIT PROCESSOR

PIPELINED MICRO CONTROL

LOOK AHEAD CARRY

~200 NS CYCLE

~30 CHIPS

COMPREHENSIVE MACRO INSTRUCTION SET
IMPLEMENTED IN 256 MICRO INSTRUCTIONS

SYBEX



-

"D -ache £e16<Df - AC NS
d CLLARC FLaa
-~ T e
S0 D WOV
o ALLOW TS
PATH
PR Ldad I Ldadd any i 1 1001 o00 ; \“'l 10 1908
ET) ReA ReA
LER] " A
. e L d
= [ " ax aca nax s o
ac-r I - 10 Yo 10 J
e e
') o
CERXAL) .
OTMERISL ot FET Co0 ol e s x fapaty
1 XA, SET oY b s A e E
OTHERMISE XA SET Fed jad L it
Fe nt »L L E~E5-01
il
L — o
- o » n ) X3 Lt
XA . R<A ek oA " Ael W AeS
" " 3 [ st
=1 ] Pey [ ot =1 P - P18
Jx:f 3 e - rn £A
- " . { it -
DUy a9 AP DUy A -»
TN fETem fETCn seron Fetem FETCM  FETCN FETCH  FETOM  HERCN

Jump Group Flowchart



tXAM"LE UM IVIHIUNMAL LIV Nl 17 Vv sy amrvr — e o .

on, it L] N “m E ] [T ™™ L 1) ™ AR - cn o L] L]
SSEPSEZUSAESTLEINCEIRIENINRVRRENRS sz e EEREERINZACERARRNEIRORS N - RREIESRS
. JCC . JFL * JiRk e Jin o JFL . JFL . JIa . JFL » Jee ) JRL e JCF o JCC . JIC . [ Jce . JCe .
o 000N , O0T2W © OO0FH ¢ UUOFH ® D062H . OUOZH . QCOFW . DOAJH = 00J8NW . DOICHM * O0sANW & 0C4BN & OOFCH . OONOW . 001EM . OUIFM
0004 . . . . . . . s . . . . . . . .
. ., 2ve » e ¢ 111 ny . ne . 50§ . 302 = Se0 ., 190 183 ¢ s o 7 . Jve . LT3 I 100 .
. v . 1 e § 4 3y . I 7. i 2. 19 1 . 4 1. $ . 1. b LI
- @ @ = @ ® & ¢ brecctcnlnesnresld @ B 4 B S @ S e E e e r s R e e e = e = Jensncentasecmrr? o e m . e e e e e e e .o
. Jie . JC Jlk s JLL.¢ JCF JCh . UCR JCR s JCR ., JCF e JCR e JR e R, Jzr ., JcC . JCC .
. OUZAM . U0AIM 0 LOIOH ¢ LU24N ¢ 0022H . DO4W . OULISH . OOL6H » ODIGH . OOIAN » ODICH » 0OIDM ® 001Ul . 000FNM . Ju9tN . 009N .
voin . . . . . - . . . ] . . . . .
. o3 . e ¢ oo %08 . saq sl . $10 2 513, 13 e 3517 6 sis . 515 . LT 10e .
. [ Ve L 1. ‘. V. 2. I 1. 1. 1. . V. 2. 1. 1.
2 e @ e o e e e fecccacolonesecel b B = = e v e w e e s e m e am e e e e s $eceacocbaccmani® o o = e w = s s e e ...
- Sek e e Ty JCR o JCF o ot . JFL . JFL = JIR . Jin * JCm o e s . e . Jut . Jee .
. 000FN . UDLLN ¢ UULON © 0020mM  OO62H . DBOZN . BUSIH . OudD2IM = DOOFH . UOOFNM ® 03284 ¢ Du% ¢ . 0OZFN . DOlAR . OOArw
ouia . . . L] . . . 3 . . . . . - .
. Sve . Ti e sun s S07 6 3. M. 371 . Iz SEL, 7T e 412 e ale ¢ . 459 . S02 . 480 .,
. ‘. 1. 1. 1 4. 3. 3. 3= 1. 1. 1 1 . 1. 1. 1.
e % 8 @ @ % e e bemesvustoncsccnl ® o v~ m e e e m e mm e =q e e e beovesccbacceboal = - e o e oo =~
. JIk . JTa * JIR s Jim e JIN , SR JIr . JIR = IR S JIm e Ja s JCC * JCC . Xc . Jce . JIK .
. Yuvkn . U00Sa ® D304M ¥ 00UdH ¥ GOOSM . BUO4N . OudSH . OJOBH = UOOTH . 0OULN * 0004R * 0J08H ® UUSIH . 0040M . QOeEr . 0OUBH .
ovsm - . . . . . . . = . . . . . . . .
. les . 90 vl e 3T VX . 9D . ¥ . 329 = 0L . 295 % IO e 330 % 380 .  4M) . 4ue . 3N,
. . P} P r 2. 2. 2. 2 2. 2. 2 2. 3. 3. 2. 2.
- cams 1] - .. -
. e . JCa & JEL ® gln & xXC . Jee . JoC . JR = JIR . JCR e JCA v JCC o Jee . XK . Jomo, Jik .
. Qulun ., OO4&N ® UOUZK * UCOFd ¢ DOFEM . OVBSH . DUSHH . UDASM = 00OCH . DOAUH » 00494 & OOSEN ® OOICH . OOGON . UOCH . VOUER .
vosn . . . . . L e . x . . . . . . . .
. " . 15 » 304 ¢ 30y ¢ . 00 . 198 . T = [ R % L2 Ide = L L1 o . Se) . w2 .
. 3. 1 1. | 34 . 1. 1. 12 1. 1 1 1 e 1. T . - 1.
e 4 s e @ @ e % BecsesecPucmucent ® 6 ® P T E = e e e e e el e oo e e s $rmcccaslorcarcel o o > w e o o e
. JCC . JiL o JFL . JuL * JaL . JTh oo . JCC o JCR o, JCC . JCN . JCRr o JCR . J0¢< . Hn . FU I
« GUBCH , 00524 ® 00LZH ¢ 0J24K ¢ DO7CW . BOGAW . GOSSN . OO4TH = 005YA . 00694 * 0031H & DOSAW ® OOSDH . ODADR . 00SeH . 0050m .
9UsH - . . . . . . s . . L] . P - . .
. 200 e ¢ 35e ¢ 381 17 . 192 . 01 . 208 = b1 1 S99 * 341 ¢ e . Je2 . n . $9) .
. . ] 1 10 . 2. 1. 1= 1. 1 1 . 1. 1. 3. 1.
* ® ® = o @ © @ Vescncacionccsecl © ® ® B " 6T W e -e e e B e ee e e e Seecacvrloncavast - % @ e & * e e E e .-
. JPH JPR s JIk ¢ JIR ¢ JZR . 3 . Jeo . JCA = 3C . JCR & Jzn . JRL ¢ Jem o, JCR .. JIR - JCC .,
. QUGN . 0U3Od % QODFH ® QOOFH & D0OFH ., OODFh . OOFsH , O0GkN 3 OOFOPN , DOGCH # 0O0O%N © Q07CH ® OOGDH . OOGFN . OOCDH . OOAFW
QuoN . . ’ . . . . - . . . . . . . - .
. e . 272 321 * 321 ¢ s . . s . a2 = 243 . 599 = 189 o 108 ¢ 403 . 07 . 407 . 600 .
. 1. 16 0 4 1. 1. i . 1= 1. 1 LY 1. 1. 1.
e ® & » = ® ® @ Secsencoboncunced @ ® @ S S .. ... e .} e === B D L I
Jee . JEC ¢ J¥L * Jiw s SN . IR, JCR JCR ¥  JC . JCo° ¢ JeC . XC. JLL . JLL .
. OOFOH . O0GIH ® 006ZA ® OOOFk ¥ OOOFH . O0VFN . GOT0H , OGT9N = OOASH . OOFIH © 0078H © OOEBH ¢ OOSCR . DOJOM . 0064H . OO074H .
o0Tn . L] . L] - - . L] - . * . - . - -
. as . an e 2% ¢ 299 ¢ %0 . s . s . 62 = 5 . 263" 306 o e o 28 . 229 . 234 ., L LN
- 1. i 3¢ 1 1. L I 1. . 1. 1 1 1 . 3. 3. 3
L] asEzEiTCES = . aze e

SYBEX .



oF

)=

= mn L

L

Bl



INTEL DISK CONTROLLER USING 3000 SERIES

CONTROLS UP TO FOUR DISKS (2310/5440)

DRIVE RATE 2.5 MHz _
PERFORMS ALL DATA CHANNEL FUNCTIONS

| STATUS CHECKING -

COMMAND EXECUTION

16 BIT CPE ARRAY
40O NS CLOCK  (NO PIPELINE, NO LOOK AHEAD)
SPECIAL NIBBLE TO WORD TO NIBBLE ARCHITECTURE
230 MICROINSTRUCTION IMPLEMENTATION (32 BIT)
67 CHIP ON 8 IN, X 15 IN. CARD



SYBEX

MICROMROGA AM MEMORY
30
1.
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1 sonra ‘—' roRT S J l—l u"J
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X "X B FO
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) %] ‘weeveour
- "o 7%
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% v EXTERNAL LOCKC
© w 4
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. maoLE W
A In 1'n s * 17
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DATA BUEFER
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A i *
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DISK CONTROLLER - SPECIAL LOGIC DIAGRAM

exTsusma |
BoLlb il
ws Bus ENABLE
EONTROL & MEM REQ
DATA OVERAUN ACKL

' DETECT AEADWRAITE

16 Il
7 MEM 400 BUS
A | MEM DATA BUS
. - BUS INTEREACE
9 DISK DAIVE INTERFACE
- %1 cvunoen avo
& | mATTER.
HEAD SELECT
3, %] v secect
— - - -] wn GATE
- g ok | 3 Inocnt:
(1.3 CABLE SET CYUINDER

MBBLE DUT —-1{—-' ron el

DOUBLE |SEMmAL ! - | ’ |

BUFFERED | DATA X _—

. SHIET REG

3 ]| . . [ |
. o ) 1

BIPOLAR LSI
MICAOFROCESSOR

MBBLE i

DOUBLE ;
FREQ GEN F DATA
WATH XTAL Btk
osc. . = |
DATA CLOCK i .

