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APPENDIX D

MAIN MEMORY ADDRESS ALLOCATION

ADDRESS FUNCTION
000000 }

Unassigned
000107
000110 CP Class III interrupt address for Store P
000111 CP Class III interrupt address for Store Status #1
000112 CP Class III interrupt address for Store Status #2
000113 CP Class III interrupt address for Store RTC Lower
000114 CP Class III interrupt address for Load P
000115 CP Class III interrupt address for Load Status #1
000116 CP Class III interrupt address for Load Status #2
000117 CP Class III interrupt addrecs for Store RTC Upper
000120 CP Class II interrupt address for Store P
000121 CP Class II interrupt address for Store Status #1
000122 CP Class II interrupt address for Store Status #2
000123 CP Class II interrupt address for Store RTC Lower
000124 CP Class II interrupt address for Load P
000125 CP Class II interrupt address for Load Status #1
000126 CP Class II interrupt address for Load Status #2
000127 CP Class II interrupt address for Store RTC Upper
000130 CP Class I interrupt address for Store P
000131 CP Class I interrupt address for Store Status #1
000132 CP Class I interrupt address for Store Status #2
000133 CP Class I interrupt address for Store RTC Lower
000134 CP Class I interrupt address for Load P
000135 CP Class I interrupt address for Load Status #1
000136 CP Class I interrupt address for Load Status #2
000137 CP Class I interrupt address for Store RTC Upper
000140 I0 Command Cell Location 1
000141 I0 Command Cell Location 2
000142 }

Unassigned
000177
000200 Channel O EI Interrupt Storage
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ADDRESS

FUNCTION

000201
000202
000203
000204
000205
000206
000207
000210
000211
000212
000213
000214
000215
000216
000217
000220

177777

Channel 1
Channel 2
Channel 3
Channel 4
Channel 5
Channel 6
Channel 7
Channel 10
Channel 11
Channel 12
Channel 13
Channel 14
Channel 15
Channel 16
Channel 17

Unassigned

EI
EI
EI
EI
EI
EI
EI
EI
EI
EI
EI
EI
EI
EI
El

Interrupt Storage
Interrupt Storage
Interrupt Storage
Interrupt Storage
Interrupt Storage
Interrupt Storage
Interrupt Storage
Interrupt Storage
Interrupt Storage
Interrupt Storage
Interrupt Storage
Interrupt Storage
Interrupt Storage
Interrupt Storage

Interrupt Storage
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APPENDIX E
DEVICE DESCRIPTIONS
This appendix contains descriptions of the logic devices used on the DPS
logic and memory circuit cards. These descriptions are a valuable aid in

understanding the logic schematic diagrams in Chapter 9 (Volume II) on
which these logic devices appear in symbolic form,
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11' 9

4
B+ B- A+ A-
ENA
ENB
RESA
RESB DLR
8
| s3
1.1 VEE
Z8 zA
B A
13 2

GROUND PIN — 14
VOLTAGE PIN — 07

PIN NAMES

A+, A-, B+, B- Inputs

ENA,ENB Enables

VEE, S3 -10 Volts Supply

RES A, RES B Terminating Resistors

ZA, 7B Outputs

DESCRIPTION This integrated circuit contains two line receivers which are designed to discriminate a
worst case logic swing of 2 volts from a +10 volts common mode noise signal or ground
shift. Each output is enabled by a high enable (ENA or ENB). The logic configuration
is shown below.

LOGIC CONFIGURATION

130 §2
ANV

130

>0
- o

Figure E-1. Dual Line Receiver (7903776)
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Complementary Output

External Timing

3 DB DA '3 DB DA
ONE-
2 REXT SHoT 1 rext ONESHOT
1 MV2 MV2
—d CEXT A i CEXT B
Q a Q Q
© r\T 2 QT
GROUND PIN — 08
VOLTAGE PIN — 16
PIN NAMES
DA Trigger Input (Active High) CEXT, REXT
DB Trigger Input (Active Low) Q Output
CLR Master Reset (Active Low) Q
DESCRIPTION The one-shot multivibrator provides an output pulse whose duration and accuracy
depends on external timing components connected to CEXT and REXT. The
multivibrator has two trigger inputs, one active high (DA), and one active low (DB).
This allows leading edge or trailing edge triggering. When input conditions for triggering
are met, a new cycle starts and the external capacitor is rapidly discharged and then
allowed to charge. An input cycle time shorter than the output cycle time will retrigger
the multivibrator and result in a continuous true output. A LOW level at the CLR
input terminates the output pulse.
TRIGGERING TRUTH TABLE
DA DB CLR Operation
L-H H H Trigger
L H-L H Trigger
X X L Reset

H = High voltage level
L = Low voltage level
X = Irrelevant

H - L = High to low voltage level transition
L - H = Low to high voltage level transition

Figure E-2. Dual One-Shot Multivibrator (7903777)
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™ ~N

Al A0

1 10F4
——' N
DECODER

22 ral

DDC 15

GROUND PIN — 08

VOLTAGE PIN — 16

@ <
- —

Al AO
10F4
EN
DECODER DDC
B
Z3

Z1 Z0
:T NT

10
—_—QN

PIN NAMES

EN Enable Inputs (Active Low)

Al, AO Inputs

23,72,71,70 Outputs (Active Low)

DESCRIPTION This decoder consists of two independent one-of-four decoders, each with an active
low enable. The two bit input code is translated into one-of-four mutually exclusive
active low outputs. The active low enable must be present to permit any output to be
low.

TRUTH TABLE

INPUTS - OUTPUTS

EN Al A0 Z3 72 Z1 Z0
H X X H H H H
L L L H H H L
L L H H H L H
L H L H L H H
L H H L H H H
H = High voltage level
L = Low voltage level
X = Irrelevant

Figure E-3. Dual One-of-Four Decoder (7903779)




10 1

13 14 6

4]
w
[N

DI DO ci co BI BO Al A0
1—9 s QUAD
MUX Q2%
e S
20 zc ZB ZA
D c A A
9 12 7 4
PIN NAMES
SEL Common Select Input
EN Enable Input (Active Low)
(A,B,C,D))’s Inputs
Ls Outputs
DESCRIPTION

15 ==

10 11 13 14 6 5 3 2
D1 DO C1 co B1 BO A1 A0
QUAD
MUX Q2X
Z0 ZC ZB ZA
D C B A
9 12 7 4q

GROUND PIN — 08
VOLTAGE PIN — 16

When the enable is low, this device selects 1 of 2 bits of data from each of four sources.
Selection is determined by the condition of the SEL (select) input.

TRUTH TABLE FOR ONE BIT

EN SEL ZA
H X L

L L A0
L H Al

H = High voltage level
L = Low voltage level

X = Irrelevant

Figure E-4. Quad Two-Input Multiplexer (7903780)



PIN NAMES
A0 — A7
EN IN

EN OUT

GS

20,721,272

DESCRIPTION

TRUTH TABLE

E-6

LLpL )Ll

P7 P6 P5 pa P3 P2 P1 PO
S 5 8T03 0
< q & ENCODER PRT 14
G5 [
A2 A1l AO

6 T 7 T QT GROUND PIN — 08
. VOLTAGE PIN — 16
Priority Inputs (Active Low)
Enable Input (Active Low)
Enable Output (Active Low)

Group Select Output (Active Low)

Address Output (Active Low)

This integrated circuit accepts 8 active low inputs and produces a binary weighted
output code of the highest priority input. A priority is assigned to each input such that
when two or more inputs are active lows, the input with the highest priority is
represented on the output. The order of priority is A7 first, A6 next, - - - -AO last.
The active low input and output enables provide the capability to expand a priority
scheme to more inputs. This is accomplished by connecting the output enable of the
highest priority network to the input enable of the next highest priority network.

EN IN |A7 A6 A5 A4 A3 A2 Al AO|GS|Z2 Z1 Z0|ENOUT
H X X X X X X X X|H|H H H H
L H H H H H H H H|H|H H H L
L L X X X X X X X |L (L L L H
L H L X X X X X X |L |L L H H
L H H L X X X X X |L|L H L H
L H H H L X X X X ]|L|L H H H
L H H H H L X X X |L|H L L H
L H H H H H L X X |L|H L H H
L H H H H H H L X|L|H H L H
L H H H H H H H L |L |H H H H

H = High voltage level
L = Low voltage level
X = Irrelevant

Figure E-5. Eight-Input Priority Encoder (7903781)



Master Reset (Active Low)

Parallel Outputs

Terminal Count Outputs

6 5 a4 3
A3 A2 Al A0
9 (g PE
7t CEP CNTR
(4)  A4CR
10 = CET TC f—o15
2 = CP
1 —0 MR
Q3 Q2 Qt Qo
11 12 13 14
PIN NAMES
PE Parallel Enable (Active Low) Input MR
CEP Count Enable Parallel Input Q0, Q1, Q2, Q3
CET Count Enable Trickle Input TC
ce Clock Pulse (Active High Going Edge) input AOQ, Al, A2, A3

Parallel Inputs

DESCRIPTION This integrated circuit centains a high speed binary counter. The clock pulse drives

four two-stage flip-flops in parallel through a clock buffer. During the low to high
transition of the clock, the first stage is inhibited from further change. After the first
stage is locked out, data is transferred from the first stage to the second stage and
reflected at the outputs. When the clock is high, the first stage is inhibited and the data
path between the first and second stage remains open. During the high to low
transition of the clock, the second stage is inhibited from further change, followed by
the enabling of the first stage for the acceptance of data from the counting logic or the

parallel entry logic.

