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AP-120B ORGANIZATIONAI. OVERVIEW 

AP-120B is a high-speed arithmetic-processor. 

Cycle: 

Word Size: 

Registers: 

Memory: 

Arithmetic: 

Processor Control: 

Input/Output: 

167ns cycle 

38-bit word size 

64 accumulators CD-Pad) 38-bit 
16 Address Registers (S-Pad) 16 bit 

64-bit wide Program Source (PS) memory 
in lK word increments to 4096 words 

38-bit Main Data Memory (MD) in 8192 
increments to 64K words 

38-bit Table Memory (TMRA11/TMR.OM) in 512 
increments to 64K words 

16-bit Integer Address Process (S-Pad) 
13 operation Floating Adder (FA) in two stage 
pipeline 

3-stage pipelined Floating Multiplier (FM) 

Both FA and FM produce normalized, rounded 
results with overflow/underflow detection 
and correction 

Conditional branches based on 25 different 
conditions (15 locations forward or 16 
locations backward). Global jumps to anywhere 
in 4K.. of PS either absolute or relative. 

Hardware subroutine return stack allowing 
nested r.outines up to 16 levels deep. 

Instructions to read and write PS memory 
thus allowing the processor to bootstrap 
and to alter programs dynamically. 

Internal programmed I/O Bus (38-bit) or 
DMA to/from Main Data Memory. 
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CONTROL UNIT SPECIFICATIONS 

- PROGRAM S O>URCE MEMORY 
64-BIT WORD SIZE 
167 NSEC CYCLE TIME 
4K WORIS MAXIMUM 
INSTRUCTIONS ALLOW READING AND WRITING 

- CONTROL :s.JFFER 
CONTROLS 10 INSTRUCTION FIELDS IN PARALLEL 
167 NS EXECUTION TIME 

25 ERANCH CONDITIONS 
16 ELEMENT HARDWARE SUBROUTINE RETURN STACK 

-1654-

Figure ~ Control Unit Specifications 
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ZERO TM DPX DPY DPX DPY MD ZERO 

B FADD TM,MD 
Bl FADD ZERO,ZERO 
B2 
B3 
B4 

ARITHMETIC OPERATIONS 
LOGIC OPERATIONS · 
FORMATrING OPERATIONS 

PIPELINE REGISTER 

FA 

Figure 52 Floating Point Adder 
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SELECT INPUT 
SOURCES 

LATCH INPUT 
ARGUMENTS 

DO EXPONENT 
COMPARISON 

SELECT A2M TO 
XPONENT ALIGN 
MENT/SHIFTER 

SELECT Al AS 
EXPONENT OF 

RESULT 

DETERMINE 
SHIFT COUNT 

DO EXPONENT 
ALIGNMENT 

SHIFT 

Figure 53 

SELECT A2E AS 
EXPONENT OF 

RESULT 

LATCH EXPONENT 
AND MAi.'1TISSA 

OF RESULT 

NORMALIZE THE 
MANTISSA OF THE 

RESULT 

ROUND THE 
RESULT 

PASS EXPONENT 
AND MAi.'rrISSA 

THROUGH 

YES 

Flow Chart AP-12~ Floating Adder Logic 
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SUBTRACT THE 
NORMALIZE SHIFT 
COUNT FROM THE 

EXPONENT 

DO NOT ROUND 
THE RESULT 

FORCE 
APPROPRIATE 

RESULT 
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~\ rl. 
LJ 

Ul 
G\ 

~ 
~' 

TM REG DATA PAD DATA PAD MD REG 
(2~9) x x (2~2) 

(2~~L/R) (2~~L/R) 

L AllIB* J 
A2~S* 

J_Fl\_CLK3 

ADDR iFACLK2 FMUL 
(212) J.a.2CLK ...EM_* (2$'16, 2~7) 

• J_ (2ji18) 
AlCLK 

M • + 
H ... .., 

~ ~ ~ FA* 

-_;.. ~ 2 ..BS2Al ft_~ ~' ~ \f_ _? ~ j_ 
~ 

BS2A2 _... -... 
EXP AN FADD* _.. FADD .... 
(214) FASl!_ ~ (2~3, 2~4, 2~5) 

l~AS 1 ti- FAUNF* _... 

PROGRAM ' FAS2 ... FANEG~ _ _:1 
SOURCE PS14*-PS22* _.. -"" ... CBl 

(216 , 236 ) .. FACIN* -~ FAZRJ!* ~ (2l~) • 
lmSGN* .g;. FAOVF* -;.. 

SM2'l'C* ,., "----..---.---' ... 
FSCAT.E:* t> 
•rmJNC* 
i----~-----~ 
~SEf.A2* ._ ____ _. 

4
,_ l CACI.KE* 

SPIN* 

Figure 54 

FA* 

~ 
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FME• AlBS• FAE• A2BS• 

! l J ! 
A B A a 

BS2Al-S 2:1 BS2A2-i S 2:1 

I 
I 
I 
I 
I 

FMM• 

J 
A 

BS:2Al-! 5 

!AlCLK-C 

AlMBS* 

J 
3 

2:1 

FAM• A2MBS'* 

l l 
3S2~ l '1 

2:1 

!i\2CLK-' C 

I :>.D!Q* ] 

!AlCLK- C Al !A2CU<-C A2 

Q 0 Q Q 

1-----1--J -11 
j_ j_ l 

I =!- ~A:?!-!Q" 1" 1 

.---,~...:S:.:;E:::V.::..:::.2 -----...iJ.._.. s3 

2: l A l Si\ 2: l B 

I 
I 

r--J._D_E _______ .... 32 

A B i\ B 

A2-Al Al-A2 

...;Az.--...lB'-1 1.._JJ_:.t_l_"' ___ L_l-1_.2 • 

2:1 
SELA2ii.., n 

-·i 

E+S 

FSE* 
-

FADO*-i::: 

LATCH 
!FA~ C 

! 
A B 

-A+B+c 

+5 
...!..LI 

FAA-
fiJ l 2 3 

FAB- 4:1 

~ 
FAE* 

-' ... ~-";:;!:.... 

Lt s 2:1 

. 

...... 

FAD03 
(2:<15) 

I POSITION 
I RIGHT 

_l SCIN SHIFTER 
r-'----------t!E 

I 
fiJ l 
l B-A 

FASfiJ -
2 A-B 
3 A•B 
4 EQU 
5 AND 

.FASl - ALU I- FACIN 

I 6 OR 
I FAODl 7 1' 

FAS2 -

1-<!:G~ - - - - - - - - - -

J 

I 
I 
I 
I 

I 
I 
I 
I 
I 
I 

I 

FAD02 
(2fiJ4) 

FAOO• - E 
LATCH 

! E'de:LK2 - c Q Q .....,__.;:....._:;,_._, ..... 
FSM(-ll* 

(S!GN) ~ 

A B 

2:1 

FLi-ll 

PRIORITY 
SHUTER 

1 

EOVCRY -

LEFT 
SHIFTEZ: 

Ml\NOV ROUND-ING 

"I_ .. _c;_ •5 

FAA- fiJ l 2 3 

FAB-
4:1 

Figure 55 Floating Adder Block Diagram 
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TM DPX DPY DPX DPY MD 

PIPELINE REGISTER 

PIPELINE REGISTER 

FM 

FA 

B 
Bl 
B2 
B3 
B4 
BS 
B6 

Figure 56 Floating Point Multiplier 
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U1 

'° 

PROGRAM 
SOURCE 
MEMORY 

PS RAM 
(236) 

TM2Ml 1CTLJ_ TMREG ., 
(2~9) 

CONTROL 
BUFFER DP2MlE (CTL) _... 

CB2 DP2M2E 1CTIJ_· 
-""'IDPX & OPY 

(211) ~ (2~~L 
.Y2Ml .fCTL\. -.. and 
Y2M2 JCTLl "ti 2~~R) 

(CTL) MD2M2 -- MD REG 
... (2~2) . 

J ,. . . 
MlBSnn* .. 

FADD (2~3, • M2BSnn* 
PS51*-PS55* 2~4,2~5) 

(CTL) FAnnj_ 
rnnn.• 
l ICBCI.K2 J_SYS' IMlCLK J_CTL-1... ~ j . I"' ... 

' IM2CLK (CTL) 
l SYSTEM "'I FLOATING POIN'.r MULTIPLIER 

CLOCK IFJ1C.LKA JCll'IJ FMUL (2~6, 2~7, 2~8) 1 -.. 
ADDR IFMCJ,KB JCTIJ. .. 4 ... 

l (212) IFMCLKC (CTL)_.._ ... 
..!. FMUL* (CTIJ..... .. 

FMUL*A (C'rL)...,. .. 
BS2Ml 1CTIJ_., .... 
ES2.M2. 1CT.Lh 

'"" l5YS_ C'J!CLKF.'* 1.a_FMOVF* JSTA_l 
I"' CONTROL l'"FMUNFL* (STA) 

BUFFER I"'-

CBl (21$.if) FMnn* 

• FMnn* 
-1703-

Figure 57 Floating Multiplier System Interconnection Block Diagram 



FME* MlEBS* FAE* M2EBS* FMM* Ml.MES* 

BS2Ml S A B BS2M2 
Ml 

IMlCLK C IM2CLK 

FMUL* 

IFMCLXC 

MP 

FME* 

FMULC FMULA 
(2SJ8) (2SJ6) 

SHIFT 

FMUL* 

IFMCLKC 

SSJ 
Sl 

MPA 
MPB 

HPCSVQ 

MPS 1 

FMM* 

Figure 58 Floating Multiplier Block Diagram 
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TMA ·l 
(212) 

IOnn* 

TMI REG 
(238) 

~ 

TM ROM TM RAM 
(217) L.._ TMAnn _ ... (238} .... -,.. 

TMnn* 

I 
TM REG 

(2l(J9) 

J T 1 
AlBSnn* MlBSnn* DPBSnn* -l7a5-

Figure 59 Table Memory System Block Diagram 
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(l\ 
N 

EXP AN 
214 

. 
PS14 •·-PS22*_ .. 

-. 

' 

PSRAM 
(236) PS62*-PS63* 

GPIF DAnn* .... 
219 -

OUT* ... 
BPPENB* 

I ~P+DPnn~ ;'BTMAnn SPAD ADDR ,.. 
2$!11 TMAnn _., 212 

•rMA2PNir_._ TMINH 
ITMCT,K 

-.. 
TMALD*A= ...... - ... 

Lo. • IPNLCLK 
TMAnn -• rr CBCLKE* 

TABLE MEMORY TMINH ... r-- l 
FFTO ROM CB! - .. 

217 IFFTQ* _ .. 
21~ -... 

It- ICBCLKl 

TMnn• • ... PNJ,nn* 'rMAOEC*_~ 

CB2 
- .. 

TMACE* _. 
• 211 y 

ITMCLK TMALD* ... ,.. _. 
1 .. ICBCLK2 'l'MNEG* -t TABLE MEMORY - ...-

REGISTER TM2DP ... 2~9 •rM2Ml ..... 
SPIN* ..... 
TM2Al 

-,. 

AlBSnn* MlBSnn* DPBSnn* 

Figure 60 Table Memory System Interconnection Block Diagram 

' , . . 

IOnn* 

J, 

TABLE MEMORY 
RAM 
238 

, .. 

. 
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SP+DPnn* 

TMA 

!PSACLK ___ _.,ct 

COMPLEMENTER 

FFTQ 
SINE 

B 

A 

1 2 

4:1 MULTIPLEXER 

TMAnn 

Figure 61 Table Memory Address Logic 
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.... ,.., 

ADDRESS 
ROMl ~ .,, 

'l'MAnn --., DECODE 
LOGIC 

() 

4 
ROM2 L- _ ... ... 

-...... 
ROM3 . ..... 