—1

e OUTPUT POATS OISK DATA
3 FOR CONTROLLING TOP INDER PULSE
== EXTEANAL LOGIC - . SOTTOM INDEX
[T INeUT POAT PULSE
i FOR TESTING - T L3
- S - e
70 EXTERNAL LOGIC : BOTTOM SECTOR
OAIVE CONDITIONS |, 3§ PULSE
7 N B
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SLT HOT READY FLAT & ARDRY.
o )
oo __
ves GET FAOM MEMORY THE
forerid hrifire-chy S S WEADEN STARTING ADORESS,
STaTup SeIR sTATUE PLAG BLOCK LENGTH & PASSWORD
-
LI .
K FLAGE ABORT |
ver
vemey
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| woexrunses X Y
LEAR SECTOR COURT .
L1714 e
s N
FORMAT
N PACK NYSBLES TO FOAM WORDS
WAIT FOR INCREMENT MEM ADD COUNT
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Loor
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APPLICATION OF BIT-SLICE DEVICES TO “NUMBER CRUNCHING”
ARITHMETIC OPERATIONS ON FLOATING POINT DATA

'HIGH LEVEL FUNCTIONS
‘ LOGARITHMIC - °  VECTOR
TRIGONOMETRIC  MATRIX

HIGH LEVEL LANGUAGES:  PL.- 1, ALGOL, APL, lFORTRAN

FLOATING POINT DATA (BINARY SCIENTIFIC NOTATION)
© HANTISSA x 2 EXPONENT
EXAMPLE

a | 36 BITS e 12
[ MANTISSA [s IM
- 08 Bi1S

<

"~ >10 DECIMAL DIGITS ACCURACY |
range 2 2048 1o 2 +2048 Approx 10 600 1o 10 +600

SYBEX



FLOATING POINT OPERATIONS

ADDITION ]
REQUIRES SCALING , | ‘
Mx2t + M x 2? = NOTE: MANTISSA IS CONSIDERED FRACTIONAL
C (IE. M 1)
CIF E=FE T%N .
M+ M x 2

ELSE EQUALIZE THE EXPONENTS BY RAISING THE SMALLER/SCALIHG ITS FRACTION
LET E=LE' + N .
THEN M' x 2 =(M/ 2 ) X 2 _
NOTE: M' / 2 1s M’ SHIFTED DOwWN N BITS

[N GENERAL. FLOATING POINT ADDITION:
T E B SUHTHAT E=E +n
T A N R T
THE SCALING OPERATION IS THE CRUX OF FLOATING ADD AND SUBTRACT
| SYBEX |



SUBTRACTION (AS IN ADDITION)
MULTIPLICATION

DOES NOT REQUIRE SCALING
ONLY HIGH ORDER PRODUCT IS USED

: £ ’ | ‘+"
OMx T x 2 ) = (RxWO, x2

DIVISION

! 14

Mx2Zy) 7 o x2 ) = (msmyx2

SYBEX



FLOATING POINT NORMALIZATION

ALL FLOATING POINT OPERATIONS USE NORMALIZED DATA
AND RETURN NORMALIZED DATA

NORMALIZED = HIGH ORDER JUSTIFIED
1.E. THE BIT TO THE LEFT OF THE SIGN # SIGN

THE LAST STEP OF ANY FLOATING POINT OPERATION
IS NORMALIZATION ' S
1.E. SHIFTING MANTISSA UP UNTIL MSB # SIGN
- ADJUSTING EXPONENT DOMN TO COMPENSATE

AULTIPLY AND DIVIDE REQUIRE AT MOST 1 SHIFT TO NORMALIZE

ADD AND SUBTRACT MAY REQUIRE UP TO 34 SHIFTS
(AND MUST DETECT ZERO SUM OR DIFFERENCE)

SYBEX



" FOR A 36 BIT MANTISSA'

'MULTIPLY AND DIVIDE TAKE 36 INTERATIONS:
" ADD AND SUBTRACT MAY REQUIRE UP TO 34 BIT SHIFTS

EXAMPLE MULTIPLY

USING OPTIMAL 2901 CONFIGURATION FOR 36 BITS (W/Q DBL LENGTH)
| uCYCLE = 220 NS (175°'NS)
36 ITERATIONS FOR MULTIPLY = 7.92 uSEC (6.30 uSEC)
(MANTISSA ADDITION CONCURRENT) |
PLUS SET UP AND RESTORE 5 CYCLES = 1,10 uSEC (.88 uSEC)

FLOATING MUL:  9.02 uSEC ~  ( OR 7.18 FOR FLOATING ONLY CPU )

 SYBEX



REDUCTION FOR FLOATING MULTIPLY

FOUR STAGE MULTIPLICATION OF MANTISSAS

M=Myx 2T+ M,
W=M,x2°+H,
Mox M= MM (e W+ RM)-2%+ M- ML
(NOTE: FOR CLOSE APPROXIMATION ONE CAN IGNORE LOWER 18 BITS OF 2 PRODUCT
| ALL 36 BITS OF 2° PRODUCT)

- TOTAL TIME REQUIRED

4 (OR 3) PARALLEL 18 BIT MULTIPLIES = 18 x 220 NS = 3,6 uSE
NS = 3.15 uSEC)
PLUS THREE 36 BIT ADDITIONS = 660 S (525 AS) IR 15 usk

FOUR STAGE FLOATING MUL: 4,62 uSEC (3,68 uSEC)

SYBEX



TRAIGHT FLOATING MULTIPLY

CONTROL

*

* AS IN CHAPTER 2

OUR STAGE FLOATING MULTIPLY .

MANTISSA EXPONFNT
- 2901 ili 2201x3
[re—_ 1 [ ~’_ I
2002 {2002 ] |
(2902 ] NOTE: 12 x 2901

~ D ; o D<; - ; D
1 2901 x 5, 12901 x 5, 12901 x 5 1 2901 x 5,
LooLXL POHXL P H'XL i HXH
18 |——1 1Y Y vy
EXPONENT.
- ~ ADD G ADD Q ADD Q M x M) —
TWICE THE COST FOR TWICE THE SPEED (Md), 2901 x 3

NOTE: 23 x 2901

SYBEX




COST OF SCALING IN FLOATING ADD

~ ADDITION

THE TIME OF ADDITION IN FLOATING ADD IS NEGLIGIBLE
1 CYCLE - 220 NS

WITHOUT SPECIAL DATA PATHS SCALING MAY TAKE
‘ 34 x 220 NS = 7.48 uSEC
EXPONENTIAL SHIFTS CAN REDUCE TO

6 MAXIMUM x 220 = 1,32 uSEC (51 POSITIONS RIGHT, 5 POSITIONS LEFT)

o-3 4-7 -t 1245 16-19 | Zo-zs z49-27 8-l >2-3
n iy o
° s s -
TR PP~k 3
| > 2 > end] >
2 o3
. A1
4 . ’-.
4 [§E41 )
4
B ‘4
10-123 —“ -;;1 o ? 0
Z6 ~3Y - i
3838




SINGLE CYCLE SHIFT RIGHT 1, 4, 8, 16
SIWGLE CYCLE SHIFT LEFT BY ROTATING RIGHT AND DISABLING MUX ABOVE SIGNIFICANT NIBBLE -

PLA DECODES EXPONENT DIFFERENCES FOR SCALING SEQUEMCE
PLA DECODES LEADING ZERO NIBBLES FOR MNORMALIZE SEQUENCE

'HARDWARE REQUIRED

18 DUAL 4 LINE TO 1 LINE MIX  (745253)
1 GUAD 2 LINE TO 1 LINE WX (745257)
1 PLA | |

* PLA THPUTS DRIVEN FROM EXPONENT ELEMENTS

TOTAL FLOATING ADD <2 uSEC -
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'FLOATING POINT SUMMARY — BIT SLICE APPLICATION

STRAIGHT FORWARD BIT SLICE F.P, IMPLEMERTATION FOR 36/12 DATA
CMLDY 7.2 TO QusEC |

ADD/SUB 6.4 TO 8 uSEC MAX

SPECIAL IMPLEMENTATION WITH BIT SLICES

HUL 3.7 T0 4.6 uSEC -
ADD/SUB 2 uSEC MAX

THESE FIGURES: AVAILABLE WITH CHIP COUNT UNDER 50 FOR DATA PATH ELEMENTS /
- CONCLUSION:  BIT SLICE DEVICES WILL CERTAINLY FIND THEIR WAY INTO LARGE SCALE COMPUTERS

¥ SYBEX e



CHIP REDUCTION

A 8 BIT FLOATING POINT CPU |
VITH FAST FUNCTION ARCHITECTURES
WITH MAXIFMUM SPEED, MAXIMUM PARALLEL CORTROLLER
(AS TN SECTION 2) HITH 1024 MICROINSTRUCTION RoM

WITH 48 BIT MEMORY/I0 BUS .

(WITHOUT BIT SLICE LSI: APPROXIMATELY 729 CHIPS)‘

SPEED

INHERENT CHIP SPEED
ARCHITECTURE ENHAHCEMENTS -
DISSIPATION REDUCTION

CosT o :
HUMBER CRUNCHERS REDUCED TO MINI COMPUTER PRICES

SYBEX



euwiwivL 1 LADUHATURY

PRESEVTLY THE POPULATION OF COMPUTERS WITH FLOATING POINTS
100.000 UOQLD WIDE

- IS THERE ANY USE FOR A MINI PRICED F.P. MACHINE?

HAVIGATION REDUCTION FOR SHIPS AND SMALL PLANES
TRAINING SIMULATORS
cmmmrwmmﬂommm-IWMWMLmﬂmLAmcmmm
PATTERN RECOGNITION APPLICATIONS

VOICE RECOGNITION

SCENE ANALYSIS
DISPLAY SYSTEMS IHVOLVING

ROTATION

PERSPECTIVE

~ DISAPPEARANCE

MILITARY
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BIT SLICE MACHINE CHARACTERISTICS
FAST CYCLE
POWERFUL MICROINSTRUCTION

* LARGE REGISTER COMPLEMENT |
MAKE POSSIBLE MICRO LEVEL INTERPRETERS FOR

APL - BRI

~ ALGOL

PL-1

‘ FORTRAN _ ' ‘
EXAMPLE: ZOOO CONTROL WORD VERSION OF CHAPTER 3 MACHINE COULD IWPLEMENT COMPLETE

" APL - SPEAKING MACHINE. . ‘
”POWER TO BURN" IMPLIES REDUCTION OF SOFTWARE DEVELOPMENT
TIME
CosT :
CRUCIAL IN LARGE SYSTEMS WHERE SOFTWARE/HARDWARE COST IS VERY HIGH
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SPECIAL ARCHITECTURES - CHARACTER PROCESSORS

CHARACTER STRING PROCESSING
NARROW DATA: 8 BITS. .
CSIMPLE FUNCTIONS
~ STRING SEARCH
~ STRING DELETE
STRING MODIFY
. . - STRING INSERT
SPECIAL FUNCTIONS
CYCLIC REDUNDANCY CHECK
PARITY

OPTIMAL HARDWARE ALLOCATION
CHEAP PROCESSOR AND EXPENSIVE MEMORY'

SYBEX



DESIRABLE CHARACTERISTICS ~_

ASYNCHRONOUS MEMORY ACCESS

MAHY REGISTERS, ITERATIVE ACCESS

AUTOMATED LOOPS - LOW OVERHEAD

MASK FUNCT ION

MULTI - BYTE PARALLEL MEMORY ACCESS

SUCH THAT (BYTES/FETCH) x (FETCH/SECOND)

MINIMUM  x CYCLE (EFFECTIVE)
aso
POSSIBILITY OF MULTIPROCESSORS

_SYBEX
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Y ETALY A ™ IS | l nina FHUCESSING AHCH'TECTURE | >-35

‘ ”
- . AlD a
a1 :>;?3§
: i L]
, Is_r———j]‘ lL ] ::>E J L
IR —JCTRE——) A D | .
TR = = X e AR 4 - PORT |y
2% | N—=] #% 4:;"@, MEMORY N
X I v 1= |
- 3V ‘ T - B
20 y| c. BOS h EN?‘RL _Y = ‘1{1
. C, T . A E
5(s. : 1 j r
| ¢ B S iye,
ar CNTRL T
§4/7- - ‘EK-—' \("'E
< - . 1 B
& SEQUENCER Cj-j - = Y 3
: MM6710 _ = E
- PROCESSO |
e e