The three control inputs, PE, CEP, and CET select the mode of operation as shown in

the table below.

FUNCTION TABLE

PE CEP | CET | MODE

L X X Preset

H L L No Change
H L H No Change
H H L No Change
H H H Count

H = High voltage level
L = Low voltage level
X = Irrelevant

TRUTH TABLE

L L L
L H L
H L L
H H H

TC = CET Q3'Q;'QyQ3

Figure E-6. High Speed Synchronous Four-Bit Binary Counter (7903782)



7J 6| Sl 4] 9| IOI 11| 12|

_ B3 B2  B1 BO A3 A2 Al A0
183 fsa DUAL o1
MUX D4X
3 | u10
Z8 7B ZA  ZA
D C B A
1 2 15| 14
GROUND PIN — 08
VOLTAGE PIN — 16
PIN NAMES
SELO, 1 Common Select Inputs
(A, B,)’s Data Inputs
Z’s Outputs
Z’s Complementary Outputs

DESCRIPTION This integrated circuit selects one of four bits of data from each of two different
sources. It is normally used to select data bits from one of four registers.

TRUTH TABLE
. | INPUT PINS
SELl | SELO | ZB | ZB | ZA | ZA | ENABLED
00) | L L BO | BO | A0 | A0 | 4,12
on | L H Bl | BL | Al | AL | 5,11
(10) | H L B2 | B2 | A2 | A2 | 6,10
an | H H B3 | B3 | A3 | A3 | 7,9

H = High voltage level
L = Low voltage level

Figure E-7. Dual Four-Input Multiplexer (7903783)
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4B 4A 4Y 3B 3A Y
13 12 11 10 9 8

D [

(VCC) 14 —o —— 7 (GND)
1 2 3 4 s 6
1A 1B 1Y 2A 28 2y
Y=A+B
Y A" B

DESCRIPTION This integrated circuit contains four two-input exclusive OR gates. With an exclusive
OR gate, a high on either input produces a high on the output, but a high on both
inputs does not produce a high on the output, and neither does a low on both inputs.

TRUTH TABLE

INPUTS OuUTPUT
A|B Y
L|L L
L|H H
H|L H
H|H L

L = Low voltage level
H = High voltage level

Figure E-8. Quadruple, Two-Input Exclusive OR (7903784)



PIN NAMES
D
CLK

MR

DESCRIPTION

TRUTH TABLE

E-10

D
D der
DFF
E—d MR DFF
104l s
a a
8IB 9|A
Input

Clock (leading positive edge)

Master Reset (Active Low)

Set (Active Low)

Output

Cdmplementary Output

This integrated circuit contains two D type flip-flops with direct clear and set inputs
and both Q and (—2 outputs. Information at the D input is transferred to the outputs on
the positive edge of the clock pulse. The truth table shows the outputs for each input.
The S and MR inputs are independent of the clock. A LOW on the S input sets Q to a
HIGH. A LOW on the MR input sets Q to a low. A low on both inputs sets Q to a high

2 Jer
; DFF
—d MR DFF
4
—qa's
Q Q
GIB SIA

GROUND PIN — 07
VOLTAGE PIN — 14

and Q to a high.
INPUT OUTPUTS
D Q| Q
L H
H L

L

H

H = High voltage level
L=

Low voltage level

Figure E-9. Dual D Flip-Flop (7903785)
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I
9]
<

14 1 12 1 10 9 8

VvCC NC NC

o

1 2 3 4 5 6 3
A Cc D E F

Y(LOW =A -B+C-D+E-F+G-H

DESCRIPTION This integrated circuit contains four two-input AND gates feeding an inverting OR
gate. When any pair of inputs to the AND gates (A and B, or Cand D, or E and F, or G
and H) are high, the output of the OR gate (Y) is low.

Figure E-10. Four-Wide, Two-Input AND-OR Inverter (7903786)



2D 2C 2B 2A 2y
14 13 12 11 10 9 8

vCcC NC

NC GND

Y(LOW)=A-B -C-D

DESCRIPTION This integrated circuit contains two four-input positive NAND gates. The NAND gate
produces a low output (Y) when all four inputs (A, B, C, and D) are high. :

Figure E-11. Buffer, Dual Four-Input Positive NAND (7903787)
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MAKE NO
EXTERNAL CONNECTION

F"
18 X X 1D 1C 1Y
14 13 12 1 10 9 8

vee

- O
O

GND

Y (LOW)=A-B+C-D

DESCRIPTION This integrated circuit contains two two-input inverting OR gates. The inputs to each

inverting OR gate are two two-input AND gates. The inverting OR gate output (Y) is
low when both inputs (A and B or C and D) to either AND gate are high. The output is
also low when all four inputs to the AND gates are high.

Figure E-12. Dual Two-Wide, Two-Input AND-OR Inverter (7903788)



VvCcC NC NC NC

14 13 12 11 10 9 8

Y (LOW)=A-B-C-D-E-F-G-H

DESCRIPTION This integrated circuit contains a positive eight input NAND gate. The output (Y) is
low only when all eight inputs (A, B, C, D, E, F, G, and H) are high.

Figure E-13. Single Eight-Input Positive NAND (7903789)
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2D 2C 2B 2A 2y
14 13 12 1 10 9 8

vCC NC

NC GND

Y (LOW)=A-B-C-D

DESCRIPTION This integrated circuit contains two four-input positive NAND gates. The output of the
NAND gate (Y) is low when all four inputs (A, B, C, and D) are high.

Figure E-14. Dual Four-Input NAND (7903790)
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6A 6Y 5A 5Y 4A Y
14 13 12 11 10 9 8

VCC

N
[

I

DESCRIPTION This integrated circuit contains six one-input inverting gates. The output (Y) is low
when the input (A) is high. The output is high when the input is low.

Figure E-15. Inverter Gate, Hex, One-Input (7903791)
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3A 3B 3Y 4A 4B a4y

8 9 10 1 12 13 14
vce
GND
7 6 5 4 3 2 1
2B 2A 2Y 1B 1A 1Y

Y (LOW)=A +B

DESCRIPTION This integrated circuit contains four two-input positive NOR gates. The output (Y) is
low when either or both inputs (A and B) are high.

TRUTH TABLE

AJ|BlY
L |L |H
L |H]|L
H|L |L
H|H]|L

L = Low voltage level
H = High voltage level

Figure E-16. Quadruple Two-Input Positive NOR (7903792)
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3A 3B 3Y 4A 4B 4Y

8 9 10 1 12 13 14

7 6
2B 2

- i <
< = J o
O

GND '_
5
A

2y 1B 1A

Y (LOW) =A -B

DESCRIPTION This integrated circuit contains four two-input positive NAND gates. The output (Y) is
low when both inputs (A and B) are high.

Figure E-17. Quadruple Two-Input NAND Gate with Open Collector Output (7903793)
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4B an ay 3B 3A 3y
14 13 12 1 10

mw———IEH
T L

DESCRIPTION This integrated circuit contains four two-input positive NAND gates. The output (Y) is

low when both inputs (A and B) are high.

Figure E-18. Quadruple Two-Input Positive NAND (7903794)
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4B 4A 4y 3B 3A 3Y
14 13 12 1 10 9 8

e

Y (LOW) = A -B

DESCRIPTION This integrated circuit contains four two-input positive NAND gates. The outout »(Y) is
low when both inputs (A and B) are high.

Figure E-19. Quadruple Two-Input Positive NAND Buffer (7903795)
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PIN NAMES
A3, A2, Al, A0
B3, B2, B1, B0
SELO —SEL 3
CRIN

MODE
23,72,71,70
CR

CR G

CRP

A=B

DESCRIPTION

6 | B3 B2 BI B0 A3 A2 Al A0
SELO 16
CR |
5
SEL1 17
— 2 Isew0 4-BIT ALU [chl S S
AL
3 u 15
—_——— sEL3 p
7 P
—_— JCIN 14
A=B b____—.
— 8 dmooe
23 72 21 20
H G F E
13 1 10
9 GROUND PIN — 12
VOLTAGE PIN — 24

Word A Inputs

Word B Inputs

Function Selection Inputs

Carry Input

Mode Control Input (Active Low)

Function Outputs

Ripple Carry Qutput

Carry Generate Output (Active Low)

Carry Propagate Output (Active Low)

Word A Equals Word B

This integrated circuit is a 4-bit high-speed arithmetic logic unit capable of performing
16 different arithmetic operations and 16 different logical operations depending on the
condition of the function selection inputs and the mode control inputs. The table
shows the possible operations for the adder using active low inputs.

Larger (greater than 4-bit) adders can be built by cascading the less significant CR
outputs to the more significant CR IN inputs. By using the CR G and CR P outputs in
conjunction with the Carry Lookahead Device propagation time of the ripple carry is
reduced.

A = B output goes high when outputs Z0-Z3 are high.