....: .... 
ROM4 ... .... 

... -... 
ROMS _ ... .... . 

+ 
TMnn* 
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Figure 62 TM ROM Memory Elements 
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!TMCLK 

SPIN* 

TM2Ml* 

TMnn* 

LATCH 

TM~2*A-TMJ.l*A 

TMNEG* 

DRIVER M2Al* 

MlBSnn* 

TM12*A-TM39*A 

CONDITIONAL 2 1 s 
COMPLEMENTER 

DRIVER T!42DP* 

AlBSnn* 

DRIVER 

DPESnn* 

Figure 63 Table Memory Register Block Diagram 
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lTMCLK 

c 

DM,l8*-DA12* 

DAl3* 

DA14* E 

DAlS* 

OUT* 

IOnn* 

D 

TMI REG 

TMinn 

WRITE 
ENABLE 
LOGIC 
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Figure 64 Table Memory Input Register Block Diagram 
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(J\ 
-...! 

DAnn 
OUT 

l'l'MCLK 

TM I NH 

BPPENB* 

BIMAnn 

TMAnn 

-.. A 

_. B 

l r 
~ 

~ 

BANK 
TMA~~A-TMA~3A ..-J 

DECODE r 

TMA~4*A 

TMA~S*A 

l_ 
s 

2:1 

A WRITE 
WF.:D* ... WEC* ENABLE 

LOGIC WEB* 
... .... WEA* 

[)-

' G f6 csn• 
~ B CSC* 

4:1 
1 
2 CSB* 

~ A 
~ 31CSA* 

ADDRESS 
• Bm'FER -.-

Figure 65 TMRAM Memory Elements 
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1~~ WE DIN 
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-~ 
. 
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-cs 
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DOUT 

I 

" TMnn* 

-17ll-



APPENDIX A 

STANDARD OPERATING PROCEDURE 
COMPONENT NUMBERING SYSTEM 

It has been our generally accepted practice to label components 
such as resistors and capacitors to the left and above a parti­
cular I.e. with the same number as that I.e. 

Because of the ever increasing density of components on etched 
circuit boards, it has become necessary to document this 
procedure with the attached topological examples. 

A-1 
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Am25S05 
Four-Bit by Two-Bit 2's Complement Multiplier 

Distinctive Characteristics 
• Provides 2's complement multiplication at high speed 

without correction. 
• Can be used in a combinatorial array or in a time 

sequenced mode. 
• Multiplies two 12·bit signed numbers in typically 

115ns. 

FUNCTIONAL DESCRIPTION: 
TN Am2SSQS t1 • h•~Oftd dtgnal rm.11uohtr that can muluoly numt.n f'l'Ot'IWnTld 
1n m. 2'1 como...,,ent notation ana oroOUCI' " 2"1 comohtn'lent :H"OOl.lc:t ,...tftaut 
catftC'hon. The orv1ce con1.11u of a 4• 2 mulholtff tn11 can tie ccnnectsd to fonn 
1t.,1t1w 1t1ey1 1ble 10 tnult1atv ""'"bet'"' enft., ou·ecttv. Of' ut • t•tnf' MQUl'need 
1tr1n~t. The Ol'<NCC .auutnH mac 1ne mon significant d1qi.t in a word carnt1 a 
M9-1t1w Wft9C"1t • .,4 an tntrttoN I» I.dad 1n .arrays "'"'" tN rmMtu>hand ..nd 
mu1t1ohtt ha¥• esetterent ward teng1ns. ':"he mu1t1oher uws me OH"'mary atgonthm 
and !>lrlormt trt• luna1an S • XY • " i"'rhtre < 11 the 1nour ftttd uMd to 1del o.erti•I 
groaucts ~ralf'Q 1n tf\t .arrav • .\c IM or;ann1ng of tM arf'ay tl\e K inQ\UI ,,. w11J. 
IOlt' to acid 111qnec:1 canst.ant co cne lean s.aruhcant oatt of th• oroauct. Multti>t1ca11on 
of Mi m bl1 numOff ov 111 n Dl1 numDl't an an •rr.ay rnultl 1n • oroo.ict: narwtn9 m.,, 
b11 so mu 111 oosut:ff ccmoinauons al oroCJ1.1ct .u• ~ounttd lor. It 1 conwnuonll 
2'1 camo1emcnt ~ocuct '' reamed !he molt 1191•uf1can1 bit an be 1g;norca. .,,d 
owctilow condft1on1 an bl' oucct1d CV ~ring tne 11n two oroauct OICJlt&.. 

A num0tt ot connec11on ~ .,. OOUlbfe. Fiqure I snows ine connec11on &enc~ 
that re-suits '" IM latest mulUOIY. II '"~ me.d IS /IQUlfC'd .,, .,Tay can bl IQ.hi 
1nco MVCT .. C11t1'. <1na 1ne :Hnt: ~ 'Mlh n1gn·sond look ... nc.d carry 100en. 

Provruon 11 m.neo tn IN on191t for n'llJIUOhcat1on •n the .c:11.- htqh l00titrw foqicl 
or actrw low ln~ciw 1oq1c:t reorncnt11uon1 simotv DV tftnltt0,.t1nq thie 1ettve levft 
of tn• 1nQl.lt aoe11ttas. tn1 ~roduc:t. MCI • pa1a11ty connol P. For a'"°"' ccmoWC• 
Ol"ICt•PUOft•nd .aoohattons cne uYf 11 retilfn'd to tn• Aoo1w:a11on Nate on Pl91 5-18. 

• Multiolies in active HIGH (positive logic) or active 
LOW (negative logic) representations. 

• Reduced inout loading as compared to Am2505. 
• 100% reliability assurance testing in compliance with 

MI L·STD·883. • 

" " ll 

' "' 

LOGIC SYMBOLS 

ACflYI U)W 

•• ,, 17 •• 

.. , 
2"sCOMP\.E\IE-.T 

" " " 
., 

\IULTIPLIER c..., I] : 

So, !. ~ ~ 14 ~ 

T l 
I I 10 11 1• 1\ 

Vee• Pin 2•. 
GNO• Pin 12 

., 
I 
I 

19 II If II 

11 11 . ., ... ,.l 
.... 2SSOO .. , 

7sCCM~£M£Nf 
\tULTll1L1£R c... " .. ., ., .. " I I 

" " .. " 

LOGIC DIAGRAM 

OPERATION TABLE 
Y Multiplier Operation 

Y-t Yo 

0 0 
0 

0 

0 0 
0 

0 

Y1 X Multiplicand 

0 K+O 
0 K+ X 
0 K+X 
0 K+2X 

K-2X 
K-X 
K-X 

1- K-0 

Active Low lnllUU and OutllUts 
·1· • Low, •o• •High, P •High 

Active High lnl)Uts and Outl)Uts 
•1• • High, 10' • Low, P •Low 
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. , .. 
00 9 
0 0 

I 

~3CL e;1 
y ycj 

CONNECTION DIAGRAM 
Top View 
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Am25S07 · Am25S08 
Hex/Quad Parallel D Registers With Register Enable 

Distinctive Characteristics 
• 4-bit and 6-bit high-speed parallel registers 
• Common clock and common enable 

FUNCTIONAL DESCRIPTION 

The Am25507 is a 6-bit. high-speed Schottky register with 
a buffered common register enable. The Am25508 is a 4-bit 
register with a buffered common register enable. The de· 
vices are similiarto the Am54S/745174 and Am54S/745175 
but feature the Common register enable rather than 
common clear. 

Seth registers will find application in digital systems where 
information is associated with a logic gating signal. When 
the enable is LOW. data on the D inputs is stored in the 
register on the positive going edge of the clock pulse. When 
the enable is HIGH, the register will not change state re­
gardless of the clock or data input transitions. 

• Positive edge triggered D flip-flops 
• 100% reliability assurance testing in compliance with 

MI L-STD-883. 

LOGIC SYMBOLS 

Am25S07 

' l • I tt IJ 14 

I I 

I I I 
SJIOlJll 

Vee• Pin 16 
GNO •Pina 

Cl' 

Am2SS08 

.. ,, 

"" •• 07 ., 
....... "" .... r111tc1STU .,. a. a, a, 

T 
l 1 • 1 11 10 I& •• 

LOGIC DIAGRAMS 

Am25S07 

DQ 01 

CP--t>o I I 
' I 

I ... ' 

O:! 03 •• "' I I I I 
I ' I "" .... 

Cl' D CP D CP .:.• CP "' D 

" " D il ~ 0 
I I 

I 
"" a, I I 

CJ a, a. Qg 

Am2SSOS 

a, Dt ., 

Cl' Cl' D D 

11 0 ~ ~ a 

a; a, ~ Dt Qi a1 

FUNCTION TABLE CONNECTION DIAGRAMS 

Inputs Outputs Top Views 

e Di CP <Ji Oi 
H x x NC NC 

Am2SS07 Am2SSOS 

•cc "' Os •• a. ., o, C1' •cc 03 llj a3 "2 a; 07 C1' 

I. x H NC NC 

L .x L NC NC .. 
L L t L H 

....,..., 
L H t H L 

H •HIGH NC• No Chaft<Je { Co Do a, a, Dt Dt GHQ r Co ~ Do 01 a; C1 CND 

L • LOW X • Can't Care 
t • LOW·ta-HIGHTrtnsition 
ill an Am2SS08 Only 

Note: "" 1 11 marked for orl.-.tatlon. 
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Am25S09 
Quad Two-Input, High-Speed Register 

Distinctive Characteristics 
• Four-bit register accepts data from one of two 4-bit 

input fields. 
• Edge triggered clock action 
• High-speed Schottky technology. 

FUNCTIONAL DESCRIPTION 
The Am25509 is a dual port high-speed, four-bit register 
using advanced Schottky technology to reduce the effect 
of transistor storage time. The register consists of four 0 
flip-flops with a buffered common clock. and a two-input 
multiplexer at the input of each flip.flop. A common select 
line, 5, controls the four multiplexers. Data on the four 
inputs selected by the 5 line is stored in the four flip-flops 
at the clock LOW-to-HIGH transition. When the 5 input is 
LOW, the DiA input data will be stored in the register. 
When the 5 input is HIGH, the DiB input data will be 
stored in the register. 

• 100% reliability assurance testing in compliance with 
MIL·STD-883. 

• Electrically tested and optically inspected dice for 
the assemblers of hybrid products. 

LOGIC SYMBOL 

l 4 • s 11 1% ~ u 

a, 

10 15 

Vee• Pin 16 
GNO •Pin 8 

l.OGIC DIAGRAM 

FUNCTION TABLE 

SELECT Ct.CCI< 
s CP 

L I 

L t 

H t 

H t 

H • HIGH Volfai• Lewi 
X • Oon't Care 

DATA 
Di A 

L 

H 

x 
x 

t • LOW-to-HIGH Transition 

INPUTS OUTPUT 
Dis O; 

x L 

x H 

L L 

H H 

L • LOW Volt199 Lewi 
l •0, 1,2.or3 
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CONNECTION DIAGRAM 
Top View 

Note: l'ln 1 h merked for orientmdon 
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Am25S10 
Four-Bit Shifter With Three-State Outputs 

Distinctive Characteristics 
• Shifts 4-bits of data to 0, 1, 2 or 3 places under con· 

trol of two select lines. 
• Three-state outputs for bus organized systems. 

FUNCTIONAL DESCRIPTION 
The Am25510 is a combinatorial logic circuit that accepts a 
four·bit data word and shifts the word 0, 1, 2 or 3 places. 
The number of places to be shifted is determined bv a two· 
bit select field So and S1. An active·LOW enable controls 
the three·state outputs. This feature allows exoansion of 
shifting over a larger number of places with one delay. 