PROCESSOR INCLUDING BUFFERS APPROX 26 CHIPS

R Fe

P



cc

'l u

‘ AM

TS : : :
;2918 V. — 4 [ ! /q = A,.,TO 2901 .
BUFF.V cTR ) - o
M| A_- ADDRESS FUNCTIONS
P - [ A FIELD DIRECT.TO Ag.s B
- ~)1: LOAD COUNTER WITH A - FIELD
- CCAY 20 COUNTER TO 2001 A, "
— 3 COUNTER T0 A5 & INCR. CNTR.
—— Iy (15)
A OC el |
i g ccs,,.('rs)
B E o.C. _ CCAg, .TTS?HU
th | BRANCHg -4
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PROCESSOR CYCLE = 150 NS
(NO END AROUND SHIFTS)

ITERATIVE -ONE INSTRUCTION LOOPS UP TO 16 AT 150 NS/INSTR.
E.G. COMPARE CONTENTS OF 15 REGS TO ONE BYTE .
SET LOOP COUNTER = 15 ’ .
LOAD A COUNTER = 8

Loop:  [CTRAGD) [ AR B = 15.] A XOR B | BRANCH IF F=0 ]
MAX 2,25 USEC + .3 USEC = 2.55 uSEC

-SEARCH 8 CHARACTER SEGHMENT FOR 1 OF 8 CHARACTERS
3+M3+8umn-123wa '
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HULTIPLE SERIAL 1/0 ADAPTOR (UP 70 16 CHAHNELS)

‘ PARALLEL IN
SERIAL OUT SERIAL IN
el -

' CHANNEL
SELECT

o  PARALLEL ouT,;'f
ONE REGISTER PER CHANNEL -
120 S CYCLE (HO ARITHMETIC)
ASSUME: 1 SERIAL IN PHASE
"1 PARALLEL OUT PHASE
1 PARALLEL IN PHASE
1 SERIAL OUT PHASE
- RATE = 2 FHz/NO. OF CHANNELS

~PER OPERATION CYCLE = 480 NS

SYBEX



VIHUNU AFFLIVATTUNDS! SERIAL PROCESSOR

5-3Y

SERIAL PROCESSOR 1 CHIP

MACHINE

EXAMPLE: 16 REGISTER  NIBBLE (4 BIT)
| E" | b
i 7
» , _ SL SR
SEQ. 5%% e B.S. ). : BYJE
= MM e ; g - .
oo || P B -
N BrTE| ﬁ
A-H _ E 16 BITS
| BYjE
32x8 By
ROM
'

7/
APPROX 13 CHIPS
200 ws CYCLE




BIT»SLICE EMULATIONS OF POPULAR MOS MICROPROCESSORS

BIPOLAR SPEED

© PROGRAM COMPATIBILITY . = .=

1/0 COMPATIBILITY

EXAMPLE R
~ SIGHETICS 80E EMULATION OF 8080A e

USES SIGNETCS (INTEL) 3000 SERTES
THOAESLIWE*YSNTIMES FASTER DEPENDING

SYBEX



5-41

BLANK .
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6. DEVELOPMENT AIDS
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= W NI ID

1. ROH SIMULATOR .
VARIABLE CONFIGURATION
PLUG IN SIMULATION OF ROMS
© 100 NS PERFORMANCE MAY REQUIRE SLOW CLOCK .
. PAPER TAPE LOADING ~- TTY DUMPING - :
"FRONT PANEL INSTRUCTIOW MODIFICATION AD. VERIFICQTON

in the system shown, the AOM
Simulator simultaneously re-

places the ROMS in both the mic-

* roprogram and macroprogram

siore afiowing the machine lan- - .
guage code to bs changed to find
or patch g problem.




LDEVELUrvVIENT Rnivu e

2, PROMS, EROMS. FPLAS

3. PORTABLE PROM AND PLA PROGRAMMERS

4. USER DEFINED ASSEMBLERS (E.G. RAPID) |
‘ SPEEDS DEFINITION OF MICROPROGRAM

CONVERTS SY’“!BOLIC PROGRAM TO' RDM BIT PATTERNS
ACCEPTS USER DEFINITION OF

WORD LENGTH |
FIELDS IN WORD. MULTIPLE FORMATS IF NECESSARY
VALTD SYMBOLS |
BINARY EQUIVALENT OF SYMBOLS

| GENERATES ROM (TAPE OR CARD) IMAGE
RUNS ON IBM OR OTHER HOST SYSTEMS
VERY USEFUL IN CONJUNCTION WITH ROM SIMULATOR

SYBEX



UEVCELUFIVIEN T AIUD - VUNITINUED

5, DEVICE SIMULATORS ~(E.G. ICE - 30)

FOR DEBUGGING LOGICAL DESIGN OF SYSTEM
EMULATES DEVICE (E.6. 3001 INTEL) IN CIRCUIT
ALLOWS CONTROL AND MONITORING OF SIGNALS

SYBEX



- FROM DATA 1/0
- PROGRANS INTERSIL AND SIGNETICS
- INPUT:
- KEYBOARD .
- MARK SENSE CARDS- S
- ASC 11 TAPE

SYBEX
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DATA 1/0 MODEL X ALLOWS UP TO 63 PRODUCT TERMS




7. CONCLUSION
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BIT SLICES ARE A PONERFUL BUT FLEXIBLE UNIT OF  INTEGRATION.

WIDE RANGE OF APPLICATION  COMPLEXITY
- WIDE RANGE OF  PERFORMANCE

- SIGNIFICANT REDUCTIONS ~IN COST, CHIP COUNT AND
DISSIPATION MADE POSSIBLE FOR GIVEN ARCHITECTURE

- SIGNIFICANT ~ ENHANCEMENT IN _CONPUTATIONAL PONER, SPEED,
RELIABILITY  FOR GIVEN COST / SPACE / COOLING

 SYBEX



BIT - SLICE. DEVICES WILL- BECOME A STANDARD DESIGN  ELEMENT.

1. ARCHITECTURES OF DEVICES ARE cnﬂ\fékeme

2. SECOND SOURCES AR PR(‘J.LIFERATING':::

3, USERS ARE  PROLIFERATING n o

4. CUSTOMER DENANDS FOR ~ >MICROCOMPUTER HARDNARE

AR PROLIFERATING o |

5. . BIT-SLICE DEVICES MERGE VERY WELL WITH OTHER
ST (PLA'S. ROM'S, RAM'S, 1/0 DRIVERS,
INTERRUPT  HANDLERS.  ETC.)

SYBEX



SUMMARY "2

THIS COURSE HAS EXAMINED THE BIT - SLICE  TECHNOLOGY
IN  RELATION TO : |
THE EVOLUTION OF CPU  DESIGN.
LSI .~ CRITERIA,
THE DESIGN PROCESS OF A  MODERN  CPU.
OTHER  APPLICATIONS FROM ~THE MICRO -LEVEL TO
THE  NUMBER CRUNCHER  LEVEL.,

ITS INTEGRATION WITH OTHER  LSI-  DEVICES

AND IT HAS PRESENTED A SURVEY OF THE EXISTING BIT - SLICE

DEVICES AND SOME OF THE  PRODUCTS IN WHICH  THEY ARE  USED.

SYBEX



8. APPENDICES
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FAMILY CHARACTERISTICS

S| GATES

FLIP-FLOPS

MmMSI ALY

Propagation
Delay

Toggle
Rate

4-Bit
Add Time

STANDARD TTL

54/7400 Series SS! and MSI—112 types

8200 Series MSI—60 types

8T Series Interface—36 types

Standard “gold doped™ TTL is the industry's langest selling digital logic family still in
high volume production. New system designs generally favor the Low Power Schottky
TTL equivalent functions.

10ns at 10mW

25 MHz

28 ns

LOW POWER SCHOTTKY TTL

54/741L500 Series SS! and MSI—78 types

3000 Series Microprocessor Set

Low power Schottky provides the same speed as standard TTL at 1/5 the power. The
power savings and LSI potential are encouraging the use of 74LS in most new system
designs. :

10ns at 2mW

30 MHz

21 ns

HIGH SPEED TTL

54/74HQ0 Series SSI—30 types

8200 Series MSI—18 types

Higher speed versions of standard TTL SS! devices. Generally being replaced by
Schottky TTL in new designs.

6ns at 22mwW

45 MHz

no MSI

SCHOTTKY TTL

54/74S00 Series SSI and MSI—55 types

Schottky TTL uses adiode clamp design to insure the highest speed possibie at TTL logic
levels.

3ns at 3I0mW

90 MHz

1ins

ECL

10,00 Series SSI and MSI—69 types
ECL devices use a narrow logic swing to provide the highest speed standard logic family
for use in large maintrame computers and test equipment.
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TTL EQUIVALENT

The 5701/6701 is similar in function to the 25 TTL MSI packages listed below. 11 saves 375 1/0 pins, 5.6 watts and 30 square inches of
board area.

TABLE 1
" #14Pin
or Advertised Gate Typical Totsl
#16 Pin #24 Pin Gate Complexity Complexity Power Power
Function TTL® Pkos. Pkgs. {Each Pkg.} Total Each (Watts) (Watws)
32x9 &8 x 8 AOMs 7488 3 70 210 50 1.50
16 x 4 Multiport RAM 74172 4 110° 440 .56 224
Arithmetic Logic Unit 74181 1 : 75 75 58 .55
Storage Latches 7475 2 e 28 56 16 32
J-K Flip Flop (Q Reg) . 74107 2 2 44 .10 .20
410 1 MUX 74153 6 16 96 .20 1.20
O/l True Complement 74H87 2 i8 36 .27 64
Dual 4 Bit Select 74157 2 15 30 a5 .30
Quad 2 t6 1 MUX with
3 State Outputs 745257 2 15 30 .30 . .60
. 3 State Buifer DM8094 1 5 5 18 a8
20

Totals 5 _ 1022 6.63

*“The 74172 is advertised at 201 gate complexity but we are using only 2 ot the 3 address capability, hence ws have counted it 83 110
gates.
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APPENDIX C:

CARRY LOOK-AHEAD LOGIC

ALU FUNCTIONS (AM 2901)

LOGIC FUNCTIONS FOR G, P, Cneq. AND OVR

The four signals G, P, Cn+q. and OVR are designed 1o indicate Po = Rg ¢ Sp
carry and overflow condittons when the Am2901 s in the add Py Ry ¢+ 5
or subtract mode. The table below indicates the logic equations Py=Ry;+ 5,

1or these four signals foc each of the eight ALD functions. The
R and 5 inputs are the two inputs selected according to

Figure 2.

P3=R3+ S5

Dehinitions {+ = OR}

Go‘
Gy »
5;‘
Gy =

RoSo
RS,
RS2
R3S3

Cq = G3+ P3Gy + P3PyGy + P3PyPGy + P3PoP1PoCh

C3 = Gz + P2Gy + PoP1Go + PPyPoCh

tga3 | Function ’ [ Cnes ova

] R+S h’:’:‘;u Gy + P3Gy + P3P2G, « P3P2P4Go : Cq C3¥Cq

1| s-n Seme as R + S equations, but i, foc R, in gt

-2 R-§ : Same a2 R + S equ . but subs §;lors.m i

3| Avs Low P3P2PPg P3P1P1Pg + Cn P3P2P1Pg + Cn

« | Ras Low G3+629G1+Go G1+G3+G,+Gg+Cn | G3+Gz+Gy +Go+Cn

5 | BAs LOow e Same 85 RS equations. but subsutute R, for R, in gef.