Figure E-20. Four-Bit Arithmetic Logic Unit (Adder) (7903799)
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MODE SELECTION FOR ACTIVE LOW INPUT DATA

SELECTION MODE=H MODE=L ARITHMETIC MODE

S S S S LOGIC MODE CRIN=L CR IN = H

E E E E

L L L L (No Carry) (With Carry)

3 2 1 0

L L L L F=A F=A MINUS 1 F=A

L L L H F=AB F=AB MINUS 1 F=AB

L L H L F=A+B F=AB MINUS 1 F=AB

L L H H =1 F=MINUS [ (2’s comp) F=ZERO B

L H L L F=A+B F=A PLUS (A+B) F=A PLUS (A+B) PLUS 1
L H L H F=B F=AB PLUS (A+B) F=AB PLUS (A+B) PLUS |
L H H L F=A®B F=A MINUS B MINUS 1 | F=A MINUS B

L H H H F=A+B F=A+B F=(A+B) PLUS 1

H L L L F=AB F=A PLUS (A+B) F=A PLUS (A+B) PLUS 1
H L L H F=AeB F=A PLUS B F=A PLUS B PLUS |

H L H L | F=B F=AB PLUS (A+B) F=AB PLUS (A+B) PLUS 1
H L H H F=A+B F=A+B F=(A+B) PLUS 1

H H L L F=0 F=A PLUS A F=A PLUS A PLUS 1

H H L H F=AB F=AB PLUS A F=AB PLUS A PLUS |

H H H L F=AB F=AB PLUS A F=AB PLUS A PLUS I
H H H H F=A F=A F=A PLUS 1

= Low voltage level

L
H = High voltage level

Figure E-20. Four-Bit Arithmetic Logic Unit (Adder) (7903799) (Cont)
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5 6 14 15 1 2 3 4

CG4 CP4 CG3 CPV3 cG2 CP2 CG1 CP1 10
CG p————————
13 CIN CARRY
' LOOK- CLA .
AHEAD CP 7o T
C30 C20 C10
E D C
9 1 12

GROUND PIN — 08
VOLTAGE PIN — 16

PIN NAMES

CR IN Carry Input

CGO —- CG3 Carry Generate Inputs (Active Low)
CPO — CP3 Carry Propagate Inputs (Active Low)
C0,C1,C2 Carry Outputs

CR G Carry Generate Output (Active Low)
CR Pv Carry Propagate Qutput (Active Low)

DESCRIPTION This integrated circuit is a high-speed lookahead carry generator. It is used with the
4-bit arithmetic logic unit to provide high-speed lookahead over word length of more
than four bits. The lookahead carry generator accepts up to four pairs of Carry
Propagate and Carry Generate signals and a Carry Input signal and provides anticipated
carries (CO, C1, C2) across four groups of binary adders. The Carry Propagate and
Carry Generate outputs are used for further levels of lookahead.

Figure E-21. Carry Lookahead Unit (7903800)
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TRUTH TABLE

L K janieniiasilanjith|
m OO janienlaniilaniiin BV S |
m SR NE IS RS R < =< o =
Q O — QA AT T T
O o jun it e e
O en jniie S e A R XXX I
OO janiianiianian iR I i i
(@R~ N aolile S T e I R R | KD XXX AL Pl e sl |
VU aniieniiianiic ol I g bofiiaefianiia ol Gt I Ji Y
m O Ay — I XXX A KT XXX XA P X K X XA KooK X A
= OO0~ lenfieniieniiUh -l baoie =i wlian i QR I T d XX T I X X A X
(GN-Fe jan i Sl KX KK A XX T XK K K KA o X K
0 0o unianjith Y KT X AX Eo = = s il S - KX m X X x A
wm PO I die ) XX 3 X T KX A XKD

L = Low voltage level

High voltage level

Irrelevant

H
X

Carry Lookahead Unit (7903800) (Cont)

Figure E-21.
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| |-

ml oo] El <
D2 S1

Figure E-22. Four-Bit Latch (7903801)

High voltage level

= Low voltage level

Previous output state
Present output state

} §3 D3 s2 DT S0 DO
-0 en STOR
9 (a) 48S
——() CLR
a3 Q2 Q1 Qo
e o i 2
PIN NAMES
EN Enable Input GROUND PIN — 08
VOLTAGE PIN — 16
D3 - DO Parallel Data Inputs
S3-S0 Set Inputs (Active Low)
CLR Master Reset (Active Low)
Q3 -Q0 Parallei Outputs
DESCRIPTION This integrated circuit is a 4-bit latch which can be used in applications where D type
latches or set/reset latches are required.
When the common enable goes high, data present in the latches is stored and the state
of the latches is no longer affected by the S and D inputs. The master reset when
activated overrides all other input conditions forcing all latch outputs low.
Each of the four latches can be operated either as an active low set/reset latch with
reset override or, with S low, as a D type storage latch.
TRUTH TABLE
CLR | EN D S | ON OPERATION
H L L L |L D MODE
H L H L | H
H H X X | ON-1 H =
L
H L L L{L R/S MODE X = Irrelevant
H L H L | H ON-1 =
H L L HJ|L QN =
H L H H | ON-1
° H H X X | ON-1
L X X X |L RESET
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PIN NAMES
SEL 3 - SELO
A3 - A0

MEM EN

WR EN

Q3 -Q0

DESCRIPTION

E-26

o~
—

= ]
=

3 A2 X !
Ol WR EN A3 A1 AO

1
—— SEL O

<

15
——{ SEL 1

14 16 X 4 BIT 64M
e SEL 2 RAM

13
——] SEL3

2 MEM EN

Q3 Q2 Q1 Qo
GROUND PIN — 08
VOLTAGE PIN — 16

Address Inputs

Data Inputs

Enable Selection (Active Low)

Enable Writing of Data (Active Low)

Outputs (Active Low)

This integrated circuit is a high-speed 64-bit read/write random access memory
organized into 16 words of 4 bits.

When the WR EN is low, the data from the four A inputs is written into the memory
location specified by the address formed by “SEL 3 — SEL 0.”

When the MEM EN is low, the data from the memory location specified by the address
(SEL 3 — SEL 0) is read and gated to the outputs.

Figure E-23. 64-Bit Memory Cell (7903802)



PIN NAMES
A7 — AO
SELO, 1,2
EN

Z15

Z14

DESCRIPTION

TRUTH TABLE

!—I

10
—) EN
"
eeed SEL O MUX
12 (8)
ed SEL 1
13
ot SEL 2 2

A7 A6 A5 A4 A3 A2 Al AQ

S8X

Inputs

Select Inputs

Enable Input (Active Low)
Output

Complementary Output

GROUND PIN — 08
VOLTAGE PIN — 16

When the enable is low, this integrated circuit selects one bit of data from up to eight

sources as determined by SEL inputs.

SEL

EN 2 1 0 Z15 z14

H X X X |t H
(000) | L L L L | A0 A0
001) | L L L H | Al Al
(010) | L L H L | A2 A2
011) | L L H H | A3 A3
(100) | L H L L | A4 A4
(o) | L H L H | AS A5
(110) | L H H L | A6 A6
(11 | L H H H | A7 A7

H = High voltage level
L = Low voltage level
X = Irrelevant

Figure E-24. Eight-Input Multiplexer (7903803)
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A1l A10 A9 A8 A7 A6 Ab A4 A3 A2 A1l A0

4
P e
3

15

PAR
GEN
P 000 P EVEN

9
10

GROUND PIN — 08
VOLTAGE PIN — 16

PIN NAMES

All — A0 Parity Inputs

P ODD 0Odd Parity Output
P EVEN Even Parity Output

DESCRIPTION This device is a 12-bit parity checker/generator generating odd and even parity outputs.
The even parity output will be high if an even number of inputs are high. The odd
parity output will be high if an odd number of inputs are high. o

Figure E-25. Parity Checker-Generator, SGL Twelve-Input (7903908)
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PIN NAMES
A3 - AO
W1, W0

WE

R1, RO

RE

Q3 -Q0

DESCRIPTION

TRUTH TABLES

Inputs

Write Address Inputs

ml:,la

Fl

w1
WE  ELE CLE
no | 4X4

R1

RE

Write Enable (Active Low)

Read Address Inputs

Read Enable (Active Low)

Outputs

GROUNMD PIN — 08
VOLTAGE PIN — 16

This integrated circuit contains 16 flip-flops used to hold four-bit words. The write
address inputs (W1, WO0) select the word location to store the data inputs (A3-A0). The
data is gated to the selected location when the write enable (WE) is low. The read
address inputs (R1, RO) select the word location to place on the data outputs (Q3-Q0).
Data is gated to the outputs when the read enable (RE) is low.

