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rhis Test and Field edition of the Bl700 Hardware Rules includes infor
mation specifically for field use. The T & F edition is identified by 
the eight digit number A 2211 2569 A. 

The source document for this edition is the Bl700 Hardware Rules (A 2201 
6150). It is intended that where necessary the source document and this 
edition will be kept in step. 

The contents include most of the source data, only omitting material of 
interest primarily to the designer. The sections in this edition are 
numbered as in the source book. The source Int~oduction (below) states 
the scope of the book; only omissions are references to design matters 
not included in this edition. 

INTRODUCTION to the Bl700 HARDWARE RULES 

This is the fourth issue of Bl700 Hardware Rules for use in the design of the 
Bl700 family of systems. Since the publication of the first set.of logic rules 
in December 1968, the family of circuits has expanded. 

The hardware rules specified herein are a culmination of all the previous sets 
of logic and circuit rules and supersede them. They are intended for use in 
the Bl700 family of systems, with the CTL, TTL, Silicon Gate, P MOS and other 
special circuits. It is the intent of these rules to allow maximum flexibility 
in design, and at the same time to achieve minimum propagation delays, accept
able waveforms and stability. 

A eomprehensive set of terms are defined so that consistent understanding, in
terpretation and application of the rules will result. 

The document contains circuit parameters for the CTL, Small and Medium scale 
integrated circuits. Some TTL circuits, which are used in scratchpad, M string 
and main memories, as well as for Code Conversion, are also described., P MOS 
circuits are used for serial and random access memory. The interface circuits 
which talk to and from peripheral input output equipments are also incorporated. 
Delay lines, resistor and capacitor networks are included due to their usage in 
the systems. 

A comprehensive surrmary of the device characteristics is provided for quick and 
easy reference. 

The circuits are packaged on a 12 X 12 PC board. The card details and guide
lines for circuit placement are described in section 5. 

The Bl700 family processors operate at 2, 4, or 6 M HZ clock rate. The clock 
system characteristics are described in section 7. 
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Signals propagate on the card, between cards, and to other card housings, on 
both the front plane and back plane, and out of the mainframe as well. 

Supplements and revisions will be issued periodically to keep the information 
correct and up to date. 

P. N. Venkatachalam 
Section Manager 
Standard Circuits, SBP 

APPROVAL: 

Manage.r ___ _ _________ /, 
Standard Circuits and Packaging, SBP 

R. E. Packal'."d 
Manager 
Hardware Development Activity 
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'The following is a partial list of definitions for those terms tl1a t are used in 
the Bl700 Circuit Rules. 

Power Supply Voltages: 

Guaranteed Input Thresholds: 

Threshold Sensitive: 

The power supply voltages used in the Bl700 
are as follows: 

VEE Negative Logic Power Supply Voltage 

nominal -2.0 volts 
tolerance +0.1 volts 

Vee Positive Logic Power Supply Voltage 

nominal 4.75 volts 
tolerance +0.25 volts 

Negative Line Driver/Receiver Power 
Supply Voltage 

nominal -12.0 volts 
tolerance +0.6 volts 

Positive Line Driver/Receiver Power 
Supply Voltage 

nominal 12.0 volts 
tolerance +0.6 volts 

Those voltage levels at the input which determine 
the threshold region of a logic element. For 
CTL MSI devices these guaranteed input thresholds 
are: 

VIL., o.av @ Tj = 25° c 
= 0.65V @ T. = 100° c 

J 
VIH"' l.25V @ Tj 25° c 

= l.lOV @ Tj = 100° c 

Where Ti is the temperature of the semiconductor 
junctions on the chip 

Example: At T. = 25° C 
J 

Input voltage greater than 1.25 volts is a logical 
"l". 

Input voltage less than 0.8 volts is a logical "O"• 

Any input to a logic element whereby the input 
voltage is quantized to represent a logical "O" 
or logical "l" is considered to be threshold 
sensitive.· 

When applied to MSI devices, the quantizing levels 
are understood to be equal to the Guaranteed Input 
Thresholds. 
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Restored True Level: 

Restored False Level: 

Nominal True Level: 

Nominal False Level: 

Restorer: 

Gate Element: 

Gate Offset: 1 

Logic Leve 1 : 

81700 HARDWARE RULES 
A 2209 6150 A 
SECTION 2 
PAGE 2 REV. A 

Voltage levels at the output of a logic element 
that satisfy the following conditions: 

2.4V:S::V0 H=:;;::3.35V @ Tj 25° C 

2.3V:S::V0 HS:3.35V @ Tj 100° C 

Where V oH is the logical "l" voltage at the 
output. 

The above equalities should apply for all accept
able DC loading of the device. 

Voltage levels at the output of a logic element 
that satisfy the following conditions: 

-1.ovsv0 L=::::::-o.ssv @ Tj 25° c 
-l.OV~V0L:S,::-0.40V @ Tj 100° C 

Where V oL is the logical "O" voltage at the 
output. 

The above inequalities should apply for all 
acceptable DC loading of the output. 

2.5 volts 

-o. 7 vol ts 

A logic element that will always have output 
voltages which correspond to either a Restored 
False Level or a Restored True Level. 

Any logic element for which the voltage swing 
at the output is always less than any voltage 
excursion at the input (s). 

For a CTL gate element· the output voltage will 
be determined by the most negative input voltage. 
In general, when this input voltage is at a true 
level the output will be less than the input; and 
when this input is at a false level the output 
will be greater than the input. The absolute 
magnitude of the difference between the output 
voltage and the most negative input voltage is 
the gate offset. True and false offset voltages 
are approximately equal to 200 millivolts/gate 
element. 

To describe the effects of gate elements on the 
true and false logic voltages, it has become 
convenient to define logic levels that correspond 
to transmission of a res.tored level through 
several gate elements. 

Level 0 is the output of a restorer and level n 
is the output of a cascade of n gates that !s being 
driven by a restorer 
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DEFINITION OF TERMS (Continued) 

'AMD' Function (•): 

'OR' Funct:l.on (+): 

Exclusive 'OR' Function ((9): 

Propagation Delay Time (Td): 

Pulldown Resistor: 

CTL Gate Load : 

DC False Level CTL Load (nf): 

DC True Level CTL Load (n ): 
t 

DC Input Loading: 

DC Output Loading: 

Output Drive Capability: 

--775 : .. 

A 2209 6150 
-- SECTION 2 

PAGE 3 REV. 

A true output occurs when all inputs are true. 
Basic CTL gates perform the 'AND' function. 

A true output occurs if any input is true. The 
'OR' function is provided by wiring together the 
outputs of two or more CTL logic elements. 

A true output occurs if an odd number of inputs 
is true. 

The tiine difference between the 10% voltage point 
and the 90% voltage point on the positive going 
edge of a waveform. 

The time difference between the 90'7. voltage point 
and the 10'7. voltage point on the negative going 
edge of a waveform. 

The time difference between the +l.O volt point 
on the input waveform and the +l.O volt point on 
the resultant output waveform. 

A resistor connected from the outp·ut of a logic 
element to the VEE supply voltage. The purpose 
of the pulldown resistor is to reduce the output 
fall time. 

One CTL gate load is equal to a 2 kilohm pulldown 
resistor in parallel with 5 pF. 

The ratio of DC·load current produced by a Nominal 
False Level to that current which would be pro
duced in a CTL gate load by the same voltage (i.e., 
load current divided by 0,65 mA). 

The ratio of DC load current produced by a Nominal 
True Level to that current which would be produced 
in a CTL gate load by the same voltage (i.e., load 
current divided by 2.25 mA). 

The load, at nominal levels, of the input to a 
device. 

The load presented by the output of a logic ele
ment when that output is being driven by a source 
which is wire 'OR'ed with that element. 

The number of DC True Leve•l CTL Loads that a logic 
element will be able to drive· at its output and· 
still maintain the proper logic level. 

A 

A 
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DC Output Ddve Capability/Package: The total number of DC True Level CTL Loads 
that may be driven by all outputs of logic 
elements within an IC package. This results 
from, the maximum power that can be dissipated 
by the dual in-line package. 

Logic String: Gate logic between two restorers. 

Clocked Logic String: Logic between two clocked restorers. 

Line: Wire or etching that connects two or more 
circuits or pulldowns. 

Source: Circuit driving a line. 

Line Loads: The number of loads, external to a source, that 
are connected to a line. This includes the out
put loading of other sources. 

Tap: Short length of etching (less than 6 inches) 
which connects one or more circuits (via a card 
connector) to any point along a backplane wire 
except at the ends of a backplane wire. 

'Y' That point on a line where a signal source can 
emanate in two directions. Each path of a 'Y' 
is called a leg. When that point is not a sig
nal source, it is a tap. 
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3.0 Device Descriptions, This section of the Bl700 Hardware Rules carries 
functional descriptions of those integrated circ.ui ts approved for use 
in the Bl700 systems. Both passive and active devices are included. 

CTL (Complementary Transi$tor Logic) Circuits. Those integrated 
circuits which have CTL input or output levels are described in 
subsection 3.1. 

TTL or T2L (Transistor-Transistor Logic) Circuits. Describes 
those 1"t. integrated circuits to be used in the Bl700. Sub
section, 3.2. 

MOS (Metal Oxide Semiconductor) Integrated Circuits, Describes 
serial and random access memory devices for the Bl700. Sub
section, 3.3. 

Interface Circuits. I.ine drivers, receivers, and sense ampli
fiers are described herein. Subsection 3.4. 

A 2209 
SECTION 
PAGE 1 

Miscellaneous Circuits. Descriptions of passive components, 
networks and linear amplifiers used in the Bl700, Subsection 3,5, 

6150 A 
3 

REV. A 
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3.1 CTL Integrated Circuits 

Element Type: 
Standard Assembly Number: 
Manufacturer's Type: 
Circuit Designation: 
Description of Operation: 

81700 HARDWARE RULES 

AFAN 

AF An 
1904 0179 
9822 

A 2209 6150 A 
SECTION 3.1 
PAGE 2 REV. (p 

·Dual Full Adder/Subtracter 

The AFAn consists of two separate adder/subtracter circuits with a common mode control, 
MO. A logical zero (one) input to the MO line will cause the circuit to add (subtract). 
All inputs are threshold sensitive. Outp~t~ are restored. Inputs A and B are the bits 
to be added (subtracted) and C is the carry (borrow) input. The functions computed are 
A + B or A - B. Output S is the sum or difference output, and outputs P arrl G are used 
with the CFBn Carry Logic Gate to comprise a fast adder. 

Type of Package: 

DC Input Loading: 

AO BO Al Bl 
CO Cl 
MO 

DC Output Loading: 

SO Sl 
PO Pl 
GO Gl 

DC Output Drive Capability: 

Data Inputs 
Carry/Borrow Inputs 
Mode Control Input 

Sum Outputs 
Propagate Outputs 
Generate Outputs 

16 Pin Dual in-line 

0.8 CTL Loads 
0.8 CTL Loads 
0.8 CTL Loads 

No Load (diode to ground) 
No Load (diode to ground) 
No Load (diode to ground) 

12 CTL Loads 

DC Output Drive Capability/Package: 72 CTL Loads 

Input Levels Allowed: 

Output Levels Generated: 

Propagation Delay Time: 

Pin Locations: 

TOP VIEW 

Gl ..,._ ~Sl 

GO 41111-- _..,.. Pl 

so ..,.__ v cc 

PO ..,.__ VEE 

GROUND ~Al 

AO ----... .,..__Bl 

BO ---...... ..,..___CI 

co __.. 4111f-MO 

AF An 

-- -~ --·-------,----- .----.~-- --~ 

Levels o, l, 2, 3, 4 

Level 0 

22 ns 

Logic Equations: 

S .. c o(A •B+A •B )+C' •(A .B +A .s) 
n n nnnn n nnnn 

G • MO•A ·B +R'O•A ·B n n n n n 

P • MO•(A •B +A •B )+M°O•(A ·B +A •B) n n n n n n n n n 

MO 

Cl Pl 
Bl p GI 
Al SI 

co R AFAN PO 
80 G B GO 
AO F c so 

FUNCTIONAL DIAGRAM 

--~ ------·----------~ 



AMCN 
3.l CTL Integrated Circuits (Continued) 

Elell\ent Type: AMCn 
Standard Assembly Number: 1123 9134 
Manufacturer's Type: CTL 9030 
clrcuit i:ieiigt\ation: a Bit Memory 
Description of Operation: . . 
The AMCn 8 Bit Memory is a semiconductor active memory with 4 words of 2 bits each. · 
Inputs are threshold sensitive and comprise four write lines, four read lines and 
two data lines. The two data outputs are not restored and represent two leveh of 
degradation. Reading one word is possible, while writing a second word. Also, the 
same information can be stored into fourlwords simultaneously. Each output must be 
fully loaded with 3.5 CTuL loads to -2V. 
Type of Package: 14 Pin Dual In-line 

DC Input Lo,ding@ vi= -0.7V/2.5V' 

10 Il Data Inputs 0/1.5 CTL Loads 
RO Rl R2 R3 Read Enable Inputs 0/1.5 CTL Loads 
WO Wl W2 W3 Write Enable Inputs 0/2.5 CTL Loads. 

DC Output Loading: 

QO Ql Data Outputs 

DC Output Drive Capability: 

DC Output Drive Capability/Package: 

Input Levels Allowed: 

Output Levels Generated: 

Propagation Delay Times: 

Read Access 
Data Set-up 
Minimum Write Pulse Width 

Pin Locations: 

TOP VIEW 

R3 __,,. _...Ql 

R2 ___..,. ...__11 

Rl __.,... v cc 

RO~ ....._W3 

GROUND ~W2 

QO ..,..___ ..,._Wl 

IO---....... ... WO 

AMCn 

No Load 

3.5 CTL Loads 

7 CTL Loads 

Levels o, 1, 2, 3, 4 

Level 2 

27 ns 
17 ns 
27 ns 

R3 
R2 
RI 
RO 

I I 

IO 

WO 
WI 
W2 
W3 

N 

G 

o}c B A 

AMCN 

HJJ K L 

p 

F 

QI 

QO 

FUNCTIONAL DIAGRAM 
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Burroutihs Corporation .~ _ = COMPUTER SYSTEMS GROUP 
SANTA BARBARA PLANT 

B 1700 HARDWARE RU LES 

BG-N/BF-N 
3.1 CTL lntegrated Circuits (Continued) 

Element Type: 
Standard ~ssembly Number: 
Manufacturer's Type: 
Circuit Designationi 
Descriptio~ of Operation: 

BF-n/BG-n 
1705 7563 

'9856 
Dual Buffer (2,2) 

A 2209 6150 A. 
SECTION 3.l 
PAGE 4 REV. D 

Each buffer has two inputs and performs the .AND function. All inputs ar<• thrl':>lwlcl 
sensitive and .the output level is restored. The package focluucs two scparntc 
resistors connected to VEE, rep?"esenting 2 CTL loads. 

Type of Package: 

DC Input Loading: 

DC Output Loading: 

DC Output Drive Capability: 

DC Output Drive Capability/Package: 

Input Levels Allowed: 

Output Levels Generated: 

Propagation Delay Times: 

14 Pin Dual-in-line 

0.8 CTL Loads 

No Load 

24 CTL Loads 

48 CTL Loads 

o, 1, 2, 3, 4 

0 

10 ns 

NOTE: BF-n and BG-n specify the same device. The two names orginated from 
D/A program options. Currently both designations are ~quivalent. 

Pin Locations: 

GROUND 

TOJ> VIEW 

v cc 

Logic Equations : 

N = P•B 

J = F•H 

J 
B 

A 

BG~O 

FUNCTIONAL DIAGRAM 



= = Burrouahs Corporation 

COMPUTER SYSTEMS GROUP 
SANTA BARBARA PLANT 

81700 HARDWARE RULES A 2209 6150 A 
SECTION·3.l 

BHAN 
3.1 CTL Integrated Circuits (Continued) 

Element Type: 
Standard Assembly .Number: 
Manufacturer's Type: 
Circuit Designation: 
Description of Operation: 

BHAn 
1904 0245 
CTL 9816 
Hex ·Restorer 

PAGE 5 REV. D 

The BHAn Hex Restorer contains six independent circuits in one package. 
Each circuit is non-inverting and provides a restored output. One of the six ~ircuits 
has two inputs t1nd produces an "ANO" function. Al 1 Inputs are threshold st>n~i tivc, 

Type of Pt1ckage: 

DC Input Loading: 

DC Output 1.oading: 

DC Output Ddve Capability: 

DC Output Drive Capability/Package: 

Input Levels AUowed: 

Output l.evt?ls Generated: 

Propagation Delay Times: 

Pin Locations: 
TOP VIEW 

----- ... 
.... _... 

----- v cc 

... VEE 

GROUND ~ 

.... .... 
,.... ...... 

.... .... 

BHAn 

16 Pin Dual In-line 

0.8 CTL Loads 

No Load (diode to ground) 

12 CTL Loads 

48 CTL Loads 

Levels O, 1, 2, 3 or 4 

Level 0 

12 ns 

A y 
B v 
y 

2 

F y 
G . y 
R y 

FUNCTIONAL DIAGRAM 
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· B 1700 HARDWARE RU LES 
B\J.rroutahs Corporation 

COMPUTER SYSTEMS GROUP 
SANTA BARBARA PLANT A 2209 6150 A 

SECTION 3.1 
PAGE 6 REV. E 

3.1 . CTL Integra.ted Circuits (Continued) 

Element Type: 
Standard Assembly Number: 
Manufacturer's Type: 
Circuit Designation: 
Description of Operation: 

CFAN 

CFAn 
1904 0195 
CTL 9824 
4 Bit Comparator 

The CFAn 4 Bit Comparator performs a parallel comparison of two binary numbers 
AO, ••• ,A4 and BO, ••• ,B4 where AO, BO are .the least significant and A4, B4 are 
the most· significant bits of the two numbers. The thr~e outputs of the compa
rator indicate whether A is less than B, equal to B or greater than B. Inputs 
are threshold sensitive and outputs are restored. 

Type of Package: 

DC Input Loading; 

AO Al A2 A3 A4 
BO Bl B2 B3 B4 

DC Output Loading: 

AL AE AG 

DC Output Drive Capability: 

Data Input-A 
Data Input-B 

DC Output Drive Capability/Package: 

Input Levels Allowed: 

Output Levels Generated: 

Propagation Delay Times: 

Any Input to Any Output 

Inputs 

~A0 1 ••• 1A4) vs (BOI' •• 1B42 

A Equal B 

A Less Than B 

A Greater Than B 

Pin Locations: 
TOP VIEW· 

Al ____.... ~ 

A2 
_.. ___..... 

A3 ___...,. v cc 

A4 __..,. 
VEE 

GROUND _..,.. 