By suitable interconnection, the Am25510 can be used to 
shift any number of bits any number of places up or down. 
Shifting can be logical, with logic zeroes pulled in at either 
or both ends of the shifting field; arithmetic, where· the 
sign bit is repeated during a shift down; or end around, 
where the data word forms a continuous loop. 

• 6.Sns typical data propagation delay. 

• 100% reliability assurance testing in compliance with 
MIL·ST0-883. 

10 

13 

LOGIC SYMBOL 

121•587 

I 

15 14 12 11 

Vcc•Pln 1s 
GNO• P'ln8 

LOGIC DIAGRAM 

LOGIC EQUATIONS 

Yo. S'o St lo+ So St l.1 + S'o St 1.2 +So St 1-3 

v 1 • '!l'ost It +So St 10 +S'Qs11.t .. SoSt 1.2 

Y2 • '!l'o St 12 +So St It + S°o St lo +So St 1.1 

Y3• ~St l3+SoS't l2 +'!l'oS1 It +SoSt lo 

Note: For additional tnfonnatlon, "" page S-5' 

TRUTH TABLE 

oel St so 13 •2 ~, lo '·t '-2 l.;i Y3 Y2 Yt 

H x x x x x x x x x z z z 
L L L 03 "2 Ot Co x x x 03 02 o, 

Yo 

z 
Co 

L L H x "2 o, -Co o.:;---x·x- ~£51bo-·o.r 
L H L x x 01 Oo O:t 0.2 x o, Co o., 0.2 

L H H x x x Oo O.t 0.2 O.;i Oo 0.1 0.2 o.;i 

H • HIGH X • Don't ~· 
L • LOW Z • Hign lmoed1nce State 
On at input In m1y be either HIGH or LOW and outout Ym will 
follow the selected On input lewl. 

V3 

CONNECTION DIAGRAM 
Top View 

Vee Yo •1 ct •1 V3 So S1 

,. 
'""75$10 

l.J '·7 '·I lg ,, 17 13 C•O 

Note: l'ln 1 is m•rked for orlentedon 
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MOS 
LSI 

TMS 4027 JL, NL 
4096-BIT DYNAMIC RANDOM-ACCESS MEMORY 

• 4096 X 1 Organization 

• Industry Standard 16-Pin 300.Mil Package 
Configuration 

• 10% Tolerance on All Supplies 

• All Inputs Including Clocks TTL Compatible 

• Three-State Fully TTL·Compatible Output 
Latched and Valid Into Next Cycle 

• 3 Performance Ranges: 
ACCESS ACCESS READ 
TIME TIME OR 
ROW COLUMN WRITE 

ADDRESS ADDRESS CYCLE 

~ ~ ~ 
TMS4027·15 150ns 100 ns 320 ns 
TMS4027·20 200ns 135 ns 375 ns 
TMS4027·25 250n1 165 ns 375 ns 

READ, 
MODIFY· 
WRITet 
CYCLE 
(MINI 
330ns 
420 ns 
480 ns 

• Page-Mode Operation for Faster Access Time 

115-f'IN CERAMIC 
DUAL·IN·LINE PACKAGE 

ITOPVIEWI 

Vss 111 Vss 

D 2 15 CA'S 

w 3 14 DATA OUT 

iiAS ' 13 s 
AO 5 A3 

A2 IS 11 M 

A1 7 10 A5 

Voo 8 9 Vee 

PIN NAMES 
AO-AS Address lnouts 

• Low-Power Dissipation 
1!n Column aadress strooe 

- Operating 460 mW (max) 
- Standby 27 mW (max) 

• 1· T Cell Design, N-Channel Silicon-Gatg 
Technology 

description 

The TMS 4027 JL, NL series is composed of mono­
lithic high-speed dynamic 4096·bit MOS random· 
access memories, organized as 4096 one·bit words, 
employing single·transistor storage cells and N· 
channel silicon-gate tecllnology. 

0 

OATAOUT 
~ 

s 
w 
Vgg 
Vee 
Voe 
Vss 

Data input 
Cata output 
Row address strobe 
Chio select 
Write enable 
-5 V power •uoPIV 
+5 V power supply 
... 12 V power suoply 
0 V ground 

All inputs and outPuts are compatible with Series 74 TTL circuits including clocks: Row Address Strobe (~l or (Rl 
and Column Address Strobe !'CASI or (~I. All address lines (AO through AS) and data-in (DI are latched on chic to 
simplify system design. Data out is latched and available until th~ negative edge of ™ in the next memory cycle 
retums the outPut to the high-impedance state. 

Typical power dissipation is less than 300 milliwatts active and 14 milliwatts during standby (Vee is not required 
ciiring standby operation). To retain data, only 20 milliwatts average power is required which includes the power 
conStimed to refresh the contents of the memory. · -

The TMS 4027 JL. NL series is offered in a 16-pin dual·in·line package and is guaranteed for operation from a°C to 
7a°C. Packages are designed for insertion in mounting-hole rows on 300-mil centers. 

operation 

tddms (AO through AS) 

Twelve address bits are required to decode 1 of 4096 storage cell locations. Six row-address bits are set up on pins AO 
through AS and·latched onto the chip by the row-address strobe(~). Then the six column-address bits are set up on 

'Th• twrn "rNd-wrlt:e cyct•• t1 somedmee uMd n •n •ltttn•dve tJtf• to "r~adlfv-wrlt11 eycl•"• 

PllEUMIHARY OATA SHEU: 
Si.igg(1m1ntuy data will be 
PllbUslttd II I lallC' dale. 

TEXAS INSTRUMENTS 
INCORPORATED 

~,. M"1CC aox seu • aA&J..&a. TIXA• n.an 
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TMS 4027 JL, NL 
4096-BIT DYNAMIC RANDOM-ACCESS MEMORY 

pins AO through AS and latched onto the chip by the column·address strobe <™I. ~activates the sense amplifiers 
as well as the row decoder, and ~ activates the column decoder and the input and output butters. 

chip select <m 
When the chip select (S) input is high, the column decode and the input and output buffers are disabled. However, the 
row decode is unaffected by chip select so that row addresses are latched and refresh can continue to take place. 

write tnab141 !WI 
The read or write mode is selected through the write enable !WI input. A logic high on the W input selects the read 
mode and a logic low selectS the write mode. The write enable terminal can be driven from standard TTL circuits 
without a pull·up resistor. The data input is disabled when the read mode is selected. When W goes low prior to as 
(early write), data-out will contain the data written into the selected cell. 

data-in (0) 

Data is written during a write or read mcdifv·write cycle. The latter falling edge of ~ or W strobes data into the 
on-chip data latch. This latch can be driven from standard TTL circuits without a pull-up resistor. In an early write 
cycle W is brought low prior to CAS and the data is strobed in by CAS with serup and hold times referenced to this 
signal. In a delayed write or read·modif,r write cycle, CAS will alreacy be low, thus the data will be strobed in by W 
with setup and hold times referenced to this signal. 

data-out 

The three-state cutout buffer provides direct TTL compatibilirv (no pull-up resistor required) with a fan·out of two 

Series 74 TTL loads. Data·out is the same polarity as data·in. The cutout goes into the hign·impedance state after the 
negative transition of CAS. The output becomes valid aiter the access time has elapsed, and it remains valid into the 
next memory cycie before CAS going low returns it to a high-impedance state. 

refr~h 

A refresh operation must be performed at least every two milliseconds to retain data. Since the output buffer is in the 
high-impedance state unless CAS is applied, the ~ only refresh sequence avoids any output during refresh. Strobing 
each of the 64 row addresses (AO through AS) with ~causes all bits in each row to be refreshed. ~ remains high 
(inactive) for this refresh sequence, thus conserving power. 

page mode 

Page mode operation allows effectively faster memory access by keeping me same row address and strobing successive 
column addresses onto the chip. Thus, the time required to setup and strobe the row addresses is eliminated. To extend 
beyond the 64 column locations on a single RAM, apply the row address and l1AS to multiple 4K RAMs, then decode 
chip select to select the proper RAM. IA RAM need not be selected during the first page mode cycles to have the row 
address lau:hed on chip.) • 

power up 

Vee must be applied to the deviCl! either before or at the same time as the other supplies and removed last. Failure to 
observe this precaution will cause dissipation in excess of the absolute maximum ratings due to internal forward bias 
conditions. This also apolied to system use where failure of the Vee supply must immediately shut down the other 
supplies. After power up, eight memory cycles must be performed to achieve proper device operation. 

TEXAS INSTRUMENTS 
INCOKl'ORAf£D 

POST Ol'PK:I: aox sa12 • OAU.Aa.. TCXA• 7t.ZZI 
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TMS 4027 Jl, NL 
4096-BIT DYNAMIC RANDOM-ACCESS MEMORY 

functional block diagram 

w s RAS c.o.s OUTPUT I MODE 

H H L L Hl·Z ! Not se!octod 

L H L L Hl·Z 1 Na wru• wall occur 

x x L H H~Z I RAS only cvcl• 

x x H L Hl·Z J CA5 only cvcl• 
L llofore L L L lnpt<tda~ l~rtywrito &St. 

•aw .t.OD"-US 
C1.0CKS IUl•UIS 

LAftw L L I L I V•lidda~ I Wtit1 or reed/ 
CASL writ•cyd• 

H L L L O•tl out jRad 

H • H~h; L • Law; X • Oon't Care: Hi·Z •High impedance. 

m CC LU MN 
CLOCKS 

... Riff ;; 
CLOCKS 

OAfA 
~ 

11 
.. 

BUFFISI 

Df:COOtft 
Cl.CCU 

.. _ 
.,.. 

CLOCKS 

OUTPUT 
U.TCH 

Cl.CCJ<S 

S.UUI ,.uws 
~ .. a 

""IMORY 

-----·"191 

-----vco 

-----•oo 

,.._-------•cc 
OATA 
our 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 
Supcly voltage, Vee isee Note 11 -0.3 to 20 V 

-1.0 to 15 V Voltage on Voo. Vee. relative to Vss 
Supply voltage. Voo {see Note 1 I 
Supply •1oltage. Vss {see Note 1 I 
All input voltages {see Note 1) 
OutpUt voltage (operating, with rescect to V55) 
Operating free-air temperature range 
Storage temperature range 

-0.3to 20V 
-0.3 to 20 V 
-0.3 to 20 V 
. -2 to 10 V 

. 0°e to 10°e 
-55°e to 150°C 

NOTE 1: Under •osolut'lt maximum ratinqs. vohaqie values ar• with resoect to tne mon:·negativ• suoply volgge. Vgg (subctnne). unfets 
otherwise notld. Thrau9"1out th• tllfn•indet' of this cur.a snfft. voltaqe vah.1n are whn res1:MCt ta '/55. 

•s~ .... beyond thaw list1d under .. ~tHolute Maximum Radn;s,.. m•Y cause c:ierm•n•nt damage to tne d9Yic•. Thit it a strn1 r.tfng only •nd 
funcUonat ogeradon af me acvic• at cnese or any omer conditions beyond mote indicated in ine 0 Recammendee1 Oc«arlng Conditions•• 
Medon o1 tnfs socciffc:aifon is not lmpli•d. S1tc:ioture to acsolut•maximum·r•twd conditions for •xt•nd•d Q«1ods may .affect davlc• nlf•Dilltv. 

recommended operating conditions 
PARAMETER MIN NOM MAX UNIT 

Supply voltaqe. V99 -4.5 -5 -5.5 I v 
Succlv voltage. Vee 4.5 5 5.5 v 
Supply voltage. Voo 10.8 12 13.2 v 
Supply voltage. Vss 0 'I 

Hlg!Mevel input voltage, excect ~.~-and WRT'l"E. V1H 2.2 3.5 7 v 
Hlgh~evel incur volta~. ~.CA'S, and WJ:ttn. V1HCRI 2.4 3.5 7 v 
l.ow~ewl input voltage·. V!t -1 0 o.a v 
Refruh time. tll!ro•n 2 ms 

Ocoreung lre-aor temoerarure. TA 0 --~o _'<;.. 