WRITE FUNCTION

Inputs Word Selected
Wi WO WE
L L L Word 0O
L H L Word 1
H L L Word 2
H H L Word 3
X X H No change

H = High voltage level
L = Low voltage level

X = Irrelevant

Figure E-26. 4 X 4 Register File (7904135)

READ FUNCTION

Inputs Outputs
R1 RO RE Q3 Q2 Ql Qo
L L L Word| 0
L H L Word| 1
H L L Wordj 2
H H L Word| 3
X X H H H H H
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PIN NAMES
A3 — AO

AL

AR

CLK
DESCRIPTION

1 AR Al A
——}l CP
__...9 SO SR
SR4
10 (4)
JESS— -
1
E——— § ]
Q3 Q2 Qi Qo
D C B A
12 13 14 15

GROUND PIN — 08
VOLTAGE PIN — 16

Parallel Data Inputs S0, S1 Mode Selection Inputs
Shift Left Serial Input CLR Master Reset Input (Active Low)
Shift Right Serial Input Q3 - QG Parallel Data Outputs

Clock Input (Active Low)

This integrated circuit is a 4-bit shift register with four modes of operation; parallel
load, shift left, shift right, and hold. The mode of operation is determined by the mode
selection inputs (SO, S1) as shown in the truth table. Data is loaded or shifted by the
negative going edge of the clock pulse. For a left shift operation, data is shifted in the
direction of Q3 toward QO with the contents of QO shifted off and the serial input
(AL) loaded into Q3. For a right shift operation, data is shifted in the direction of QO
toward Q3 with the contents of Q3 shifted off and the serial input (AR) loaded into

QO.

The master reset (active low) forces all outputs low.

MODE SELECTICN

E-30

Inputs Mode

Parallel Load

Shift Right (in direction QO toward Q3)
Shift Left (in direction Q3 toward QO)
Hold (inhibit clock)

gpiianiariasiien
XD @
ol el qulie olia o

Reset

L = Low voltage level
H = High voltage level
X = Irrelevant
Figure E-27. Shift Register (7904136)
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wn < ™
9 A3 A2 Al A0
D LD
7
t CEP
10 CNTR
CET (4) CR
2
eceed C LK
-——q1 CLR
Q3 Q2 Q1 Qo

DESCRIPTION Reference Figure E-6  (7903782).

Figure E-28. Four-Bit Binary Counter (7904137)
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PIN NAMES
A4 — AO

B4 — BO

EN

A>B
A<B

A=B

DESCRIPTION

TRUTH TABLE

B4 B3 B2 Bl B0 A4 A3 A2 Al AD
1 COMPTR omp
—_—QlEN (5)
A>B A=B A<B

E-32

10
1
12
13

GROUND PIN — 08
VOLTAGE PIN — 16

Word A Parallel Inputs
Word B Parallel Inputs
Enable Input (Active Low)
A Greater than B Output
A Less Than B Output

A Equal to B Output

2% ¢

This circuit compares two 5-bit words and provides three outputs, “less than,” “greater
than,” and “equal to.” The A4 and B4 inputs are the most significant inputs and AO,
BO are the least significant. All three outputs are activated by a low enable input (EN).
Connecting the A > B output from one device into an A input on another device and
the A < B output into the corresponding B input permits easy expansion.

EN Word A Word B A>B A<B A=
H X X L L L
L Word A > Word B H L L
L Word A < Word B L H L
L Word A = Word B L L H

H = High voltage level
L = Low voltage level
X = Irrelevant

Figure E-29. Five-Bit Comparator (7904164)



DESCRIPTION

o
-

[e)] [{e] o ~
N ™ (¢l [yl 8 -‘9

15 A7 A6 A5 A4 A3 A2 Al
26
B21
3
2 len
L P
—LDS‘]
06
34 DR1
— e DUAL I/O CONT
—dB12
03
B3 DIO
38
—— 12
F32
08
——qDs2
97 _lpr2
05
—E—ER2
—_ g3
LA
LI P
13 _des
1
22 Y2 X2 W2 Z1 Y1 X1 Wi
81 81 3| | 8| 8] 2| 2

GROUND PINS — 19, 20,
21,22
VOLTAGE PINS — 1, 40

This integrated circuit provides the control flip-flops (active, monitor, force, and
one-shot) and associated circuits for control of one input/output channel. See
accompanying schematic drawing, Figure E-31.

Figure E-30. Dual Input/Output Control Circuit (7904199)
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INPUTS

OUTPUTS

35

LEGEND:

H=>SCAN INT

L= CLR MONITOR
L =>MASTER CLEAR
L =>SET MONITOR
PIN 39 INVERTED
L= CLR MONITOR
L =>EI, CHAN X

L =>CHAN X SELECT
L= SET ACTIVE
H=> INT SCAN EN

L =>CLR ONE SHOTS
H=>EIR CHAN X

L="INPUT DATA AVAIL GRP 1

L= EIE, CHAN X
L=>EIR, CHAN X

L=>DATA + CHAIN, CHAN X
(NOT USED)

(NOT USED)

INVERTED AND

JUMPERED TO

PIN 26

L=>ODR + EFR
(JUMPERED TO 34)

L= EF/OD CHAN

H= REG AVAIL CHAN
L= SET FORCE
L=>SET ACTIVE2
L= ID CHAN

L= ODR + EFR
(JUMPERED FROM 35)
H=>IDR, CHAN X

L = EF CHAN X

(NOT USED)

H = EFR CHAN X
(NOT USED)

L=0D

(NOT USED)

H=>ODR CHAN X

F1 Al RS A2 821 A3 BN A6 B3 A7 E11 F2 F31 A4 A5 DS1  ERt B12 F32 E12 B22
17)(16 9) (26)(37 @ 25 18 a 32 36 34 6 27 G)(3) O
o ©® O , (;) 01O ® ® ® P
| 1
%) [ o J
U, )
) T
1
| | L | | ] Ll | || I
X x L X L X X L X X L X H X L X L X L
-
EI MONITOR El ACTIVE El ONE SHOT 1D MONITOR [} FORCE ACTIVE EF MONITOR EF ONE SHOT OD MONITOR ACTIVE 11 ACTIVE 0D ONE SHOT
FF R 1 FF FE '
peTIvE EF ACTIVE
FF
—
[ 11 [ ]
T i T
L] L] . . L
x| |n x x| [x X H H .
w2 X2 ” zz Y2 wi X1 Yt z1

Figure E-31. Dual Input/Output Control Circuit (7904199) Schematic Drawing
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1Cc 1Y 3C 3B 3A 3y
1|4 13 12 1n 10 9 8
VvCC |
GND
1 2 3 4 5 6 7
1A 1B 2A 2B 2C 2Y

Y (LOW) =A-B-C

DESCRIPTION This integrated circuit contains three three-input positive NAND gates. The output (YY)
is low when all three inputs (A, B, and C) are high.

Figure E-32. Triple Three-Input Positive NAND (7904221)
E-37



INPUT INPUT INHIBIT OouTPUT INPUT INHIBIT

Al A2 A A C [ GND
1 2 3 4 5 6 7
l: A C
A
(o]
14 13 12 1 10 9 8
VCC+ B1 B2 B B C VEE-

INPUT INPUT INHIBIT OUTPUT OUTPUT

DESCRIPTION This integrated circuit contains three line driver circuits. Two of the circuits (A and B)
contain a line driver whose input is a two-input OR gate. One input to the OR gate is a
two-input AND gate, the other input is a straight input. The third line driver circuit (C)
consists of a line driver whose input is a two-input OR gate. One input of the OR gate
is a one-input AND gate, and the other input is a straight input. The output conditions
can be seen in the two truth tables.

The line driver circuit converts TTL/DTL logic levels to EIA/CCITT levels for
transmission between data terminal equipment and data communication equipment.

TRUTH TABLE FOR TRUTH TABLE
CIRCUITS A AND B FOR CIRCUIT C
INPUT | INHIBIT | OUTPUT INPUT INHIBIT | OUTPUT
i i L L H
L L L H L
L H H L L
L H H H L
H L
H L
H H
H H

a ol qallia =l anife ol el o
(qnll ol anlife ol = sl e o

H = High voltage level
L = Low voltage level

Figure E-33. Triple Line Driver (7904224)
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DATA INPUT

INPUTS

y, -
‘ —
16 15 14 13 12 1M 10 9
\olo}
A3 B2 A2 A1 B1 A0
B3 BO
A<B A=B A>B A>B A=B aA<B
IN IN IN ouT ouT ouT
4
GND
\ ! A 2 3 4 4 5 6 7
N N~
DATA CASCADING INPUTS OUTPUTS

DESCRIPTION This unit performs magnitude comparison of straight binary and straight binary coded
decimal (BCD) codes. Three fully decoded decisions about two 4-bit words (A, B) are
made and are externally available at three outputs.

TRUTH TABLE

COMPARING INPUTS CASCADING INPUTS OUTPUTS
A3.B3 | A2,B2 | Al,BI AQ,BO A>B A<B A=B A>B A<B A=B
A3>B3 X X X X X X H L L
A3<B3 X X X X X X L H L
A3=B3 | A2>B2 X X X X X H L L
A3=B3 | A2<B2 X X X X X L H L
A3=B3 | A2=B2 | A1>BI X X X X H L L
A3=B3 | A2=B2 | AI<BI X X X X L H L
A3=B3 | A2=B2 | A1=B1 | AO>B0 X X X H L L
A3=B3 | A2=B2 | A1=B1 | A0O<BO X X X L H L
A3=B3 | A2=B2 | A1=B1 | AO=B0 H L L H L L
A3=B3 | A2=B2 | A1=B1 | A0=B0 L H L L H L
A3=B3 | A2=B2 | A1=B1 | A0O=B0 L L H L L H

H = High voltage level

"L = Low voltage level

X = Irrelevant

Figure E-34. Comparator, Four-Bit Magnitude (7904225)
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RESP INPUT INPUT

RESP HYST ouTPUT

DESCRIPTION

E-40

Cc B B B B vCce
9 10 1 12 13 14
| | | I |
3
6 5 4 3 2 1
GND C c A A A A
HYST OQUTPUT INPUT RESP HYST OUTPUT

This integrated circuit is a triple line receiver circuit. It receives EIA/CCITT signals and
converts them to TTL logic levels. The input voltage can be between +25 volts and -25
volts. Each of the three receivers can operate in either hysteresis or non-hysterisis

mode, and provides fail-safe operation.