AO 

AG 

AE 

84 ~ ____.., AL 

16 Pin Dual In-line 

0.8.CTL Loads 
0.8 CTL Loads 

No Load (diode to ground) 

12 CTL Loads 

36 CTL Loads 

Levels o, l, 2, 3, 4 

Level 0 

28 ns 

Outputs 

AG AL All: 

0 0 l 

0 l 0 

l 0 0 

B4 
A4 
B3 G D F 
82 R 
Bl s 
BO 
A3 c 
A2 B CFAN 

A Al p AO 

K 

N 

AE 

AG 

AL 

83 ___....... .....__ BO 
FUNCTIONAL DIAGRAM 

82 __..,... ..,,.__ Bl 

CF An 



Burroughs Corporation 

COMPUTER SYSTEMS GROUP 
SANTA BARBARA PLANT 

81700 HARDWARE RULES A 2209 6150 A 
SECTION 3.1 
PAGE . 7 REV. C 

3.1 CTL Integrated Circuits (Continued) 

Element Type: 
Standard Assembly Number: 
Manufacturer's Type: 
Circuit Designation: 
DesC:ripti.on of Operation: 

CFBN 

CFBn 
1909 0513 
CTL 9823 
Carry Lor,ic Cate 

TI1e CFBn Carry Logic Gate provides the necessary r,a ting for a "hi t;h speC'cl" hok ahead 
carry (borrow) for an adder (subtractor) circuit, Each Carry Logic c;ate i~ u~.-<'d in 
conjunction with a Group of four full adder/suhtr:ictors. Tnirnt:. to the 1·,ate dH~ the 
propagate and generate outputs of the adder/subtr<1ctor, Outputs of thC' gatC' 1.;i. l l be 
the carry inputs to the adder/subtracter circui.ts, Input~ are not lhrC'shol•I ''C'll~~itiv(• 

and outputs are degraded one offset level· below the inputs. 

Type of Package: 

DC Input Loading: 

GO Gl G2 C3 
PO Pl P2 P3 

- CI 

DC Output Lo~ding: 

DC Output Drive Capability: 

Generate Inputs 
Propagate Inputs 
Carry Input 

DC Output Drive Capability/Package: 

In.put Leve ls Allowed: 

Output '1Levels Generated: 

Propagation Delay Times: 

Pin Locations: 

TOP VIEW 

G2~ ~G3 

Gl~ ~co 

GO___.,. v 
cc 

CI~ VEE 

GROUND ___,....Cl 

PO ....__..,. __..,.C2 

Pl ~ __.,.... C3 

P2 
___,.. ,..._P3 

CFBn 

16 Pin Dual In-line 

1 CTL Load 
1 CTLLoad 
1 CTI. Load 

No Load 

12 CTL Loads 

q8 CTL Loads 

Levels o, 1, 2, 3 

Input Level +l 

6 ns 

Logic Eqciations: 

co = GO+ po.er 

cl = cl + pl ·Co 

c2 "' Gz + P2 ·cl 

C3 G3 + P3•(G2+P2·(n1+P1·~0)) 
NOTE: CI does not 

thru to C3. 

s 
p 

R 

P3 
G3 
P2. 
G2 
P1 
G1 
PO 
GO 

---~ 
G 

___ JL 
F 
c 

CI 

H 

J 

K 

N 
CFBN 

DJ 

propoga te 

C3 

C2 

C1 

co 

FUNCTIONAL DIAGRAM 



Burroughs Corporation 

COMPUTER SYSTEMS GROUP 
SANTA BARBARA PLANT 

81700 HARDWARE RULES 

DFAN 
l. l CTL Integrated Circuits (Continued) 

Element Type : 
Standard Assembly Number: 
Manufacturer's Type: 
Cfrc \Ji f-Des igna t ion: 
Description of Operation: 

DFAn 
1904 0161 
CTL 9838 
1 of 8 Decoder 

A 2209 6150 A 
SECTION 3.1 
PAGE 8 REV.B 

The DFAn 1 of 8 Decoder converts a three bit address AO, Al, A2 to one of eight 
mutually exclusive outputs.ZO, ••• , Z7. The circuit has an enable line EO and 
an inhibit line 'ET. Inputs are threshold sensitive and outputs are restored. 

Type of Package: 

DC Input Loading: 

AO Al A2 
EO fi 

Address Inputs 
Enable, Inhibit 

DC Output Loading: 

ZO Zl Z2 Z3 
Z4 Z5 Z6 Z7 

Decoded Outputs 
Decoded Outputs 

DC Output Drive Capability: 

DC Output Drive Capability/Package: 

Input Levels Allowed: 

Output Levels Generated: 

Propagation Delay Times: 

Address to Output 
Enable/Inhibit to Output 

The data inputs (AO, Al, A2) must be 
stable a minimum of Sns prior to en
abling the decoder if elimination of 
logic noise is necessary. 

Pin Loc-.tions: 

TOP VIEW 

Zl ..,..__ ___....... 

zo ...,.___ _..... 

El ~ v cc 

EO ___.,. VEE 

GROUND 
_.,... 

A2 ___... _...__.. 

Al __....,. ___.. 

AO ___... __...,.... 

DFAn 

Z2 

Zl 

Z4 

Z5 

Z6 

Z7 

16 Pin Dual In-line 

0.8 CTL Loads 
0.8 CTL Loads 

No Load (diode to ground) 
No Load (diode to ground) 

12 CTL Loads 

96 CTL Loads 

Levels O, 1, 2, 3, 4 

Level 0 

12 ns 
12 ns 



BurrouQhs. Corporation m · == COMPUTERSYSTEMSGROUP '81700 HARDWARE RULES A 2209 6150 A 
SECTION 3.1 
PAGE '9• REV. A 

SANTA BARBARA PL.ANT 
=-. ...=. 

DFAn Continued 

A2 
Al 
AO 

IT 
EO 

RlGlF 

DFAN 

qo 

s 
H 
J 
K 
N 
p 
A 
B 

Z7 
Z6 
Z5 
Z4 
Z3 
Z2 
ZI 
zo 

FUNtTIONAL DIAGRAM 

DFAN 

TTuth Table: 

Inputs Outputs 
EO 'El A2 Al AO ZO Zl Z2 Z3 Z4 ZS Z6 Z7 

1 0 0 0 0 l 0 0 0 0 0 0 0 

l 0 0 0 l 0 l 0 0 0 0 0 0 

l 0 0 l 0 0 0 1 0 0 0 0 0 

1 e 0 l 1 0 0 0 1 0 0 0 0 

1 0 1 0 0 0 0 0 0 1 0 0 0 

1 0 1 0 1 0 0 0 0 0 1 0 0 

1 0 l 1 0 0 0 0 0 0 0 1 0 

l 0 l l l 0 0 0 0 0 0 0 1 

0 x x x x 0 0 0 0 0 0 0 Q 

x l x x x 0 0 0 0 0 0 0 0 

X =don't care bits - may be 0 or 1. 



- Burrou~hs Corporation ""?\ 
COMPUTER SYSTEMS GROUP 'IJ 81700 HARDWARE RULES A 2209 6150 A 

SECTION 3.1 
PAGE 10 REV. C 

SANTA BARBARA PLANT -

EFAN 
3.1 . CTL Integrated Circuits (Continued) 

Element Type: 
Standard Assembly Number: 
Manufacturer's Type: 

-circuit:"lis.igna tioni. 
Description of Operation: 

EFAn 
1914 0748 
CTL 9883 
Priority Encoder 

_The EFAn Priority Encoder is designed to provide a three bit address ZO, Zl and Z2 which 
·'.corresponds to the highest priority true input that exists on data inputs IO, ••• I7. 
The circuit has an inhibit line 'EO. When the inhibit is true, the address outputs 
remain at a logical zero. An output Al will be true if any one of the data lines is 
true. Inputs are threshold sensitive and outputs are restored. 

Type of Package: 

DC Input L6ad~ng: 

IO Il I2 I3 
I4 I5 I6 I7 
E6 

DC Output Loading: 

ZO Zl Z2 
AI 

DC Output DrivP. Capability: 

Data Inputs 
Data Inputs 
Inhibit Input 

Address Outputs 
Input Indicator 

DC Output Drive Capability/Package: 

Input Levels Allowed: 

Output Levels Generated: 

Propagation Delay Times: 

Input to Address Output 
Input to AI Output 
Inhibit to Address Output 

Pin Locations· 
_....;;.TO""-"P VIEW 

Il__... 

12.--+-

13......__..... 

I4__... 

GROUND __..,. zo 

I5 ___...,.. 

I6 __,... _....Z2 

17__... ~AI 

EFAn 

16 Pin Dual In-line 

0.8 CTL Loads 
0.8 CTL Loads 
0.-8 CTL Loads 

No Load (diode to ground) 
No Load (diode to ground) 

12 CTL Loads 

48 CTL Loads 

Levels o, 1, 2, 3, 4 

Level O 

16 ns 
16 ns 
16 ns 



Burroughs. Corporation m . == COMPUTER SYSTEMS GROUP · -
SANTA BARBARA PLANT 

EFAn Continued 

I 7 ____n,__,.--
16 i----AI 
15 
14 
13 
12 BA 
11 

~....._ Z2 
EFAN 1--i"'-J - Z I 

~K_zo 
I 0 __._P--L.-..J 

EO __ ..._,..;N~ 

FUNCTIONAL DIAGRAM 

----- ~-----·---------

81700 HARDWARE RULES 

EFAN 

Truth Table: 

A 2209 6150 A 
SECTION 3.1 
PAGE 11 REV. A 

INPUTS OUTPUTS 
17 .16 15 I4 n I2 II IO m Ai Z2 Zl ZO 

x x x x x x x x 1 * 0 0 

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

·O 0 0 0 0 0 0 1 0 1 0 0 

0 0 0 0 0 0 1 x 0 1 0 0 

0 0 0 0 0 1 x x 0 l 0 1 

0 0 0 0 l x x x 0 1 0 l 

0 0 0 1 x x x x 0 1 l 0 

0 0 1 x x x x x 0 1 1 0 

0 1 x x x x x x 0 1 1 l 

1 x x x x x x x 0 1 1 l 

X don't care bits - may be. 0 or 1. 

* AI = Io+Il+I2+I3+I4+I5+I6+I7 

0 

0 

0 

l 

0 

l 

0 

1 

0 

1 

. , 
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SANTA BARBARA PLANT 
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SECTION 3.1 

~§§§§§§§§§§§§§§§§§§§§§§§§§§~~W PAGE 12 REV. D 

3.1 CTL Integrated Circuits (Continued) 

Element Type: 
Standard Assembly Number: 
Manufacturer's Type: 
Circuit Design•tion: 
Description of Operation: 

FFAN 

FF An 
1779 6137 
CTL 9828 
Dual JK/D.Flip-Flop 

The FFAn Dual JK/D Flip-Flop contains two storage element~ that may be used in the JK 
or D..:set mode depending upon the state of the mode control lines. E.:ich fUp-flop has 
a separalt mode control. A false (true) input to the nioue control line will t'nable the 
JK (D-set) modes of operation. A common clock is provided for the flip-flops. Transi
tion will occur on the negative going edge of the clock. Inputs are threshold sensitive 
and outputs are restored. 

Type of Package: 

DC Input Loading: 

Data Inputs 
Data Inputs 

JO KO DO 
Jl Kl Dl 
MO Ml 
PO 

Mode Control Inputs 
Clock Inputs 

DC Outµut Loading: 

QO QO 
Ql QT 

F/F Outputs 
F/F Outputs 

DC Output Drive Capability: 

DC Output Drive Capability/Package: 
Except Clock 

Input Levels Allowed: Clock 

011tput Levels Generated: 

Propagation Delay Times: 

Clock (-) to Output 
Data Set-up Time 
JK to D Enable Set-up Time 
D to JK Enable Set-up Time 
Minimum Clock Pulse Width 

Pin Locations: 
TOP VIEW 

VEE 

GROUND 

-Qi' 

FF An 

Ml 
MO 
JO 
DO 
KO 

JI 
DI 
Kl 
PO 

16 Pin Dual In-line 

0.8 CTL Loads 
0.8 CTL Loads 
0.8 CTL Loads 
0.8 CTL Loads 

No Load (diode 
No Load (diode 

12 CTL Loads 

48 CTL Loads 

Leve ls O~ 
Levels -0, 
Level 0 

17 ns 
10 ns 
10 ns 
10 ns 
17 ns 

1, 
1, ~· 

to ground) 
to ground) 

3, 4 

Mode Control Logic: 

Mn Mode of <!e_eration 

0 JK . c'K ·Q +J ·q >-~ n n n n 

l D·Set 0n-Qn 

QO M 

~: J QO D 

QI K 

J 
p 

QT 

FUNCTIONAL DIAGRAM FUNCTIONAL DIAGRAM 

ENTIRE CHIP QNE DEVICE 

When the same single ended outputs of both flip-flops are loaded with more than 3 MSI 
loads and both outputs can switch simultaneously then both Vee and Vee must be by.passed 
with .1 uf within 1.5" of th€: device (see std ckt section for de.tails). 



Burroul}hs Corporation 

COMPUTER SYSTEMS GROUP 
SANTA BARBARA PLANT 

81700 HARDWARE RULES A 2209 6150 A 
SECTION 3.1 
PAGE 13 REV. D 

GFBN 
3.1 CTL Integrated Circuits (Continued) 

Element Type: 
Standard Asserr.bly Number: 
Manufacturer's Type: 
"Circuit Designation: 
Description of Operation: 

Type of Package: 

DC Input Loading: 

DC Output Loading: 

DC Output Drive Capability: 

DC Output Drive Capability/Package: 

Input Level s Al lowed: 

Output Levels Generated: 

Propagation Delay Times: 

Because these gates are linear devices, the 
delay of a cascade of gates is: 

n = 1 
n = 2 
n = 3 
n = 4 

Pin Locations: 

Td 
Td 
Td 
Td 

TOP VIEW 

GFBn 

6ns 
8.5ns 

llns 
12ns 

...___ 

----
v cc 

VEE 
__..,.. 

..,.._ 

.,..____ 

GFBn 
1916 5851 
CTL 9854 
Dual AND Gates (4,4) 

14·Pin Dual-in-Line 

1 CTL L9ad 

1 CTL Load 

12 CTL Loads 

24 CTL Loads 

o, 1, 2, 3 

Input Level +l 

6 ns 

Logic Equations: 

p 

A 
B 

N = A·B·C·P 

K = F·G·H•J 

GFBI 

FUNCTIONAL DIAGRAM 



GFEN 
3.1 CTL Integrated Circuits (Continued) 

Element Type: 
Standard Assemblv Number: 
Manufacturer's Type: 
-C:frcu1 i- beslgna don: 
Description of Operation: 

Type of Package: 

DC Input Loading: 

DC Output Loading: 

DC Output Drive Capability: 

DC Output Drive Capability/Package: 

Input Levels Allowed: 

Output Levels Generated: 

Propagation Delay Times: 

Because these gates are linear devices, the 
delay of a cascade of gates is: 

n = 1 
n = 2 
n = 3 
n = 4 

Pin Locations: 

Td = 6ns 
Td = 8.5ns 
Td = llns 
Td = 12ns 

TOP VIEW 

GROUND 

GFEn 

GFEn 
1916 5133 
CTL 9865 
Quad Gates (1,1,1,1) 

14 Pin Dual-in-Line 

1 CTL Load 

1 CTL Load 

12 CTL Loads 

48 CTL Loads 

o, 1, 2, 3 

Input Level +l 

6 ns 

Logic Equations: 

B =A 

F = G 

J • H 

N • p 

~ 
~ 

FUNCTIONAL DIAGRAM 



COMPUTER SYSTEMS GROUP 
SANTA BARBARA PLANT 

81700 HARDWARE RULES 

GFFN 
3.1 . CTL Integrated Circuits (Continued) 

Element Type: 
Standard Assembly Number: 
Manufacturer's Type: 
Circuit Funcil6n: 
Description of Operation: 

GFFn 
1916 5794 
CTL 9866 

A 2209 6150 A 
SECTION 3.1 
PAGE 15 REV. C 

Quad AND, AND/OR Gates (2,2 1 2+2) 

Two of the AND functions are directly available. The other two are internally wired
OR and the combined function is externally available. 

Type of Package: 

DC Input Loading: 

DC OUtput Loading: 

DC Output Drive Capability 

DC Output Drive Capability/Package: 

Input Levels Allowed: 

Output Levels Generated: 

Propagation Deley Times: 

Because these gates are linear devices, the 
delay of a cascade of gates is: 

n = l Td = 6ns 
n"" 2 Td = s.sns 
n = 3 Td = llns 
n= 4 Td = 12ns 

Pin Loca tlons: 
TOP VIEW 

GFFn 

14 Pin Dual In-line 

l CTL Load 

l CTL Load 

12 CTL Loads 

36 CTL Loads 

o, 1, 2, 3 

Input Leve 1 +l 

6 ns 

Logic Equations: 

N = C·D 

K = F•G + H•J 

FUNCTIONAL DIAGRAM 



GFIN 
3.1 CTL Integrated Circuits (Continued) 

Element Type: 
Standard Assembly Number: 
Manufacturer 1 s Type: 
Circu~t Des-i"gnation: 
Description of Operation: 

Type of Package: 
DC Input Loading: 
DC Output Loading: 
DC Output Drive Capability: 
DC Output Drive Capability/Package: 
Input Levels Allowed: 
Output Levels. Generated: 
Propagation Delay Times: 

Because these gates are linear devLces, the 
delay of a cascade of gates is: 

n = l 
n = 2 
n = 3 
n • 4 

CTL 9875 

Pin Locations: 

Td = 6ns 
Td = 8.Sns 
Td = llns 
Td == l2ns 

AND GATE 4, 3, 3 

GFIN 

TOP VIEW 

CF!n 

GFin 
1911 9098 
CTL 9875 
Triple AND Gates (4,3,3) 

14 Pin Dual-in-Line 
l CTL Load 
1 CTL Load 
12 CTL Loads 
36 CTL Loads 
o, 1, 2' 3 
Input Level +1 
6 ns · 

Logic Equations: 

R 
s 
H 
J 

P = A•B•C 
N = O•F•G 
K = R•S•H•J 

FUNCTIONAL DIAGRAM 



Burrou'1hs Corporation 

COMPUTER SYSTEMS GROUP 
SANTA BARBARA PLANT 

B1700 HARDWARE RULES 

GF JN OR GLJN * 
3.1 CTL Integrated Circuits (Continued) 

Element Type 1 

StandaTd Assembly Number: 
Manufacturer's Type: 
·circuit- nesignation: 
Description of Operation: 

Type of Package: 

DC· Input Loading: 

DC Output Loading: 

DC Output Drive Capability: 

DC Output Drive Capability/Package: 

Input Levels Allowed: 

Output Levels Generated: 

Propagation Delay Times: 

Because these gates are linear devices, the 
delay of a cascade of gates is: 

n • 1 
n • 2 
n • 3 
n • 4 

Pin Locations: 

Td = 6ns 
Td • 8.5ns 
'N = llns 
Td • 12ns 

TOP VIEW 

GFJn 

GFJn 
1911 9106 
CTL 9874 

A 2209 6150 A 
SECTION 3.l 
PAGE 17 REV• C 

Quad AND Gates (3,2,2,2) 

16 Pin Dual-in-Line 

1 CTL Load 

1 CTL Load 

12 CTL Loads 

48 CTL Loads 

o, 1, 2, 3 

Input Level+l 

6 ns 

Logic Equations: 

P • A"B 

N • ~·U 
X • F•d•R 

J • H•S 

~ 
~ 
~ 
~ 

FUNCTIONAL DIAGRAM 

*GFJN is the preferred current designation for this chip and should be used. 
GLJN originally implied use of the chip as a black box (for DA processing), 
now no longer the case. Both designations currently yield exactly rhe same 
result~ through DA processing. 
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GFKN 
3.1 CTL Integrated Circuits (Continued) 

Element Type: 
Standard Assembly Number: 
Manufacturer's Type: 
Circun DeSignation: 
Description of Operation: 

Type of Package: 

DC Input Loading: 

DC Output Loading: 

DC Output Drive-Capability: 

DC Outp~t Drive Capability/Package: 

Input Levels Allowed: 

Output Levels Generated: 

Propagation Delay Times: 
Because these gates are linear devices, the 
delay of a cascade of gates is: 

n = 1 Td = 6ns 
n = 2 Td = 8.Sns 
n = 3 Td = llns 
n = 4 Td = 12ns 

Pin Locations: 

TOP VIEW 

___..,. ___..,. 
__....,.. __....,. 
_....,.. Vee 

____..,.. 
VEE 

GROUND ~ 

----... __... 