6 | RYS Same as RV S, but R, for R, in def

P | A9 G eaeoreco | ratae s crrani s panie | P2t oy [ compnet o
+=0OR
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vecviuc

L L T

CAMS

8220 8-bit CAM ax2 oc 40 (o}
. 10155 16-bit CAM ax2 OE 13 M.C
-
SAMS
82512 32-bit SAM 8x4 oc 35 [
875112 32-bit SAM 8x4 TS 35 [
AAMS
82521 64-bit RAM 32x2 oc 50 [
82525 64-bit RAM 16 x4 oc 50 M.C
54/74589 64-bit RAM 16 x4 oc 50 M.C
54/745189 B4-bit RAM 16x4 TS as M.C
3101A 64-bit RAM 16 x 4 oc 35 M.C
82516 256-bit RAM 256 x 1 1S 50 M.C
82517 256-o1t RAM 256 x 1 ocC 50 M,C
825116 256-bit AAM 256 x 1 TS 40 (v
825117 256-hit RAM 256 x 1 oc 40. [0}
54/745200 256-bit RAM 256 x 1 TS 50 MC
54/745201 256-bit RAM 256 x 1 T8 50 M.C
54/745301 256-bit RAM 256 x 1 oc 50 MC
10144 256-bit RAM 256 x 1 OE 30 MC
82510 1024-bit RAM 1024 x 1 oc 45 MC
82511 1024-bit RAAM 1024 x 1 T8 45 M.C
93415A 1024 bit RAM 1024 x 1 oc 45 M.C
93425A 1024-bit RAM 1024 x 1 s 45 M.C
ROMS
825226 1024-bit ROM 256 x 4 oc 50 M.C
825229 1024-bit ROM 256 x 4 .. TS 50 M.C
825230 2048-bit ROM 512 x4 " oc 50 M.C
825231 2048-bit ROM 512x 4 AE] 50 M.C
825214 . 2048-bit ROM 256 x 8 TS 60 MC
8228 4096-bit ROM 1024 x 4 TTL 75 c
825215 4096-bit ROM 512x8 TS 60 M.C
PROMS
82523 256-bit PROM 32x8 ocC 50 MC
825123 256-bit PROM 32x8 TS 50 M.C
10139 256-bit PROM 32x8 QE 20 M.C
82527 1024-bit PROM 256 x 4 oc 40 Cc
825128 1024-bit PROM 256 x 4 ocC 50 M.C
825129 1024-bit PROM 256 x 4 TS 50 M.C
10149 1024-bit PROM 256 x 4 OE 17 M.C
825114 2048-bit PROM 256 x 8 TS 60 M.C
825130 2048-bit PROM 512x 4 oc 50 M.C
825131 2048-bit PROM 512x 4 TS 50 M.C
825115 4096-bit PROM 512x8 Ts 60 M.C
825136 4096-bit PROM 1024 x 4 oc 60 M.C
825137 4096-bit PROM 1024 x 4 TS 60 M.C
FPLA
825100 FPLA 16x48x8 T8 50 M.C
825101 16 x 48 x 8 oc 50 M.C

* TEMPERATUAE RANGE

FPLA

C - Commercial 10°C to -75°C)
Mo Mitary { 55Cto +125°C)
ATECL 10000{ 30'Cto -85C)

st oureyr

15+ TrSiare
QC - Open Culleclor
QE - Open Emitter



‘MOS MEMORIES

Signetics offers a broad line of MOS memories

and memory-related products with many different-

access modes, architectures and speeds. Sizes range
from 100 bits to 8192 bits on a single chip.

The memory products listed on the following
pages can be categorized by both technology and
product type. Basically, two technologies are used
in the manufacture of Signetics MOS memory prod-
ucts. These are:

P-Channel, Silicon Gate
N-Channel, lon-Implanted Silicon Gate

The P-Channel process is used in Signetics’ 2500
series and the N-Channel is used in both the 2100
and 2600 series.

The 2500 series consists of shift registers—both
static and dynamic, character generators and cus-

tom programmable ROMS, 256-bit static RAMs and

1103 type dynamic RAM.

The 2100 series js a family of 1024-bit static RAMs.
This family consists of standard devices (2102), low
power devices {(21L02), high speed types (21F02),

and military products (M2102). This series give
designer the choice of access times from 2501
1.0us and power supply currents from 40m

© 70MA.

The 2600 series consists of a 256 x 4 static F
the 4096 x 1 dynamic RAMs, and 2 1024 x 8 m
programmable ROM. All N-Channel devices ope
with a single 5V power supply and are
compatible.

Most MOS memory products are available ur
Signetics Upgraded Product Reliability (SU
Program and both products and processes are ¢
tinually monitored under Signetics’ SURE Reliat
Program. Both programs are described elsewt
in this catalog.

A variety of packaging options are available
most MOS memory products. They are: ’

A =14-pin Silicon DIP N =24-pin Silicon D

B =16-pin Silicon DIP TA =8-pin TO-99

F =16-pin CERDIP V =8-pin Silicon DIF

| =Ceramic DIP XA =18-pin Silicon DI

K =10-pin TO-100

SIGNETICS PART ACCESS TIME
ORGANIZATION NUMBER (ns) POWER SUPPLY PACKAGE
256 x 1 1101/2501 1000 +5, -9, -9 B.!
T 256 x 1 25L01 1000 +5, -12 B8,
256 x 4 2606 750 +5,0 B. F
256 x 4 2602-1 500 +5,0 8, F1
1024 x1 2102/2602 1000 " +5,0 8, F, 1
1024 x 1 2102-1/2602-1 500 +5,0 B.F |
1024 x 1 2102-2/2602-2 650 +5,0 B, F 1
STATIC 1024 x 1 21F02 350 +5.0 B, F, I
» ARAM 1024 x 1 21F02-4 450 +5.0 B.F !
w 1024 x 1 21102 1000 +5,0 B, F, 1
@« 1024 x 1 211021 500 15,0 8. F.1
() 1024 x 1 21L02-2 650 45,0 8,F.1
= 1024 x 1 21L02-3 400 15,0 8,F1
w 1024 x 1 M2102-4 450 +5,0 (4
= 1024 x 1 M21026 650 15,0 F.l
1024 x 1 1103 310 116, 0, +19 XA, I
DYNAMIC 1024 x 1 110341 180 +19,0, +21 XA,
RAM 4096 x 1 2680 200 -300 112, 45,0, 5 I F
4096 x 1 2660 200-350 +12, +5,0. -5 ILE
STATIC 512x8 2530 700 +6,0, 12 NI
ROM 1024 x 8 2608 650 15,0 !
2048 x 4 2580 950 15,0, 12 N
CHARACTER 64x8x5 2’,')'3. 600 th 0, 12 N}
GI.NLHATORS lfd x bt 2016 600 . 1S, 12 NI
} G4x9x9 - 2526 700 15,0, 12 N1




MOS MEMORIES

ORGANIZATION/ [ SIGNLTICS PART
REGISTERLENGTH NUMBER SPEED (MHz) POWER SUPPLY PACKAGE
32x6 2518 20 W, [ 8.1
40x6 2519 20 +5, —12 8,1 "
50 x 2 2509 1.5 +5,,-5, -12 A K
80 x 4 2532 1.5 +5,0 -12 B.1
100 x 2 2510 1.5 +5, -5, ~12 A K
STATIC 128 x 2 2521 15 +5, =12 v
132 x 2 2522 1.5 +5, =12 v
200 x 2 2511 1.5 +5, -5, =12 A K
240 x 2 2529 1.5 +5, =12 v
250 x 2 2528 15 +5, -2 v
256 x 2 - 2527 1.5 +5, =12 v
1024 x 1 2533 1.5 +5,0, ~12 v
100 x 2 2506/7/17 30 +5, -5 T.V
256 x 4 2502/1402 8.0 +5, -5 -]
512 x 1 2505 25 +5, -5 K
DYNAMIC 512 x 1 2524 30 +5, -5 v
512x 2 2503/1403 8.0 +5, =5 TA. V
1024 x 1 2504(1404 8.0 +5, -5 TA, V
1024 x 1 2525 3.0 +5, -§ v
1024 x 1 2512 25 +5, -§ K
MOS MEMORIES CROSS REFERENCE
AMD SIGNETICS X} SIGNETICS M.LL SIGNETICS
AM1402A/2802 14028 2509 * 2509K MF1402A 25028
AM1402APC 25028 2510 2510A MF1403A 2503TA
AM1403A/2803 1403TA 2511 2511A MF1405A 2504TA
AM1403A 2503TA 2533 2533v MF1408 2506T
AM1404A/2804 1404V MF1407 25177
AM1404A 2504TA
AM1405A/2805 1405K INTERSH, SIGNETICS
AM1506T 1506V NATIONAL SIGNETICS
AM1507T 2506T/2517T IM7712C 2512K
AM2505K 2505K IM7722C 2525V MMS06H 1506V/2506T
AM280BHC 2512K IM7780C 3347 MMS07H 1507T/2517T
AM2807PC 2524V MM1402A 14028/25028
AM2808PC 2525V MM 1403A 1403TA/2503TA
AM2809PC 2521V INTEL SIGNETICS MM 1404A 1404V/2504TA
AM2833PC 2533V MM2521 2521V
; C1402A 14028/25028 MM2522 2522V
C1403A 1403TA/2503TA MM5058 2533V
FAIRCHILD SIGNETICS M1404A 2504TA
M1405A 1405K/2505K
3343 2521V T SIGNETICS
3344 2522v
3347 25328 MOSTEK SIGNETICS TMS3112NC 25188
3349 25188 TMS3120NC 25328
3533 2533V MK1007P 25328 TMS3128NC 2521V
TMS3129NC 2522v
TMS3133NC 2533V