Figure E-35. Triple Line Receiver (7904226)



A2 Al AQ D
14— 8-BIT 8AL
LATCH
[p—
Q7 a6 Qs Q4 Q3 Q2 ai Qo
H G F E D Ic B A
12 11 10 9 7 6 5 4
VCC =PIN 16
GND =PIN 8

DESCRIPTION This integrated circuit contsins an eight-bit addressable latch. It has four modes of
operation. In the addressable latch mode, data on the data line (D) is written into the
addressable latch. The addressable latch will follow the data input with all
non-addressed latches remaining in their previous states. In the memory mode, all
latches remain in their previous states and are unaffected by the data or address inputs.
In the one-of-eight decoding or demultiplexing input mode, the addressed output will
follow the state of the D input with all other outputs in the low state. In the clear
mode, all outputs are low and unaffected by the address and data inputs. The selection
of the four modes is shown in the Mode Selection table.

MODE SELECTION

E C MODE

L H Addressable Latch

H H Memory

L L Active HIGH Eight-Channel Demultiplexer
H L Clear

Figure E-36. Eight-Bit Addressable Latch (7904227)
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rd

TRUTH TABLE
PRESENT OUTPUT STATES
C E D AO Al A2 QO Ql Q2 Q3 Q4 QS Q6 Q7 MODE
L H X X X X L L L L L L L L CLEAR
L L L L L L L L L L L L L L DEMULTIPLEX
L L H L L L H L L L L L L L
L L L H L L L L L L L L L L
L L H H L L L H L L L L L L
L L H H H H L L L L L L L H
H H X X X X N-1 > | MEMORY
H L L L L L L Q N-1 QN- 1 QN- 1 > ADDRESSABLE
H L H L L L H ON-1 ON-1 > LATCH
H L L H L L QN-I L Q\I-l >
H L H H L L QN-l H QN-I >
H L H H QN-I > QN-] L
H L H H H H QN-1 > QN- 1 H

X = Irrelevant
L = Low Voltage Level
H = High Voltage Level
QN-1= Previous Output State

Figure E-36.

Eight-Bit Addressable Latch (7904227) (Cont)




13

1 DI
___?___c WE
—_2 _Jno
! Al
15
| A2
256
— 14 laz 8IT
i RAM
! A4

9 RA2

—_— s
| A6
A7
_—Qcs
—  Qcs2

— 2 css
‘ DO

GROUND PIN — 08
VOLTAGE PIN — 16

PIN NAMES

DI Data Input

WE Write Enable
A0 — A7 Address Input
CS1 - CS3 Memory Enable
DO Data Output

DESCRIPTION This device is a Read/Write memory with 256 addressable bits. The chip (memory) is
enabled when all memory enable inputs are low. The read and write operations are
controlled by the write enable when the chip is enabled. When the WR EN is lew, the
DI is written into the bit location addressed by inputs AO through A7. When the WR

“ EN is high, the bit location addressed by AQO through A7 is read out and placed on the
output (DO) as the complement of the data written into memory.

Figure E-37. 256-Bit Random Access Memory (7904274)
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1 ]85
2 []ea
3 ]ss
4:vee
5Ej32

B6 [} 24
B7 123
B8 [ ]22
STROBE [} 21
BE[__]20
out[__]19
voD[ )18
INT[ ] 17
EVEN]_]16
sR[__]15
ASYN[ 14

STOP | 13

DESCRIPTION

ASYNCHRONOUS OPERATION

The terminal transmitter maintains an output con-
dition of continuous Mark bits (logic “1” or high
level) in between the transmission of characters.
The reset signal forces the transmitter into this
mode of operation for a minimum of one character
time. This state (continuous “marks” being applied
to the output line) may be termed the ‘“idling
condition.”

Data is presented to the buffer storage register by
means of the data inputs from the system of which
the terminal transmitter is a part. This data is in
the form of a character with a bit length between 5
and 8 bits. The character bit length (excluding con-
trol bits such as Start and Stop bits) is defined by
the Word Length Selector input. Parity is included
in the total number of bits making up the word
length if it is being utilized in transmission. The
input data (when stable) is strobed into the buffer
register by means of the Load Strobe. The Buffer
Empty output line indicates that new data is in the
buffer and that the system can apply a low level to
the System Ready line. This low level signal en-
ables the transfer timing logic, which clears all
functional biocks except the buffer storage regis-
ter, and then automatically causes a transfer of the
buffer data into the shift register.

The new character (just transferred into the shift
register) is automatically preceded by a Start bit (a
space or logic ““0”’) and serially transmitted to the
modem as an NRZ waveform at the programmed
bit rate. The internal timing counter keeps track of
the character position in the shift register, provides
timing control to the sequence control logic for
insertion of parity (if internal parity is selected)
into the last bit position of the character, and adds
the Stop bit or bits. The number of Stop bits being
added is determined by the 2nd Stop Bit Selector
line which specifies one or two Stop bits. The
transmission of the character and control bits
(Start and Stop bits) is now complete, and the
sequence control logic either returns the trans-
mitter to the “idling condition and places Marks
on the output line or begins a new cycle. The new
cycle automatically begins if a new character has
been strobed into the buffer storage register (Buf-
fer Empty output is low) and a low level is applied
to the System Ready line.

The bit rate of the transmitted data is determined
by the input frequency of the clock at the oscil-
lator input and by the divide ratio of the counter
in the internal clock generator. Three counter
ratios are available: =1, +16 and =64. These pro-
vide compatibility with the oscillator required for
the terminal receiver. The chip reset is achieved

Figure E-38. P-Channel MOS Terminal Transmitter (7904275)

E-44



when both the =16 Enable and the -64 Enable are
high. The reset function will clear the internal
counters and shift register to prevent extraneous
data from being placed upon the output line.

SYNCHRONOUS OPERATION

Data is presented to the buffer storage register by
means of the data inputs from the system of which
the terminal transmitter is a part. This data is in
the form of a character with a bit length between 5
and 8 bits. The character bit length (including
parity if applicable) is defined by the Word Length
Selector input. The input data is strobed into the
buffer register by means of the Load Strobe and
the Buffer Empty output line then indicates that
new data is in the buffer. When the last bit of the
previous character is placed on the output line, the
transfer timing logic clears all functional blocks
except the buffer storage register and then auto-
matically causes a transfer of the buffer data into
the shift register. The new character (just trans-
ferred into the shift register) is serially transmitted
to the modem as an NRZ waveform at the pro-
grammed bit rate. The internal timing counter
keeps track of the character position in the shift
register and provides timing control to the
sequence control logic for insertion of parity (if
internal parity is selected) into the last bit position
of the character. The last bit of the character is
now present at the output and sequence control
logic will initiate a new cycle automatically. The
new cycle results in the transmission of the next
character if a new character has been strobed into
the buffer storage register (Buffer Empty output is
low) or a character length of all Marks if no new
character has been stored. Thus, character sync is
maintained even though an interruption appears in
the data stream.

The bit rate of the transmitted data is determined
by the input frequency of the clock at the oscil-
lator input and by the divide ratio of the counter
in the internal clock generator. Three counter
ratios are available: =1, =16 and -64. These pro-
vide compatibility with the oscillator required for
the terminal receiver. The chip reset is achieved
when both the +16 Enable and the +-64 Enable are
high. The reset function will clear the internal
counters and shift register to prevent extraneous

data from being placed upon the output line.

INPUTS

Data Inputs — Characters of differing bit lengths
(from 5 to 8 bits including parity bit, if desired)
may be entered in parallel in right justified bit posi-
tions by means of the eight Data Inputs. The data
is strobed into a set of buffer latches where it is
stored until transmitted. Unused Data Inputs must
be maintained in the high state. (There is no inver-
sion of the data within the circuit; therefore a high
input will be transmitted as a high output.)

Load Strobe — A high level on the Load Strobe
transfers the input character on the Data Inputs
into the Storage Buffer latches and resets the
Buffer Empty latch.

Internal Parity — A high level applied to the Inter-
nal Parity input causes the transmitter Parity Gen-
erator to replace the trailing bit of a character of
any selected word length with an internally gener-
ated parity bit. A low level causes the trailing bit to
be transmitted as loaded from the inputs.

Even Parity — When a high level is applied to both
the Internal Parity and the Even Parity inputs, the
Parity Generator places the proper bit value in the
trailing bit position of a character to insure that
the total number of high levels is even. Odd parity
is formed by using a low level on the Even Parity
input.