__....,.. ...,.__ 

___..,. ...,._ 

GFKn 

GFKn 
1918 4282 
CTL 9&63 
Quad AND Cate.s (3,2,2,2) 

16 Pin Dual-in-Line 

No Load 

No Load 

12 CTL loads 

48 CTL loads 

o, 1, 2' 3 

Input Level +1 

6 ns 

Logic Equations: 

P = A•B 

N = C•D 

K = F•G•R 

J = H•S 

~ 0 

~ I 

~ 2 

H . 

~ 
FUNCTIONAL DIAGRAM 
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81700 HARDWARE RULES 

IF-N 
3.1 CTL Integrated Circuits (Continued) 

Element Type: 
Standard Assembly Number: 
Manufacturer's Type: 
Circuit Designation: 
Description of Operation: 

IF·n 
1705 7480 
CTL 9852 
Dtiat Inverter (2,2) 

A 2209 6150 A 
SECTION 3.1 
PAGE 19 REV. E 

Each inverter has t.wo inputs and performs the NOR function. All inputs are threshold 
sensitive and the output levE'l. 1.s restor"'d. Tl~c nAr.k;i~I! fnr.lur!ec two separate re~istor~ 
connP.cted to \IEE' each representing 2 CTL loads. 

Type of Pack~;;c: 14 Pin Dual-in-Line 

DC Input Loading: 

DC Output Loading: 

DC Output Drive Capability: 

DC Output Drive Cap:3bility/Package: 

Input Levels Allowed: 

Output Levels Generated: 

Propa~ation Delay Times: 

Pin Locations: 

TOP VIEW 

_ _.,... 

____...,.. ___... 

v 
cc 

VEE 

GROUND 

____... _.. 

.____.... 

IF-n 

0.8 CTL Loads 

l CTL Load 

24 CTL Loads 

48 C1'L Loads 

o, 1, 2' 3' 4 

0 

12nS 

15nS 

Logic 

Fan out of 12 

Fan out of 24 

Equations: 

N=A+B' 
J = F+'"'G 

A 

B 

F 

G 

N 

J 

FUNCTIONAL DIAGRAM 
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!HAN 
3.1. CTL· Integrated Circuits (Continued) 

Element Type: 
Standard Assembly Number: 
Manufacturer's Type: 
Circuit Designation: 
Description of Operation: 

IHAn 
1904 0252 
C'l,'L 9806 
Hex Inverter 

The IHAn Hex Inverter contains six inverting circuits in one package. One of the six 
circuits has two inputs and produces a "NOR" function. Inputs are threshold sensitive 
and outputs arc restored. 

Type of Package: 

DC Input Loading: 

DC Output Loading: 

DC Output Drive Capability: 

DC Output Drive Capability/Package: 

Input Levels Allowed: 

Output Levels Generated: 

Propagation Delay Times: 

Pin Locations: 

TOP VIEW 

!HAn 

16 Pin Dual In-line 

0.8 CTL Loads 

No Load (diode to ground) 

12 CTL Loads 

48 CTL Loads 

Levels O, 1, 2, 3, 4 

Level 0 

12 ns 

FUNCTIONAL DIAGRAM 
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3.1 CTL Integrated Circuits (Continued) 

Element Type: 
Standard Assembly Number: 
Manufacturer's Type: 
Circuit Designation: 
Description of Operation: 

LFAN 

LFAn 
1779 6145 

CTL 9834 
Quad Latch 

The LFAn Quad Latch contains four storage elements with common mode control lines 
MO and ML Four modes of operation are possible. These are: 1) No Action: 2) Bit 
Set; 3)' Clear; and 4) D-Set. The circuit has two clock inputs, PO and Pl. 
Transition bet~een logic states will take place on the positive going edge of the 
"AND" function for the two clock inputs. A common read enable line EO allows an 
interrogation of the device states. EO false will render the output false. 

Type of Package: 

DC Input Loading: 

IO 11 12 13 
MO Ml 
PO Pl 
EO 

DC Output Loading: 

QO Ql Q2 Q3 

DC Output Drive Capability: 

Pata Inputs 
Mode Control Inputs 
Clock Inputs 
Read Enable Input 

Latch Outputs 

DC Output Drive Capability/Package: 

Input Levels Allowed: 
Data Inputs IO, 11, 12, 13 
Mode Controls MO, Ml 
Clock lnputs PO, Pl, 
Read Enable 

Levels o, 
Levels 0 
Level 0 
Levels O, 

16 Pin Dual In-line 

0.8 CTL Loads 
0.8 CTl. Lands 
0.8 CTL Loads 
0.8 CTL Loads 

No Load (diode to ground) 

12 CTL toads 

48 CTL Loads 

1. 2, 3, 4 

1, 2, 3 

NOTE: Clock and Mode Control input lines must 
be restored externally to avoid "notch" problems. 

Output Levels Generated: 

Propagation Delay Times: 

Pata to Output 
Mode Controls to Output 
Clock (+) to Output 
Read Enable to Output 
Data & Mode Control Set-up Time 
Minimum Clock Pulse Width 

Pin Locations: 

IO ---

11 ---

I2 --

IJ ---

GROUND 

Ml ---

Pl ---

TOP VIE\./ 

Level 0 

22 ns 
22 ns 
22 ns 
12 ns 
12 ns 
17 ns 

--QO 

--Ql 

--Q2 

---Q3 

---EO 

---PO 
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MFAN 
3.1 CTL Integrated Circuits (Continued) 

Element Type: 
Standard Assembly Number: 
Manufactuer's Type: 
Circuit Designation: 
Description of Operation: 

MFAn 
1904 0187 

. CTI. 9881 
8-!nput Multi pl cxr:r 

'The 8-input multiplexer contains fully on-chip bi.nary decodln~ data '>el<'c:tion. Thr~ 
Enable input performs the enabling function for the chlp. 

Type of Package: 16 Pin Tlual Tn-1.illl~ 

. DC Input Loading: 

IO Il I2 I3 
I4 IS I6 I7 
AO Al A2 EO 

Data Inputs 
Data Inputs 
Address/Enable 

DC Output Loading: 

DC Output Drive Capability: 

DC Output Drive Capability/Package: 

Input Levels Allowed: 

Out.put Levels Generated: 

Propagation Delay Times: 

Data to Output 
Address to Output 
Enable to Output 

'The data and address inputs must be stable a 
minimum of 5ns prior to enabling the multi
plexor for eliminating inputs logic nol:;e 
effects. 

Pin Locations: 
TOP VIEW 

Il ____._ 
_. __ IO 

12 __...,. ..,.__EO 

I3--- v cc 

14~ VEE 

GROUND ....,.___AO 

IS __.,.... .,._Al 

16 _.... ....._A2. 

17 ____.,. ------... zo 

MFAn 

0.8 CTI. l.uads 
0.8 C'l1. Imirls 
0,8 CTL I:ood 

No Load (Diode connected to gro~rid) 

12 CTL Loads 

12 CTL Load:, 

o, 1, 2' 3' '~ 

0 

16 ns 
20 ns 
16 ns 

Logic Equations: 

zo = Oo·Ao·A1 ·A2 + I1 ·Ao·A'1 ·A"2 + 

I2·Ao·A1·A2 + I3•Ao·A1·A2 + 

I4·Ao·A1·A2 + I5·Ao·A1·A2 + 

T6·Ao·A1·A2 + T7·Ao·A1·A2)·EO 

A2 
Al 
AO 

17 
16 
15 
14 
13 
12 
II 
10 

EO 

_E 
G 
F 
D 

B 
A 
p 

K J H 

MFAN 

N 

s zo 

FUNCTIONAL DIAGRAM 
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3.1 

.MI 
MO 

13 Q3 

12 c K Q2 

I I B 
LFAN 

N QI 

IO A QO 

Pl R S H 
PO 
EO 

Mode Control Logic: 

Ml MO Modes of QQeration 

0 0 No Action Qn _.,. Qn 

0 1 Bit Set (I~)___.,. Q n n 
1 0 Clear 0 _.,. Q 

n 
1 .1 D-Set I --...Q .n n 

NOTE: 1. When the circuit is in the Bit Set mode 
during the clock pulse, the latch traps the 
true input and does not change state again. 

Operation of the I.FAn Quad J:atch during the 
D-Set mode will be as follows: 

a) · After both clock lines become true the . . ' output On wi~l follow the inputs In. 

FUNCTIONAL DIAGRAM 
b) After. 1 or both .. clocks be.come false, 

EO PO 

l 0 
1 0 
1 1 
1 1 
l 1 
l l 
l 1 
l l 
1 1 
l 1 

~i (t +· 1) = 

TIME t 

Pl MO Ml 

0 x x 
0 x x 
1 0 0 
l 0 0 
1 ·l 0 
l l 0 
l 0 1 
l 1 0 
1 1 1 
1 1 l 

the output will remain latched in that state 
which occurred irranediately prior to the ne
gative transition of the clock (S). 

TIME (t+l) 

I Q Q 

x 1 l 
x 0 0 
x 1 1 
x 0 0 
0 l 1 
0 0 0 
x x 0 
1 x 1 
O' x 0 
l x 1 

(PO•Pl•MO•Ii+Qi•Ml+Qi•PO•Pl) 

i = o, 1, 2, 3 

NOTE: It is suggested that the mode lines be steady a mode control set-up 
time before the positive edge of the clock and held till the trailing 
edge with the hold time = OnS. This is important· if the stored data 
is important otherwise the mode controls may be changed during the 
positive clock time. If the mode lines are changed during the positive 
clock the previously stored data will be lost. 
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MOPN 
3.1 CTL Integrated Circuits (Continued) 

Element Type: 
Standard Assemblv Number: 
Manufacturer's Type: 
c:1rc ii ft ties igna ti.on: 
Description of Operation: 

MOPn 
1916 6115 
CTL 9877 . 
Micro-opera.tor 

A 2209 6150 A 
SECTION 3.1 
PAGE 'l!+ REV. B 

The MOPn Micro-operator is a special circuit consisting of two 3 input AND gates and 
several isolated outputs per gate. The Micro-opeotor has four inputs IO, Il, I2 and 
t3. One AND gate has five isolated outputs (inputs are IO, Il and 12) while the 
second AND gate has four isolated outputs (inputs are 11, 12 and 13). Inputs are 
threshold sensitive and outputs are restored. 

Type of Package: 

DC Input Loading: 

IO Il I2 I3 

DC Output Loading: 

YO Yl Y2 Y3 
ZO Zl Z2 Z3 Z4 

DC Output Drive Capability: 

DC Output Drive Capability/Package: 

Input Levels Allowed: 

Output.Levels Generated: 

Propagation Delay Times: 

Pin Locations: 

TOP VIEW 

Y2 ...,._ --.... 

Y3 ...,._ ~ 

13 
_..,. v cc 

I2 __.,... 
VEE 

GROUND 
__._.. 

Il 
___...,. ____..., 

IO __....,.. __..,. 

zo ...,._ _..,.. 

MOPn 

Yl 

YO 

Z4 

Z3 

Z2 

Zl 

16 Pin Dual In-line 

No Load 

No Load (diode to ground) 
No Load (diode to ground) 

12 CTL Loads 

60 CTL Loads 

Leveis O, 1, 2, 3, 4 

Level 0 

14 ns 

Logic Equations: 

YO = Il • I2 • I3 
Yl = Il• 12· I3 
Y2 = ll • t2 • I3 
Y3 = tl•I2•I3 

ZO = IO• Il• I2 
Zl = IO• Il • !2 
Z2 = t0•Il•I2 
Z3 = IO•tl•l2 
Z4 = IO• Il• t2 

13 

12 

11 

10 

c 
D 

F 

G· 
MOPN 

R1 

B 
A 
p 
N 
K 
J 
H 
s 

Y3 
Y2 
YI 
YO 
Z4 
Z3 
Z2 
ZI 

zo 
FUNCTIONAL DIAGRAM 
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RFAN 

J.l CTL Integrated Circuits (Continued) 

Element Type: 
Standard Assembly Number: 
Manufacturer's Type: 
Circuit Designation: 
Description of Operation: 

RFAn 
2201 4096 
3405. 
J Bit Register 

The RFAN J Bit Register consists of three storage elements (Flip-Flops) together 
with the necessary internal gating to perform several logical operations depending 
upon .the states of three mode control lines MO, Ml and M2. The functions av!'lilable 
are: 1) No Action; 2) Bit Reset J) D-Set; 4) Bit Set; 5) Binary Addition; 
6) Binary Subtraction; 7) Shift Up; and 8) Shift Down. The circuit also has a 
synchronous reset line RO. The QO, Ql and Q2 transitions will occur on the negative 
going edge of the clock PO. The carry output during addition and subtraction is 
asynchronous, and is valid a maximum of 24 ns after the inputs are stable. Cl and 
CO are synchronous when shifting. The inputs are not fully threshold sensitive. 
Outputs are restored, 

The carry output of a chip should not be fedback into the inputs of the 
same chip. 

Type of Package: 

DC ~nput Loading@ Vi=,~0.7V/2.5V 

IO Il 12 
CI 
co 
MO Ml M2 
PO RO 

DC Output Loading: 

QO Ql Q2 
CI 
co 

DC Drive Capability: 

QO Ql Q2 
CI CO 

Data Inputs 
Carry In 
Carry Out 
Mode Control Inputs 
Clock, Clear Inputs 

Register Outputs 
Carry In 
Carry Out 

Register ~utputs 
Carry In, Carry Out 

DC Drive Capability/Package: 

QO Ql Q2 
CI CO 

Input Levels Allowed: 

IO Il I2 
cr,co 
MO Ml M2 
PO 
RO 

Output Levels Generated: 

QO Ql Q2 
CI CO 

Register Outputs 
Carry In, Carry Out 

Data Inputs 
Carry In, Carry Out 
Mode Control Inputs 
Clock 
Clear Input 

Register Outputs 
Carry In, Carry Out 

16 Pin Dual In-Line 

0.4/0.8 CTL Loads 
0.4/0.8 CTL Loads 
0.4/0.8 CTL Loads 
0.4/0.8 CTL Loads 
0.4/0.8 CTL Loads 

No Load (diode to ground) 
0.4/0.8@ V =-0.7V/2.5V 
No Load 0 

12 CTL Loads 
8 CTL Loads 

36 CTL Loads 
16 CTL Loads 

Levels o, 1, 
Levels o, 1, 
Level o, 1, 
Level o, 1, 
Levels o, l, 

Level 0 

2 
2 
2 
2 
2 

Level 1 (Not Input +l) 

E 
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RFAN 
3.1 CTL Integrated Circuits (Continued) 

Propagation Delay Times: 

Clock (-) to Output 
Cloclt (-) to CO 
Clock (•) to CI 
Carry In to carry Out 
Mode Contt:ol to CO 
Data Set-up Time {Add &. Subtract) 
Data Set-up Time {othet: modes) 

.Clear Set-up Time 
Mode Control Set-up Time 
Data, Mode and·Clear Hold Times 
Minimum Clock Pulse Width 

21 ns 
39 ns 
39 ns 
2/t ns 
38 ns 
24 ns 
11 ns 
17 ns 
28 ns 
6 ns 

17 ns* 

* Clock Pulses less than this minimum may cause loss of stored data {even in 
"NO-ACTION" mode). 

RFAN 

.. 

Pin Locations: 

TOP VIEW 

10 _.,... ___.,.. QO 

11 ~ 
_.... Ql 

12 _..,.. Vee 

!12 
__...,. 

VEE 

GROUND __.,... Q2 

Ml --... ---- RO 

MO ...__-po 

Cl ....._.. co 

RFAn 

Mode Control Logic: 

M2 Ml MO Modes of O:iern t ion 

0 0 0 No Action Qn-Qn 
0 0 l Bit Reset ( 1n + qn) ._ Q'n 

0 l 0 D·Set. In ......,.Qn 

0 l l Bit Set (In+ Qn)-Qn 

l 0 0 Add (See Below) 

l 0 1 Subtract (See Below) 

l l 0 Shift Up Ci-""Qo-..Qt -+Q2 - Co 

l 1 l Shift Down c0-Q2 .... ql-QO = Ci 

ADD The bits IO, Il and I2 are added to QO, 
~l and Q2, and the result will replace QO, 

Ql and Q2.• Cl is the carry input and CO 
the carry output. IO and QO are the least 
significa~ bits, 

SUBTRACT The bits IO, Il a.nd l2 are subtracted 
from QO, Ql and Q2 and the result will 
replace QO, Ql and Q2. Ci is the borrow 
input and co is the borrow out~ut. IO and 
QO are the least significant blts. 
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RFAN Continued 

M2 

0 

0 

0 

0 

l 

l 

1 
1 

Ml 

0 

0 

1 

l 

0 

0 

l 
1 

MO 

0 

.1 

0 

1 

0 

l 

0 
1 

In 

x 
x 

0 
0 
1 

0 
1 

0 

81700 HARDWARE.RULES 

RFAN 

Qn(t) Qn( t+l) 

0 0 
1 1 

0 0 
1 1 
x 0 

x 0 
x 1 

0 0 

FUNCTION 

NO ACTION Jn=O,Kn=O 

BIT RESET Jn=O,Kn=In 

D-SET 

BIT SET Jn=In, Kn=O 

ADD: Qn+ In+cI 
(.n( t+l) - SUM 
CO = CARRY OUTPUT 

A 2209 6150 A 
SECTION 3.1 
PAGE 27 REV. B 

SUBTRACT: C:n-ln and Ci is 
BORROW INPUT 
Qn(t+l)- DIFFERENCE 
CO = BORROW OUTPUT 

SHIFT UP: CO=Q2 +-- Q2+Ql+<;Q.-Ci 
SHIFT DOWN: CO-+ Q2•Gl•QO, Ci=QO 

3) The Carry Input Ci and Carty Output CO are Bidirectional lines. 