TEXAS INSTRUMENTS 
l'tUHPUJ(Af ED 

lllO•'I' O'"te• •Oa IOl2 • OM.I.A&. TCXA• 7'U22 
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MOS 
LSI 

TMS 4116 Jl 
16,384-BIT DYr~AMIC RANDOM-ACCESS MEMORY 

• 16,384 X 1 Organization 

• 10% Tolerance on All Supplies 

• All Inputs Including Clocks TTL-Compatible 

• Unlatched Three-State Fully TTL-Compatible 
Output 

• 3 Performance Ranges: 
ACCESS ACCESS READ 

TIME TIME OR 
ROW COLUMN WRITE 

ADDRESS ADDRESS CYCLE 
(MAXI (MAXI (MINI 

TMS4116-15 150 ns 100ns 375 ns 
TMS4116-20 200ns 135 ns 375 ns 
TMS.4116-25 250 ns 165 ns 410 ns 

• Page-Mode Operation for Faster Access Time 

• Common 1/0 Capability with "Early Write" 
Feature 

• Low-Power Dissipation 
- Operating 462 mW (max) 
- Standby 20 mW (max) 

• 1·T Cell Design, N-Channel Silicon-Gate 
Technolog,y 

• 16-Pin 300-Mil Package Configuration 

READ. 
MODIFY· 
WRITEt 
CYCLE 
(MINI 
375 ns 
375ns 
515 ns 

AO-A6 
~ 

0 
a 
~ 

OCTOBER 1977 

16-l'IN CERAMIC 
DUAL·IN·LINE PACKAGE 

(TOPVIEWI 

Vee 16 Vss 

0 2 1S CAs 

w 3 14 Q 

iiAS 4 13 A8 

AO 5 12 A3 

A2 8 I 11 M 

A1 7 10 /IS 

Vco 8 9 Vee 

PIN NOMENCLATURE 
Address Inputs w Writ• Enablo 
Column address strobo Vee -5-V power supply 
Data input Vee +S.V power supply 
Cata output Voe +12-V pcwer SUOPI"{ 

Row address strobe Vss 0 V ground 

description 

The TMS 4116 JL series is composed of monolithic high-speed dynamic 16,384-bit MOS random-access memories 
is organized as 16,384 one-bit words, and employs single-transistor storage cells and N·channel silicon-gate technology. 

All inputs and outputs are compatible with Series 74 TTL circuits including clocks: Row Address Strobe ~ (or RI 
and Column Address Strobe ~ (or ~l. All address lines (AO through A6l and data·in (01 are latched on chip to 
simplify system design. Data out (QI is unlatched to allow greater system flexibility. 

Typical power dissication is less than 350 milliwatts active and 6 milliwatts during standby (Vee is not required during 
standby operation). To retain data, only 10 milliwans average power is required which includes the power consumed to 
refresh the contents of the memory. 

The TMS 4116 JL series is offered in a 16-pin dual-in-line package and is guaranteed. fpr operation from 0°C to 70°C. 
Packages are designed for insertion in mounting·hole rows on 300·mil centers. ·· 

operation 

addren (AQ. through ASI 

Fourteen address bits are required to decode 1 of 16,384 storage cell locations. Seven row·address bits are set up on 
pins AO through A6 and latched onto the chip by the row·address strobe (~I. Then the seven column·address bits are 
set up on pins AO through AS and latched onto the chip by the column·address strobe (~I. All addresses must be 
stable on or before the falling edges of ~ and CAS. RAS is similar to a chip enable in that it activates the sense 
amplifiers as. well as the row decoder. CAS is used as a chip select activating the column decoder and the input and 
output buffers. 

PllEl.lMllfARY DATA SHEET: 
SuQplemcntary data will be 
published at a later dalt. 

TEXAS INSTRUMENTS 
l .. CORPORAfl:D 

"°91" Ol'~tCS RX MU • 04'.U8, TUAS 71122 
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TMS 4116 JL 
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY 

write enable (W) 

The read or write mode is selected through the write enable (WI input. A logic high on the W input selects the read 
mode and a logic low selects the write mode. The write enable terminal can be driven from standard TTL circuits 
without a pull·up resistor. The data input is disabled when the read mode is selected. When W goes low prior to 00, 
data-out will remain in the high·impedance state for the entire cycle permitting common liO ooeration. 

data·in (0) 

Data is written during a write or read·modify write cycle. The :atter falling edge of ~ or W strobes data into the 
on·chip data latch. This latch can be driven from standard TIL circuits without a pull-ull resistor. In an earlv write 
cycle W is brought low prior to CAS and the data is strobed in by GAS with setup and hold times referenced to this 
signal. In a delayed write or read-modify write cycle, CAS will already be low, thus the data will be strobed in by W 
with setup and hold times referenced to this signal. 

data-out (Q) 

The three state output buffer provides direct .TTL compatibility (no pull-up resistor required) with a fan-out of two 
Series 74 TTL loads. Oata·out is the same polaritY as data·in. The output is in the high·1mpedance (floating) state until 
CAS is brought low. In a read cycle the output goes active after the enable time interval ta(C) that begins with the 
negative transition of CAS as long as ta(R) is satisfied. The output becomes valid after the access time has elapsed and 
remains valid while CAS is low: CAS going high returns it to a high-impedance state. In an early write cycle, the output 
is always in the hign·impedance state. In a delayed write or read-modify-write cycle, the output will follow the 
seQuence for the read cycle. 

refresh 

A refresh operation must be performed at least every two milliseconds to retain data. Since the outi:iut buffer is in the 
high-impedance state unless GAS is applied, the RAS only refresh seciuence avoids any output during refresh. Strobing 
each of the 128 row addresses (AO through AS) with RAS causes all bits in each row to be refreshed. CAS remains hign 
(inactive) for this refres'i sequence, thus conserving power. 

page mode 

Page mode operation allows effectively faster memory access by keeping the same row address and strobing successive 
column addresses onto the chip. Thus, the time required to setup and strobe the row addresses is eliminated. To extend 
beyond the 128 column locations on a single RAM. the row address and RAS is applied to multiple 16K RAMs CAS is 
decoded to select the proper RAM. 

power-up 

Vee must be applied to the device either before or at the same time as the other supplies and removed last. Failure to 
observe this precaution will cause dissipation in excess of the absolute maximum ratings due to internal forward bias 
conditions. This also applies to system use, where failure of the Vas supply must immediately shut down the other 
supplies. After power up, eight memory cycles must be performed to achieve proper device operation. 

TEXAS INSTRUMENTS 
l"COMl'OMAfED 

~ST O_.ll'ICI BOX WIZ • OA'-1.AS. T&XA8 7'1Z2Z 
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TMS 4116 JL 
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY 

fUnctional block diagram 

~~ 
0 

"4 llQW ROW ... 
~ oecoaa 
.&3 

.&z .. , 

...., l7l 

UNSli 
.&MP 

CONTROL 

ROW 
SUFFERS 

171 DECODE 

Ao-"4 

llllMEMall'tAllllA't 

OUMMVCELLS 

11111 Cl' M COLUMN DECODE 

121 SEllSE - REFRESll 
.AMPS 

11111 OF M COLUMN DECODE 

DUhNYC£LLS 

1111 MEMCRV ARRAY 

BUFFEll• 
1DP? 

1/0 SELECTID 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Voltage on any pin (see Note 1) 

Voltage on V cc. Voo supplies with respect to Vss 
Short circuit output current 
Power dissipation 
Operating free-air temperature range 
Storage temperature range 

-0.5 to 20 V 
-1 to 15 V 

50mA 
1W 

0°c to 70°c 
-65°C to 150°C 

NOTE 1: Under ebsolut• mu:fmum radftqs. voltage values are Yllith resoect to the most·n•getive 'SUCCtv volta~. Vas (subsaatel. unlec.s 
omwwise noted. Througnout tn• remainder of this data sh"'· voluqe v•lues are with resoact to V55. 

•str9'SH't Deyond those litted under u Absotu t• ~ximum Raangs,. may cause oermancnt damaqe to tn• device. This as a streu n1tinq only .and 
functional. operation of the devic• at that• or .any other conditions beyond those indicated in the ··~ecomm•nced Op•rating O:lndttions .. 
treetion o1 tnts sc:aeclUcatfan is not fmpH•d. Exposure ta aosalut•max1mu,,,.rated conaitiont: for •xtended p•riOds m•v ~ffect device r•liabili't'f. 

recommended operating conditions 

PARAMeTeR MIN NOM MAX UNIT 

Suoply voltage, ~B -4.5 -5 -5.5 v 
Suoorv voltage, Vee 4.5 5 5.5 v 
Suooly voltage, Voo 10.8 12 13.2 v 
Supalv voltage. Vss 0 v 

Higll·lewl i"l)UC voltage. VtH T All inputs except ~. CAS, WRITT 2.4 7 v l RAS.~.WITTTE 2.7 7 
l.aw-llYef input voltage, VtL -1 0 0.8 v 
Refresh time. trefre•l1 2 ms 

~ting fra•air 11moennure. TA 0 70 oc 

TEXAS INSTRUMENTS 
l .. COIU'0MAl£D 

l'OaT Of',.ICI: eox H&2 • OAC.US. TIXAS 7'U2 
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TYPE SN74172 
16-BIT MULTIPLE-PORT REGISTER FILE WITH 3-STATE OUTPUTS 

9ULLETIN NO. OL·S 7211744 ·~AV 1972 - REVISEO OECEMBER 1972 

• Independent ReadA'Vrite Addressing Permits 
Simultaneous Reading and Writing 

• Organized as Eight Words of Two Bits Each 

• Fast Access Times: 
From Read Enable .•• 15 ns Typical 
From Read Select ••• 33 ns Typical 

• Three.State Outputs Simplify Use in 
Bus-Organized Systems 

• Applications: 
Stacked Data Registers 
Scratch-Pad Memory 
Buffer Storage Between Processors 
Fast Multiplication Schemes 

JORN OUAL·IN·LINE 
PACKAGE ITOP VIEWI 

description podtM fQtiic: Sff description 

The SN74172, containing the equivalent of 201 gates 
on a monolithic chip, is a high-performance 16-bit 
register file organized as eight words of two bits each. 

Multiple address deeoding circuitry is used so that the 
read and write operation C.111 be performed indepen· 
dently on two word locations. This orov1des a true 
simultaneous read/write capability. Basically, the file 
oonsiru of two distinc: sections (see Figure Al. 

Section 1 permits the writing of data into any two·bit 
word location while reading two bits of data from 
another location simultaneously. To provide this 
flexibility, independent decoding is incorporated. 

Section 2 of the register file is similar to section 
with the exception that common read/write address 
circuitry is employed. This means that section 2 ean 
be utilized in one of three modes: 

11 Writing new data'into two bits 
21 Reading from two bits 
31 Writing into and simultaneously 

reading from the same two bits. 

Regardless of the mode. the operation of section 2 is 
entirely independent of section 1. 

.. .. -· 

r-

-" -· -· ~ ·-=· ;j b.!,,ln \. r-J+J.L ___ _, ___ _ 

j ·_ \1 
~· ::::.::::~ I 

FIGURE A 

TEXAS INSTRUMENTS 
l"'CORPORATED 

JI09T CWPtCC eaa tall • GAU.AL ttJU.• 1Un 
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Am54S/74S189 e Am54S/74S289 
64-Bit Random Access Memories 

Distinctive Characteristics 

• Fully decoded 16-word x 4-bit Schottky technology 
high-speed RAMs 

• Access time typically 25ns 

• Available with three-state outputs (S189) or with 
open collector outputs {S;289) 

• Switching speeds guaranteed over temperature 
• 100% reliability assurance testing in compliance with 

MI L-STD-883. 