2nd Stop Bit Select — A high level on the Stop Bit
Select input causes two STOP bits to be trans-
mitted in the asynchronous mode. A low level will
cause one STOP bit to be transmitted. This func-
tion is disabled in the synchronous mode.

tion of START and STOP bits, and causes MARK
bits to appear on the output terminal between the
transmission of characters. A low level on this line
shortens the word length by the two or three con-
trol bits (START, STOP) and allows for automatic
recycling to either transmit the next character or a
character length of MARK bits.

System Ready — This input allows control of the

device by the external system. A low level releases

Figure E-38. P-Channel MOS Terminal Transmitter (7904275) (Cont)
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Asynchronous Mode — A high level on the Asyn-
chronous Mode input enables the device for opera-
tion in the asynchronous mode, causes the genera-
the transmitter for the next transmission cycle.
This signal is normally applied after the Buffer
Register has been loaded (Buffer Empty output is
low). The low level should be maintained until the
next cycle is initiated (the Buffer Empty output
goes high), then made high until the next Data
Strobe.

External Clock — This is the oscillator input that
controls the transmission rate of the Terminal
Transmitter.

Word Length Selector — Two inputs (X, Y) define
the character bit length. The following truth table
defines the character length for each input combi-
nation. (Unused Data Inputs must be maintained in
the high state. This may be accomplished by
leaving the unused inputs open.)

X Y WORD LENGTH
1 1 8 bits
0 1 7 bits
1 0 6 bits
0 0 5 bits

+16 and 64 Counter Enables — These two Enable
inputs provide compatibility with the oscillator fre-
quency being utilized for the Terminal Receiver,
according to the following table:

OSCILLATOR FREQUENCY AT
+16 | #64 | THE EXTERNAL CLOCK INPUT
0 0 = Bit Rate
1 0 = 16 x Bit Rate
0 1 = 64 x Bit Rate
1 1 Master Reset
OUTPUTS

Data Output — This output transmits data in serial
fashion with START and STOP bits (if applicable).
The START bit is a SPACE (low level), the data is
transmitted in positive logic, and the STOP bit or
bits are MARK (high level).

Buffer Empty — A high level on the Buffer Empty
output indicates that the data previously stored in
the Buffer Storage latches has been transferred into
the Shift Register and the latches are available for
new data. The Load Strobe input automatically
resets this output during the load cycle.

Figure E-38. P-Channel MOS Terminal Transmitter (7904275) (Cont)
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WORD

LENGTH
SELECTOR 2nd STOP BIT INTERNAL
X v SELECT PARITY P

1 12 13? 17?

EVEN ASYNCHRONOUS
ARITY MODE

?16 14

! !

STOP BIT PARITY
GENERATOR . GENERATO

INTERNAL TIMING
(BIT COUNTER)

START BIT
R . LOGIC

16 9 ?ﬁ ‘

I Jo——
SEQUENCE
ENABLE CONTROL
~64
ENABLE
T T T T 71 _p OATA
EXTERNAL 8 INTERNAL ) ouT
cLOCK CLOCK _3.. SHIFT REGISTER
15
GENERATOR TRANSFER SYSTEM
LOAD N TIMING READY
STROBE O— > 20 BUFFER
BUFFER STORAGE EMPTY
VGG =PIN 4
VSS =PIN 10
VDD = PIN 18

22 23 24 1 2 3 5 6
B8 B7 B6 BS B4 B3 B2 B1

8 DATA INPUTS

Figure E-38. P-Channel MOS Terminal Transmitter (7904275) (Cont)
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DESCRIPTION

ASYNCHRONOUS OPERATION

The function of the terminal receiver is to respond
to input data and synchronize with that data. The
normal state of the data line during the time when
no character is being transmitted is the Mark state.
The initial change in state of this line occurs upon
receipt of the Start bit. This ‘“Mark-to-Space”
transition (of the Start bit) causes the internal
clock generator to be initialized for synchroniza-
tion of the internal clock with the data. The data
line is continuously monitored until the internal
clock signal is generated at the midpoint of the
Start bit period. This assures the presence of a valid
Start bit. The synchronizing logic is then disabled
until the complete character (following the Start
bit) is received. If the data line returns to the Mark
state (as in the case of noise) during the monitoring
period, the bit is ignored and the terminal receiver
resumes looking for a valid Sturt bit.

After the Start bit has been detected and the
synchronization accomplished, data is shifted
through the shift register and the Start bit appears
in the Start bit flip-flop (the last stage of the shift
register). The complete character is now stored in
the shift register and the receiver automatically
generates a ftansfer command to load the character
in the buffer storage register. At the same time, the
state of the Stop bit flip-flop is monitored to verify

the presence of a Stop bit. Its absence results in an
error output called Break being stored in the
receiver status register.

As the character shifts through the shift register,
parity for the character is accumulated. The result-
ing parity bit condition is compared with correct
parity (odd or even) and, in the case of error,
Parity Error is stored in receiver status register.

When the character is transferred to the buffer
storage register, a Buffer Full signal is stored in the
receiver status register. If the transfer occurs during
a full buffer condition, the old character is lost and
an error signal called Overrun is stored in the
receiver status register. The receiver status informa-
tion is retained throughout the character time until
a new character is received and the new status is
stored.

The access of data in the buffer storage register by
means of the Data Strobe resets the buffer status
output, indicating that the last character stored in
the buffer storage register has been taken by the
system.

The internal clock generator divides the bit time
for each data bit into 16 or 24 segments, depend-
ing upon the externally selected ratio. A singie
cycle of the oscillator input signal is gated out of

Figure E-39. P-Channel MOS Terminal Receiver (7904276)
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the clock generator at the center of a bit. This
pulse is the internal clock signal which samples the
data and provides the internal timing for the entire
terminal receiver. The clock generator and
synchronization circuitry can be bypassed by a low
level on both the =16 Enable and the =64 Enable.
In this case, the oscillator input signal becomes the
internal clock.

A master reset is provided by means of these same
two clock enable lines. When both the =16 Enable
and the =64 Enable are at a high level, the chip is
held in a master reset condition.

SYNCHRONOUS OPERATION

Synchronous data transmission has several charac-
teristics which require special consideration in the
synchronization of incoming data with the
receiving system. Synchronous data appears as a
continuous bit stream with no interval between
characters and no control bits (Start and Stop
bits). Therefore, synchronization must be accom-
plished by means of the regular characteristics of
the data itself. Two degrees of synchronization are
required in order to receive a valid message. These
are bit synchronization (which synchronizes the
internal clock of the receiving system to the data
bits) and character synchronization (which estab-
lishes a character reference by means of sync codes
and utilizes the fixed bit length of the characters to
maintain character synchronization).

The technique of bit synchronization provided in
the terminal receiver for the synchronous mode of
operation utilizes each ‘“Mark-to-Space” transition
of the data. The data transition causes an incre-
mental correction of the internal clock timing of
1/32 or 1/128 of the bit time (depending upon the
counter ratio selected, =16 or £+64). The process
of incrementing the clock with respect to the data
continues with each Mark-to-Space transition of
the data until the clock signal occurs at the mid-
point of the data bit. The synchronization logic
continuously attempts to correct the phase error
between the midpoint of the data bit and the inter-
nal clock. This results in the internal clock main-
taining lock within 0.8% of the reference (364
clock model). The advantage of this technique is
that the data transition (Mark-to-Space transition)

times are averaged; therefore, signal noise pulses or
other data aberrations do not cause the receiver to
completely lose bit synchronization. This feature is
particularly important in synchronous transmission
because of the problem of maintaining character
synchronization and the necessity of re-establishing
character synchronization whenever bit synchroni-
zation is lost.

Character synchronization is performed external to
the terminal receiver by means of a sequence of
comparisons between the received data and a
synchronization code (e.g., “Syn”) or set of
synchronization codes. The terminal receiver is
designed to facilitate this external character
synchronization in the following manner. When the
“Syn” Detected input is low and the receiver is
operating in the synchronous mode, the buffer
storage register is “transparent’ so that data can be
monitored as it ripples through the shift register.
After the first sync code has been detected, the
“Syn” Detected signal is applied, which returns the
buffer storage register to its normal mode of opera-
tion and initializes the character counter. The
second character in the sync detection sequence is
then transferred automatically to the buffer
storage register when complete. This character is
then accessed for verification as a sync code. The
process is repeated until it has been determined
that character synchronization has been achieved.
(If the required sync code is not present in the
buffer storage register during the synchronization
comparison, the “Syn” Detected signal is removed
and the process starts over.) Once the synchroniza-
tion sequence is complete, the external sync com-
parison logic is disabled and the incoming data
message is processed as data.

As the character shifts through the shift register
(bypassing the Stop bit flip-flop), parity for the
character is accumulated. The resulting parity bit
condition is compared with correct parity (odd or
even) and, in the case of error, Parity Error is
stored in the receiver status register.

When the character is transferred to the buffer
storage register, a Buffer Full signal is stored in the
receiver status register. If the transfer occurs during
a full buffer condition, the old character is lost and
an error signal called Overrun is stored in the

Figure E-39. P-Channel MOS Terminal Receiver (7904276) (Cont)
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receiver status register. The receiver status informa-
tion is retained throughout the character time until
a new character is received and a new status word
is stored.