4) The Clear Operation (Line RO) is synchronous and absolute; it overrides any 
concurrent Mode Control. 

M2 
Ml 
MO--

G F D s ,.._ ..... "-2.~ co 

12 

I I 

10 
Cl 

PO 
RO 

._.;,..;.K_Q2 

N a...--Ql 

....,.P_QO 

FUNCTIONAL qlAG~AM 
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3.1 CTL Integrated Circuits (Cont~nued) 

Element Type: 
Standard Assembly Number: 
Manufacturer's Type: 
Circuit Designation: 
_De~~ription of Operation: 

RFBN 

RFBn 
2201 4062 
3406. 
4 Sit Register 

The RFBn 4 Bit Register contains four storage elements supplied with the proper 
gating circuitry, to perform several logical operations depending upon the state 
of the mqde control lines MO, Ml, and M2. The possible modes of operation are: 
1) Bit Set; 2) D-Set; 3) Complement and 4) Shift Up. The clear operation 
(Line RO) is synchronous and absolute, it overides any concurrent Mode .Control. 
Transitions of the storage elements will occur on the negative going edge of the 
clock pulse. Inputs IO, Il, I2, and I3 are fully threshold sensitive, whi~e the 
mode line-s MO, Ml, and M2; the clock PO; and clear RO have wider threshold re
gions. Outputs of the 4 Bit Register will be restored. 

Type of Package: 

DC Input@ vi= -.7V/2.5V: 

IO Il 12 I3 
MO Ml M2 
PO RO 

DC Output Loading: 

QO Ql Q2 Q3 

DC Output Drive Capability: 

Data lnplltS 
Mode Control Inputs 
Clock, Clear Inputs 

Register Outputs 

DC Output Drive Capability/Package: 

Input Levels Allowed: 

IO Il I2 I3 
MO Ml M2 M3 
PO 
RO 

Output Levels Generated: 

Propagation Delay Times: 

Clock (·) to Output 
Data Set•up Time 
Clear Set~up Time 
Mode Control Set•up Time 

Data Inputs 
Mode Control Inputs 
Clock Input 
Clear Input 

Data, Mode and Clear Hold Times 
Minimum Clock Pulse Width 

Pin Locations: TOP VIEW 

RFBn 

16 pin Dual In-line 

0.4/0.8 CTL Loads 
0.4/0.8 CTL I.oads 
0.4/0.8 CTL Loads 

No .Load (diode to ground) 

12 CTI, Loads 

48 CTL Loads 

Levels O, 
Levels O, 
Level 0 
Levels o, 
Level 0 

21 ns 
6 ns 

19 ns 
28 DS 

7 ns 
20 DS 

1, 
1, 

1 

2, 3, 4 
2 



Burroutih• Corporation m. 81700 HARDWARE RULES 
COMPUTER SYSTEMS GROUP 

= SANTA BARBARA PLANT A 2209 6150 A 

~~§§§§§§§§§§~~§§§§§§~§§§§§§§§~¥SECTION 3.1 

RFBN Continued: 

M2 ...-----. 
Ml 
MO--.... 
13 --l=!D--.:.f'R ..... G .......... .,_..L.-
12 c 

I I -"""---1 RF B N 

I 0 --=-A'--f 

s PO--..... H 

RO·-----' 

K 

Q3 

Q2 

QI 

QO 

FUNCTIONAL DIAGRAM 

RFBN PAGE 29 Rev. B 

Mode Control Logic: 

M2 Ml MO Modes of Operation 

0 0 0 Bit Set ( Int<ln)-Qn 
0 0 l D-Set In-Qn 
0 l 0 Complement Inff>Qn-Qn 
0 1 l Not Defined 
l 0 0 Shift Up IO--QO--Ql-Q2-Q3 
1 0 1 Not Defined 

l l 0 Not Defined 

l l l Not Defined 

'111e undefined mode control combinations 
should never exist .while the 4 Bit 
Recister is being clocked. 

The set-up and hold time requirements between any data input and 

the clock input must be observed in all modes of operation, i.e, 

even for cases where the device is previously preset to a state 

that changes in the data input should not cause any output change. 

An example is input data changing from high to low with the device 

output already set to high and mode controls at D-Set. 
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RFZN 

3.1 CTl Integrated Circuits <Continued> 

Ele11ent Type: 
Standard Asse•bly Nu11ber1 
P4anuf acturer• s Type: 
C i r cu it Oes i gnat ion l'I" 
Description of Operation: 

RFZN 

1779 6t5i 
98~3 
3 !Ht Register 

A 2209 6150 A 
SECTION 3.1 
PAGE 30 REV. A 

The RFZN is a CTl lil l•bit register~ Its operation is exactly 
identical to that of the RFAN. Refer to page 25 of this Section for 
details of usage. 
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RF-N 

3.1 CTl Integrated Ctrcufts <Continued> 

Ete•ent Trpe; 
Standard Asse•bly Nu•ber1 
Hanutacturer•s Type: 
ctrcuit Designation: 
Oescrtption of Operation& 

RF-N 
1779 6160 
96ft4 
4 Ht Register 

A 2209 6150 A 
SECTION ;3.1 
PAGE 31 REV. A 

The RF-N ts a CTL Ill 4-btt reytster. Its operation is exactly 
identical to that of th~ RFBN. Refer to page 28 of this Section for 
details. 
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3.2 TTL/DTL INTEGRATED CIRCUITS 
Element Type: 
St.Ei.l!~~rd Assembly No: 
Manufacturer/Manufacturer's Type: 
Circuit Designation: 

DescriptioQ of Operation: 

A3 
A2 
Al 
AO 

G M ZG 
N ZF 

ZE 
ZD 
zc 
ZB 
ZA 

DFBN RBO 
C E 

LT 
RBl 

FUNCTIONAL DIAGRAM 

A Al +4.8 p 
B A2 ZF N 
c LT ZG M 
D RBO ZA L 
E RBI ZB K 
F A3 zc J 
G AO ZD H 
R GND. ZE s 

PIN LOCATION DIAGRAM 
16 PIN DIP 

(7) TRUTH TABLE 

INPUTS 

LT RBI A3' A2 Al 

0 x x x x 
1 0 0 0 0 

l 1 0 0 0 

l x 0 0 ·o 

l x 0 0 l 

1 x 0 0 l 

l x 0 l 0 

l x 0 l 0 

1 . x 0 1 l 

1 x 0 l 1 

1 x 1 0 0 

1 x 1 0 0 

l x 1 0 1 

l x l 0 1 

l x l l 0 

1 x 1 1 0 

l x l l l 

1 x l l l 

Xs Don't care blts 

AO 

x 
0 

0 

l 

0 

l 

0 

l 

0 

1 

0 

l 

0 

l 

0 

1 

0 

l 

DFBN 
DFBN 
2205 8242 

A 2209 6150 A 
SECTION 3.2 
PAGE 1 REV• C 

Fairchild U6B930759X 
Seven Segment Decoder 

OUTPUT 

ZA ZB zc ZD ZE ZF ZG RBO 

l l l l 1 1 1 l 

0 0 0 0 0 0 0 0 

1 l 1 1 1 l 0 l 

0 1 l 0 0 0 0 1 

l 1 0 l l 0 1 1 

l l l 1 0 0 1 l 

0 l l 0 0 0 l l 

l 0 1 l 0 l l l 

1 0 l l l l 1 1 

l l l 0 0 0 0 1 

l l 1 l l l l l 

l l l 1 0 l 1 1 

0 0 0 1 1 0 1 l 

0 0 0 1 0 0 l l 

0 1 l 0 0 l l l 

l 0 l 1 0 l l l 

0 0 0 l l 1 l l 

0 0 0 0 0 0 0 l 
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TTL 9307 
DFBN 

SEVEN SEGMENT DECODER 

(1) The device is a T2L compatible logic circuit. It accepts 
4·bit BCD 8421 code input and produces •ppropriatc outputs 
for selection of segments in a seven segment matrix dis
play. 

(2) The BCD code input is applied to four addres!; inputs (AO 
thru A3). The outputs for segment selection (ZA thru ZG) 
wi.11 be true accor<ling to the truth table given below. 

(3) Two additional inputs provide ·facilities tor lamp test (LT) 
and ripple blanking (RBI). A ripple blanking output is •lso 
available (RBO). The proper interconnection of RBI and RBO 
in multidigit displays allows for automatic blanking of the 
leading and/or trailing edge zeroes in a multidigit decimal 
number. 

A 2209 6150 A 
SECTION 3 •. 2 
PAGE 2 REV. C 

(4) ·To interface the Seven Segment decoder with CTL logic, consult Section 5. 

(5) The.Seven Segment Decoder drives Fairchild FND 10, Single 
Digit Numeric Display. A 50011 pull-up resistor to the 
+4.75v supply is required. 

(6) Propagation delay td = 550ns max. 



Burroutahs Corporation 

COMPUTER SYSTEMS GROUP 
SANTA BARBARA PLANT 

81700 HARDWARE RULES 

1024-BIT READ ONLY MEMORY 

3.2 TTL/DTL Integr~ted Circuits 

ELEMENT TYPE PART NO. FUNCTION 

MUN 1918 3599 EBDlC/ASCII 
MI2N 1918 3607 EBCDlC/ASCII 
M!3N 1918 3615 ASCII/EBClC 
MI4N 1918 3623 ASCII/EBCDlC 

MHlN 2201 4146 HOLLERITH/EBCDlC 
MH2N .2201 4153 HOLLERITH/EBCDlC 
MH3N 2201 4161 EBCDlC/HOLLERl TH 
MH4N 2201 4179 EBCDlC/HOLLERlTH 

MJlN 2204 4200 96 COL CODE/EBCDlC 
MJ2N 2204 4218 96 COL CODE/EBCDlC 
MJ3N 2204 4226 EBCDlC/96,COL CODE 
MJ4N 2204 4234 EBCDlC/96 COL CODE 

MKlN 2204 5124 EBCDlC/BCL + PAR 
MK2N 2204 5132 EBCDlC/BCL + PAR 

RMlN 2208 0014 EBCDlC/KATAKANA 
RM2N 2208 0022 EBCDIC/KATAKANA 

A. 2209 6150 A 
SECTION 3.2 
fAGE 3 REV. A 

(MSB) 
(LSB) 
(MSB) 
(LSB) 

(LSB) 
(MSB) 
(LSB) 
(MSB) 

(LSB) 
(MSB) 
(LSB) 
(MSB) 

(LSB) 
(MSB) 

(LSB) 
(MSB) 
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SANTA BARBARA PLANT -

~§§§§§§§§§~§~§§§§~§§~§§§§§§§~~SECTION 3.2 · PAGE 4 REV. D 
1024-BIT READ ONLY MEMORY 

3.2 TTL/DTL Integrated Circuits 

Elemen.t Type: TTL 
1024 Bit ROM Circuit Designation: 

D~scrlption of Operation: 

{ l} 

( 2 l 

(3) 

(4) 

(5) 

(6) 

The circuit is a t2L logic compatible Read Only Memory organized as 256 words 
of 4 bits eac.h. The memorv has 8 address lines AO thru A.7, Enable inputs Cl 
and Ci, and 4 outputs 01 thru 04. This device is used for code conversion. 

Logical false levels applied simultaneously at the two Enable inputs are 
needed to enable the chip, otherwise the chip is disabled and'a true voltage 
is forced at all outputs. 

Information on how to interface tM s device is contained in Section 5. 

The memory outputs can be tied together to perform a wired and function 
(positive logic). 

Both inputs and outputs are shown in the bit code format tables using Binary 
"l" to represent a true voltage level and Binary "-O" to represent a false 
voltage level. 

The codes of the following ROMs are inverted and, therefore, the ou t;:>uts 
must be fed through inverters to obtain the true code translation: 

Inverting Output ROM s 

RMlN 
RM2N 

MKlN 
MK2N 

MilN 
MI2N 
MI3N 
MI4N 

However, the codes of the following ROMs are not inverted, and code 
translation is obtained directly. 

Non Inver tin~ Out12ut ROM s 

MHlN MJlN 
MH2N MJ2N 
MH3N MJ3N 
MH4N MJ4N 



Bur_rouAhs · Corporat,ion 
= 

COMPUTER SYSTEMS GROUP 
81700 HARDWARE RU.LES 

SANTA SARBARA PLANT 

1024 BIT.READ ONLY MEMORY 
3.2 TTL/DTL Integrated Circuits 

Type of Package: 

'PC Input Loading: 

AO Al A2 A3 
A4 AS A6 A7 
Cl-'a 

Address Inputs 
Address Inputs 
Memory Enable Inputs 

Output Drive Capability: 

01 02 03 04 ROM Outputs 

Output lieakage Current: 

Type of Output: 

Interfacing: 

Propagation Delay Times: 

Address to Output 
Memory Enab~e to Output 

AO _., 

Al 

CND 

PIN LOCATIONS 
TOP VIEW 

4.75V 

------ A7 

_...01 

-.oz 

_....03 

_....04 

16 Pin Dual In- I ine 

-1.6 mA/0.04 mA 
@Vi "' 0.4SV/ 

15 mA @ Vo = 0.45V 

-0.10 mA @ Vo = 5.2SV 

Open Collector 

Refer to TTL/CTL 
Interfacing Rules 

· 60 ns 
40 ns 

A7 
A6 
A5 
A4 
A3 
A2 

N 
A 
B 
c 
D 
G 

Al F MHnN 
AO E 

C2 
·M L 

CT 
-·-·---··-

K 

A 2209 6150 A 
SECTION 3.2 
PAGE 5 REV. C 

04 

03 

02 

FUNCTIONAL DIAGRAM 
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COMPUTER SYSTEMS GROUP 
SANTA BARBARA PLANT 

= = 
81700 HARDWARE RULES 

MI1N 
1024-BIT READ ONLY MEMORY 

HEXA·DECIMAL 
INPUT OUTPUT 

00 

01 

02 

03 

()4 

05 

06 

07 

08 

09 

OA 
OB 

cc 
OD 
OE 

OF 

10 

11 

12 

13 

14 

15 
16 

17 

lS. 

19 

lA 

lB 

lC 

lD 

lE 

lF 

F 

F 

F 

F 

6 

F 

7 

8 

6 

7 

7 

F 

F 

F 

F 

F 

E 

E 

E 

E 

6 

7 

F 

7 

E 

E 

6 

7 

E 

E 

E 

E 

MllN EBCDIC TO ASCII CODE FORMAT 

HEXA-DECIMAL 
INPUT OUTPUT 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

2A 

28 

2C 

2D 

2E 

2F 

30 

31 

32 

33 

34 

35 

36 

37 

3S 

39 

3A 

3B 

3C 

3D 

3E 

3F 

7 

7 

7 

7 

7 

F 

E 

E 

7 

7 

7 

7 

7 

F 

F 

F 

6 

6 

E 

6 

6 

6 

6 

F 

6 

6 

6 

6 

E 

E 

6 

E 

HEXA-DECIMAL 
INPUT OUTPUT 

40 

41 

42 

43 

44 

4S 

46 

47 

4S 

49 

4A 

4B 

4C 

4D 

4E 

4F 

so 
51 

S2 

53 

54 

55 

56 

57 

58 

59 

5A 

58 

SC 

5D 

SE 

SF 

D 

s 
5 

5 

5 

5 

5 

5 

5 

5 

A 

D 

c 
D 

D 

D 

D 

5 

5 

5 

5 

5 

5 

s 
4 

4 

A 

D 

D 

D 

c 
A 

l:IEXA-DECIMAL 
INPUT OUTPUT 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

6A 

68 

6C 

6D 

6E 

6F 

70 

71 

72 

73 

74 
75 

76 

77 

7S 

79 

7A 

78 

7C 

7D 

7E 

7F 

D 

D 

4 

4 

4 

4 

4 

4 

4 

4 

8 

D 

D 

A 

c 
c 
4 

4 

4 

4 

4 

4 

3 

3 

3 

9 

c 
D 

B 

D 

c 
D 

A 2209 6150 A 
SECTION 3.2 
PAGE 6 REV. A 

HEXA-DEC I~!AL 
INPUT OUTPUT 

80 

Bl 

B2 

S3 

S4 

85 

B6 

87 

B8 

S9. 

BA 

BB 

BC 

SD 

SE 
• 8F 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

9A 

9B 

9C 

9D 

9E 

9F 

3 

9 

9 

9 

9 

9 

9 

9 

9 

9 

3 

3 

3 

3 

3 

3 

3 

9 

9 

9 

9 

9 

9 

8 

8 

8 

3 

3 

3 

3 

3 

2 
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:PAGE 

MitN 
1024-BIT READ ONLY MEMO~Y 

MUN EBCDIC TO ASCII CODE FORMAT (CON'T.): 

HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL 
INPUT OUTPUT . INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT 

AO 2 Bl 2 C6 B DB l EE 0 
Al 8 B4 2 . C? B DC 0 EF 0 
A2 8 85 2 ca B DD 0 FO c 
A3 8 86 2 C9 B DE 0 Fl c 
A4 8 . B7 2 CA l DF 0 F2 c 
A5 8 BS l CB l EO A F3 c 
A6 8 B9 l CG l El 6 F4 c 
A? 8 BA l CD 1 E2 A F5 c 
AS 8 BB l CE l E3 A F6 c 
A9 8 BC 1 CF 1 E4 A F7 c 
AA 2 BD l DO 8 E5 A FB c 
AB 2 BE 1 Dl B E6 A F9 c 
AC 2 BF 1 D2 B E7 A FA 0 
AD 2 co 8 D3 B E8 · A FB 0 
AE 2 Cl B D4 B E9 A FC 0 
AF 2 C2 B D5 B EA 0 FD 0 
BO 2 C3 B D6 B EB 0 FE 0 
Bl 2 C4 B D7 A EC 0 FF 0 
B2 2 C5 B DB A ED 0 

D9 A 

DA 1 

NOTE: 

1). Inputs are AO, Al, A2, A3, A4, A5, A6, A7, where AO. is the least significant 
and A7 is the most significant. 