FUNCTIONAL DESCRIPTION 

The 545/745189 and 545/745289 are 64-bit RAMs built 
using Schottky diode clamped transistors and are ideal for 
use in scratch pad and higr-soeed buffer memory applica· 
tions. Each memory is organized as a fully decoded 16-word 
memory of 4 bits per word. Easy memory expansion is 
provided by an active LOW chip select (CE) input and open 
collector 0 R tieable outputs 545/7 45289 or three-state out· 
puts (545/7451891. Chip selection for large memory sys­
tems can be controlled by active LOW output decoders 
such as the Am9301 and Am9311. 

An active LOW Write line RiW controls the writing/reading 
operation of the memory. When the chip select and write 

LOGIC BLOCK DIAGRAM 

A0----1 

co-----1 

00-----1 

15 irCUATRIX 
CF STORAGE Cf.LU 

ORDERING INFORMATION 

Open Colltctar Outpuu 

Package Temperature Order 
Type Range Number 

Malded OIP o•c 1a1o•c SN74S289N 
Hermetic OIP o•c ta 1o•c SN74S289J 
Hermetic DI(' -ss•c to +12s•c SN54S289J 

Hermetic Flat Pak -ss•c ta +12s•c SN54S289W 

Thr ... State Outputs 

Molded OIP O"Cto+70°C SN74S189N 
Htrm1tic DIP o•c to +7ri'C SN745189J 
Hermetic DIP -ss°C to +12s•c SNS4S189J 

Hermetic Flat Pak -ss•c ta +125"C SN54S189W 

lines are LOW the information on the four data inputs 
01 to 04 is written into the addressed memory word. 

Reading is performed with the chip select line LOW and the 
write line HIGH. The information stored in the addressed 
word is read out on the four inverting outputs Y 1 to Y4 

During the writing operation or when the chip select line is 
HIGH the four outputs of the memory go to an inactive 
high impedance state. 
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LOGIC SYMBOL 

CE 

• • 10 

I I 
o, ~ o, 

1SWt.CI .... 
..... Y1 Y3 

a 

Vee• l'fn 115 

GNO •l'ln 8 

12 

o, 

v, 

II 

RM 

CONNECTION DIAGRAM 
Top View 

Note: Pin 1 is ,,,.rktd for aritntadon. 



MAXIMUM RATINGS !Above which the useful life mav be impaired I 
Storage Temperature 

Temperature (Ambientl Unaer Bias 

Supply Voltage to Ground Potential 1Pin 16 to Pin 81 
DC Voltage Apolied to Outputs for Hign Output State 

DC Input Voltage 

Output Current. Into Outputs 

DC Input Current 

OPERATING RANGE 
l'•rt 

Numb., 

745189 
745289 
545189 
545289 

o•c to +1o•c 

-ss•c to +12s0 c 

Vee 

I s.ov :5" 

I s.ov :!:10% 

Am54Sn4s1ss12ss 

-ss•c tP +i2s•c 
-0.SV to +7V 

5.5V 

5.5V 

100mA 

-30mA to +5.0mA 

ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Notedl 

Parameters Description 

VoH 
(S189 only I 

Output HIGH Voltage 

I 
I VoL Output LOW Voltage 
! 

i 
I 

VtH Input HIGH Lewi 

[ VrL I Input LOW Level 

r 11 L I Input LOW Current 

Ir 
!neut HIGH Current 

las 
(5189 onlvl 

Output Shott Circuit Cment 

Ice Power Supply Current 

Input Clamp Voltage 

! 
I 
I 
I 
! 
i . 

Test C-Onditions 

Vce•MIN •• loH•-2.0mA (54S189l 
VJN•V1H or V1L loH•-6.5mA(74S1891 

Vce•MIN., I ioL • 16mA 
VtN • VtH or V1L I IOL •20mA 
Guarantff<I input logical HIGH 
loOltage for all inputs 

Guaranteed input logical LOW 
-.oltage for all inputs 

Vee. MAX •• V1N • 5.5V 

I V1N =5.SV 
Vce•M,o.x. 

1 V1N =2.7V 

Vee• "1AX., vauT • o.ov 
CE - Rfii. GND 
All other inputs • 4.5V 
Vce•MAX. 

Vee - MIN., l1N. -18mA 

Min. 

2.4 

i 
.L 
; 2.0 I 

I 
I 

i 

-12 

I 
! 

T 
I 
T 

Typ. 
(Nate 11 

3.6 

0.3 

-35 

75 

Max. 

0.45 I 
o.s I 

I 
0.8 I 

-0.25 

25 

-90 

110 

-1.:Z 

100 

40 

I VouT•5.SV 
Vcs• VrH or Vwe • VJL ;-· ----=--------------,-----...--i I vouT•2.4V 

lozH 
OutPut Leakage Current 

lozL 
Vcs • VtH or Vwe •VIL 
VouT •0.SV, Vee. MAX. 

Not8 1. Typfc.111 If mitt •r• u Vee • s.ov and TA• 2s0 c 

-so 

SWITCHING CHARACTERISTICS AND OPERATING REQUIREMENTS OVER OPERATING RANGE 
(See Figure for Test Loads, Measure at 1.SVJ 

25°C 
Typ. 

0°Cto+70°C 
Min. Max. 

-ss0 c to +125°C 
Parameters Description Min. Max. 

tpd~(CE\ 
Delay Chip Select to Output 154Sn4S289 12 I 17 T 25 

CLi•:JOpF l 54Sn4S189 HIGH or LOW 15 I 25 1 35 

'l>dzlCEI 
Oelay Chip Select HIGH to 

eLI •5pF 12 I 17 I 25 . Output OFF 

tpd+IAI I Delay Address to Output HIGH i 22 10 I :s 10 ! 50 

tpc1-IAI I Oelav Address to Out1>ut LOW ! 22 10 I 35 10 L 50 

r,.c(R/WI Write Reco...,.rv Time i 35 I I 50 

•t-lRIWI ! Write Pulse Width 25 I 25 l 
•r,101 Cata Sat·ua Time CL1 •30 PF 25 I 25 I 

•th IOI Data Hold ·Time 0 I 0 I 
•r.IAI Address Stt-up Time I 0 l 0 I 
•thlAI Address t<ald Time 0 I o I 

tpd1IRIWI Otlay Rffl HIGH to Outgut Act1,,. - 12 - r :is-- I 40 

tpdzlR.WI Oelav RfW LOW to OulPUt OFF I Ci_1 •511F 12 I 25 I 3S I 

Units 

Volts 

Volts 
I 

Volts 

Volts 

mA 

mA 

µ.A 

mA 

mA 

Vol:. 

uA 

uA 

Units 

ns 

ns 

ns ! . ., . ! 
! M ! 
I ns 

I ns ! 

I ns j 
I ns ' 

ns I 

i ns I 

I I ns I 

•svsttm requirllTltnt. Parameters pr...-tdtd bv an asterisk ar1 specified as svstem farcing requirements racher than device characteristics. In g•Mtal min· 
imum system requirtmmu result lrom maximum dev1C9 characttr1st1cs. Typical values are not meani09ful for system re<1uiremenu. 
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Am54S/74S189/289 

SWITCHING WAVEFORMS 

KEY TO TIMING DIAGRAM 

••\ttfl.lillltill . ..,.,,,,, 

W\ftlU 
ill AU• 

-- <ol•'l'(-...C,l 
••Qlll .. fOl 

1lIIff .. UCM•lirfGl 
•llQflf\.fO" 

~ 
:x)oil"fCAlll 
&111TCN£111GI 
'f11iw1nro 

11HR OOH-.01 ...... 

Write Cycle Timing. The cycle is initiated by an address change. After •t,(Al min., the write enable may 
begin. The chip select must also be LOW for writing. Follcwing the write pi;lse, •th (A) min. must be 
allowed before the address may be c:ianged again. The output will be inactive (floating for the 7.451891 
while the write enable is LOW. The three paramet~rs t 5 (AI. th (Al and tl>N (R/Wi apply to the condition 
CE LOW ANO RNJ LOW. 

AO~~~ --•OOAl!.SS1---t¥1:~-_-_-_-_-_-_-_-_-_-_-_-_-_-:_.,,_o•_• .. _·:::::::::::::+*1:~---:..-:..'°_o•_ .... _·--

==:J ~ 

OUTl'UT AU.0 A MIGrt 
•:11SA1U :111 ACOAC.SS1 

fl:EAOALCWIH 
AQAAE~11. 

tllSA41.£ 
CUTPUT 

llEA0.t."4tG" 
lH AOOAf.SSI 

Switching delays from address and chip select inputs to the data output. For the S189 disabled output is 
"OFF", represented by a single center line. For the S289 a disabled output is HIGH. 

,,_a,. 
OUTPUT 

Am54Sn4S189 Test Load 

r= 
s, 

°"'""'' 
••u.•t ,,,,, .. 

••ll. Ir 
\:••--C.•ltG 
ta"""" IQ\. 

•rLLll 
CM~1HG 
UQWLIOM 

'""JtG,1"'4 
SfAH 
UltCflilOWJI 

''"". ,,, .. ,,, •'IG# 
1wt04llCI 

QI' n'Afl 

DELAY OUTPUT CHANGES 
S1 S2 MEASURE 

Arn54Sn4S289 Test Lead 

'"°" OUTPUT 

FROM FROM 

Address 
HIGH 

LOW 

RfiJ,CS HIGH 

Rfli, CE LOW 

RNJ,CE I OFF 

RNJ,CE OFF 

---..-... -- ---~'I' 
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TO AT 

LOW 

HIGH 
Closed Closed 1.SV 

OFF Open Closed 
o.sv 
Change 

OFF Closed Open 
o.sv 
Change 

LOW Closed Open 1.SV 

HIGH Open Closed 1.SV 



" J 
0 
> .. 
J 

; 
w 

" ~ 
g 
" ~ 
" •i 
s 
0 

0.1 

0.1 

0.4 

02 
0.0 

Am54S/74S189/289 

INPUT/OUTPUT INTERFACE CONDITIONS 

Voltage Interface Conditions - I.OW & HIGH 

\llNIMU" LOGIC 

"W•e~~? ... ~:Ur v""' 
f--....;.""""'""'--~---~~-g:~~ 

t:~~-J---1-~-Vt_M_~~~~~-

OftlVIHG OIVICI 

~QISE "INIMIJM L':CilC 
IMMUNtfY ""llCil'I ... ~"'1T 
,.....,...... VOLTAGE 

ttCAXIMU .. l.\JCIC 
.. ~C'K"•HIUT 

VOi.TA.CE 

QIUVlN OlVICE 

~'----~---v,JL. 
~•1 v,q_J 

DRIVING ~RIVEN 
OIVtCI Ol!VtCE 

Current Conditions - HIGH State Current Conditions - OFF State Current Conditions - I.OW State 

Note: 745289 is ooen collector 

CE 
H 

H 

H 

l. 
l. 
l. 

Nate: 745289 is ooen collector 

TRUTH TABLE 

INPUTS OUTPUTS MODE 

RN/ Oj Ytltml 
l. 
l. 
H 
l. 
l. 
H 

l. Off No St!lec:icn 

H Off No Selectton 
x Off NoS.lec:toon 
l. Off Write 'O' 
H Off Write '1' 
x Oihn-xl Read 

H •HIGH Voltage l.evel 
l. • I.OW Vol1aqe l.evet 
OFF• HIGH Impedance 

Metallization and Pad Layout 
'o Vee 

1 •• 
I 

~,.,...--=,. t-•s•1 
! 
~1'AJ 
.L1JA3 -•10,. 