The access of data in the buffer storage register by
means of the Data Strobe resets the buffer status
output, indicating that the last character stored in
the buffer storage register has been taken by the
system.

The internal clock generator divides the bit time
for each data bit into 16 or 64 segments depending
~ upon the externally selected ratio. A single cycle of
the oscillator input signal is gated out of the clock
generator at the center of a bit. This pulse is the
internal clock signal which samples the data and
provides the internal timing for the entire terminal
receiver. The clock generator and synchronization
circuitry can be bypassed by a low level on both
the =16 Enable and the 264 Enable. In this case,
the oscillator input signal becomes the internal
clock.

A master reset is provided by means of these same
two clock enable lines. When both the =16 Enable
and the =64 Enable are at a high level, the chip is
held in a master reset condition.

INPUTS

All inputs are internally compensated (20 k £ to
Vgg for improved compatibility with TTL. The
* internal compensation biases unused inputs to Vgg
(high state).

Data Input — The serial data from the modem or
other sources is entered into the Terminal Receiver
by means of this terminal. The data is not inverted
within the receiver and appears at the output in the
same sense as it enters.

Data Strobe — The Buffer Storage latches are sam-
pled whenever a high level is applied to the Data
Strobe input. The Data Strobe may be maintained
in the high state.

Status Enable — The latches of the Receiver Status
Register are sampled whenever a high level is

applied to the Status Enable line. The Status
Enable may be maintained in the high state.

Even/Odd Parity — A high level on the Even/Odd

Parity input causes a check for an even number of
high-level data bits, including the parity bit. A low
level checks for odd parity in a similar manner.
There is no provision to inhibit the Parity Check
logic for “no parity” data transmission.

Word Length Selector — Two input lines (X, Y) are

provided to define the character bit length. A char-
acter always appears at the output in a right justi-
fied bit position for the selected word lengths. The
following table shows the character length for each
input combination.

XtY WORD LENGTH (INCLUDING
PARITY, IF APPLICABLE)

| 1 8 bits

0 1 7 bits

1 0 6 bits

010 5 bits

216 and =64 Counter Enables — These two inputs
provide a means of producing the internal clock
from an oscillator that is either 16 or 64 times the
bit rate. Provision is also made to bring the already
synchronized clock from a source such as a modem
into the Terminal Receiver to act as the internal
clock. Available options are shown in the following
table.

OSCILLATOR FREQUENCY AT
THE EXTERNAL CLOCK INPUT

= Bit Rate
=16 x Bit Rate
= 64 x Bit Rate

-0 = O
- O O

Master Reset

External Clock Input — This is the oscillator input
that controls the transmission rate of the Terminal
Receiver.

Figure E-39. P-Channel MOS Terminal Receiver (7904276) (Cont)
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Asynchronous/Synchronous Mode — A high level
on the Asynchronous/Synchronous Mode input
enables the device for operation in the asynchro-
nous mode using control bits (START and STOP).
The START bit is used to indicate the presence of
a character and for synchronization of the internal
clock with the character. The presence of a STOP
bit verifies character synchronization.

A low level on this input enables the device for
synchronous operation and disables all asynchro-
nous logic. In the ~16 or -64 modes, a transition
monitor samples each “Mark-to-Space” transition
of the data, compares the =16/-64 clock counter
state with the preferred coincidence state, and
incrementally adjusts one-half clock step toward
correct bit synchronization. In the =1 mode, bit
synchronization must be accomplished externally.
Character synchronization is handled externally by
detecting a series of sync characters (e.g., “SYN”).

“Syn” Detected (Synchronous Mode only) — A
low level on this line holds the Buffer Storage
Register latches open so that data ripples across the
outputs to permit external detection of sync codes
on the receiver outputs. The transition to a high
level indicates to the receiver that external logic
has determined character sync. A high level on this
input enables the system to operate in the synchro-
nous mode by cycling in synchronization with each
character.

OUTPUTS

All used outputs require external pulldown
resistors. For TTL interfacing with a fan-out of one
(1), Ry = 6.8 kQ £5% (see Figure 1).

Data” Outputs — Data is transferred to the eight
parallel open-drain outputs from the Buffer
Storage Register latches. The outputs are enabled
by an input signal to the Data Strobe input and
provide bussing capability. For character lengths of
S to 8 bits, data appears in a right justified posi-
tion.

Serial OQutput — The data being shifted into the

shift register is simultaneously available at the
Serial Output. This provides a means for externally
accumulating longitudinal parity.

Receiver Status Outputs — Status information is

provided by means of four open-drain outputs.
These outputs are enabled by the Status Enable
input for bussing capability. The functions of these
Status outputs are:

1. Buffer Full — This output shows that a
character is in the Buffer Storage latches and has
not been sampled at the eight data outputs by
using the Data Strobe input. The Data Strobe sig-
nal automatically resets the Buffer Full output. If
the Data Strobe input is maintained in the high
state, the Buffer Full output appears as a pulse.

2. Overrun — This output provides an indica-
tion that two or more characters have been trans-
ferred into the Buffer Storage Register latches in
succession without an intervening sampling of the
buffer contents by use of the Data Strobe. This
means that at least one character has been lost. Use
of the Data Strobe removes this indicator after the
transfer of the next character into the Buffer
Storage Register.

3. Parity Error — Incorrect parity for a par-
ticular character causes an error signal (high level)
to be generated and made available at the Parity
Error output for the period that the character is
present in the Buffer Storage Register.

4. Break (Asynchronous Mode only) — The
absence of a STOP bit following the character
causes a Break signal to be stored in the Receiver
Status Register for the character time.

Clock Output — The internal clock that has been
synchronized with the data is available for external
use by means of this output.

Figure E-39. P-Channel MOS Terminal Receiver (7904276) (Cont)
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Figure E-39. P-Channel MOS Terminal Receiver (7904276) (Cont)



48 4A Y 38 3A 3Y

14 13 12 11 10 9 8
VvCC
GND
1 2 3 4 5 6 7
1A 1B 1Y 2A 2B 2Y

Y (LOW)=A"B

Figure E40. Quadruple Two-Input NAND Gate (7904292)
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6A 6Y 5A 5Y
14 13 12 1M 10 9 8
vee
GND
1 2 3 4 5 6 7
1A 1Y 2A 2y 3A 3y
Y=A

This integrated circuit contains six inverter circuits. A positive input (A) results in a

DESCRIPTION
negative output (Y). A negative input results in a positive output.

Figure E41. Hex Inverter (7904293)
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20 2C 28 2A 2y
14 13 12 1" 10 9 8
vce NC
NC GND
1 2 3 4 5 6 7
1A 18 1c 1D 1Y

Y (LOW)=A-B-C'D

Figure E-42. Dual Four-Input NAND Gate (7904296)

E-55



CLEAR D CLOCK PRESET Q Q
14 13 12 1 10 9 8
vce
PR
1 D Q
2
CLR cK
a )
oK . CLR
PR
GND
1 2 3 -4 5 6 7
CLEAR D cLockK PRESET Q a
DESCRIPTION This integrated circuit contains two D type flip-flops with direct clear and preset inputs
and both Q and Q outputs. Information at the D input is transferred to the outputs on
the positive edge of the clock pulse. The function table shows the outputs for each
input. The preset and clear inputs are independent of the clock. A low on the preset
input sets Q to a high. A low on the clear input sets Q to a low. A low on both inputs
sets Q and Q to a high. This is an unstable condition.
TRUTH TABLE INPUTS OUTPUTS
PRESET | CLEAR CLOCK D ‘ Q Q
L H X X H L
H L X X L H
L L X X H* H*
H H ) H H L
H H T L L H
H H L X Qo | Qo
L = Low voltage level (steady state)
H = High voltage level (steady state)
X = Irrelevant
1+ = Transition from low to high level
~ Qo = The level of Q before the indicated input conditions were established
*

E-56

= This configuration is not stable; that is, it will not persist when preset
and clear inputs return to their inactive (high) level.

Figure E<43. Flip-Flop, Dual D (7904298)



G F
7 6 5 4 3 2 1
GND
vVCcC
8 9 10 1 12 13 14
H | X X B

;(LOW)=A'B+C~D+E~F~G+H-I+X+X

DESCRIPTION This integrated circuit contains an inverting OR gate which has three two-input AND
gates and one three-input AND gate for inputs. The output (Y) of the OR gate is low
when at least one of the AND gate outputs is high. The AND gate output will be high
when all the inputs to the AND gate (A and B,or Cand D, or E, F,and G, or Hand I)
are high. The output of the OR gate will also be low when the X input to the gate is
high or the X input is low.

Figure E44. Single 2-2-2-3 Input AND-OR Inverter (7904418)
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8 7 6 5 4 3 2 1
VEE vcet
veez
9 10 1 12 13 14 15 16
ay 3A 38 an 48 3y ay

Y (LOW) =A +B

DESCRIPTION This integrated circuit contains four two-input inverting OR gates. The output (Y) will
be low when either or both inputs (A and B) are high. Pin 9 is an inverted signal of pin
15.