2) Outputs are: 01, 02, 03, 04, where 01 is the least significant and 04 
is the most significant digit .• 

3) In Hexa-Decimal: 

0 • 0000 
1 • 0001 
2• 0010 
3 • 0011 
4 • 0100 
5 • 0101 
6 • 0110 
7 • 0111 

8 • 1000 
9 • 1001 
A • 1010 
B • 1011 
c • 1100 
D • 1101 
E • 1110 
F • 1111 

7 REV. A 
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SANTA BARBARA PLANT 

MI2N 
1024•BIT READ ONLY MEMORY 

HEXA-DECIMAL 
lNPtrr OtrrPUT 

00 

01 

02 

03 

04 

05 

06 

07 

08 

09 

OA 
OB 

oc 
OD 
OE 

OF 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

lA 

lB 

lC 

lD 

lE 

1F 

F 

E 

D 

c 
3 

6 

9 

0 

8 

2 

1 

4 

3 

2 

1 

0 

F 

E 

D 

c 
2 

A 

7 

8 

7 

6 

D 

0 

3 

2 

1 

0 

MI2N EBCDIC TO ASCII CODE FORMAT 

HEXA-DECIMAL 
INPUT OUTPUT 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

2A 

2B 

2C 

2D 

2E 

2F 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

3A 

3B 

3C 

3D 

3E 

3F 

F 

E 

D 

c 
B 

5 

8 

4 

7 

6 

5 

4 

3 

A 

9 

8 

F 

E 

9 

c 
B 

A 

9 

B 

7 

6 

5 

4 

B 

A 

1 

5 

HEXA-DECIMAL 
INPUT OUTPUT 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

4A 

4B 

4C 

4D 

4E 

4F 

50 

Sl 

S2 

53 

54 

SS 

S6 

S7 

SS 

S9 

5A 

SB 

SC 

SD 

SF 

F 

F 

E 

D 

c 
B 

A 

9 

8 

7 

4 

l 

3 

7 

4 

E 

·. 9 

6 

5 

4 

3 

2 

l 

0 

F 

E 

2 

B 

5 

6 

4 

1 

HEXA-DECIMAL 
INPUT OtrrPUT 

60 

61 

62 

63 

64 

6S 

66 

67 

68 

69 

6A 

6B 

6C 

6D 

6E 

6F 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

7A 

7B 

7C 

7D 
7E 

7F 

2 

0 

D 

c 
B 

A 

9 

8 

7 

6 

3 

3 

A 

0 

l 

0 

5 

4 

3 

2 

l 

0 

F 

E 

D 

F 

5 

c 
F 

8 

2 

D 

A 2209 6150 A 
SECTION 3.2 
PAGE 8 REV. A 

HEXA-DECIMAL 
INPUT OUTPUT 

80 

81 

S2 

83 

84 

S5 

S6 

87 

88 

89 

SA 

an 
SC 

SD 

8E 

SF 

90 

91 
. 92 

93 

94 

9S 

96 

97 

9S 

99 

9A 

9B 

9C 

9D 

9E 

9F 

c 
E 

D 

c 
B 

A 

9 

8 

7 

6 

B 

A 

9 

8 

7 

6 

5 

5 

4 

3 

2 

l 

0 

F 

E 

D 

4 

3 

2 

l 

0 

F 



I 

I 
I 
I 

I 
f 

I 

I 
r 

I 

I 
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MI2N 
1024•BIT READ ONLY MEMORY 

MI2N EBCDIC .TO ASCII CODE FORMAT (CON'T.) 

HEXA•DECIMAL HEXA·DECIMAL HEXA·DEClMAL HEXA-DECIMAL HEXA-DEClM.'·L 
INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT INPUT OUTPliT INPUT. OUTPUT 

AD E B3 4 C6 9 DB 0 EE 7 

Al 1 B4 3 C7 s DC F EF 6 

A.2 c B.5 2 cs 7 DD E FO F 

A3 B B6 1 C9 6 DE D Fl E 

A4 A B7 0 CA 7 DF c F2 D 

A.5 9 BS F CB 6 EO 3 F3 c 

A6 .s B9 E cc 5 El 0 F4 B 

A7 7 BA D CD 4 E2 c F5 A 

AB· 6 BB c CE 3 E3 B F6 9 

A9 5 BC B CF 2 E4 A F7 s 
AA D BD A DO 2 E5 9 F8 7 

AlS c BE 9 Dl 5 E6 s F9 6 

AC B BF 8 D2 4 E7 7 FA 5 

AD A co 4 D3 3 ES 6. FB 4 

AE 9 Cl E D4 .2 E9 5 FC 3 

AF 8 C2 D D5 1 EA B FD 2 

BO 7 C3 c D6 0 EB A FE 1 

Bl 6 C4 B D7 F EC 9 FF 0 

B2 5 cs A D8 E ED s 
D9 D 

DA 1 

NO'l'Ea 

1) Inputs are AO, Al, A2, A~, A4, ·AS, A6, A7, where AO is the l~ast significant 
and A7 is the most significant. 

2) putputs are: 01, 02, 03, 04, where 01 is the least significant and 04 
ls the most significant digit. · 

3) In Hexe.·Decimal: · 

0 - 0000 
1 • 0001 
2 - 0010 
3 - 0011 
4 - 0100 
5 • 0101 
6 • 0110 

7 - 0111 

8 • 1000 
9 - 1001 
A • 1010 
B • 1011 
c. 1100 
D • 1101 
E • 1110 
F • 1111 
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MI3N 
1024·BIT READ ONLY MEMORY 

HEXA-DECIMAL 
INPUT OUTPUT 

00 

01 

02 

03 

04 

.05 

.06 

07 

08 

09 

OA 
OB 

oc 
OD 

OE 

OF 

10 

11 

12 

13 

14 

15 

16 
17 

18 

19 

lA 
1a· 

lC 
lD 
lE 

lP 

F 

F 

F 

F 

c 
D 

D 

D 

E 

r 
D 

F 

F 

F 

F 

F 

E 

E 

E 

E 

c 
c 
c 
D 

E 

E 

c 
D 

B 

E 

E 

E 

Ml3N ASCII TO EBCDIC CODE FORMAT 

HEXA·DECIMAL 
INPUT OUTPUT 

20. 

21 

22 

23 

24 

25 

26 

27 

28 

29 

2A 

2B 

2C 

2D 

2E 

2F 

30 

31 

32. 

33 

34 

35 

36 

37 

38 

39 

3A 

38 

3C 

3D 

3E 

3F 

B 

B 

8 

8 

A 

9 

A 

8 

B 

A 

A 

B 

9 

9 

B 

9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

8 

A 

B 

8 

9 

9 

HEXA-DECIMAL 
INPUT OUTPUT 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

4A 

48 

4C 

4D 

4E 

4F 

so 
Sl 

52 

S3 

S4 

SS 

56 

S7 

S8 

S9 

SA 

SB 

SC 

5D 

5E 

SF 

8 
3 

3 

3 

3 

3 

3 

3 

3 

3 

2 

2 

2 

2 

2 

2 

2 

2 

2 

1 

1 

1 

1 

l 

1 

1 

1 

B 

1 

A 

A 

9 

HEXA-DECIMAL 
INPUT OUTPUT 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

6A 

6B 

6C 

6D 

6E 

6F 

70 

71 

72 

73 

74 

75 

76 

77 
78 

79 

7A 
7B 

7C 

7D 

7E 

7F 

8 

7 

7 

7 

7 

7 

7 

7 

7 

7 

6 

6 

6 

6 

6 

6 

6 

6 

6 

5 

5 

5 

5 

5 

5 

5 

5 

3 

9 

2 

5 

F 

A 2209 6150 A 
SECTION 3.2 
PAGE.10 REV. A 

HEXA-DECIMAL 
INPUT OUTPUT 

80 

81 

82 

83 

84 

85 

86 
. 87 

88 

89 

SA 
SB 

BC 

SD 

SE 
SF 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

9A 

9B 

9C 

9D 

9E 

9F 

D 

D 

D 

D 

D 

E 

F 

E 

D 

D 

D 

D 

D 

F 

F 

E 

c 
c 
E 

c 
c 
c 
c 
F 

c 
c 
c 
c 
F 

E 

c 
1 
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SANTA BARBARA PLANT SECTION 3.2 - PAGE l1 REV. A 

MI3N 
1024-BIT ~EAD ONLY MEMORY 

MI3N ASCII TO EBCDIC CODE FORMAT (CON'T.) 

HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL 
INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT 

AO B B3 9 C6 7 DB 4 EE 2 
Al B B4 9 C7 7 DC 4 EF 2 
A2 B ' B5 9 cs 7 DD 4 FO 2 
A3 B B6 9 C9 7 DE 4 Fl 2 
A4 B B7 9 CA 6 DF 4 F2 2 
A5 B BS 9 CB 6 EO 4 F3 2 
A6 B B9 9 cc 6 El . 4 F4 1 
A7 B BA 8 CD 6 E2 4 FS 1 

A8 B BB 8 CE 6 E3 4 F6 1 
A9 A BC 8 CF 6 . E4 4 F7 1 
AA A BD 8 DO 6 E5 4 F8 1 
AB A .BE 8 Dl 5 E6 4 F9 l 

AC A BF 8 D2 5 E7 4 FA 0 

AD A co 8 D3 5 ES 3 FB 0 

AE A Cl 8 D4 5 E9 3 FC 0 

AF A C2 8 D5 5 EA 3 FD 0 
BO A C3 7 ·D6 5 EB 3 FE 0 

Bl A C4 7 D7 5 EC 3 FF 0 

B2 9 cs 7 DB 4 ED 3 

D9 4 

DA 4 

NOTE: 

1) Inputs at"e AO, Al, A2, A3 1 A4, A5 1 A6, A7, where AO is the least signiflcant 
and A7 is the most significant. 

2) ·outputs are: 01, 02, 03, 04, where 01 is the least significant and 04 
is the most significant digit. 

3) In Hexa-Decimal: 

0 - 0000 8 ... ~000 
1 .. 0001 9 - 1001 
2 .. 0010 A= 1010 
3 • 0011 B a 1011 
4 • 0100 c • 1100 
5 • 0!01 D • 1101 
6 • 0110 E • 1110 
7 .. 0111 F • 1111 
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MI4N 
1024-BIT READ ONLY MEMORY 

MI4N ASCII TO EBCDIC CODE FORMAT 

HEXA•DECIMAL HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL 
INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT 

00 F 20 F 40 3 60 6 80 F 

01 E 21 0 41 E 61 E 81 E 
02 D 22 0 42 D 62 D 82 D 
03 c 23 4 43 c 63 c 83 c 
04 8 24 4 44. B 64 B 84 B 

05 2 25 3 45 A 65 A 85 A 
06 1 26 F 46 9 66 9 86 9 

07 0 27 2 47 8 67 8 87 8 

08 9 28 2 48 7 68 7 88 7 

09 A 29 2 49 6 69 6 89 6 

OA A 2A 3 4A E 6A E SA 5 
OB .4 28 l 4B D 68 D 88 4 

oc 3 2C 4 4C c 6C c 8C 3 
OD 2 2D F 4D B 6D B SD 6 
OE l 2E 4 4E A 6E A 8E 5 
or 0 2F E 4F 9 6F 9 8F 4 

10 F 30 F 50 8 70 8 90 F 

11 E 31 E 51 7 71 7 91 E 

12 D 32 D 52 6 72 6 92 5 

13 c 33 c 53 D 73 D 93 c 
14 3 34 B 54 c 74 c 94 B 

15 2 35 A 55 B 75 B 95 A 

16 D 36 9 56 A 76 A 96 9 

17 9 37 8 57 9 77 9 97 7 
18 7 38 7 58 8 78 8 98 7 
19 6 39. 6 59 7 79 7 99 6 

lA 0 3A .5 5A 6 7A 6 9A 5 

lB 8 3B 1 5B 5 7B F 98 4 

le 3 3C 3 5C F 7C 5 9C 8 

lD .2 3D 1 5D .5 7D F 9D 8 

lE l 3E 1 .5E 0 7E E 9E l 

1F 0 31 0 5F 2 ,, 8 9F E 



. ·• Burroul\hs Co~ratlon . ,{i) 
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MI4N 
1024-BIT READ ONLY MEMORY 

MI4N ASCII TO EBCDIC CODE FORMAT (CON'T.) 

HEX.A-DECIMAL 
INPUT OUTPUT 

AO 
Al 

A2 

A3 

JJ+ 

AS 

A6 

A7 
A8 

A.9 
. AA 

AB 

AC 

AD 

AE 

AF 

BO 

Bl 

B2 

NatE: 

E 

D 

c 
'B 

A 

9 

8 

7 

6 

E 

D 

c 
B 

A 

9 

8 

7 

6 

D 

HEXA-DECIMAL HEXA•DECIMAL 
INPUT OUTPUT .INPUT OUTPUT 

B3 

B4 

BS 
16 

. 17 

BS 
B9 

BA 

BB 

BC 

BD 

BE 

BF 

co 
Cl 

· C2 

C3 

C4 

cs 

c 
B 

A 

9 

8. 

7 

6 

F 

E 

D .. 

<; 
B 

A 

9 

8 

7 

F 

5 

4 

C6 

C7 
ca 
C9 

CA 

CB 

cc 
CD 
CE 

CF 
DO 

Dl 

D2 

D3 

D4 

D5 

D6 

D7 

D8 

3 

2 

l 

0 

F 

5 

4 

3 

2 

l 

0 
F 

5 

4 

3 

2 

l 

0 

F 

D9 E 

DA D 

HEXA-DECIMAL 
INPUT OUTPUT 

DB 

DC 

DD 
DE 
DF 

EO 

El 

E2 

E3 

E4 

E5 

E6 

E7 

ES 

E9 

EA 

EB 

EC 

ED 

c 
B 

A 

9 

8 

7 

6 

s 
4 

3 

2 

l 

0 

s 
4 

3 

2 

1 

0 

A 2209 6150 A 
SECTION 3.2 
PAGE 13 REV. A 

HE.XA-DECIMAL 
INPUT OUTPUT 

EE 

IF 
FO 

Fl 
F2 

F3 
F4 

F5 

F6 

F7 

F8 

F9 

FA 
FB 
FC 

FD 

FE 

FF 

5 

4 

3 

2 

1 

0 

5 

4 

3 

2 

1 

0 

5 

4 

3 

2 

1 

0 

1) Inputs are AO, Al, A2,.A3, A4, A5, A6, A7, where AO is the least significant 
and A7 is the most significant. 

2) Outputs are: 01, 02, 03, 04, where 01 is the least significant and 04 
·is the most significant digit. 

3) In Hexa-Decimal: 

0 • 0000 8 - 1000 
l • 0001 9 • 1001 
2 • 0010 A • 1010 
3 - 0011 B • 1011 
4 • 0100 c •. 1100 
s • 0101 D • 1101 
6 • 0110 E • 1110 
7 • 0111 F • 1111 



Burrou~hs Corporation 

COMPUTER SYSTEMS GRO.UP 
SANTA BARBARA PLANT 

81700 HARDWARE RULES 

MH1N 

1024~BIT READ ONLY MEMORY 

HEXA-DECIMAL 
INPUT OUTPUT 

00 

01 

02 

03 

04 
. 05 

06 

07 

08 

09 

OA 

OB 

oc 
.OD 

OE 

OF 

10 

11 

12 

13 

14 

15 

. 16 

17 
18 

19 

lA 

18 

lC 

. lD 

lE 
lF 

0 

1 

2 

j 

4 

5 

6 

7 

8 

9 

A 

8 

c 
D 

E 

F 

9 

1 

2 

3 

4 

5 

6 

7 

8 

9 

A 

8 

c 
D 

E 

F 

MH1N HOLLERITH TO EBCDIC LSB CODE FORMAT 

HEXA-DECIMAL · 
INPUT OUTPUT 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

2A 

28 

2C 

2D 

2E 

2F 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

3A 

38 

3C 

3D 

3E 

3F 

0 

l 

2 

3 

4 

5 

6 

7 

8 

9 

0 

8 

c 
D 

E 

F 

9 

l 

2 

3 

4 

5 

6 

7 

8 

9 

A 

B 

c 
D 

E 

F 

·HEXA-DEC IMAL 
INPUT OUTPUT 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

4A 

4B 

4C 

4D 

4E 

4F 

50 

51 

52 

53 

54 

55 

56 

57 

S8 

S9 

SA 

SB 

SC 

SD 

SE 

SF 

0 

1 

2 

3 

4 

s 
6 

7 

8 

9 

A 

B 

c 
D 

E 

F 

9 

1 

2 

3 

4 

s 
6 

7 

8 

9 

A 

B 

c 
D 

E 

F 

. ' , , 

HEXA-DECIMAL 
INPUT OUTPUT 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

6A 

6B 

6C 

60 

6E 

6F 

70 

71 

72 

73 

74 

7S 

76 

77 

78 

79 

7A 

7B 

7C 

7D 

7E 

7F 

0 

1 

2 

3 

4 

s 
6 

7. 

8 

0 

A 

B 

c 
D 

E 

F 

9 

1 

2 

3 

4 

s 
6 

7 

8 

0 

A 

B 

c 
0 

E 

F 

A 2209 6150 A 
SECTION 3. 2 
PAGE 14 REV. A 

HEXA-DECIMAL 
INPUT OUTPUT 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

BA 

BB 

BC 

80 

SE 

BF 
90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

9A 

9B 

. 9C 

90 

9E 

9F 

0 

l 

2 

3 

4 

s 
6 

7 

8 

9 

A 

B 

c 
0 

E 

F 

9 

l 

2 

3 

4 

s 
6 

7 

8 

9 

A 

B 

c 
D 

E 

F 



Burroughs Corporation 

COMPUTER SYSTEMS GROUP 
SANTA BARBARA PLANT 

. B 1700 HARDWARE RU LES 

MH1N 

1024-BIT READ ONLY MEMORY 

MH1N HOLLERITH TO EBCDIC LSB CODE FORMAT 

HEXA'-DECIMAL HEXA-DECIMAL HEXA-,DECIMAL HEXA-DECIMAL 
INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT 

AO 0 B3 3 C6 6 DB B 

Al 1 B4 4 C7 7 DC c 
A2 2 BS s cs s DD D 

A3 ·3 B6 6 C9 0 DE E 

A4 4 B7 7 CA A DF F 

AS 5 BS s CB B EO 0 

A6 6 B9 0 cc c El 1 

A7 7 BA A CD D E2 2 

AS 8 BB B CE E E3 3 

A9 0 BC c CF F E4 4 

AA A BD D DO 9 ES s 
AB B BE E Dl 1 E6 6 

AC c BF F D2 2 E7 7 

AD D co A D3 3 E8 8 

AE E Cl 1 D4 4 E9 0 

AF F C2 2 DS s EA A 

BO 9 C3 3 D6 6 EB B 

Bl 1 C4 4 D7 7 EC c 
B2 2 cs s D8 s ED D 

D9 0 

NOTE: DA A 

A 2209 6150 A 
SECTION 3.2 
PAGE 15 REV •. A 

HEXA-DECIMAL 
INPUT OUTPUT 

EE E 

EF F 

FO 9 

Fl 1 

F2 2 

F3 3 

F4 4 

FS 5 

F6 6 

F7 7 

F8 8 

F9 0 

Ff: A 

FB B 

FC c 
FD D 

FE E 

FF F 

1) Inputs are AO, Al, A2, A3, A4, AS, A6, A7, where AO is the·least·significant 
and A7 is the most significant. 

2) outputs are: 01, 02, 03, 04, where 01 is the least significant and 04 
is the most significant digit. 