.,,,.,.,.-,,c:-:>=o ~ u a, 
: -100, 

, ......-.'--':=tr -.-J<iJ-
• 1 CHO 
02 02 

DIE SIZE: 85 X 131 mils 
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SCHOTTKYt 
TTL MEMORIES 1024-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 

• Static Fully Decoded RAM's Organized 1024 
Words of One Bit Each 

• Schottky·Clam;>ed for Higi Perlormanca 

• Choice of Three-State or Open-CJllector 
Outputs 

• CJmpatible with Most TTL and 12L Circuits 

• Chip-Enable/Select Inputs Simplify External 
Decoding 

• Typical Performance 

READ POWER 
TYPES 

ACCESS TIMES DISS 

'S214/'S314 ~ans SSO mtN 

'L:S214/'\.S314 75 ns ~OOmW 

'!.S215/'l.S315 ' iS ns t :oomw 
'LS215/'l.S315 75 ns 

12Sm'IY 
POWEROOWN (10 power-uol 

description 

SEPTEMBER 1977 

SN74LS214,SN74l.S314 
SN74LS216,SN74l.S315 

SN74S21-4,SN7~1" ••• JORN PACKAGE 

ITOPVIEWI 

~m 1"1s vcc 
AO 2 '-i 15 01 
A1 3 • ., I ' 1-4 w 
A2 -4 ~ • 13 A9 

A3 5 ~~ul : 12 AS 
M 6 c.J I 11 A7 

:JO 7 (J •1' ' 10 A6 
GNO l! q 9 AS 

Pin _.._.,m•nu •re um• tar •ti Qac••Off. 
a• Oll.,.cnaole 1« 'LS:Z1!5. 't .. S:l15 
S • Oll...Select fO<' 'LS:Z1A, 'LS:l1A, 'S:Z1A, 'S:l1A 

These 1024-bit ac~ve-element memories are monolithic transistor-transistor logic !TTL) arrays organized as 1024 words 
of one bit. They are fully decoded and have a chio-enabh1 or chip-select input to simolify decoding recuired to achieve 
expanded system organizations. When the 'LS215/'LS315 is disabled, all read and write functions are in a power·down 
mode, that is, turned off. 

write cycle 

The information aoplied at the data input is written into the selected location when the chio-~nable/select input and 
the write-enable input are low. While the write·enable input is low, the 'S214, 'LS214, and 'LS215 outputs are in the 
high-impedance state 1nd the 'S314, 'LS314, and 'LS315 outputs are off. When a numoer of outputs are bus..:onnec:ed. 
this high·impedance or off state will neither load nor drive the bus lin•, but it wilt allow the bus line to be driven by 

another active output or a passive pull-up. 

read cyc:fe 

The stored infomiation is available at the output when the writ~nable input is high and the chip-enable/select input is 
low. When the chio-enable/select input is high, the 'S214. 'LS214, or 'LS215 output will be in the high·impedance 
state, the'S314,'LS314, or

0

LS315 output will be off. and 'LS215 or 'LS315 will be in a power-down mode. 

--- - -T!;NTATIVl!OATASHI!~ 

This document providn ttntarive information 
on nt1W arOdVCtS. Tt••• lnsmun.,,u ttMtY•• 
1ne t1qnt 10 cnange >e:1ec1fiat1on1 for 111 ... 
productt '" inv m1nnet" without notle8. 

TEXAS INSTRUMENTS 
INCOAPOlt.41'1:0 

-O•T QttJ'•C• aax Ml.I • O&U..A .. TCXA• f'tm 
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APPENDIX C 

"MICRO-INSTRGCTIONS FORCED BY PANEL LOGIC 

"INSTR 

010103 PNLLIT; RPSA Examine PSA 
110000 (PSA) PNL LITES 
000000 
000000 

010103 PNLLIT; RSPD Examine SPD 
111000 (SPD) PNL LITES 
000000 
000000 

010103 PNLLIT; R..'1.A Examine MA 
112000 (MA) PNL LITES 
000000 
000000 

010103 PNLLIT; RTMA Examine Dr.A 
113000 (TMA) PNL LITES 
000000 
000000 

010103 PNLLIT; RDPA Examine DPA 
114000 (DPA) PNL LITES 

000000 
000000 

010103 PNLLIT; RSPFN Examine SPFN 
115000 SPFN PNL LITES 
000000 
000000 

010103 PNLLIT; RAPS Examine APSTATUS 
116000 (APSTATUS) PNL LITES 
000000 
000000 

010103 PNLLIT; RDA Examine DA 
117000 (DA) PNL LITES 
000000 
000000 

b ~ ~..- ... - ... -
-.-- .. ---"'-' °lo.o~-

011120 RPS OT Examine PS, WORDO 
000000 PSO PNL LITES 
000000 
000000 
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11MICRO-INSTRUCTIONS FORCED BY PANEL LOGIC (cont.) ( 

011220 RPS IT Examine PS, WORDl 
000000 PSl PNL LITES 
000000 
000000 

011124 RPS2T Examine PS, WORD2 
000000 PS2 PNL LITES 
000000 
000000 

011224 RPS3T Examine PS, WORD3 
000000 PS3 PNL LITES 

.. - 000000 
000000 

010107 DBELIT; IN; DB=INBS Examine IOBS EXP 
144000 IOBS DPBS PNL LITES 
001000 
000000 

010113 DBHLIT; IN; DB=INBS Examine IOBS HMAi'l 
144000 IOBS DPBS P~L LITES 
001000 ( 
000000 

010117 DBLLIT; IN; DB=INBS Examine IOBS LM.Ai.'l' 
144000 IOBS DPBS PNL LITES 
001000 
000000 

010114 DBLLIT ; DB =ZERO CB, WORD3 
000000 
000000 
000000 

-010104 DBELIT; DB=DPX (-4) Examine DPX, EXP 
000000 DPX (-4) DPBS PNL LITES 
003000 
000000 

010110 DBHLIT; DB=DPX (-4) Examine DPX ID-!ANN 
000000 DPX (-4) DPBS PNL LITES 
003000 
000000 

--~ - 010114 DBLLIT; DP=DPX (-4) Examine DPX-L..'!ANN _ __..__ ~~......:"- ~~.c: ...:..-

000000 DPX (-4) DPBS PNL LITES 
003000 
000000 
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MICRO-INSTRUCTIONS FORCED BY PANEL LOGIC (cont.) 

010104 DBELIT; DS=DPY (-4) 
000000 
004000 
000000 

010110 DBHLIT; DP=DPY (-4) 
000000 
004000 
000000 ¥ 

010114 DBLLIT; DB=DPY (-4) 
000000 
004000 
000000 

Examine DPY, EXP 
DPY (-4) DPBS PNL LITES ,,,, 

Examine DPY 
DPY (-4) DPBS PNL LITES 

Examine DPY, L'iAN 
DPY (-4) DPBS PNL LITES 

010104 DBELIT; DB=MD; SPMDAV Examine MD, EXP 
000000 MD DPBS PNL LITES 
005000 
000000 

010110 DBHLIT; DB=MD; SPMDAV Examine MD, EMA...~ 

000000 MD DPBS PNL LITES 
005000 
000000 

010114 DBLLIT; DB=MD; SPMDAV Examine MD, L'1A}T 
000000 MD DPBS PNL LITES 
005000 
000000 

010114 DBLLIT; DB=SPFN 
000000 
006000 
000000 

,_ . 
010104 DBELIT; DB=TM 
000000 
007000 
000000 

010110 DBHLIT; DB=TM 
000000 
007000 
000000 

010114 DBI:.LIT;-·DB=TM 
000000 
007000 
000000 

Examine SPFN, WORD3 
SPFN FPBS PNL LITES 

Examine TM, EXP 
TM DPBS PNL LITES 

Examine TM, HM.AN 
TM DPB S PNL LITES 

Examine . ..TM, - I.MAN 
TM DPBS PNL LITES 
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"MICRO-INS TR UC TIO NS FORCED BY PANEL LOGIC ( 

011030 JMPP Deposit PSA 

000000 (SWR) PNL PSA 

000000 
000000 

010143 SWDB; LDSPD Deposit SPD 

101000 (SWR) PNL SPD 

000000 
000000 

010143 SWDB; LDMA Deposit MA 

102000 (SWR) PNL MA 
000000 
000000 

010143 SWDB; LDTMA Deposit TifA 
103000 (SWR) PNL TMA 
000000 
000000 

010143 SWDB; LDDPA Deposit DPA 

104000 (SWR) PNL DPA 

000000 
000000 

010143 SWDB; LDSP Deposit SP(SPD) 

105000 (SWR) PNL SP (SPD) 

000000 
000000 

010143 SWDB; LDAPS Deposit APSTATUS 

106000 (SWR) PNL APSTAT 

000000 
000000 

010143 SWDB; LDDA Deposit DA 

107000 (SWR) PNL DA 

000000 
000000 

011160 WPS OT Deposit PS, WORDO 

000000 (SWR) PNL PS 

000000 
000000 

011260 WPS IT Deposit PS WORDl 

000000 (SWR) PNL PS 

000000 
000000 
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. 
"MICRO-INSTRUCTIONS FORCED BY P.Ai.'IBL LOGIC 

011164 WPS2T Deposit PS WORD2 
000000 (SWR) PNL PS 
000000 
000000 

011264 WPS3T Deposit PS, WORD3 
000000 (SWR) PNL PS 
000000 
000000 

010144 SWDBE; DPX (-4) <DB Deposit DPX, EXP 
000000 (SWR) PNL DPBS. DPX (-4) 
040000 
000000 

010150 SWDBH; DPX (-4) <DB Deposit DPX, HMAN 
000000 (SWR) PNL DPBS DPX (-4) 
040000 
000000 

010154 SWDBL; DPX (-4) < DB Deposit DPX, LMAN 
000000 (SWR) PNL DPBS DPX (-4) 
040000 
000000 

010144 SWDBE; DPY (-4) <DB Deposit DPY, EXP 
000000 (SWR) PNL DPBS DPY (-4) 
010000 
000000 

010150 SWDBH; DPY (-4) < DB Deposit DPY, HM.Ai.'i 
000000 (SWR) PNL DPBS DPY (-4) 
010000 
000000 

. 
010154 SWDBL; DPY (-4) <DB Deposit DPY, LMAN 
000000 (SWR) PNL DPBS DPY (-4) 
010000 
000000 

010144 SWDBE; MI < DB Deposit MD, EXP 
000000 (SWR) PNL DPBS MD 
000000 
000300 

010150 SWDBH; MI < DB Deposit MD, HMAN 
000000 (SWR) PNL DPBS MD 
000000 
000300 
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- ( "MICRO-INSTRUCTIONS FORCED BY PANEL LOGIC 

010154 SWDBL ; MI < DB Deposit MD, LMAN 
000000 (SWR) PNL DPBS HD 
000000 
000300 

000000 INQf.A INC MA 
000000 
000000 
000020 

000000 UICTMA INC TMA 
000000 
000000 
000001 

000000 INCDPA INC DPA 
000000 
000000 
000004 

001403 LDSPNL 0; LDAPS RESET 
106000 
000000 
000000 

011030 JMPP START 
000000 
000000 
000000 
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APPENDIX D ; 

AP-120B BACKPLA1:TE SIGNAL GLOSSARY 
o T ...... , .. 