Figure E-45. Quadruple Two-Input NOR (7904474)
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DESCRIPTION

TRUTH TABLE

2A B 1A 1Y 2Y 1Y
8 7 6 5 4 3 2 1
VEE
vce GND
9 10 1 12 13 14 15 16
4A 3A a4y 3y 3Y ay
Y=A-B

This integrated circuit contains four TTL TO ECL translators. The output (Y) will be
high when both inputs (A and B) to the AND gate are high. At the same time the
output (Y) will be low.

INPUT __| OUTPUT
AlB Y | Y
L|L |L | H
L|H | L | H
H|L | L | H
H|{H |H | L

L = Low voltage

H = High voltage

Figure E-46. Translator-Quad, TTL to ECL (7904477)
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DESCRIPTION

E-60

28 2A 2y 1Y 1B 1A VBB

8 7 6 5 4 3 2 1
VEE
VBB
vee GND
9 10 1 12 13 14 15 16
3A 38 3y ay an 48
Y=A+B

This integrated circuit contains four ECL to TTL translators. Either input A or B will
be connected to the translator. If A is connected, the output (YY) is high when the
input (A) is low. If B is connected, the output (Y) is high when the input (B) is high.
The VBB bins voltage input at pin 1 is intended for use of the circuit as a Schmitt
trigger; it is not used in the DPS.

Figure E-47. Translator-Quad, ECL to TTL (7904478)



VCCE D1 C1 B1 A1l Y1 Y2 VCC1

AZ B2 C2 A3 B3 C3 Y3 vcec2

DESCRIPTION This integrated circuit contains three inverting OR gates. Two of the OR gates have
three inputs and the other one has four inputs. A high signal on any or all of the inputs
(A, B, C, D) to a gate produces a low output (Y) from that gate.

Figure E-48. Triple 4-3-3 Input NOR Gate (7904706)
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8 7 6 5 4 3 2 1
VEE B2 A2 B1 A1 Y2 Y1 VCC1
VBB A3 B3 A4 B4 Y3 Y4 vce2
g 10 11 12 13 14 15 16
DESCRIPTION This integrated circuit contains four line receivers. The line receiver produces an output

E-62

(Y) when it senses a differential voltage on the inputs (A and B). The VBB bias voltage

input at pin 1 is intended for use of the circuit as a Schmitt trigger; it is not used in the
DPS.

Figure E49. Quadruple Line Receiver (7904707)



DESCRIPTION

8 7 6 5 3 2 1
VEE VCC1
1
ki © J
~—4 R1 S1
fo}] Qi
‘,
i
kK2 C J2
R2 s2
Q2 Q2
VCC2
9 10 1" 12 13 14 15 16

This integrated circuit is a dual master-slave dc coupled J-K flip-flop. Asynchronous
set (S) and reset (R) are provided. The set and reset inputs override the clock.

A common clock is provided with separate J-K inputs. When the clock is static, the J-

inputs do not affect the output.

The output states of the flip-flop change on the positive transition of the clock.

TRUTH TABLE (R-S)

R[S QnH
L|L On

L |H H

HI|L L

H|H N'D-

L = Low voltage

H = High voltage
N-D-= Not defined
Qn = Output

Qn = Inverted output

TRUTH TABLE (J-K)

J | K Qn+1
L|L On
L |H L
H|L H

H| H Qn

Output states change on
positive transition of clock
for J. K input condition
present.

Figure E-50. Dual J-K Master Slave Flip-Flop (7904708)
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ENABLE

SELECT INPUTS
N

DATA QUTPUTS

N
g M oA 2 7 a2vo 2Y1 2Y2 2v3
16 15 14 13 12 1 10 9
| 1 i 1 | |
vee J)
@-
’e °
1
GND
| T | I | |
1 2 4 5 6 7 8
1G \ 1A . 1B ;o\ 1Y0 1Y1 y 1Y2 1Y3 ,
ENABLE SELECT INPUT DATA OUTPUTS
TRUTH TABLE
INPUTS
ENABLE SELECT OUTPUTS
G B A YO Yl Y2 Y3
H X X H H H H H = High Level
L L L L H H H L = Low Level
. L L H H L H H X = Irrelevant
L H L H H L H
L H H H H H L
Figure E-51. Dual 2 to 4 Line Decoder (7904773)



2C 2B 2A 2y

14 13 12 1 10 9 8
VvCC NC NC
J
GND
1 2 3 4 5 6 7
2D 1A 1B 1C 1D 1Y
Y (LOW) =A-B+C'D NC = NO CONNECTION

DESCRIPTION This integrated circuit contains two two-input inverting OR gates. The input to the

inverting OR gates are two two-input AND gates. The inverting OR gate output (Y) is
low when both inputs (A and B, or C and D) to either AND gate are high.

Figure E-52. Dual AND-OR Inverter Gate (7904774)
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TERM
ADRS
ADV
ALU
Asynchronous

BAP
Baud
BCW
bps

Breakpoint

byte

CAP

Chip

CLK
CLR
CM

CORDIC

CP/I0

”oDI P

DMA

GLOSSARY OF TERMS AND ABBREVIATIONS
DEFINITION

Address

Advance

Arithmetic/Logic Unit: An adder that is also capable
of performing logic functions,

Not Synchronous

Buffer Address Pointer

The number of code elements per second.

Buffer Control Word

Bits per second

A point for breaking off program operation, The DPS
stops upon reaching any address placed into the break-
point register,

A group of bits handled as a unit; DPS words may be
handled as two 8-bit bytes.

Centigrade

Chain Address Pointer

An integrated circuit semiconductor device. Usually
refers to the complete package, although theoretically

referring to the semiconductor device within the package.

Clock
Clear
Contrcl Memory

Coordinate Rotation Digital Computer; a technique for
handling trigonometric and hyperbolic computations,

Central Processor and Input-Output sections of the DPS,
Dual-in-line package; a rectangular semiconductor
package with leads arranged in two parallel rows.

Direct Memory Access

Glossary 1



TERM
DPS

DSPL

ECW
EFA
EFR
EIA
EIE
EIR

Emulator

EN
ESA

ExOR

F

F-field

Firmware

Full Duplex

GENL

Half Duplex

Hz

TAW

IC

Glossary 2

GLOSSARY OF TERMS AND ABBREVIATIONS (CONT)

BEFINITION
Data Processing Set

Display

Enmulator Control Word

External Function Acknowledge
External Function Request
Electronics Industries Association
External Interrupt Enable

External Interrupt Request

The portion of a microprogram controlled processor that
adapts it to perform specific functions.

Enable
Externally Specified Address

Exclusive OR

Fahrenheit

Format code field of macroinstruction word or function
code field of microinstruction word,

Unchangeable internal program; distinguished from
hardware or changeable software,

Data transmission in both directions simultaneously.
General

Data transmission in only one direction at a time;
also called simplex.

Hertz: cycles per second

Indirect Address Word

Integrated Circuit



GLOSSARY OF TERMS AND ABEREVIATIONS (CONT)

TERM DEFINITION
IC Channel Intercomputer Channel
IDA Input Data Acknowledge
IDR Input Data Request
IECF Input Enable Control Frame
Indirect Addressing A scheme in which a referenced address contains a

coded word causing the referencing of another address.

INST or INSTR Instruction

1/0 Input/Output

10C Input/Output Controller

IRCF Input Request Control Frame

LED Light Emitting Diode

LRI Lowest Replaceable Item

LSB Least Significant Bit

MA CLR Master Clear

Macro Instruction Instruction used by processor/emulator,

Macroprograﬁ Program of macre instructions stored in main memory.
Micro Instruction Instruction used by MPC,

Microprogram Program of micro instructions stored in micro memory.
MPC Microprogrammed Controller

ms Millisecond: 16%5 second

MSB Most Significant Bit

NDRO Nondestructive Readout Memory

NoOP No Operation

Normalize : To scale the mantissa of a floating point quantity so

the first significant bit adjoins the sign bit and
adjust the exponent accordingly.

Glossary 3



TERM
ns

NTDS

ODA
ODR
OECF

ORCF

Paging

P Register
PROM

PT

Real Time

Reg
ROM

RTC

Scale

Simplex

Software
Sync

5

Synchronous

Glossary 4

GLOSSARY OF TERMS AND ABBREVIATIONS (CONT)

DEFINITION

1
1,000,000,000

Naval Tactical Data System

second

Nanosecond:

Output Data Acknowledge

Output Data Request

Output Enable Control Frame

Output Request Control Frame

A system of virtual memory or relative memory address-
ing in which the memory is divided into groups of
addresses called pages which may be interchanged under
program control.

Program Address Register

Programmable Read Only Memory

Point

A term applied to processing operations that can be
interrupted or controlled by events outside the system,
and that can react with sufficient speed to analyze or
control the external events.

Register

Read Only Memory

Real Time Clock

See Normalize

Transmission in one direction only; also called half
duplex,

Data Processing Programs
See Synchronous

Operating at a clocked rate.



GLOSSARY OF TERMS AND ABBREVIATIONS (CONT)

TERM DEFINITION
™ Transfer Mode
TP Test Point
pl Micro Instruction
pMem Micro Memory
pP Micro Program
ps Microsecond: 1766%7556 second
Virtual Memory A memory addressing system in which programs or data
(also called may be placed in different addresses, but appear to the
relative addressing) program as though they were located in the true (virtual)

addresses., Usually accomplished by modifying the ad-
dress with a changeable base address. See paging.
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