8-8




MOS MEMORIES CROSS REFERENCE

MOS N.-CHANNEL RAMS MEMORIES MQS P-CHANNEL RAMS
\MD SIGNETICS INTEL SIGNETICS AMD SIGNETICS
;2102 2102F c2012 2102F AM1101A1 11018
1210241 2102-1F C2102-1 2102-1F P1101A 25018
12102-2 2102-2F c2102-2 2102-2F
2102 21028/26028 C2102A 21FO2F
21021 2102-1B/2602-18 C2102A-2 21F02-2F
2102-2 2102-28/2602-28 C2102A-4 21F02-4F INTERSIL SIGNETICS
M91020C 21F02-4F C2107A 26041
M9102PC 21F02-48 MC2102A-4 M2102-41 IM7501/11/12C 11018/25018
M91LO2ADC 21L02-1F MC2102A-6 M2102-61
M91LO2ADM M2102-41 P2102 21028/26028
M91L02APC 2110218 P2102-1 2102-1B/2602-18
M91L0280C 21L02-3F £2102-2 2102-28/2602-28 INTEL SIGNETICS
491L02BPC 21L02-38 P2102A 21F028
491L020C 21L02-2F P2102A-2 21F02-28 P1101A 25018
492L.020M M2102-61 P2102A-4 21F02-48 P1101A1 11018
491L02PC 21L02-28 P1103 1103XA
MOSTEK SIGNETICS
oMo SIGNETICS . MOSTEK SIGNETICS
MK4102 21026/26028 -
12FDC 21F02F MK4102-1, 2102-18/2602-18 e 2501 oizsLo1e
12FPC 21F028
20C 2102-2F
2rC 2102-28 Y, pYPYT——
2.10C 21F02-4F L. o anETH
1pe 21F02:48 2 21028/26028 - sonere
MF210
MF2102-1 2102-18/2602-18 x;”"”‘ 11018/25018
MF2102-2 2102-28/2602-2B 1103 1103XA
ERSIL SIGNETICS
352C 21028/26028 NATIONAL SIGNETICS
352-1C 2102-1B/2602-1B NATIONAL SIGNETICS
152-2C 2102:28/2602-28 MM21020 21028/26028 Mxnom 25018
MM2102-1 2102-1B/2602-18 MM1101A1 118
MM2102-2 2102-28/2602-28
T SIGNETICS
TMS4033 260228
TMS4033JL 21F02-4F
TMS4033NL 21F02-48 MOS RAMS
TMS4034 260218
TMS40334JL 2102-2F G.l. SIGNETICS
TMS4034NL 2102-28
TMS4035 126028 2580 2580N
TMS4035JL 2102F
IMS4035NL 21028




T . SERIES 545/748
MEMORIES RANDOM-ACCESS READ/WRITE MEMORIES

RULLETINNO DL 5 7512757 MAY 197y

64 BITS (16 WORDS 8Y 4 81TS) 256 BITS (25 WORDS BY 1 8IT) 1024 817S (1024 WORDS BY 1 BIT)
‘5189, '5289 '$201, '§301 SN745209, SN745309
apa (] L 16 vee ADA (] U 18 vce €E 1] U 516 vce
¢e 2¢ 1915 AD8 ADS 2(] 715 ADC apa 2(] RALINL
AW 3¢ D14 anc Tér ac 314 ADH a08 3] 14 AW
D11 4] 13 A0D . CE2 ar] D3 o ADC 4] 1313 ADJ
501 5¢ gn DI 4 CE1 s D12 AW ADD 5 [>12 a0
o012 8] 1 504 00 6(] D1 aDG ADE 8] D1 aoH
502 1C] 1o 013 ADD 7] D10 AOF oo 1] N1o ADG
GnD 8] ive 003 ono 8] Do  apE PV Ye Ds ao¢

Pin asugnments tor all 6f 1hose Memor s 818 the sama for el peck eges.

e Schottky-Clamped for High Performance
e  Full On-Chip Decoding and Fast Chip-Enable Simplify System Decoding -
® P-N-P Inputs Reduce Loading on System Buffers/Drivers
e Choice of 3-State or Open-Collector Outputs
TYPE NUMBER {PACKAGES) TYPE OF BIT SI1ZE TYPICAL ACCESS TIMES WRITE CYCLE TIME
~5%°C 10 125°C] 0°C1070°C OUTPUT(SI |{ORGANIZATIONSH CHIPSELECT | ADDRESS] SNSAS' | SN74S’
SN54S1894J, W) [SN74S189(J, N} 3 State 64 Buts 2 25n 250 2
SN545789(), W] |SNT452891J, NI | OpenCatlector | (16 W x 4.8} " . . ™
SN5452011, W) [SN74S2010J, N} 3.8tate 256 Buts
13ng 42ns 100 ny 65m
SNSAS301(J, W) |SN745301(J, NI | OpenCollectar | (256 W = 1 8)
SN745209(), N} 3.51ate 1024 Bits 20 . 150
SN745309(J, N} | Open-Collecior (1024 W x 1 B) " i

description

These monotithic TTL memories feature Schottly clamping for high performance, a fast chip select access tme to
enhance decoding at the syttem level, and the 'S201 and "S209 RAMs utilize inverted-cell memory eiements to achteve
high densities. The memortes feature p-n-p input transistors that reduce the low level input current requirement to 3
n of ~0.25 millamperes, only one-eighth that of a Series 545/74S standard load tactor,

A three-state-output version and an open-collector-output version are offered for each of the three organizations. A
three-state output otfers the convenience of an cpen-collector output with the speed of a totem-pole output; it can be
bus-connected 10 other similar outputs, yet.t retains the fast rise time charactersstic of the TTL totem pole output. An
open collector output offers the capability of direct interface with a data line having a passive pull-up.

write cycle

Information 10 be stored in the memory 1s written into the selected address (AD) location when the chip enable (CE)
and the read/wnite (R/W) inputs are low. While the read/wnite input is low, the memory outputls) islare) off
{three-state = Hi-Z, open-collector = high). When 3 number of outputs are bus-connected, this off state neither 1oads nor
drwves the data bus; however, it permits the bus line to be driven by other active outputs or a passive putt-up.

read cycle
tnformation stored in the memory (see function table lor input/output phase refationship) is available at the outputls)

when the read/write input is hugh and the chip-enable inputls) is{are} low. When ane{or more) chip-enable input is{are)
high, the o‘ulpul(ﬂ will be off,

TEXAS INSTRUMENTS

NCOHPORATED
PO OFFICE MO 3017 « DALLAS TEXAS 73223
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T SERIES 54/74, 545/148
MEMORIES PROGRAMMABLE READ-ONLY MEMORIES

BULLETIN NO. DLS 7512258, MAY 1078

Titanium-Tungsten (Ti-W) Fuse Links for ®  Full Decoding and Chip Select Simplify
Fast, Low-Voltage, Reliable Programming System Design
All Schottky-Clamped PROM’s Offer: ® Applications Include:
Fast Chip Select to Simplify System Decode Microprogramming/Firmware Loaders
Choice of Three-State or Open-Callector Outputs Cade Converters/Character Generators
P-N-P Inputs for Reduced Loading on Translators/Eq‘ulalun
System Buflers/Drivers Address Mapping/Look-Up Tables
TYPE NUMBER (PACK. TYPICAL ACCESS TIME (
BER (PACKAGES) BIT 5128 ouTPUT € (rs)
§5'C10 125°C{ 0 C1070'C |(ORGANIZATION)|CONFIGURATION FROM FROM
- o
ADDRESS | CHIP SELECT
- 17t
SN54186(J, Wi N I
SN74188(J, N) (BAW x B 8) open-colisctor 60 65
SNS4188A (S, WI] SN7418BALN 258 bn | open-catiecior 20 Y
SNS451881J, W) | SN7451688(J, N) l::Wx.a.l) open-collecior 25 12
SN545288(J, W) [ SN745788(J, N) ._three-siete 25 12
SNS4S287(2, W) [SNI45287(4, N) 1024 bits. three-state 42 16 .
SN54S387(J, W) [SNTASIBTLI, NI (256 W= 4 B) open-collector 42 15
SN5454 7001 SN7454700J, N)! 2048 s, open-coliector 50 20
SNSASATII)  |SN745471(0, M| (256 W8 8) three iete 50 £
| SNSasa72t _ [SN74s47203, N 4096 tuts thees-stane 55 20
SNSASAII)_ [SN W, M| (512w 88) open-colisctor 55 20
512 MTS 756 BITS 1024 BITS 2048 mITS 40% 81TS
(64 WORDS 8Y 8 8I1TS) 132 WORDS BY 6 BITS) 1256 WORDS 8Y 4 B178) (256 WORDS BY 8 81718} 1512 wOROS BY 8 BITS)
R 1864, 'S188. 'S268 '$287.°5387 "5470, S471 'S412. 5473
neo l‘)n wee wot e veg ADG 1 " vee ADa " vee A04 ‘ » e
~eo2 - D o3 o0 N ns oy a0 70 MY AN awe ) " oauw sue (] w a0
va 3 ” pos Lo ). e Aot a0t 3. e @ PEYaEY w e a0 ) W osow
ve A " 003 1) A00 200 4 3ty G ADD a 11 AP 200 a LLR YT
MIaYe » vo) 7 oAuc U IKY 17 004 ane s w PUTIRY w ap
B e 1 0oe a0 & IR XY w s [EREYS w a
EX I % pos apc 1 ‘19003 201 " Lo 001 1 W oos
Qo # ' pos G B de 00 00 ) » 1 oo? 0oy 8 3 00!
EYRY W 00) - . 00 ¢ 9 2 ocos e u v poe
a8 w ooe GND 184 s 00% L0 18 " 0o
01 “ 1o -
~NC VY 13 wwo)

Pin asignmeniy tor skt of 1f

a7@ the same for all pacheges
NE tvp snieinas conmemimn

TU 4 voee far iy v monm
The 1691 41 10 4 voastron

“iption

These monohthic TTL programmable read-only memories (PROM's) feature tnanum tungsten (T« W) fuse hnks with
tach link designed to program in one mullisecond or less, The Schottky-clamped versions of these PROM’s offer
considerable Hexibility tor upgrading existing designs or improving new designs as they feature full Schottky clamping
for improved petformance, low current MOS-compatble pnp inpuls, choice of busdnving three state or
open-collector outputs, and improved chip select access times,

The high-complexity 2048- and 4096-bit PROM's can be used 1o significantly improve system density for fixed
memories as all are otfered in the 20 pin dual-in line package having pin-row spacings of 0 300 inch