!ALCLK Clock for Al Register of FA 

!A2CLK Clock for A2 Register of FA 

!CBCLKl Clock for Bd. 210, CB-1 . "~· 

!CBCLK2 Clock for Bd. 211, BC-2 

!DPLCLK Clock for Bd. 200L DPAD 

!DPLCLK* Inverted clock ··for Bd. 200L DPAD 

!DPRCLK Clock for Bd. 200R DPAD 

!DPRCLK* Inverted clock for Bd. 200R DPAD 

!FACLK2 Clock for Bd. 204, F.ADD2 

!FACLK3 Clock for Bd. 205, FADD3 

!FMCLKA Clock for Bd. 206, FMULA 

!FMCLKB Clock for Bd. 207, FHULB 

!FMCLKC Clock for Bd. 208, FMULC 
..... 

! IOCLK Clock for Interface 13d. 

!MlCLK Clock for Ml Register of FM 

!M2CLK Clock for M2 Register of FM 

!MCLK Clock for Main Da~a-Memory Cards 

!MDCLK* Inverted Clock for MDREG Bg. 202 

!MICLK Clock for MIREG Bd. 213 

!PNLCLK Clock for Panel Logic on EXPAN, Bd. 214 

!SPCLK Clock for SPAD, Bd. 201 

!T69 Clock delayed by 69ns for MD Timing Bd. 210 

lTMCLK Clock for 'l'MREG Bd. 209 
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I. 

!WRT* 

!\JR.TL* 

!llRTR* 

"GND 

AlCLKD* 

AP-120B BACKPLANE SIGNAL GLOSSARY (cont.) 

Low true write pulse used to write PS, and 
the Subroutine Return Stack 

Write pulse for DPL 

Write pulse for DPR 

Extra Grounds not included in the standard 
set provided by the motherboard 

Al Clock Data (low true) causes AlCLK 

AlEBS02* to AlEBSll* Al Exponent Bus 

AlMBSOO* to AlMBS27* Al Mantissa Bus 

A2CLKD* A2 Clock Data causes A2CLK 

A2EBS02* to A2EBS11* A2 Exponent Bus 

A2MOOQ* A2 Register Bit 00 (sign bit) 

A2MBSOO* to A2HBS27* A2 Mantissa Bus 

ABORT* Internal System Reset Line 

BOCLK Byte 0 Clock to FMT Bd. 

BlCLK Byte 1 Clock to FMT Bd. 

B2CLK Byte 2 Clock to TIIT Bd. 

B3CLK Byte 3 Clock to FMT Bd. 

B2IO FMT Buffer to I/O Bus Enable 

BH2HD FMT Buffer High to Host Data Enable 

BL2HD FMT Buffer Low to Host Data Enable 

BS2Al AlBS to Al input select line 

BS2A2 A2BS to A2 input select line 

BS2Ml MlBS to Ml select line 
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AP-120B BACKPLANE SIGNAL GLOSSARY (cont.) 

BS2M2 M2BS to M2 select line 

BUF2CLK FMT BUFFER #2 Clock 

CAP2PNL* Control Buffer AP to PNLBUS 

CB2AlE* Control Buffer to AlEBS Enable 

CB2A2E* Control Buffer to A2EBS Enable 

CB2A2M* Control Buffer to A2MBS Enable 

CBCLKE* Control Buffer C_lock Enable -

(BOTTOM HALF INTENTIONALLY BLANK) 

D 3 
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AP-120B BACKPLANE SIGNAL GLOSSARY (cont.) 

DAO \t<:> 1YA:3~·s~ ._· 

DALD* 

.DE07 to :DEll 

DE07* and DE08* 
·nElOA and DEllA 

DECIMATE* 

DMAOO* to DMA15* 

DMASAME 

DP2AlE i:r:.::- w •• 

DP2A2E . -~ . 
.. l""" .... 

DP2DPE 

DP2M1E 

DP2M2E 

DPA2PNL* . ' -. .,, 

DPAL'D*A 

DPBS2PSI'* 

DPE2PNL 

. 

SPAD Destination Address Bits 

Device Address Load Enable 

Floating Adder 

Delta ~xponent Bits for shift of mantissa of 
smaller argument 

Bit-Reverse enable to SPAD source. 

Direct Memory Address to MD from Host 
Interface 

DMA Bank Address same as last bank 

DPAD to AlBS Enable 

DPAD to A2BS Enable 

DPAD to DPBS Enable 

DPAD to MlBS Enable 

DPAD to M2BS Enable 

.. Dl'AD Address to Panel Bus Enable 

DPAD Address Load Enable 

DPBS ".to Program Source Input Select 

DPBS Exponent to Panel Bus Enable 

DPEBS02* to DPEBSll* DPAD Exponent Bus Bits 

DPH2PNL DPBS BMAN to Panel Bus Enable 

DPL2PNL DPBS LMAN to Panel Bus Enable 

DPMBS 00*: ea· "DPMBS 2 7* D PAD Mantissa Bus 

EOVCRY FA Exponent overflow carry 

EOVG* FA Exponent overflow carry generated 
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AP-120B BACKPLA1"E SIGNAL GLOSSARY (cont.:) CJ.I. 

EOVP* 

EX2PNL* 

EXIA 

EXIB 

EXP* 

FAA* 

FAB* 

FACIN* 

FADD* 

FAEOO* to FAEll* 

F.A..'100* to FAM27* 

F.ANEG* 

FAOVF* 

FASO to FAS3 

FAUNF* 

F.AZRO* 

FFTQ 

FL07*A to FL09*A 

FL!O* to FLll* 

FLAGO. to FLAG3 

FHE02* to FMEll* 

FMMOO* to FMM27* 

FMOVF* 

FMUL* 

FMUL*A 

FA Exponent overflow carry propag1!1;.e.I Cj OAO 

Exit to PNLBUS 

Exit Input Select A 

Exit Input Select B 'i':,C?U bns ·-:\O~~·: 

l.l l ~a .o.ns .. './l I ,'!:P: 
Exponent Write Select 

FA answer select A 

FA answer select B 

Floating Adder Carry Input 

Floating Add microinstruction decode 

Floating Adder Exponent output 

Floating Adder Mantissa output 

FA result negative 

FA result overflow· 

FA ALU mode select ~ontrols 

FA result underflow•··~ 

FA result,.= zero :.r. ~:-· 

FFT mode flag 

FA normalization shift GQU.n:t;~· · c-:i 

(Float number) 

Program selectable Flags 

3 ' r ·er,-- J. .. I,~· 

..... - . 
,,_~ l. • ·' 

Floating Multiplier E~q>onent o·ut,~ue:10~. 1~:-iG 

FM Mantissa output 

FM result overflow 

Floating Multiply micro-instruction decode 

Floating Multiply micro-instruction decode 

D 5 



AP~120B BACKPLANE SIGNAL GLOSSARY (cont.) 

FMUNF*' FM Result underfl·ow' • 

:r112HIYk Function Register to Host Data Enable 

FRimf*' FA Force Sign 

..:::.!'J;fN' Q·*~ r .t'K"'"' ·3- -:."'Fcirce!.>Sigrl Latch 

is"f;J;f;f.-*' Floating 'scale 

FSfrALEQ Floating Scale Latch 

i§cAiEQ*' Fl&ating-Scale Latch 

FSM(-1)'~ to· FSM30* Floating Summer Mantissa bits (Connection 
from Stage l to Stage 2 of FA) 

HnOff td HIH5 Host Data Bus 

HD2DP 

HRSET* 

H£09 

I.ft!lO' 

I-ffii4 

iF°FrQ* 

IN 

INTEN 

INTR:* 

INTRQ 

IOOO* to· I-6'39* 

IOACK* 

C'"Jt.J" •. 7' 

Host Data to DPBS Enable 
... 

Host Reset 

IO OR HOST Data Bit 09 
3i ..:r ~-.~ :!'::L : ~ ... ,.,4):_;_ :c ·:. 

IO OR HOST Data Bit 10 

IO OR HOST Data Bit 13 
=:.;.3.sr:~. L;:sl ::t.J:r ... :: ... ·_ r 4 

IO OR HOST Data Bit 14 
£ .. !Csr;~ .:,s.JJ sc:c;:r.,:;:.-:_;. .. ; ~ ..... 

Inverse FFT Flag 
: :l!.=t .:Ls ·.. ; J t .r ·1 _, ~ r - ; j. 

Decode of IO Input instruction 
";,._ I!: :; ",/'"' ? :t~:r ., 

Interrupt Enable 
:! e.r: .. '"' : 
Interrupt Request 

Interrupt Request Latch 

IO BUS 

IO Acknowledge 

IO D.ata Ready 
!. 
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. 
AP-120B BACKPLANE SIGNAL GLOSSARY (cont.,)_ S:A 

IODRDYQ IO D~~a- Ready Latch 

IODRDYQ* ·IO Data Ready ,;Latch 

IOSPMD* IO Spin if t-!I) ~ust 

LT2HD* LITES to Host ;Dat:,a ,~,nab le 

MlEBS02* to MlEBSll* Ml Expoµe-qt_::Bus :::t...., ~·:r 

MlMBSOO* to M!MBS27* Ml Mantissa -Bus·.,.;, .. l~ 

MlROOQ* to M1R27Q* lfl Regi.ster··outputsr:: 

M2EBS02* to M2EBS 11* M2 Exponent Bu!(l::J.:L t-c 

M2MBSOO* to M2MBS27* 

M2R02Q* to M2R27Q* 

MAOO* to MA15 * 

.... :o:r 
M2 Mantissa Bus 

• ·t . •1i:!' 
M2 Register outputs 

.. !3'>1' 
Memory Address (MD) 

"'! • __ ..... 
MA2PNL Memory Address to Panel Bus Enable 

e =' ~~... J 
MACE* Memory Address Count Enable 

• E i~~: ~:q ~C O~ 

MAINC* Memory Address Increment Select 

MALD* Memory Address l.oad Enable 

MALD*A Memory Address Load Enable 
• r· r l T· ·~: _,-:_"I s-1 .. 'l.: 

M.AN* Mantissa Write Select 

M.ANOV Mantissa overflow 

MAS.AME MA Bank same as last Bank. 

MD02* to MD39* Main Data outputs 
; i' 

MD2A2 MD to A2BS Enable 

. ef '1.~ 
MD2DP MD to DPBS Enable 

MD2M2 MD to M2BS Enable 

MD CAO ~ID Cycle Acknowledge 0 (refi;esh) 

O.f iH-. 

PA7:~-

o:+ *00CI 

"')10,.;.0J 

irTG.X~OI 

MDCA! MD Cycle Acknowledge 1 (Host intce;fa~~) 

D 7 



. 
APJfl.21©B>:BACKPLANE SIGMAL'"CL.0,SSM¥· (cont.) (• 

.. , ,, S;: 
···,· ... 

HD Cycle Acknowledge 3 (AP Internal) 

MmfR2*' MD. Gy-cl.y Req.µest 2 

MD~*' a?®r1,:Gy.cle.::iReq$$$;:;:~I ··: { 

Ml)g'Xi:f s.L.di:;nz, -.MIJ· EXp.~nent WJri-tie :..Enable 

MDHMAN sMD~li::I!gh.jMafll:.:tss.a: J?.r:l;.te En:ab le 

sMD_WtiteJ:Efla'!ile:ro";; :.·· ( 

~-

Panel& .cyPl.."e .2 , .:; _· "\ A 8'{ 

s !Panel ·Bwr to• D.f~)SJ ~~~b le 

Panel Busi\_to Ho~~ (!oj.tes Load Enable) 

Panel. Bu§_ to :MD writt.e request 

D. - 8 



' , 

-
AP-120B BACKP.LANE:i"SIGNAL GLOSSARY (cot11t;J~UA. 