3) In Hexa-Decimal: 

0 = 0000. s = 1000 
l = 0001 9 = 1001 
2 = 0010 A= 1010 
3 = 0011 B = 1011 
4 = 0100 c = 1100 
5 = 0101 D = 1101 
6 = 0110 E = 1110 
7 = 0111 F = ).lll 



Bu rrouAhs Corporation 

COMPUTER SYSTEMS GROUP 
SANTA BARBARA PLANT 

81700 HARDWARE RULES 

MH2N 

1024-BIT READ ONLY MEMORY 

HEXA-DECIMAL 
· INPUT OUTPUT 

00 

01 

02 

03 

04 

05 

06 

.07 

OB 

09 

QA 

OB 

oc 
OD 

OE 

OF 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

lA 

lB 

lC 

lD 

lE 
·1F 

4 

F 

F 

F 

F 

F 

F 

F 

F 

7 

7 

7 

7 

7 

7 

7 

F 

3 

3 

·3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

MH2N HOLLERITH TO.EBCDIC MSB CODE FORMAT 

HEXA-DECIMAL 
INPUT OUTPUT 

20 

21 

22 

23 

24 

2S 

26 

27 

28 

29 

2A 

2B 

2C 

2D 

2E 

2F 

30 

31 

32 

33 

34 

3S 

36 

37 

38 

39 

3A 

3B 

3C 

30 

3E 

3F 

F 

6 

E 

E 

E 

E 

E 

E 

E 

6 

E 

6 

6 

6 

6 

6 

E 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

HEXA-DECIMAL 
INPUT OUTPUT 

40 

41 

42 

43 

44 

4S 

46 

47 

48 

49 

4A 

4B 

4C 

40 

4E 

4F 

so 
Sl 

S2 

S3 

54 

SS 

S6 

S7 

S8 

S9 

SA 

SB 

SC 

so 
SE 

SF 

6 

D 

D 

D 

D 

D 

0 

D 

0 

s 
s 
s 
s 
s 
s 
s 
D 

l 

1 

l 

1 

1 

l 

1 

1 

l 

l 

l 

l 

l 

1 

l 

HEXA-DECIMAL 
INPUT OUTPUT 

60 

61 

62 

63 

64 

6S 

66 

67 

68 

69 

6A 

6B 

6C 

6D 

6E 

6F 

70 

71 

72 

73 

74 

7S 

76 

77 

78 

79 

7A 

7B 

7C 

7D 

7E 

7F 

D 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

E 

6 

6 

6 

6 

6 

6 

6 

2 

E 

E 

E 

E 

E 

E 

A 2209 6150 A 
SECTION 3.2 
PAGE 16 REV. A 

HEXA-DECIMAL 
INPUT OUTPUT 

BO 

81 

82 

B3 

B4 

85 

86 

87 

88 

89 

8A 

88 

BC 

80 

BE 

BF 

90 

91 

92 

93 

94 

9S 

96 

97 

98 

99 

9A 

98 

9C 

90 

9E 

9F 

5 

c 
c 
c 
c 
c 
c 
c 
c 
4 

4 

4 

4 

4 

4 

4 

c 
0 

b 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



Burroughs Corporation 

COMPUTER SYSTEMS GROUP 
SANTA BARBARA PLANT 

81700 HARDWARE RULES 

MH2N 

1024-BIT READ ONLY MEMORY 

MH2N HOLLERITH TO EBCDIC.MSB CODE FORMAT 

HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL 
INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT 

AO c B3 4 C6 9 DB D 

Al B B4 4 C7 9 DC D 

A2 B BS 4 CB 9 DD D 

A3 B B6 4 C9 9 DE D 

A4 B B7 4 CA 9 DF D 

AS 8 BB 4 CB 9 EO 7 

A6 B B9 0 cc 9 El B 

A7 B BA c CD 9 E2 B 

A8 8 BB c CE 9 E3 B 

A9 8 BC c CF 9 E4 B 

AA 8 BD c DO 9 ES B 

AB 8 BE c 01 5 E6 B 

AC B BF c D2 5 E7 B 

AD 8 co 6 D3 s EB B 

AE 8 Cl 9 D4 5 E9 B 

AF 8 C2 9 DS 5 EA B 

BO B C3 9 D6 5 EB B 

Bl 4 C4 9 D7 5 EC B 

B2 4 cs 9 D8 5 ED B 

D9 l 

DA 0 

NOTE: 

A 2209 6150 A 
SECTION 3.2 
PAGE 17 REV. A 

HEXA-DECIMAL 
INPUT OUTPUT 

EE B 

EF B 

FO B 

Fl 7 

F2 7 

F3 7 

F4 7 

FS 7 

F6 7 

F7 7 

F8 7 

F9 3 

FA F 

FB F 

FC F 

FD F 

FE F 

FF F 

1) Inputs are AO, Al, A2, A3, A4, AS, A6, A7, where AO is the least significant 
and A7 is the most significant. 

2) Outputs are: 01, 02, 03, 04, where 01 is the least significant and 04 
is the most significant digit. 

3) In Hexa-Decimal: 

0 = 0000 8 = 1000 
l = 0001 9 = 1001 
2 = 0010 A = 1010 
3 = OOll B = 1011 
4 = 0100 c = 1100 
5 "' 0101 D"' 1101 
6 .. 0110 E = 1110 
7 .. 011). F = 1111 



Burrout'lhs Corporation <:) -
- COMPUTER SYSTEMS GROUP = _SANTA BARBARA PLANT 
·= 

B 1700 HARDWARE RU LES 

MH3N 
1024-BIT READ ONLY MEMORY 

HEXA·DECIMAL 
INPUT OUTPUT 

00 

01 

02 

03 

04 

OS 

06 

07 

08 

09 

OA 

OB 

QC 

OD 

OE 

OF 

10 

11 

12 

13 

14 

lS 

16 

17 

lS 

19 

lA 

lB 

lC 

10 

lE 

lF 

9 

1 

2 

3 

4 

5 

6 

7 

8 

9 

A 

B 

c 
D 

E 

F 

9 

1 

2 

3 

4 

5 

6 

7 

s 
9 

A 

B 

c 
D 

E 

F 

MH3N EBCDIC TO HOLLERITH LSB CODE FORMAT 

HEXA-DECIMAL 
INPUT OUTPUT 

20 

21 

22 

23 

24 

25 

26 

27 

2S 

29 

2A 

2B 

2C 

2D 

2E 

2F 

30 

31 

32 

33 

34 

35 

36 

37 

JS 

39 

3A 

3B 

3C 

JD 

3E 

3F 

9 

1 

2 

3 

4 

5 

6 

7 

8 

9 

A 

B 

c 
D 

E 

F 

9 

1 

2 

3 

4 

5 

6 

7 

s 
.9 

A 

B 

c 
D 

E 

F 

HEXA-OECIMAL 
INPUT OUTPUT 

40 

41 

42 

43 

44 

4S 

46 

47 

4S 

49 

4A 

4B 

4C 

40 

4E 

4F 

so 
Sl 

S2 

S3 

S4 

SS 
S6 . 

S7 

58 

59 

SA 

SB 

SC 

SD 

SE 

SF 

0 

1 

2 

3 

4 
s· 

6 

7 

s 
9 

A 

B 

c 
D 

E 

F 

0 

1 

2 

3 

4 

5 

6• 

7 

8 

9 

A 

B 

c 
D 

E· 

F 

HEXA-OECIMAL 
INPUT. OUTPUT 

60 

61 

62 

63 

64 

65 

66 

67 

6S 

69 

6A 

6B. 

6C 

6D 

6E 

6F 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

7A 

7B 

7C 

70 

7E 

7F 

0 

1 

2 

3 

4 

5 

6 

I 

s 
9 

0 

B 

c 
D 

E 

F 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

A 

B 

c 
0 

E 

F 

A 2209 6150 A 
SECTION' 3.2 
PAGE 18' REV. A 

HEXA-OECIMAL 
INPUT OUTPUT 

so 
Sl 

82 

S3 

S4 

85 

S6 

87 

88 

89 

SA 

SB 

BC 

80 

SE 

8F 

90 

91 

92 

93 

94 

9S 

96 

97 

98 

99 

9A 

9B 

9C 

90 

9E 

9F 

9 

1 

2 

3 

4 

s 
6 

7 

8 

0 

A 

B 

c 
0 

E 

F 

9 

1 

2 

3 

4 

s 
6 

7 

8 

0 

A 

B 

c 
0 

E 

F 



! 
I, 

· .Burroughs Corporation 

COMPUTER SYSTEMS GROUP 
SAl':ITA BARBARA PLANT 

B 1700 HARDWARE RU LES 

MH3N 

1024-BIT READ ONLY MEMORY 

.MH3N EBCDIC TO HOLLERITH LSB CODE FORMAT 

HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL 
INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT 

AO 9 B3 3 C6 6 DB B 
Al l B4 4 C7 7 DC c 
A2 2 B5 5 CB 8 DD D 
A3 3 B6 6 C9 0 DE E 
A4 4 B7 7 CA A DF F 
A5 5 B8 8 CB B EO A 
A6 6 B9 0 cc c El 1 
A7 7 BA A CD D E2 2 
AB ·a BB B CE E E3 3 
A9 0 BC c CF F E4 4 
AA A BD D DO 0 ES 5 
AB B BE E Dl 1 E6 6 
AC c BF F D2 2 E7 7 
AD D co 0 D3 3 EB 8 
AE E Cl 1 D4 4 E9 0 
AF F C2 2 DS 5 EA A 
BO 9 · C3 3 D6 6 EB B 
Bl 1 C4 4· D7 7 EC c 
.B2 2 C5 5 08 8 ED p 

09 0 

DA A 

NOTE: 

A 2209 61.50 A 
SECTION 3. 2. 
PAGE 19 REV. A 

HEXA-DECIMAL 
TN PUT OUTPUT 

EE E 

EF F 

FO 0 

Fl 1 

F2 2 

F3 3 

F4 4 

FS 5 

F6 6 

F7 7 

FB 8 

F9 0 

FA A 

FB B 

re c 
FD D 

EE E 

FF F 

l) Inputs are AO, Al, A2, A3, A4, A6, A7, where AO -is the least significant 
and A7 is .. the most significant. 

2) outputs are: 01, 02, 03, 04, where 01 is the least significant and 04 
is the most significant digit. 

3) . In Hexa-Decimal: 

0 = 0000 8 = 1000 
l "' 0001 9 = 1001 
2 = 0010 A= 1010 
3 = ooil B = 1011 
4 = 0100 c .. 1100 
5 = 0101 D = 1101 
6 = 0110 E = 1110 
7 =· 0111 F = 1111 



. Bu:rroutihs Co:rpo:ratlon ~ == COMPUTER SYSTEMS GROUP = 81700 HARDWARE RULES 
SANTA BARBARA PLANT -

=- -

MH4N 

1024-BIT READ ONLY MEMORY 

HEXA-DECIMAL 
INPUT OUTPUT. 

00 

01 

02 

03 

04 

OS 

06 

07 

08 

.. 09 

OA 

OB 

oc 
OD 

OE 

OF 

10 

11 

12 

13 

14 

lS 

16 

17 

18 

19 
lA 

lB 

lC 

lD 
lE 

lF 

8 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

·9 

D 

s 
5 

5. 

5 

5 

5 

5 

5 

s 
s 
5 

5 

5 

5 

5 

MH4N EBCDIC TO HOLLERITH MSB CODE FORMAT 

HEXA-DECIMAL 
INPUT OUTPUT 

20 

21 

22 

23 

24 

2S 

26 

27 

28 

29 

2A 

2B 

2C 

2D 

2E 

2F 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

3A 

3B 
JC 

3D 

3E 

3F 

7 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

F 

l 

l 

l 

l 

l 

1 

1 

1 

1 

1 

l 

l 

1 

l 

l 

HEXA-DECIMAL 
INPUT OUTPUT 

40 

41 

42 

43 

44 

4S 

46 

47 

48 

49 

4A 

48 

4C 
. 40 

4E 

4F 

so 
Sl 

52 

53 

S4 

5S 

56 

57 

S8 

S9 

SA 

5B 

5C 

SD 

SE 

5F 

0 

B 

B 

B 

B 

8 

B 

8 

B 

8 

8 

8 

8 

8 

8 

8 

8 

D 

D 

D 

D 

D 

D 

D 

D 

4 

4 

4 

4 

4 

4 

4 

HEXA-DECIMAL 
INPUT OUTPUT 

60 

61 

62 

63 

64 

65 

66 

67 

68. 

69 

6A 

6B 

6C 

6D 

6E 

6F 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

7A 

7B 

7C 

7D 

7E 

7F 

4 

2 

7 

7 

7 

7 

7 

7 

7 

2 

c 
2 

2 

2 

2 

2 

E 

F 

F. 

F 

F 

F 

F 

F 

F 

0 

0 

0 

0 

0 

0 

0 

A 2209 6150 A 
SECTION 3 .• 2 
PAGE 20 REV. A 

HEXA-DECIMAL 
INPUT OUTPUT 

80 

81 

82 

83 

84 

.as 
86 

87 

88 

89 

SA 

88 

BC 
8D 

8E 

SF 

90 

91 

92 

93 

94 

9.5 

96 

97 

98 

99 

9A 

98 

9C 

90 

9E. 

9F 

A 

A 

A 

A 

A 

A 

A 

A 

A 

8 

A 

A 

A 

A 

A 

A 

c 
c 
c 
c 
c 
c 
c 
c. 
c 
D 

c 
c 
c 
c 
c 
c 



Burroutih~ Corp0rt;itlon 

COMPUT_ER SYS'rEMS GROUP 
SANTA BARBARA P_LANT . 

81700 HARDWARE RULES 

MH4N 

1024-BIT READ ONLY MEMORY . . 

MH4N EBCDIC TO HOLLERITH MSB CODE FORMAT 

HEXAMDECIMAL HEXA·DECIMAL HEXA-DECIMAL HEXA-DECIMAL 
tNEJ.!I Q!.!If UT INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT 

AO 6 B3 E C6 8 DB D 

Al 6 B4 E C7 8 DC D 

A2 6 B5 E cs 8 DD D 

A3 6 B6 E C9 9 DE D 

A4 6 B7 E CA B OF D 

AS 6 BS E CB B EO 2 

A6 6 B9 F cc B El 7 

A7 6 BA E CD B E2 2 

A8 6 BB E CE B E3 2 

A9 7 BC E CF B E4 2 

AA 6 BD E DO 6 ES 2 

AB 6 BE E Dl 4 E6 2 

AC 6 BF E D2 4 E7 2 

AD 6 co A D3 4 EB 2 

AE 6 Cl B D4 4 E9 3 

AF 6 C2 B D5 4 EA 7 

BO E C3 8 06 4 EB 7 

Bl E C4 B D7 4 EC 7 

B2 E cs 8 DB 4 ED 7 

D9 5 

DA D 

NOTE: 

A 2209 6150 A 
SECTION :3.2 
PAGE 21 REV. A 

HEXA-DECIMAL 
INPUT OUTP,UT 

EE 7 

EF 7 

FO 2 

Fl 0 

F2 0 

F3 0 

F4 0 

F5 0 

F6 0 

F7 0 

FB 0 

F9 1 

FA F 

FB F 

FC F 

FD F 

FE .F 

FF F 

1) Inputs ~te AD, Al, A2, A3, A4, AS, A6, A7, where AfJ is the least significant 
and A7 is the most significant •. 

2) O~tputs are: 01, 02, 03, 04, where 01 is the least significant and 04 
is the most significant digit. 

3) In HexaMDecimal: 

0 = 0000 8 = 1000 
1 • 0001 9 = 1001 
2 = 001.:' A .. 1010 
3 • 0011 B"' 1011 
4 = JlOO c 'Of 1100 
5 "' 0101 D = 1101 
6 .. 0110 E = 1110 

7 .. 0111 F • 1111 



Burroulahs Corporation m == COMPUTER SYSTEMS GROUP -
B 1700 HARDWARE RU LES == SA!"'TA BARBARA PLANT = ==- ...=. 

MJ1N 

1024-BIT READ ONLY MEMORY 

HEXA-DECIMAL 
INPUT OUTPUT 

00 

01 

02 

03 

04 

OS 

06 

07 

08 

09 

OA 

OB 

QC 

OD 

OE 

OF 

10 

11 

12 

13 

14 

lS 

16 

17 . 

18 

19 

lA 

lB 

lC 

lD · 

lE 

lF 

0 

1 

2 

3 

4 

s 
6 

7 

8 

9 

A 

B 

c 
I> 
E 

F 

0 

1 

2 

3 

4 

s 
6 

7 

8 

9 

0 

B 

c 
D. 

E 

F 

MJlN 96 COL CODE TO EBCDIC LSB CODE FORMAT 

HEXA-DECIMAL 
INPUT OUTPUT 

20 

21 
22 

23 

24 

2S 

26 

27 

2B 

29 

2A 

2B 

2C 

2D 

2E 

2F 

30 

31 

32 

33 

34 

3S 

36 

37 

38 

39 

3A 

3B 

3C 

JD 

3E 

3F 

0 

1 

2 

3 

4 

s 
.6 

7 

·8 

9 

A 

B 

c 
D 

E 

F 

0 

1 

2 

3 

4 

s 
6 

7 

8 

9 

A 

B 

c 
D 

E 

·p 

HEXA·DECIMAL 
INPUT OUTPUT 

40 

41 

42 

43 

44 

4S 

46 

47 

4B 

49 

4A 

4B 

4C 

4D 

4E 

4F 

so 
Sl 
S2 

S3 

54 

SS 

S6 

S7 

S8 

S9 

SA 

SB 

SC 

SD 

SE 

SF 

0 

1 

2 

3 

4 

s 
6 

7 

B 

9 

A 

B 

c 
D 

E 

F 

0 

l 

2 

3 

4 

s 
6 

7 

B 

9 

0 

·a 

c 
D 

E 

F 

HEXA-DECIMAL 
INPUT OUTPUT 

60 

61 

62 

63 

64 

6S 

66 

67 

6B 

69 

6A 

6B 

6C 

60 
6E 

6F 

70 

71 

72 

73 

74 

7S 

76 

77 

7B 

79 

7A 

7B 

7C 

70 

7E 

7F 

0 

1 

2 

3 

4 

s 
6 

7 

B 

9 

A 

B 

c 
D 

E 

F 

0 

1 

2 

3 

.4 

s 
6 

7 

B 

9 

A 

B 

c 
D 

E 

F 

A 2209 6150 A 
SECTION 3,2 
PAGE 22 REV. A 

.HEXA-DECIMAL 
INPUT OUTPUT 

BO 

Bl 
B2 

83 

84 

BS 

B6 

B7 

BB 

B9 

BA 
BB 

BC 

80 

BE 

BF 

90 

91 
92 

93 

94 

9S 

96 

97 

9B 

99 

9A 

9B 

9C 

9D 

9E 

9F 

0 

1 

2 

3 

4 

s 
6 

7 

8 

9 

A 

B 

c 
D 

E 

F 

0 

l 

2 

3 

4 

s 
6 

7 

B 

9 

A 

B 

c 
D 

E· 

F 



Burrou~hs Corporation 

COMP~·TER. SYSTEMS .GROUP = B 1 70 0 HARDWARE RU LES . 
- ' SANTA BARBARA PLANT 

MJ1N 

1024-BIT READ ONLY MEMORY 

MJiN 96 COL CODE TO EBCDIC LSB CODE FORMAT 

HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL HE~A-DECIMAL 

INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT 

AfJ ·o B3 3 C6 6 DB B 

Al 1 B4 4 C7 7 DC c 
A2 2 B5 5 C8 8 DD D 

A3 3 B6 6 C9 9 DE E 

A4 4 B7 7 CA A OF F 

A5 5 B8 8 CB B EO 0 

A6 6 B9 9 cc c El 1 

A7 7 BA A CD D E2 2 

A8 8 BB B CE E E3 3 

A9 9 BC c CF F E4 4 

AA A BO D DO .Q E5 5 

AB B BE E Dl 1 E6 6 

AC c BF F 02 2 E7 7 

AD 0 co 0 03 3 ES 8 

AE E Cl 1 04 4 E9 9 

AF F C2 2 DS 5 EA A 

BO A C3 3 D6 6 EB B 

Bl l C4 4 D7 7 EC c 
B2 2 cs 5 D8 8 ED D 

09 9 

DA A 

NOTE: 

. A 2209 6150 A 
SECTION 3.2 
PAGE 23.REV. A 

HEXA-DECIMAL 
INPUT OUTPUT 

EE E 

EF F 

FO A 

Fl 1 

F2 2 

F3 3 

F4 4 

F5 5 

F6 6 

F7 7· 

F8 8 

F9 9 

FA A 

FB B 

FC c 
FD D 

FE E 

FF F 

1) Inputs are AtJ, Al, A2, A.3, A4, A5, A6, A7, where AO is. the least significant 
and A7 is the most significant. 