L ‘ SERIES 54/74, 54S/14s.
READ-ONLY MEMORIES

MEMORIES

BULLETIN NO. DL § 78612789 MAY 107y

Mask-Programmed Memories That Can Replace PROMs

264 $ITS (32 WORDS BY 8 8175

e Full On-Chip Decoding and Fast Chip Seloct(s) Simplity System DO 1 D1e vee
Decoding 002 2 D1s &
® Al Schottky-Clamped ROMs Offer D03 3 D14 g
—Choice af 3-State or Open-Collector Outputs ) DO4 4 D13 ADD
—P-N-P Inputs for Reduced Losding on System Buffers/Drivers 008 & D12 apnc
e Applications Include: . pos 8] D11 aDe
—Microprogramming Firmware/Firmware Loaders 00?7 7] Dio Aoa
—Code Converters/Character Generators anD 8] Ds ooa
—~Translators/Emulators
—Address Mapping/Look-Up Tables 1024 BITS (258 mﬂm sY4mTE)
TYPE NUMBER (FACKAGES) TYPE OF BT SIZE TYPICAL ACCESS TIMES
~65°C10 128°C| 0°C 70°C | OUTPUTIS! |(OAGAMIZATION) CHIPSELECT [A ADG ¥ U D veeo
258 Bits AOF 2(] 16 ADH
SNSABBALJ, W) {SN74BRALS, N) | Open-Coatltector (37Wes 8 2m $m ADE ;(_‘ g“ ot
SNS4187(3, W) [SN741871J, NI | Opan-Collector ”;::: :""', 0m O ADD 4(] 1 &8
. 1
| snsas2700  [SN74527044, N) | Open Cotkecror 2048 Bivs 5. P AD A "< D12 oos
SNEASI7013]_ [SN74SIT0U_NI | 3Stere S12Wx48) A0S o g" 002
SNS4S2711J)  [SNTASZ71J, Ni | Open-Collector 2048 s e P aoc 1 10 003
SNSAS3711J)  |SNT4S371(J, N} IS (256 W u 8 8) GND 8] Di D04
description 2048 MITS m‘:’;m:’t: sY aRITS)
These monolithic TTL cu“omprog'-‘nmld read-only memories (ROMs) are
particularly attractive for applications requiring medium to large ities of the ADG |q U e vee
same bit pattern. Plug-in epla can be obtained for most of the popular TTL ADF 2(] D Aow
PROM:. ) : ADE 3(] 14 AD)
The high-complexity 2048-bit ROMs can be used to0 significantly improve system AD O 4] >u [~
bit density for fixed memory at all are offered in compact 16- or 20-pin dual-indine ADA )
packages having pin-raw son:inﬁ of 0.300-inch. 5 12 oo1
] A ADB o] D1 oo2
The Schottky <clamped versions offer considerable fiexibility for upgrading existing aoc ] 1o poy
designs or improving new designs at they feature improved performance; plus, they GND 'C >' 004
otter low-current MOS-compatible p-np inputs, choice of bus-driving three-state or
open-coliector outputs, and improved ch.ip»ulnl sccess times, 2048 BITS (256 WORDS BY 8 BITS)
Data from a sequenced deck of data cards punched according to the specified 271, RN
format are permanently programmed by the factory into the monolithic structure ADA 1 N0 v
for all bit locations. Upon receipt of the order, Texas Instruments will assign a cc“
special identifying number for each pattern programmed according to the order, A0S 2] D19 a0
The completed devices will bs marked with the sppropriste Ti specist device  ADC 1] :)10 ADG
numbaer. It is important that the customer spacity not only the output levels desired ADD .c > 17 ADF
at #ll bit locations, but aiso the other information requested under ordering ,)“ &2
instructiond. aoe s
. . : 001 & s &3
The three-state outputs offer the co of an ope output with the 002 (] > & DOS
spesd of atotem-pole output: they can be bus-connected to other similar outputs
yet they retain the fast rise time characteristic of the TTL totem-pole output. The 003 8(] >3 o017
open-coliector outputs offer the capability of direct interface with a data line Lol Te (>12 pos
having a passive pull-up. GND 10(] D1 oos
Wor d-add ing is accom lished in straight positi -Iou_ binary and the memory
may be read when all CS inputs se low. A high a1 any CS input causes the outputs
0 be off, Pin tor it of these

e the same 101 ait pech sges

Texas |NSTR'UMENTS

CORPOR
FOBY OFFICE BOI SOIZ + OALLAS. TERAS 78128
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APPENDIX E: [INTEGRATED INJECTION LOGIC

12 L BIPOLAR LOGIC

DESCRIPTION OF GATE
IMPLEMENTATION OF LOGIC
FABRICATION

INTERFACING
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INTEGRATED INJECTION LOGIC, 1%L

lZL is a highly efficient new bipolar technology which reduces a basic gate
function to a single current injected transistor switch. The logical simplicity
of a single geometry gate, requiring no isolation, no load resistors and no
ground metallization, achieves gate component densities 10 times those of con-
ventional TTL or CMOS. [K2L gates can be operated along a virtually constant
speed/power product value over better than 5 magnitudes of injector current-
from picoamps to microamps - at speeds ranging from hundreds of microseconds

to tens of nanoseconds (Figure 21). They can be powered up for maximum speed
then powered down without loss of function or data.

In addition, 12L gates are static, requiring no multiphase clocks, and are
capable of stable operation in severe temperature environments.

100 us T T T ——T—T—FTr ——r T
\ ﬁl_;s
0ps po N e
D 5
d
'}
w
a |
]
- Tus
e
9 b .
a. o j
o o
& s Lt ]
a.
100m j o e} Y — IS
o E
10 ns A A Lt 12 14834 AN R EITY 2 Laaaty W Y
1A 10 0A 100 nA 1A 10uA 100, A

INJECTOR CURRENT

2

FIGURE 21, 1L GATE PERFORMANCE RANGE
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1% _eate

» basic 121 gate is a NPN grounded-emitter transistor switch 4s shown in Fiqure 22.
iitive NAND logic is implemented, and logical isolation is accomplished by the use
multiple collector outputs (Cl and C2). When the base (B) is open or high and an
jector (Ep) current source (I) is applied, the I1ZL NPN transistor is normally

ised "on" {low-level output) by the current (1) supplied by a PNP current-injector
insistor. Switching action is accomplished by the steering of this injector

‘rent. As shown on the inverter/buffer schematic, low input voltage to the base

1 of less. than one Vgg (750mV) starts pulling injector current out of the input
‘ough the “on" (low) output of the driving gate. When the driving gate reaches a
‘sats the input is robbed of its base drive, and the driven 2L transistor/gate

1 turn off causing its open-collector output to assume a high logic level. As

;h any open-collector logic, this output voltage level is determined by the load
‘cuit or "pull-up" utilized. Internally, for a typical 12L circuit design, this
simply the clamp level at the input of the next stage, one Vgg (750mV above

und). A high input logic level is achieved by default whenever a low-impedance

h of less than one Vgg potential is absent from the input. Deprived of a ground
h of less than one VB potential, the injector current will forward bias the 12¢
nsistor/gate "on" and produce an output low logic level one V(igsat above ground,
ically 50mV. A typical 12L internal logic swing of 700mV, from a VCEsat Of

aV to a VBg of +7%imv. is thereby achieved by current steering of a NPN switch.

N VOO
H ! . 82 ——of .
. : . BN - — -~ I

!
1
!
i

<

|
"HIGH INPUT > 750 mV

B O

T LOWINPUT< TS0 MY Vg

[]
2BN 0=
EN N-INPUT 12L GATE SCHEMATIG

' Ey=NSUBSTRATE GROUND

FIGURE 22. BASIC I2L GATE

e that the base region of the NPN transistor-serves as an N-wide input,
number of steering inputs can be connected to the base. As all of these
uts are common to the base, and each is5 driven by a Separate output source,
fcal ambiguity of the drivers can be avoided only if each driver exists as
individual source. Hence, the mechanism used is individual collectors for
h load. Of the two collectors illustrated, Cl may be connected as the base
ut of another gate. Simultancously, this same base may be driven by the

lector of another NPN gate.



12 Lo6I¢

IMPLEMENTIN

Figure 23 displays the manner in which 1%L transistors/gates are interconnected to
perform logic. The NAND gate logic diagrammed is that of a common D-type flip
flop. The schematic directly below it is the same D-type flip flop in 12L logic
at a component count of one transistor/gate.

DIN

]

CKo-

FIGURE 23. 12L D-TYPE FLIP FLOP LOGIC

The lggic diagram indicates that each gate input is a discrete entity; whereas,
the [¢L schematic shows that each base }nput has more than one driving source.
The requirement for multiple isolated I¢L collectors becomes quite evident as
they identify the active and inactive driving sources; or, in other words, they
isolate each discrete logical decision. .

The common clock input, to the two log}c gates, drives two isolated inputs.
Separate clock inputs, shown in the I4L schematic, would be driven from isolated
(individual) collectors of the same npn transistor.

91-8



ATION

i-section of two lzL gates 15 shown in Figure 24. The N+ circuit sub-
serves as both the mechanical base for fabrication and a common ground
r intgrconnection of al) the grounded-emitter transistor/gates in a
thic I2L structure. One reason for 2L high densities is apparent here;
face metallization s required for ground interconnections as the entire
t substrate serves this purpose. N epitaxial, grown on top ot
substrate, provides both the grounded-emitter region of the vertical
ftch and the grounded-base region of the lateral PNP injector. The

2>f two diffusions serves as both the P base region of the vertical NPN
:o1\ec§or of the lateral PNP injector. The second diffusion then com-
the I<L component geometries by providing the multiple-collector N+

5 of the vertical NPN. Met;llization is then deposited and etched to

e interconnection between I¢L transistors/gates. Note that the lateral
integrated into the vertical NPN and therefore does not exist as a

te component. A symmetrical lateral PNP transistor can bs utilized
current injector for multiple NPN/gates. Non-isolated IL density is
enhanced by the fact that the siagle transistor gate requires no

ent isolation.

' . ' 1c1 1C2 181182 1BN € 281 282 28N 2C1 2c2

P
e e
. N LATERAL PNP . N
o VERTICAL NPN ) INJECTOR VERTICAL NPN
1 N+ SUBSTRATE (GROUND) (’
- C z
i
EN

2

FIGURE 24. MONOLITHIC 1°L STRUCTURE

SBP0OA00 ELECTRICAL CHARACTERISTICS
NG

00 input/output characteristics were selected with one objective in mind - full TTL
lity. The schematics and characteristics of the SBP0400 are shown in Figure 25.
circuit chosen is actually an RTL configuration modified for TTL compatibility.
threshold of nominally +1.5 volts is achieved by use of two 10K ohm resistors

ng as a voltage divider to boost the one Vgg threshold of the input transistor to
e input electrical characteristics are plotted as input current versus input volt-
e both the 10K and 20K ohm load lines and the threshold knee at +1.5 volits. The
dance, high-threshold characteristics were chosen to reduce input lecading and



increase the input noise margin over a standard TTL input yet retain full capability with
virtually all 5 volt logic families. The [2L input also utilizes an input-clamping diode
to limit negative excursions, "ringing”, on the recelving end of a transmission line.

TYPICAL OF ALL
EQUIVALENT OF EACH INPUT W K
1 OUTPUTS EOMIVALENT OF TACH INPUT OUTPUT

INPUT/IOUTPUY
LI N

T
0 att - T AN L
INPUT —. ——a

AR
10 W1

L R

FIGURE 25.  SCHEMATICS OF EQUIVALENT INPUTS, OUTPUTS, INPUTS/OUTPUTS

The output schematic is identical with that of an open-collector TTL circuit. The output
characteristics are similar to that of the TTL output, but the 12L output demonstrates

a considerably improved low-level output voltage, typically 0.06v, at rated load currents.

Typical Vg versus Igy is shown in Figure 26. The output high logic level, as well as
output rise times, anh next stage input nofse immunity are a function of the load circuit
used. The load can be:

a. The input of the next stage if no source current is required.
b. A discrete pull-up resistor for greater noise immunity and improved rise times.
Common input/output configurations are also utilized for improved functional performance

and increased packing densities. The schematic is recognizable as a "joining" of the
separate input/output schematics and electrical characteristics already described.