PPAOl* to PPA26* 
PPA27Q* to PPA30Q* 
PPA31* to PPA52* 

PPAUSE :, •.P-ariel!~use 'f'lt'dm~B~1:· (210) 

PPB(-1)* TO PPB24* 
PPB25Q* to PPB28Q* 
PPB29* to PPB 

FAM lPa:r.tial3!.'Pradu~t Jllit.puts of ARRAY B·91,qa;.,; 

PSOO* to PS63* Progran.-BQUr.ceJ.out)pU1't:s 

PS02PNL* '"PS .Wo:i::'d. :-o: to ;!J:'!aneJ; Bas Enab l!'\ ., --
PS OORT 

PS12PNL* 

PS lWRT 

PS22PNL* PS lWord .:.2..:to·.c PNJ;;cBusHEnab le. 

PS2WRT PS Word ,_z;:;Writel'S"trobe 

PS32PNL* 

PS3WRT PS W~rd~~iW~iteqSiraDe Al~ 

PSA04* to PSAlS* 

PSA2PNL ' . 
PSAAD ·.~:...! ... ,. .• ,~ -:ri .. P.SA!Se·lec:t:·rALDatii.0 o:: *·.:Lt!O . ·-
PSABD PSA .Se~ee.t:.; B ·~t:a-:r:n,CJ 

PSACD PSA Seleb.t.) C: l)at~.wcr 

PSACLKE* FSA Clock-Eh~~le'.:~7E~ 

PSAZRO PSA = z·ero, .p.s=\ Dis.alf.tle 

PSH2DP* 9J c'p:s~· Ittiii- to IJPB-S .:Exmtille 

PSIOO to PS'r3t-:;,,_ _ . .,,~ PS :( . 1: 'B · - · - , -npu · us . 

l'SL2DP ; .. :'s .s. £PS~ Low-.... to DPBS Enable 
!, 

REFSTITC* Refresh Sync 

D 9 



~.et.c2.*1q$~~yg µg ?~nsrl\Scep?.ORoGo~t~nueo6yidle 2 (panel function) 
(JI· ... t,. ::rj ?nl 

QAQ t9 $A3 SPAD Sou~ee Address 
O=.!:.l'h.;:'. '.{{]W1C.'.7." L. ti.7-=iG 
Dl?:X: R~ad and Write Addresses equal 

PPY Read and Write Addresses equal 
F..CO'.:t"J.rJt10 "JJA Vi1'.rc tci2 .-

§COO* Sign bit out of FA Stage ! mantissa scaler 

FA Scaler inhibit 
?.f.§.$+::3: .s::t.za j~oH c:r -;,s:ta.l:g~;r .n~:+ .r·:2 

S~lA Select Al as larger input 
JJ ;;~1:ia .: fl~ ,!:s.r:::.r,9: • 9J ~ ->nl:g!--li rl!:>..:i .::w~ 

to FA 

$¥t.A2 Select A2 as larger input 
J?Jt'f~;r~ :,1rr.,,i~ ~~?JPP.A rnu::::JJI -•~.t-;rm:rrfv·: 

to FA 

S~* SPAD Fµnction Write Enable 
:":..~J;s~ ;tns·.:Z~'/.o;)-q(:i ~?:i:rt>~A ,1~1:.·~'.:' s.r;L!· .• :!;J?. 

SHS 0 Sl?F~ Shift Select 0 
:;..:t-sff ,..,•01;~ 1.ff'VO <;!E.8',;!~h;\ rr· !/'!.~:: £'."!i:.!LJO".!~f·! 

S~! SPF~ Shift Select 1 
;,:f ;fso:=:'(f ~;t ~:~r:.1 ;::;~;ta .u'!fu~ :,.H ~n..::.J ~:" :t c!_, :-:; 

SPAD Input Write ~nable 
:;i,ti;i;.n?. -eua .Jf;q o:t ·~U'rA11?. c:j.,. 

Sign Magnitude to two~s complement 
@lr.i.su] J;.:;;:iJ ..,c,,.,...~~·~q;, 

~~.f-lH'OO* tQ S_P+-PPl.5* 

SPYJ}P.tl 

~l?C.:tN: 

SPJfflQfJ~ 

:r.o sense A 
l:}.:j:Jq:l'.:JO ~::r?-41$1~' slc.s'J 
SPfN OR PPBS Bus 

~I efsn;:i :; :I!A. i:l:l 1-G:' 
SPfN to Address (SP + DP Bus) 

~ ~ ci.q,r:r3: 2Eq"•:"" o~r ;rr 
SPFN to DPBS Enable 
. s.J. <h.r:;{ C:£.;!f O!I lf..: 
S~FN to PNL aus Enable 

select 

a'3s""J:hbA "{"!f-=>J'.:::9:'.:~ s1di;T U i:x.r • 
SPAD Address to PNL Bus Enable 

&1. r:a.c:J :?.::18: .1 :~ o j Al.f.!. 
SPAD Destination Address Load Enable 

::ii .:<>r j n.uo1 }; ~{::!" 
SPFN Carry Input 
~ L.';.l?. ~ :!:'!!::J.r!'.;CT Alfl' 
SPFN Sign Bit 

SPFN Carry Output 

Di 1- - 10 
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SPILD* 

SPIN*-:' 

SPIODO 

SPM 

. - . \ 
"l .. 4 ..... 

.. r .. , ... 
-- I:' 

SPAD I~P.U'r: :"'LO!AD:OEtialJle 

sMf:o;flo ... p·:oocessor·~·Sli!lN'· (hangs on currentr~fr+a 
instruction) 

<- 2s:r~ !:;.,,. s:::i:wc =' U r..'l~ 
SPIN if !ODRDY DA'.rA=O 

SPFN Mode 
~sJ_;;s e.s;;;;;!s-:;.:-.:it ;.·:t..t:rh" b:"..,.. )ss:7 yr-a 

SPSO to SPS3 SPFN ALU Controls 
.. G .. ;,a3l':;.;.ur; r ec:sj~ A~ ~o :·~1·· :t:-: ... r : .. gte 

SPZED SPFN = zero 

SR2HD* 

SR2PNL 

SRA CE* 

SRADEC* 

SRAOVD* 

SRSWE* 

STA2PNL 

STALD* 

... .=r:r.t,.:r:.r ':!': is:>B" ;.!~ 
Switch Register to Host Data Enable 

1~·!: ,..,_t :i!.r~ .. ;..t .r::>-g-:·s~: 2'.~ 1."'~ ..r'Jgln2 
Switch Register to Panel Bus Enable 

... 'It.,.~"' 
J,l t,;:~~2 

l.,~ c: ::w . • ~.': .. ~:.: ·.;: - ·: S.A ::r:-.el"o;;;' ~-'1:.,..-:r~ - .... ~,,!.~"""'""' 

Subroutine Return Address Count Enable · 
.3.!. d z..:-:2 s:: .r ::~·· :-- ').:: .:-~ .. · ;~ r 4-.tfG 

Subroutine Return Address 
0 ::i~9-····? Hl;!?. 1:·o;r~;;i 

Subroutine Return Address 

·k ~i:t!'.i~ 
Decrement Select 

O?:::a 
Overflow Data 

l .. rJs~·~~ :;=.:J·"': ; ~.<!~ fJ .Ia!~~ 
Subroutine Return Stack Write Enable 

:3J. c':;.r ~ ::;_: ! ·r:-: .;!. ·:rr1I 1hCJ:~ 

AP STATUS to i'NL .·Bus Enable 
1 

.... .:: .. : .. -!:.:1:::0;; ~' ':, .. .,.,.j ~j :,., ¥,· .... :r: ::g .. =tM :t;l""~ 

APSTATUS Load Enable .. 
";:JT2~C: 
~ 

~-

TM02* to T.139* Table Memory Outputs 

TM2Al 
. r:.r:f. 8B:(j'..! .~10 If:'!~ *'-i 1a+~i<3 OJ!" t:C0C;~c+qB 

TM to AlBS Enable 
( l:!Ua G(T .;. "'!=!'\ ,,..,. -t..<. I, Qj T"-:;',...; - .,. • "J,..._,, "'J •• _-. -.'-V~J-.. l'.!,.,1. ~U 

TM2DP 

TM2Ml 

TMAOO to TMA.15 

TMA2PNL 

TMACE* 

'!MA.DEC*. 

TMALD* , 

'IM to DPBS Enable 
-tl farr3: B~-.:a o:t ;~~:r~ 

TM to MlBS Enable 

Table Memory Address 

TMA to PNL Bus Enable 

TMA Count Enable 

TMA Decrement Select 
.:;J:c;: n;gJ:~ . '!2 

TMA Load Enable 

D - llJ. 

r·~r!'~'-C' '2 ""t,.-i, __ 

"' " ..... , 
*Ci.1:-.~B 
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TMALD*A 
·~ ... ·-~ . . 

~r:ra .. 
·.~lEG* -

~... .\ ...... 

..TRUNC*- . .. 
. .lRtmCQ 

TRm:{C,_Q* 

·~ TSPIN 

UNFL* c . 

WRTEx:;' 

.WRJ:HH 

.. WR:rLM 
( ' I :.__"• 

XOl ~o .• XQS 
.xbtA i;ci X05A - . ~ -" "'' ~-" 

JCECLKE* 

XHMCLKE* - ~.. ... 

XIA 

XIB 

, YOl to .Y05 
';o2A ~to ·:·"¥,0.?,A 

Y2Al - ;.. 

Y2A2 ... :., 

TMA: io')l~~ a-™1--'°=1 ~?era 
"-r"l1 ..... \ • aQ_1 .. .• ~ 

.:.-':~ :T'al¥1J-1-f~"1.9f~ t!qa 
• .. t·.. ... ; ~ J.. 

~- 2T_~fl~}.f~'i}f ~{~1te Y'i a 

.~A.T~uncate Latch 
• ~.. .. • •••• ..... ..r--.. 

- ':FA ,!1:'.µncate .L.a.tlch 
.. .. ........ !.. t..~ t,,.r;.... • .... ~ 

,-.U~e,1.J?l?AQ .as Source for PSA ,_._ '"' ,. .... ...a.... " 

MD_, ~?CJ'-~.necit. yJr~e· En,a~.le 

. HMAN-,Write.-.EnabJ.e 
• - .. .. \ ... - .io.;;. '.:. 

. ~(-Wfi~e~~~able 

1 ?~X.\A~~r~s 

DPX7Exponent-Clock Enable 
.. . .. t ..•. · ~.1. ~. ,. • •• 

,l;l.JlX,,ijMAN -C;Lpck Enable 
.. lo ... ~ .... 1 ,. ..... .. .... • -

. ,~FX~ Input "'.~elect A 
"' . . . .. -. ... -

.H~X::~~put. Sele<t:t .. B 

_,J?:.~X·, LMANcClo~k :.~J!ab.l:~ 

DPY .Address ' · ... 

DPY .to~AlBS ~elect 

rDPY to A2BS -Select 

DPY "to DPBS -Select 

DPY.to MlBS Select 
I. 

n~.t. i2 

( 

( 



Y2l12 

YECLKE* 

YHMCLKE* 

D PY' t 0 !WJi.. .. ~1i:,1foS h.l::I 

DP; .A!IIBnenr:r~E~.~f~i.zEJ;,~b·le 

3~ ea Qj 6~ a~t8 ~si~vrl [~t3na~ se~ 
s.:.,_ t .s 

· . .I '· - J!.. .:; 
., 

!J~l' 

I I 

D ,_ l3 ,. 

A*t:IJAL'T 
:~ ' ~ ........ .. 

.*.:Hm.:1: 

' 
*-?°:-l!?J.:.T 

c.t;{ o. rn:;: 
A~lX ~j .A.ZO.X 

..'.:.::Y. 

cOY oj ;:-y 
f.C.0":' !." I AS:OY 