2) Outputs are:. 01, 02, 03, 04, where 01 is the least significant and 04 
is the mo$t significan.t· digit. 

3) In Hexa-Decimal: 

0 = 0000 8 .. 1000 
l = 0001 9 = 1001 
2 .. 0010 A= 1010 
3 .. 0011 B = 1011 
4 = 0100 c = 1100 
5 = 0101 D = 1101 

. 6 .. 0110 E = 1110 
7 = 0111 F '= 1111 



. Burroutahs Corporation~ . 

COMPUTER SYSTEMS GROUP -
81700 HARDWARE RULES 

SANTA BARBARA PL.ANT -

MJ2N 

1024-BIT READ ONLY MEMORY 

HEXA-DEC!MAL 
INPUT OUTPUT 

00 

01 

02 

03 

04 

OS 

06 

07 

08 

09 

OA 

OB 

oc 
OD 

OE 

QF 
10 

11 

12 

13 

14 

lS 
16 

17 

18 

19 

lA 

lB 

lC 

lD 

lE 

lF 

4 

F 

F 

F 

F 

F 

F 

F 

F 

F 

7 

7 

7 

7 

7 

7 

F 

6 

E 

E 

E 

E 

E 

E 

E 

E 

s 
6 

6 

6 

6 

6 

MJ2N 96 COL CODE TO EBCDIC MSB CODE FORMAT 

HEXA-DECIMAL 
INPUT OUTPUT 

20 

21 

22 

23 

24 

2S. 

26 

27 

28 

29 

2A 

2B 

2C 

2D 

2!!= 
2F 

30 

31 

32 

33 

34 

3S 

36 

37 

38 

39 

3A 

3B 

3C 

3D 

3E 

3F 

6 

D 

D 

D 

D 

D 

D 

D 

D 

D 

s 
s 
s 
s 
s 
s 
D 

c 
c 
c 
c 
c 
c 
.c 
c 
c 
4 

4 

4 

4 

4 

4 

HEXA-DECIMAL 
INPUT OUTPUT 

40 

41 

42 

43 

44 

4S 

46 

47 

48 

49 

4A 

4B 

4C 

40 

4E 

4F 

so 
Sl 

S2 

S3 

S4 

SS 

S6 

S7 

58 

S9 

SA 

SB 

SC 

SD 

SE 

SF 

0 

B 

B 

B 

B 

B 

B 

B 

B 

B 

3 

3 

3 

3 

3 

3 

B 

2 

A 

A 

A 

A 

A 

A 

A 

A 

1 

2 

2 

2 

2 

2 

HEXA-DECIMAL 
INPUT OUTPUT 

60 

61 

62 

63 
64 

6.5 

66 

67 

68 

69 

6A 

6B 

6C 

60 

6E 

6F 

70 

7l 

72 

73 

74 

7S 

76 

77 

78 

79 

7A 

7B 

7C 

70 

7E 

7F 

2 

9 

9 

9 

9 

9 

9 

9 

9 

9 

1 

1 

1 

1 

l" 

1 

9 

8 

B 

8 

8 

B 

B 

B 

B 

B 

0 

0 

0 

0 

0 

0 

A 2209 6150 A 
SECTION 3.2 
PAGE 24 REV. A 

HEXA-DECIMAL 
INPUT OUTPUT 

BO 

Bl 

B2 

B3 

B4 

85 

B6 

B7 

BB 

89 

BA 

BB 

BC 

BO 

BE 

BF 
90 

91 

92 

93 

94 

95 

96 

97 

9B 

99 

9A 

9B 

·9c 

90 

9E 

9F 

c 
7 

7 

7 

7 

7 

7 

7 

7 

7 

F 

F 

F 

F 

F 

F 

7 

E 

6 

6 

6 

6 

6 

6 

6 

6 

E 

E 

E 

E 

E 

E 



:Burroughs Corporation 

COMPUTER SYSTEMS GROUP 
SANTA BARBARA PLANT 

B1700 HARDWARE RULES 
A 2209 6150 A 
SECTION 3.2 
PAGE 25 REV. A 

MJ2N 
1024-BIT READ ONLY MEMORY 

MJ2N 96 COL CODE TO EBCDIC MSB CODE FORMAT 

HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL 
INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT 

AO E B3 4 C6 3 DB A EE 9 

Al 5 B4 4 C7 3 DC A EF 9 
A2 5 BS 4 CB 3 DD A FO 2 
A3 5 B6 4 C9 3 DE A Fl 0 
A4 5 B7 4 CA B DF A F2 0 
AS 5 B8 4 CB B EO A F3 0 
A6. 5 B9 4 cc B El l F4 0 
A7 5 BA c CD B E2 1 F5 0 
A8 5 BB c CE B E3 1 F6 0 
A9 5 BC c CF B E4 l F7 0 
AA D BD c DO 3 E5 l F8 0 
AB D BE c Dl A E6 l F9 0 
AC D BF c D2 2 E7 l FA 8 

AD D co 8 03 2 EB 1 FB 8 
. AE D Cl 3 04 2 E9 1 FC 8 

AF D C2 3 D5 2 EA 9 FD 8 

BO 6 C3 3 06 2 EB 9 FE 8 

Bl 4 C4 3 D7 2 EC 9 FF 8 

132 4 C5 3 DB 2 ED 9 

09 2 

DA A 

NOTE: 

1) Inputs are AO, Al, AZ, A3, A4, AS, A6, A7, where AO is the least significant 
and A7 is the most significant. 

2) Outputs are: 01, 02, 03, 04, where 01 is the least significant and 04 
is the most significant digit. 

3) In Hexa-Deciaml: 

0 .. 0000 B = 1000 
1 = 0001 9 = 1001 
2 = 0010 A= 1010 
3 = OOll B = 1011 
4 = oioo C = llOO 
5 .. 0101 D = 1101 
6 = OllO E = lllO 
7 "' 0111 F = 1111 



. Burroutlhs CorporftUon m . 
COMPUT!£R SYSTEMS GROUP -= !jANTA BARBARA PL.ANT = =- ...=. 

MJ3N 
1024-BIT READ ONLY MEMORY 

MJ3N EBCDIC TO 96 COL CODE LSB CODE FORMAT 

HE'l:A•DECIMAL 
INPUT OUTPUT 

00 

01 

02 

03 

04 

OS 

06 

07 

08 

09 

OA 

OB 

oc 
OD 

OE 

OF 

10 

ll 

12 

13 

14 

lS 
16 

17 
lS 

19 

lA 

lB 
lC 

lD 

lE 

lF 

0 

1 

2 

3 

4 

5 

6 

7 

s 
9 

A 

B 

c 
.D 

E 

F 

A 

1 

2 

3 

4 

5 

6 

7 

8 

9 

A 

B 

c 
D 

"E 

F 

HEXA-DECIMAL 
INPUT OUTPUT 

20 

21 

22 

23 

24 

2S 

26 

27 
28 

29 

2A 

2B 

2C 

2D 

2E 

2F 

30 

31 

32 

33 

34 

.35 

36 

37 

3S 

39 

3A 

3B 

3C 

3D 

3E 

3F 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

B 

c 
D 

E 

F 

0 

l 

2 

3 

4 

s 
6 

7 

8 

9 

A 

B 

c 
D 

E 

F 

HEXA-DECIMAL 
INPUT OUTPUT 

40 

41 

42 

43 

44 

_45 

46 

47 

4S 

49 

4A 

4B 

4C 

40 

4E 

4F 

50 

51 

52 

53 

S4 

55 

56 

S7 

5S 

S9 

SA 

5B 

SC 

SD 

SE 

SF 

0 

1 
2. 

3 

4 

5 

6 

7 

8 

9 

A 

B 

c 
D 

E 

F 

A 

1 

2 

3 

4 

5 

6 

7 

s 
9 

A 

B 

c 
D 

E 

F 

HEXA-DECIMAL 
INPUT OUTPUT 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

6A 

6B 

6C 

60 

6E 

6F 

70 

71 

7.2 
73 

74 

75 

76 

77 

78 

79 

7A 

7B 

7C 

7D 

7E 

7F 

0 

1 

2 

3 

4 

5 

6 

7 

s 
9 

0 
B 

c 
D 

E 

F 

0 

1 

2 

3 

4 

s 
6 

7 

s 
9 

A 

B 

c 

E 

F 

A 2209 6150 A 
SECTION ·3.2 
PAGE 26 REV. A 

HEXA-DECIMAL 
INPUT OUTPUT 

80 

81 
S2. 

83 

84 

SS 

S6 

87 

88 

89 

SA 

SB 

SC 

80 

BE 

8F 

90 

91 

92 

93 

94 

9S 

96 

97 

98 

99 

9A 

9B 

9C 

9D 

9E 

9F 

0 

l 

2 

3 

4 

5 

6 

7 

8 

9 

A 

B 

·c 
D 

E 

F 

0 

1 

2 

3 

4 

s 
6 

7 

8 

9 

A 

B 

c 
D 

E 

F 



Bl,lrrouaih,s Corporation 

. COMPUT.E;:R SYS.T.EMS GROUP 
- SANTA BARBARA.PLANT 

. 

"'=\ = 
'UJ 81700 HARDWARE RULES 

MJ3N 
1024-BIT READ ONLY MEMORY 

MJ3N EBCDIC TO 96 COL CODE LSB CODE FORMAT 

A 2209 6150 A 
SECTION 3.2 
PAGE 27 REV. A 



-------------::::;;;;:::--:;;-·---·---= = Burrou~hs Corporation 

COMPUTER SYS.TEMS GROUP 
SANTA BARBARA PLANT 

~ · 
= 81700 HARDWARE RULES 

= 

HEXA·DECIMAL 
INPUT OUTPUT 

00 

01 

02 

03 

04 

05 

06 

07 

08 

09 

OA 

OB 

oc 
OD 

OE 

OF 

10 

11 
12 . 

13 

14 

15 

16 

17 

18 

19 

lA 

lB 

lC 

lD 

lE 

lF 

4 

F 

F 

F. 

F 

F 

F 

F 

F 

F 

7 

7 

7 

7 

7 

7 

5 

E 

E 

E 

E 

E 

E 

E 

E 

E 

6 

6 

6 

6 

6 

6 

MJ4N 
1024-BIT READ ONLY MEMORY 

MJ4N EBCDIC TO 96 COL CODE MSB CODE FORMAT 

HEXA·OECIMAL 
INPUT OUTPUT 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

2A 

2B 

2C 

20 

2E 

2F 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

3A 

3B 

3C 

30 

3E 

3F 

6 

5 

0 

D 

0 

0 

0 

D 

D 

D 

F 

5 

5 

5 

5 

5 

D 

c 
c 
c 
c 
c 
c 
c 
c 
c 
4 

4 

4 

4 

4 

4 

HEXA-OECIMAL 
INPUT OUTPUT 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

4A 

4B 

4C 

40 

4E 

4F 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

5A 

SB 

SC 

so 
SE 

5F 

0 

B 

B 

B 

B 

B 

B 

B 

B 

B 

3 

3 

3 

3 

3 

3 

l 

A 

A 

A 

A 

A 

A 

A 

A 

A 

2 

2 

2 

2 

2 

2 

HEXA-DECIMAL 
INPUT OUTPUT 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

6A 

6B 

6C 

60 

6E 

6F 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

7A 

7B 

7C 

70 

7E 

7F 

2 

1 

9 

9 

9 

9 

9 

9 

9 

9 

B 

1 

1 

1 

1 

1 

9 

8 

8 

8 

8 

8 

8 

8 

8 

B 

0 

0 

0 

0 

0 

0 

A 2209 6150 A 
SECTION 3.2 
PAGE 28 REV. A 

HEXA-DECIMAL 
INPUT OUTPUT 

BO 

Bl 

B2 

B3 

B4 

B5 

B6 

B7 

88 

89 

BA 
BB 

BC 

80 

3E 

BF 
90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

9A 

9B 

9C 

90 

9E 

9F 

c 
7 

7 

7 

7 

7 

7 

7 

7 

7· 

F 

F 

F 

F 

F 

F 

7 

6 

6 

6 

6 

6 

6 

6 

6 

6 

E 

E 

E 

E 

E 

E 



81700 HARDWARE RULES 
= . ~ 

·Burroughs Corpora,Uon ·"'-IJ. 
== COMPUTE.fl SYS·TE.MS Gf!OUP 
= SANTA BARBARii. PLANT -

MJ4N 

1024-BIT READ ONLY MEMORY 

MJ4N EBCDIC TO 96 COL CODE MSB CODE FORMAT 

HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL 
INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT 

AO E B3 4 C6 3 DB A 

Al D B4 4 C7 3 DC A 

A2 5 B5 4 CB 3 DD A 

A3 5 B6 4 C9 3 DE A 

A4 5 B7 4 CA B OF A. 

A5 5 BB 4 CB B EO A 

A6 5 B9 4 cc B El 9 

A7 5 BA c CD B E2 l 

AB 5 BB c CE B E3 1 

A9 5 BC c CF B E4 l 
AA D BD c DO 3 ES l 

AB D BE c Dl 2 E6 1 

AC D BF c D2 .2 E7 1 

AD D co 8 03 2 EB 1 

AE D Cl 3 04 2 E9 1 

AF D C2 3 05 2 EA 9 

BO 5 C3 3 D6 2 EB 9 

Bl 4 C4 3 D7 2 EC 9 

B2 4 C5 3 D8 2 ED 9 

09 2 

DA A 

NOTE: 

. 
A 2209 6150 A 
SECTION .3 •. 2 
PAGE 29 .REV•. A 

HEXA-DECIMAL 
INPUT OUTPUT 

EE 9 
EF 9 

FO 1 

Fl 0 

F2 0 

F3 0 

F4 0 

F5 0 

F6 0 

F7 0 

FB 0 

F9 0 

FA 8 

FB 8 

FC 8 

FD 8 

FE. 8 

FF 8 

1) Inputs are AO,. Al, A2, A3, A4, A5 1 A6, A7, where AO is the least significant 
and A7 is the most significant. 

2) Outputs are: 01, 02, 03,.04, where 01 is the. least significant and 04 
is the most significant digit. 

3) In Hexa-Decimal: 

0 • 0000 8"' 1000 
1 • 0001 9 ... 1001 
2 • 0010 A• 1010 
3 • 0011 8= 1011 
4 - 0100 c"' 1100 
5 .. 0101 D = 1101 
6 .. 0110 E • 1110 
7 • 0111 F = 1111 



· BurrouQha Corporation m -= COMPUTERSYSTEMSGROUP = 81700 HARDWARE RULES §!§ A 2209 6150 A == SANTA BARBARA PLANT . = SECTION 3. 2 =- . = 
~~§§§§§§§§§§§~§§§§§§§§§§§§§§§~~ PAGE 30 REV. B 

HEXA·DECIMAL 
INPUT OUTPUT 

00 

01 

02 

03 

04 

OS 
06 

07 

08 

09 

QA 

OB 

oc 
OD 

OE 

OF 

10 

11 

12 

13 

14 

lS 

16 

17 

18 

19 

lA 

lB 

lC 

lD 

lE 

lF 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

MK1N 

1024-BIT READ ONLY MEMORY 

MKlN EBCDIC TO BCL+PAR LSB CODE FORMAT 

HEXA-DECIMAL 
INPUT OUTPUT 

20 

21 

22 

23 

24 

2S 

26 

27 

2S 

29 

2A 

2B 

2C 

2D 

2E 

2F 

30 

31 

32 

33 

34 

3S 

36 

37 

38 

39 

3A 

3B 

3C 

30 

3E 

3F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

HEXA·DECIMAL 
INPUT OUTPUT 

40 

41 

42 

43 

44 

4S 

46 

47 

48 

49 

4A 

4B 

4C 

40 

4E 

4F 

so 
Sl 

S2 

S3 

54 

5S 

S6 

57 

S8 

S9 

5A 

SB 

SC 

SD 

5E 

SF 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

3 

4 

1 

2 

s 
0 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

l 

4 

3 

2 

1 

0 

HEXA-DECIMAL 
INPUT OUTPUT 

60 

61 

62 

63. 

64 

65 

66 

67 

68 

69 

6A 

68 

6C 

6D 

6E 

6F 

70 

71 

72 

73 

74 

75 

76 

77 

7S 

79 

7A 

7B 

7C 

7D 

7E 

7F 

F 

E 

F 

F 

F 

F 

F 

F 

F 

F 

F 

4 

3 

s 
1 

F 

s 
F 

F 

F 

F 

F 

F 

F 

F 

F 

2 

4 

3 

0 

2 

0 

HEXA-DECIMAL 
INPUT OUTPUT 

so 
81 

82 

83 

84 

S5 

86 

S7 

S8 

S9 

SA 

BB 

SC 

SD 

SE 

BF 

90 

91 

92 

93 

94 

9S 

96 

97 

95 

99 

9A 

9B 

9C 

9D 

9E 

9F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F. 