INPUT  CURRENT OUTPUT VOLTAGE
v vs
INPUT  VOLTACE OUTPUT CURRENT
4 -3 <2 - 0 1 2 3 4 s 200
500 uA T -
. Lec|= 150 m / le=om
I‘A 25¢ (S‘? / 175 1A = 25%C
300 uA - Wy “é’z 150
g$; 6c°/” z )
200 WA ~+ SAHA- v )
o w125
100 vA y £ =
L/ L& wo
0 = ] 5
5m g s
- L1y
.
. //
1 > 50 —
=10 m SR, /
15 mA ; 25 "1
-0 m : 0
4 Yy 2 4 0 1 7z 3 4 s : 5 Vo 15 P 25
Y, - Input Yol tage Ig - OUTPUT CURRENT - mA
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APPENDIX F: FIELD PROGRAMMABLE LOGIC ARRAYS

SIGNETICS 828100/825101  DEVICE DESCRIPTION

FPLA MANUAL FUSER CIRCUIT



OLiCS

BIPOLAR FIELD-PROGRAMMABLE LOGIC ARRAY
(16X48X8 FPLA) 825101 (OPEN COLLECTOR)

825100
825100 (1RI-STATE)| 825101

FEBRUARY 1976

DIGITAL 8000 SERIES TTL/MEMORY

yCRIPTION
825100 (Tri-State Outputs) and the 825101

en Collector Outputs) are Bipolar Programmable
ic Arrays, containing 48 Product terms (AND
ns), and 8 Sum terms (OR terms). Each OR term
trols an output function which can be program-
d either true active-High (Fp), or true active-Low
). The true state of each output function is acti-
ed by any logical combination of 16 input vari-
es, or their complements, up to 48 terms. Both
sices are field-programmable, which means that
itom patterns are immediately available by fol-
ving the fusing procedure outlined in this data
zet.

e 825100 and 825101 are fully TTL compatible,
d include chip-enable control for expansion of
yut variables, and output inhibit. They feature
her Open Collector or Tri-State outputs for ease
expansion of product terms and appllcatlon in
is-organized systems.

:ATURES

FIELD PROGRAMMABLE (Ni-Cr LINK)
INPUT VARIABLES—16
OUTPUT FUNCTIONS —8
PRODUCT TERMS—48
ADDRESS ACCESS TIME—50 ns, MAXIMUM
POWER DISSIPATION—600mW, TYPICAL
INPUT LOADING—{ - 100:A), MAXIMUM
OUTPUT OPTION:
TRI-STATE OUTPUTS —825100
OPEN COLLECTOR OUTPUTS—825101
OUTPUT DISABLE FUNCTION:
TRI-STATE—Hi-Z
OPEN COLLECTOR—Hi
» CERAMIC DIP

APPLICATIONS

LARGE READ ONLY MEMORY
RANDOM LOGIC

CODE CONVERSION

PERIPHERAL CONTROLLERS
LOOK-UP AND DECISION TABLES
MICROPROGRAMMING
ADDRESS MAPPING

CHARACTER GENERATORS
SEQUENTIAL CONTROLLERS

PIN CONFIGURATION

| PACKAGE
FE [j ~ E"cc
v G EI.
6 2 =] 'e
ig [ Zs]‘lo
'a E i1y
13 e njh2
12 [7] u]1y3
13 (% LYY
o [3 s
[ e
‘ Fe [1] [n] Fo
Fa ] ve] F2
GND {14 E‘:

FPLA EQUIVALENT LOGIC PATH

": :5H ..,
1 "“
| €]

rol - e

NOTE

FOR EACH OF THE 8 QUTPUTS RITHER THE FUNCTION Fp (ACTIVE HIGH)
OR FATACTIVE LOWS IS AVAILABLE. BUT NOT BOTH THE REQUIRED
FUNCTION POLARITY 1S USER PROGRAMMABLE VIA FUSE IS}

co
1

N
o



'S BIPOLAR FIELD-PROGRAMMABLE LOGIC ARRAY » 825100, 825101
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SIGNETICS BIPOLAR FIELD-PROGRAMMABLE LOGIC ARRAY = 825100, 825101

ABSOLUTE MAXIMUM RATINGS

PARAMETER! RATING UNIT
Vee Power Supply Voltage +7 Vdc
Via Input Voltage +5.5 Vdc
Vou -High Level Output Voltage (825101) +5.5 Vde
Vo Off-State Output Voltage (825100} +5.5 Vde
Ta Operating Temperature Range 0°to +75° *C
Tae Storage Temperature Range -65°to +150° °C
ELECTRICAL CHARACTERISTICS 0°C=<T,<75°C; 4.75V <V ¢ <5.25V
LIMITS
PARAMETER' TEST CONDITIONS UNIT | NOTE!
MIN | TYP? | MAX
Vin High-Leve! Input Voltage Vee = 5.25V ‘2 v 1
A\ Low-Level Input Voltage Vee = 4.75V 0.8 v
Vie tnput Clamp Voltage Vee = 4.75, 1y = —=18mA 0.8 1.2 v 1.7
Von High-Level Output Voltage (825100)] Vec = 4.75V, low = —2mA 2.4 v 1.5
Vou Low-Level Output Voltage Vee = 475Vl = 9.6mA 0.35°| 0.45 \' 1.8
low Output Leakage Current v 1 4 6
(825101) Vour = 525 0] A
: Hi-Z State Outout Current Ve = 825Viy | = s.25v 1] 4| pA
oo i- ate Output Curren _ _ _
(825100) Vour = 0.45V 1 40 nA ]
[ High-Level Input Current Vi = 5.5V <1 25 pA
[N Low-Level Input Current Vi = 0.45V -10 | -100 A
los Short-Circuit Output Current Vee =525V, Vour = OV ~20 . ~70 mA 3,7
(825100) .
lee Vcc Supply Current Vee = 5.25V 120 | 170 | mA 4
(825100, 825101)
Cu  twput Copactance | [V - 20v ) pF
Vee = 5.0V
Co Qutput Capacitance Vour = 2.0V 8 pF 6
SWITCHING CHARACTERISTICS 0°C=<T, <+75°C, 4.75V <V, <5.25V
LIMITS
PARAMETER TEST CONDITIONS UNIT
MIN | TYP? | MAX
Propagation Delay
Tia Input to Output C, = 30pF 35 50 ns
Teo Chip Disable to Output R, = 270 15 30 ns
Tee Chip Enable to Output R, = 600 15 30 ns
NOTES:
1. All voltage values are with respect to network ground terminal. 5. Measured with V,, applied to CE and a logic 1" stored.
2. All typical values are at V¢ - SV, T, =25°C. 6 Measured with V,, applied to CE. oo
3. Duration of short circuit should not exceed one second. 7. Test each output one at the time. !
4, lec is measurad with the chip enable input grounded, 8. Measured with a programmed logic condition tor which the output f':;

all other inputs at 4.5V and the oulputs open.

.

under test is at a 70" logic level. Qutput sink current is supphied thru

a resistor to Vee.



SIGNETICS BIPOLAR FIELD-PROGRAMMABLE LOGIC ARHAY = 825100, 825101

AMMING SPECIFICATIONS*(Testing of these limits may cause programming of device.) T, = +25°C

LIMITS
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
Vee Supply (Program “OR") lecs = 550 mA, min. 8.5 8.75 9.0 \
{Transient or steady state)
Ve Supply 0 04 08 v
{Program Output Polarity)
Ic¢ Limit (Program “OR") Vees = +8.75 £.25V 550 1,000 mA
Output Voltage lopw = 300 £25mA 16.0 17.0 18.0 "
(Program Output Polarity)
Output Voltage {Idle) 0 0.4 0.8 v
Qutput Current Limit Vosw = +17 =1V 275 300 325 mA
(Program Output Polarity)
Input Voitage (Logic "1’} 24 5.5 v
Input Voltage (Logic “0’) 0 0.4 0.8 v
Input Current (Logic *'1"): Vi = +5.5V ' 50 | WA
Input Current (Logic "“0") Vi = OV -500 rA
Forced Output {Logic 1"} 24 5.5 v
Forced Output (Logic “0") 0 04 0.8 v
Output Current {Logic “1*) Vowr = +5.5V 100 nA
Output Current (Logic “'0") Vo = OV -1 mA
CE Program Enable Level 9.5 10 10.5 v
Input Variables Current S Vi = +10V 25 mA
CE Input Current Vi = +10V 50 | mA
FE Supply (Program) lrgw = 300 x25mA 16.0 17.0 18.0 v
. (Transient or steady state)
FE Supply (idle) 0 04 0.8 v
FE Supply Current Limit Vien = +17 =1V 275 300 325 mA
V¢e Supply {Program “AND") leep = 550 MA, min, 4.75 5.0 5.25 )
(Transient or steady state)
lee Limit (Program “AND"’) Veer = +5.0 £.25V 550 1,000 mA
Forced Output (Program) 9.5 10 10.5 v
Output Current {Pragram) 10 mA
Output Pulse Rise Time 10 50 us
CE Programming Pulse Width 1 1.5 ms
Pulse Sequence Delay 10 us
Programming Time 2 ms
Programming Duty Cycle 50 %
Fusing Attempts per Link 3 cycle
Verity Threshold 0.9 1.0 1.1 \




GNETICS BIPOLAR FIELD-PROGRAMMABLE LOGIC ARRAY = 825100, 825101
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Definitions

The RAPID assembly language consists of six kinds of statements. In this
section we will begin the definition of these statements by introducing the
character set out of which the statements are formed, the notation in which
we will define elements of statements, and the language primitives common
to all the statements.

The character set RAPID recognizes may be viewed as having three parts;
alphabetic, numeric, and special symbols. The alphabetic part contains the
twenty-six letters, A, B, C, . . . , Z. The ten digits 0, 1,2, . . ., 9
comprise the numeric part. The special symbols are eleven characters used
for punctuation and operator names: ampersand (&), apostrophe ('), asterisk
(*), comma (,), dollar sign ($), equals (=), minus (-), parentheses {( () ),
plus (+), and slash (/). The uses of the characters are fully described in
the definitions.

Statement definitions will be given in the form of syntax equations. That
is, statements will be divided (parsed, really) into syntactic elements and
each of the elements defined. These elements will often be further divided
into more primitive syntactic elements and those elements defined. This
process is repeated until the definitions finally resolve to the character
set described above.

The definitions accomplish three.things:
1. They name the syntactic elements of each statement.

2. They specify the order in which those elements occur in the
statements,

3. They indicate what characters are used to form each element.

The syntax equations possess their own notation. These symbols are not part
of the character set used to express statements, but merely give form to the
definitions. This notation is as follows:

> The left and right acute brackets enclose the names
of syntactic elements.

1= This symbol separates the name of an element from its
definition; it means "is defined as". -

The vertical bar indicates an alternative definition;
that is, the elements on either side of the bar are
equally valid,



this place in the statement zero or more times, up to
n times maximum; if no subscript is given, either there
is no 1imit to the repetitions, or it depends on other

variables.

i ; ~ The syntactic elements enclosed in braces may occur at
n

[ ] n The syntactic c]ement enclosed in brackets begins in card
column n.

n example, we can define the character set for statements:
(alphabetic) : I l

{umericy : I l l | I lsl l I |9

{special symbol) :|=

;e equations give a name to each of the 47 characters. Since we are in-
asted only in what set of characters applies to each name, the elements
given as alternatives; 2 is as valid a numeric as 9 or § is as valid a
cial symbol as *. Whenever a character or sequence of characters occurs
side the acute brackets, it is a literal (it represents 1tse]f) and should

sritten in a statement exactly as shown.

name of a syntactic element may be used in a definition as well as literals.
5 is in fact how statement def1n1t1on5 are built from more primitive defini-

ns. For instance:
(alphanumeric) : = (Galphabetic) | {numeric)

ines an alphanumeric character as any one of thirty-six alphabetics and
erics.

many definitions, we will be interested in the order of elements. To specify
articular order, we merely write one element after the other without any

ervening vertical bar. Thus:

{symbol) : = (alphabeticy {(«a]ph'emumm*ic))4

wcifies that the element known as a symbol always begins with an alphabetic

iracter and may be followed by as many as four alphanumerics. Examples of
bols are A, PQ, B101, and Z0Z1. 5t and ABCDEF would not be valid. RAPID

i1 detect any violation of these syntax definitions and signal an error on
» assembly listing.
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he rest of the primitives deal with the definition of constants:

{onstant) : = (integer)l
A {(a]phabetit)}ﬂs l
'8 {(binary)}f 128 '
H {(hex‘adecimal)}ﬁf:iz |
0 {(octa?)\}f“ l
(integery : = (numeric) (<numeric>}_,8 |

(binary) S 0' 1 v
(hexadecimal) * = (numerig lAIB k 'D |E lF
(octal) : = 0!1 2|3 4|5 6|7 |

constant, as will be seen later, has several very specific uses. Quite
‘ten a constant is a decimal number, the integer defined above, of no more
an nine digits. Alphabetic, binary, hexadecimal, and octal constants are
ecified by prefixing an apostrophe and A, B, H, or 0 to the constant. Con-
ants must fit in whatever field they are designed for; the maximum lengths
ecified here will rarely, if ever, be required. Examples of constants are:
177, 'HFF, 899, 'B101, and 'AXY. Note that 'B10) is the three-bit constant
ual to 5, and B101 without the apostrophe is a symbol., The primitives of

e RAPID assembly language, then, are symbols and constants.

this discussion of statements proceeds in the following chapters, each
>up of syntax equations is followed by an explanation and several examples
clarify the definitions. This manner of defining statements, a modifica-
m of the Backus Normal Form, is quite precise. Once a reader becomes

juainted with it, he should find it easy and unambiguous to use as a re-
~ence.

wmary of Statements .

s section briefly introduces the six statement types. The definitions for

th type will be given completely at the beginning of their respective
pters.



¢RAPID input) : = (bption statementy(parity statement)
(format statements) (opcodes statement)
(program section) {end statement)

e statements must appear in the specified order.
{option statement) : = BROM] 1 {option speéificatidns)

ie option specifications describe the bit storage configurations of ROM, its
ipping into words, and call for various assembly outputs.

(parity statement) : = @PARITY] ) parity specifications)

irity specifications describe how parity bits, if any are desired, will be
:nerated in each output word. For example, this permits the designer to in-
icate he wants bit 5 in every word to reflect odd parity.

(format statements) : = [SFORMATS] ; {format specifications) -

hese statements name and describe the various formats that output words can
ake and set up the correspondence between input fields and output fields.

or example, one statement might specify that the symbol in the third input
jeld (in a program statement naming a given format) be translated into a code

hich will appear in bits 12 through 15 in the output word.
{opcodes statement) : = [-§0PCODES] 1 {opcode specifications)

he opcodes specifications 1ist the operation codes in symbolic form and the
achine language representations into which they should be translated. For
xample, it could instruct RAPID to translate the opcode ADD into the binary

:ode 1010. _
<program sectiony : = [sPROGRAM] 1 {program statements)

The program section contains the symbolic program for ROM as a series of state-
nents. Using the previous four kinds of statements, RAPID interprets program
statements and translates them to machine language.

{end statement) : = [$END] 1

The end card terminates the input to RAPID. It contains no other information,

Each of these six statements begins with $§ in column one. The option, parity,
and end statements must each be given on one card. The others may use as

many cards as desired. At least one blank must follow the words ROM, PARITY,
FORMATS, and OPCODES, and the names of formats in format and program statements.
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OPTION STATEMENT

ption statement provides RAPID with information about the configuration
e ROM modules, the width of the program word, and the types of output
ed from the assembler.

{option specifications) : = {option) {1 (optiodg} 5

Cdepthy * Cwidth|
(word size)l

Coption) : = CHIP
WORD
LIST
MASK
HEMORY = (table type)|
NULL = (binary)

{depthy : = integerd

{width) :

"

{integer)
word sizd) : = {integer)

{table type> : = COMPACT
EXTENDED

-e 8 shows a number of legitimate option statements. This statement may
ave continuation cards., One option is separated from the next by a
1; between the word ROM and the first option is at least one blank.

HIP option describes to RAPID the configquration of the memory element

to implement the control store. For example, if a 256-bit semiconductor
(Randem Access Memory) is used and it is orcanized 128 by 2 bits, the
ification would be CHIP = 128*2. In the case of a 4096 bit ROM (Read
Memory) it might be CHIP = 4096*1, CHIP = 1024*4, CHIP = 512*8, etc.
vidth may be no greater than 64 bits.

vord option specifies the number of bits of a word in ROM. The maximum
size is 128 bits. RAPID will assume as many chips side-by-side as
ssary to provide the specified word size.

sutput options, LIST and MASK control listing and punched card output,
ectively. LIST causes all of the input to be listed. Any cards in

h RAPID detects errors will be listed with a diagnostic ‘message, whether
is selected or not.



PARITY STATEMENT

4
Jutput words from a control store may contain one or more parity bits to
ralidate the contents of the words. The parity statement describes to RAPID
that parity bits, if any, to generate for each word.

{parity specifications) : = {parity declaration) {-:. (parity declaratiorb} 4 l
" NONE

{parity declaration) : = {parity type) ( {bit position) ) = (field){i+ (fie]di}
{parity typed : = 00D | EVEN

{bit positiond : = {integer)

(field) : = ( (left bit) / {iength) )

Qeft bit) : = (integerd

(length) : = (integer)

The parity specifications must occur on one card; hence, no more than five may
be given. Each declaration is separated firom the next by a comma, and the
first from the word PARITY by at least one blank. If no parity bits are to

be generated, the word NONE is written,

For each‘specified parity bit, its type, odd or even, is indicated as well as
the fields over which parity is computed., A field is defined by giving the
number of the left-most bit position of the field and the total number of bits
in the field. For instance, the three fields shown in the word in Figure 10
would be specified as (6/6), (13/11), and (12/1). Fields may overlap one
another, but not the parity bit positions themselves.

Figure 11 shows several examples of parity statements for a 64-bit word. The
last example defines six fields. Bits 1-16 contribute to even parity in bit
0; bits 18-21, 26-35 and 55-63 contribute to odd parity in bit 54; and bits
22-25 and 36-53 contribute to odd parity in bit 17. Notice that parity
declarations may be given in any order in the statement.

A%



FORMAT STATEMENTS

Lo tataments estabibish the corvespondence between input lebds and

elds. By careful use of these statements and the opcodes statement
ion on Opcodes Statements), the designer can define a convenient
for expressing his control program,

mat specificationsy : = l[??ormat id%] | {format definition)

. “<?ormat definition)j}
mat id> : = (a]phabetic){(a]phabetic)}q ' :
mat definition) : = {field) = ((field type) )

1d type) : = Al Ol T

'r of formats may be specified. Etach format is a separate statement
yins in column one with the name of the format, up to five characters,
:nt may have continuation cards, though a format definition may not

y across cards. That is, a right parenthesis and conma must complete
definition before continuing the statement on the next card. The
action of format statements is headed by the $FORMATS statement card.
2 is an example of a format section.

grammed systems often use several control word or microinstruction
Each format is independent of the others, though, of course, they

y to words of the same length as defined in the option statement.

e 12, the. three formats named CMD, TEST, and JUMP clearly identify

truction type.

definition describes one field. A field is specified as shown in

ious section; field type must be Address, Opcode, or Truncated address.
statement may contain any number of definitions in any order. How-
elds must not overlap one another or the parity bits, and they must

in the ROM words.

point, it is important to understand that each program statement

er to a format. It is that named format which will guide the trans-
f the program statement. Information in the program statement must
ed with the fields of its format, This matching is accomplished in
.. An opcode is matched against a list in the opcodes statement (see
on Opcodes Statement); that list points to one of the fields of the
ind the value associated with that opcode is placed in that field.
:ively, an address expression in the program statement itself points
f the fields of the format; the result of the expression fills that
The Program Statements Section describes fully this matchlng process

fLinde af Jafavnatinn in nenaram ctatoments



OPCODES STATEMENT

pcodes are the mnemonic symbols the programmer may use in program statements
o direct that specific fields in the output word be given certain values.
he opcodes statement lists all the valid symbols for each opcode field of

ach format and their associated values.
Zopcode specifications) : = (opcode field) {j<bpcode fiel¢$)
{opcode field) : = {format id) (field numbedy = ( Copcode) {? (ppcodé?})
(field number) : = {integer)
bpcode) : = (symbo])/(constant)

'he opcodes specification is one statement, As many continuation cards as
lesired may be used, Cards may break the statement at three places: immediately
‘ollowing a right parenthesis completing an opcode field specification; after

. comma between opcodes for one field; or after a hyphen within a numeric
:onstant. In the latter case, the numeric constant is hyphenated on one card

ind the rest of the constant continues (somewhere beyond column one) on the
‘o1lowing card. This is a useful facility mainly for long binary constants.

'he programmer should define one opcode field for each opcode type in the
format statements. He may list as many opcodes for one field as he wishes.
“igure 13 illustrates an opcode statement for the CMD, TEST and JUMP formats

»f Figure 12.

rormat id and field number together point to a specific field in a format state-
nent. Format id identifies the format statement. Fields in that statement

are numbered, starting with 1, in the order they are defined. It is this order
of definition that is important, not the left-to-right order in the word. Thus,
field JUMP1 of Figure 12 is the twelve-bit address field beginning in bit six.

There are three kinds of errors in the opcodes statement. First, any field
pointed to must be an opcode type. Second, the value associated with a symbol
must fit into the designated field. And third, for one format, no opcode

symbol may be repeated.

The reason for this last restriction will become clear in the next section.
Briefly, for a given format, a particular opcode field is singled out in a
program- statement by the appearance of one of the opcode symbols defined for
it. Thus, all of the opcode fields of that format must share the same set of
symbols; if one symbol is repeated, it is ambiguous in identifying a field.
0f course, from format to format symbols may be repeated.

he-8



PROGRAM STATEMENTS

tatements represent the encoding of the customer's control logic.
logy, formats, and mapping he has designed previously are all used
ate this symbolic program to a binary representation for ROM. The
1Tready established, is now used:

wrogram statements) : = {custom stétement),(predefined_ statement)

:ustom statement) : = [(format id)] 1 {Oabel symbol)? 1
"{separatory {program fie'ld){(separator)’
{program fie]d)}
label symbol? : =/<symb01)
separatord : = , ‘(blank)

program field) : ={opcode symbol)

<address expression)
opcode symbol) : = (symboT)
address expression) : = <field number) ( expression) )

expression) : = {(operator)}] '.<term>{(operator) (term)}

operator) : = + l -

termp : = {label symbol)l
(constant)l
*
predefined statement) : = [*] 1 {predefined type)

_'predefined type) : = (a‘lign statement>l
{onstant statement ? l

dequate statement?



{align statement) : = {EHabel symboli} 1 ALIGH (constant)
{constant statement) : = {%1Abel symbol%} 1 CONSTANT  {constant)

{equate statement) : = {label symbol)> EQUATE (expression)

The program section begins with the $PROGRAM statement and ends with the $END
statement. Each statement between these two is a program statement. Theoreti--
cally, there is no limit to the number of statements to a program. Program
statements fall into two major classes: those whose symbology the customer

has defined, the predefined statements. We will consider these two classes
separately.
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