F 

F 

F 

F 

F 

F 



: . Burrou_ Ah_ · s -~Corpc:>ratlon ~. . - ,. "11-
- COMPUTER SYSTE{>'IS GROUP 

81700 HARDWARE RULES. 
SANTA BARBARXPLANT 

= -

MK1N 

1024•BIT READ ONLY MEMOiY 

MKlN EBCDIC TO BCL+PAR LSB CODE _FORMAT 

HEXA·DEClMAL HEXA-DECIMAL HEXA·DECIMAL . HEXA•DECIMAL 
iNPUT OUTPUT INPU.T OUTPUT INPUT OUTPUT INPUT OUTPUT 

AO F B3 F C6 9 DB F 

Al F B4 F C7 8 DC F 

A2 F 85 F CB 7 DD F 

A3 F 86 F C9 6 DE F 

A4 F 87 F CA F DF F 

A5 F 88 F CB F EO F 

A6 F 89 F cc F El F 

A7 F BA F CD F E2 D 

AB F BB F CE F E3 c 
A9 F BC F CF F E4 B 

AA F BD ·F DO 5 ES A 

AB F BE F Dl E E6 9 

AC F BF F D2 D E7 8 

AD F co 5 DJ c ES 7 

AE F Cl E 04 B ~9 6 

AF F. C2 D DS A EA F 

BO F C3 c D6 9 EB F 

Bl F C4 B D7 8 EC F 

B2 F C5 A DB 7 ED F 

D9 6 

DA F 

NOTE: 

-
A 2209 "6150 A 
SECTION 3.2 
PAGE 31 REV. A 

HEXA-DECIMAL 
INPUT OUTPUT 

EE F 

EF F 

FO 5 

Fl E 

F2 D 

F3 c 
F4 B 

FS A 

F6 9 

F7 8 

FS 7 

F9 6 

FA ·F 

FB F 

FC F 

FD F 

FE F 

FF F 

1) Inputs are AO, Al, A2 1 A3, A4,. AS, A6, A7, where AO is the least significant 
and A7 is the most significant. 

2) Outputs are: 01, 02, 03, 04, where 01 is the least significant and 04 
is the most significant digit. 

3) In Hexa-Decimal: 

0 • 0000 8 = 1000 
1 • 0001 9 = 1001 
2 • 0010 A= 1010 
3 • 0011 B • 1011 
4 • 0100 c. 1100 
5 = 0101 D = 1101 
6 .. 0110 E = 1110 
7 = 0111 F = 1111 



Burroualhs Corporation {I) ..... == COMPUTER SYSTEMS GROUP == SANTA BARBARA PLANT -=- == 

81700 HARDWARE RULES 

MK2N. 

1024-BIT READ ONLY MEMORY 

HEXA·DECIMAL 
INPUT OUTPUT 

00 

Ol 
02 

03 

04 

05 

06 

07 

08 

09 

OA 

OB 

oc 
. OD 

OE 

OF 

10 

ll 

l2 

13 

14 

lS 

16 

17 

18 

19 
lA 

lB 

lC 

lD 

lE 

lF 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

MK2N !BCOIC TO BCL+PAR MSB CODE FORMAT 

HEXA-DECtMAL 
INPUT OUTPUT 

20 

21 

22 

23 

24 

25 
2'6 

27 

28 

29 

2A 

2B 

2C 

2D 

2E 

2F 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

3A 

3B 
3C 

JD 

3E 

3F 

F 

F 

F. 

F 

F 

F 

F 

F 

F 

F 

F 

F 
F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

HEXA-OECIMAL 
INPUT OUTPUT 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

4A 

4B 

4C 

40 

4E 

4F 

so 
Sl 

52 

53 

54 

SS 
S6 

S7 

S8 

59 

SA 

SB 

SC 

SD 

SE 

SF 

A 

F 

F 

F 

F 

F 

F 

F 

F 

F 

c 
8 

8 

s 
c 
c 
c 
F 

F 

F 

F 

F 

F 

F 

F 

F 

E 

0 

9 

O· 

0 

9 

HEXA-DECtMAL 
INPUT OUTPUT 

60 

61 

62 

63 

64 

65 

66 

67 

6S 

69 

6A 

68 

6C 

60 

6E 

6F 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

7A 

7B 

7C 

7D 

7E 

7F 

9 

E 

F 

F 

F 

F 

.F 

F 

p. 

F 

F 

E 

A 

A 

B 

F 

9 

F 

F 

F 

F 

F 

F 

F 

F 

F 

B 

B 

F 

F 

E 

A 

A 2209 6150 A 
SECTION 3. 2 
PAGE 32 REV. A 

HEXA-DECIMAL 
INPUT ·OUTPUT 

80 

81 

82 

83 

~4 

85 

86 

87 

88 

S9 

SA 

SB 

BC 

SD 

SE 

SF 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

9A 

98 

9C 

90 

9E 

9F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 



BurrouQ~s ,Corporation ~. = . W= == 'coMPUTER SYSTEMS GROUP . 81700 HARDWARE RULES 
SANTA BARBARA PLANT = 

.=. 

MK2N 

1024-BIT Rll:AD ONLY MEMORY 

,MIUN EBCDIC TO BCL+l>AR MSB CODE FORMAT 

HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL 
J;NPYT OlJT1UT INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT 

NJ F BJ F C6 c DB F 

Al F B4 F C7 8 DC F 

A2 F B5 F ca 8 DD F 

A3 .F B6 F C9 c DE F 

A4 F B7 F CA F DF F 

A5 F BS F CB F EO 7 

A6 F 89 F cc F El F 
-· 

A7 F. BA F CD F E2 E 

AS F BB F CE F E3 A 

A9 F BC F CF F E4 E 

AA F BD .F DO 9 ES A 

AB F B'E F Dl D E6 A 

AC ' BF F 02 D E7 E 

AD F .CO c D3 9 ES E 

AE F Cl 8 D4 D E9 A 

AF F Cl 8 DS 9 EA F 

BO ' C3 c 06 9 EB. F 

Bl F C4 8 D7 D EC F 

82. p cs c D8 D ED F 

09 9 

DA F 

NOTEa 

A 2209 6150 A 
SECTION 3.2 
PAG_~_ 3.3 REV • A 

HEXA-DECIMAL 
INPUT OUTPUT 

EE F 

EF F 

FO F 

Fl B 

F2 B 

F3 F 

F4 B 

FS F 
'F6 F 

F7 B 

F8 B 

F9 F 
FA F 

FB F 

FC F 

FD F 

FE F 

FF F 

1) Inputs are AO, Al, Al, A.3, A4, AS, A6, A7, where AO is the least significant 
and A7 is the most significant. 

2) Outputs arei 01, 02, 03, 04, whe~e 01 is the least significant and 04 
is the most significant digit. 

3) In .Hexa-Decimal: 

0 • 0000 8 • 1000 
1 • 0001 9 • 1001 
2 • 0010 A= 1010 
3 • 0011 B = 1011 
4. 0100 c • 1100 
5 • 0101 D • U.01 
6. 0110 E • 1110 
7 • Olil F • 1111 



=-

Burrou~hs Corporation 

COMPUTER SYSTEMS GROUP 
SANTA BARBARA Pl.ANT 

Bl700 HARDWARE RULES 

RM1N 

1024-BIT READ ONLY MEMORY 

HEXA-DEClMAL 
INPUT OUTPUT 

00 

01 

02 

03 

04 

OS 

06 

07 

08 

09 

OA 

OB 

oc 
OD 

OE 

OF 
10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

lA 

lB 

lC 

lD 

lE 

lF 

F 

F. 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

RM1N EBCDIC TO KATAKANA LSB CODE FORMAT 

HEXA ... DECIMAL 
INPUT OUTPUT 

20 

21 

22 

23 

24 

2S 

26 

27 

28 

29 

2A 

2B 

2C 

2D 

2E 

2F 

30 

31 

32 

33 

34 

3S 

36 

37 

38 

39 

3A 

3B 

3C 

3D 

3E 

3F 

F 

F 

F· 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

HEXA-DECIMAL 
INPUT OUTPUT 

40 

41 

42 

43 

44 

4S 

46 

47 

48 

49 

4A 

4B 

4C 

4D 

4E 

4F 

50 

51 

52 

53 

54 

SS 

56 

S7 

58 

S9 

SA 

SB 

SC 

SD 

SE 

SF 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

1 

3 

F 

4 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

A 

E 

F 

F 

F 

HEXA-DECIMAL 
INPUT OUTPUT 

60 

61 

62 

63 

64 

6S 

66 

67 

68 

69 

6A 

6B 

6C 

60 

6E 

6F 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

7A 

7B 

7C 

7D 

7E 

7F 

2 

0 

F 

F 

F 

F 

F 

F 

F 

F 

F 

3 

F 

F 

l 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

c 
F 

F 

2 

0 

A 2209 6150 A 
SECTION 3. 2 .. 
PAGE 34 REV. A 

HEXA-DECIMAL 
INPUT OUTPUT 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

BA 

BB 

BC 

80 

SE 

BF 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

9A 

9B 

9C 

9D 

9E 

9F 

F 

9 

8 

7 

6 

s 
5 

4 

0 

F 

.4 

F 

3 

2 

1 

0 

F 

E 

D 

c 
B 

A 

9 

8 

7 

6 

5 

F 

F 

4 

3 

2 



. Burroughs Corporation - _. 

COMPOTERSYSTEMSGROUP == SANTA B!'R-BARA Pi-ANT 

81700 HARDWARE RULES 
A 2209 6150 A 
SECTION 3.2 
PAGE 35 REV. A 

-

RM1N 

1024-BIT READ ONLY MEMORY . 

NUN EBCDIC TO KATAKANA LSB CODE FORMAT 

HEXA-DECtMAL HEXA-DECIMAL HEXA-OECIMAL HEXA-DECIMAL HEXA-DECIMAL 
UiPUT OUTPUT INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT 

AO F BJ F C6 9 DB F EE F 

Al F B4 F C7 8 DC F EF F 

A2 l BS F cs 7 DD F FO F 

A3 0 B6 F C9 6 DE F Fl E 

A!+ F B7 F CA F DF F F2 D 

A5 E BS .F CB F EO f F3 c 
A6 D B9 F cc F El F F4 B 

A7 c BA 4 CD F E2 c FS A 

A$ B BB J CE F E3 B F6 9 

A9 A BC 2 CF F E4 A F7 8 
AA. 9 BD l DO F ES 9 F8 7 

AB F 'BE D Dl s E6 8 F9 6 

AC 8 BF B 'D2 4 E7 7 FA F 

AD .7 co F D3 3 ES 6 FB F 

AE 6 Cl E 04 2 E9 s FC F 

AF 5 Cl 0 D5 l EA F FD F 

BO F CJ c D6 0 EB F FE F 

Bl F C4 B 07 F EC F FF F 

B2 F C5 A 08 E ED .F 

09 D 

DA F 

NOTE: 

l) Inputs _are AO, Al, A2, AJ, A4, AS, A6, A7, where AO is the least significant 
and A7 is the most significant. 

2) Outputs are: Ol, 02, 03, 04, where 01 is the least significant .and 04 
is the most significant digit. 

J) In Hexa-Decimal: 

0-• 0000 s = 1000 
l • 0001 9 .. 1001 
2 - 0010 A• 1010 
3 • 0011 B • 1011 
4 • 0100 c .. 1100 
5 • 0101 D • 1101 
6 .. 0110 E "' 1110 
7 • 0111 F = 1111 



Burrouahs Corporation 

COMPUTER SYSTEMS GROUP 
SANTA BARBARA PLANT 

B 1700 HAR OW ARE RU LES . A 2209 6150 A 
SECTION 3.2 
PACE 36 REV. B 

HEXA-DECIMAL 
INPUT OUTPUT 

00 

01 

02 

03 

04 

05 

06 

. 07 

08 

09 

OA 

OB 

OC 

OD 

OE 

OF 

10 

11 

12 

13 

14 

lS 

16 

17 

18 

19 

lA 

lB 

lC 

lD 

lE 

lF 

F 

'F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

RM2N 

1024-BIT READ ONLY MEMORY 

RM2N EBCDIC TO KATAKANA MSB CODE FORMAT 

HEXA-DECIMAL 
INPUT OUTPUT 

20 

21 

22 

23 

24 

25 

26 

27 

2B 

29 

2A 

2B 

2C 

2D 

2E 

2F 

30 

31 

32 

33 

34 

3S 

36 

37 

38 

39 

3A 

3B 

3C 

30 

3E 

3F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

HEXA-DECIMAL 
INPUT OUTPUT 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

4A 

4B 

4C 

4D 

4E 

4F 

50 

Sl 

52 

53 

54 

55 

56 

57 

58 

59 

SA 

SB 

SC 

50 

SE 

SF 

D 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

D 

c 
F 

D 

.F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

D 

D 

F 

F 

F 

HEXA-DECIMAL 
INPUT OUTPUT 

60 

61 

62 
63 

64 

6S 

66 

67 

6B 

69 

6A 

6B 

6C 

6D 

6E 

6F 

70 

71 

72 

73 

74 

7S 

76 

77 

78 

79 

7A 

7B 

7C 

70 

7E 

7F 

0 

0 

F 

F 

F 

F 

F 

F 

F 

F 

F 

D 

F 

F 

c 
F 

F 

F 

F 

F 

F 

f 
F 

F 

F 

F 

F 

0 

F 

F 

c 
B 

HEX..\- DECIMAL 
BPCT OUTPUT 

BO 

81 

B2 

B3 

B4 

85 

B6 

B7 

BB 

B9 

BA 

8B 

BC 

80 

8E 

8F 

90 

91 

92 

93 

94 

9S 

96 

97 

98 

99 

9A 

9B 

9C 

90 

9E 

9F 

F 

D 

D 

D 

D 

D 

c 
c 
c 
B 

A 

F 

A 

A 

A 

A 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

F 

F 

9 

9 

9 



.. · Burroughs Corporation, {i) . 
·= . I = 

- COMPUTER SYSTEMS GROUP t = 
. ·. SANTA BARBARA. PLANT / 

B 1700 HARDWARE RU LES 

_.;.. . -=. 

RM2N \ 

1024-BIT READ ONLY MEMORY 

RM2N EBCDIC TO KATAKANA MSB CODE FORMAT 

HEXA·DECIMAL HEXA·DECIMAL HEXA-DEC!MAL HEXA-DECIMAL 
INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT 

AO F B3 F C6 B DB F 

Al F B4 F C7 B DC F 

A2 9 B5 F cs B DD F 

A3 9 B6 F C9 B DE F 

A4 8 B7 F CA F DF F 

A5 8 BS F CB F EO F 

A6 8 B9 F cc F El F 

A7 8 BA 8 CD F E2 A 

A8 8 BB 8 CE F E3 A 

A9 8 BC 8 CF F E4 A 

AA 8 BD 8 DO F ES A 

AB F BE D Dl, B E6 A 

AC 8 BF D 02 B E7 A 

AD 8 co F D3 B ES A 

AE 8 Cl B D4 B E9 A 

AF 8 C2 B D5 B EA F 

BO F C3 B D6 B EB F 

Bl F C4 B D7 A EC F 

B2 F C5 B 08 A ED F 

09 A 

DA F 

NOTE: 

A 2209 6150A 
SECTION 3.2 
PAGE 37 REV. A 

· H~XA-DEC!MAL 
INPUT OUTPUT 

EE F 

EF F 

FO c 
Fl c 
F2 c 
F3 c 
F4 c 
F5 c 
F6 c 
F7 c 
F8 c 
F9 c 
FA F 

FB F 

FC F 

FD F 

FE F 

FF .F 

1) Inputs are AD, Al, A2, A3, A4, AS, A6, A7, where AO is the least significant 
and A7 is the most significant. 

2) Outputs are: 01, 02, 03, 04, where 01 is the least significant and 04 
is the most significant digit. 

3) In Hexa-Decimal: 

0 • 0000 8 = 1000 
l • 000], 9 .. 1001 
2 "' 0010 A= 1010 
3 • OOLl B = 1,011 
4 - 0100 c = 1100 
5 • 0101 D = 1101 
6 • 0110 E • 1110 
7 - 0111 F • 1111 



Burroughs Corporation m _ 
COMPUTER SYSTEMS GROUP = 81700 HARDWARE RULES 

SANTA BARBARA PLANT = A 2209 6150 A 
SECTION 3,2 
PAGE 38 REV• B 

256-BIT READ-ONLY MEMORY 

M.i"L 9034 - NOTED MFnN SA 1918-NOTED 

N 

FUNCTIONAL DIAGRAM 

ELEMENT TYPE FAIRCHILD NO. PART NO. FUNCTIO.N 

MF4N 
MF5N 
MF6N 
MF7N 
MFSN 
MF9N. 

A ...... ___.. cs 
B 07 
c 06 
D 05 
E 04 
F 03 
G 02 
R GNO. 

40249 
40250 
40251. 
40252 
40253 
40254 

~-P 

IE--N 
~-M 
.,..__L 
/~-K 
~-J 

UIE--H .___ ..... s 

PIN LOCATION DIAGRAM 

1 I~ PIN DIP 

3516 
3524 
3532 
3540 
3557 
3565 

XLTR.-EBCDIC TO BCL 1/4 
XLTR.-EBCDIC TO BCL 2/4 
XLTR.-EBCDIC TO BCL 314 
XLTR.-EBCDIC TO BCL4/4 
XLTR.- BCL TO EBCDIC 112 
XLTR.- BCL TO EBCDIC 2/2 



Cl) 

(2) 

(3) 

(4) 

(5) 

(6)" 

(7) 

(8) 

(9) 

MFNN 

256-BIT READ ONLY MEMORY 

The circuit is a T2L Logic Compatible organized as 32 words of 8-bits 
each. The memory has 5 address lines AO thru A4, .one Enable input, 
EO, and 8 outputs 01 thru 08. The words are selected by the five 
add-ress lines. 

The codes of these ROMs are not inverted, and thus code trans
lation is obtained directly. MF4N, MFSN, MF6N, and MF7N should be 
combined to translate from EBCDIC, 8-bits code to BCL, 6-bits code. 
MFSN and MF9N should be combined to translate from BCL, 6-bits 
code to the EBCDIC, 8-bits code. 

Logical False level applied at the Enable input is needed to enable the 
chip, otherwise the chip is diSabled and True level voltage is forced 
at all outputs. 

Consult Section 5 for interface information. 

Address inputs or Enable input maximum current is -1..6ma at +.4 volts, 

and .lotna at +4.5 volts. 

The memory outputs offer the possibility o.f the wire-OR connection. 

Output current h lOma at +.4 volts and -.20ma at +5.5 volts. 

Both inputs and outputs are shown in the bit code format tables using 
Binary 1 to represent a true vol:age level and Binary O to represent 
false voltage level. 

Maximum delay time; 

Address to output, td=50ns. 
Memory Enable to output, td=50ns. 

':!":' 



Burroughs Corporation 

COMPUTER SYSTEMS GROUP 
SANT A BARBARA PLANT 

81700 HARDWARE RULES 

MF4N 
256 BIT READ ONLY MEMORY 

!ICDIC -+ !CL 

MF5N 

M14N CODE FORMAT MF5N CODE FORMAT 

BINARY INPUT BINARY OUTPUT BINARY INPUT BINARY OUTPUT 

00000 010000 00000 100000 

01010 111100 00001 010001 

01011 111011 01011 011011 

01100 111110 01100 011100 

01101 111101 01101 011010 

01110 111010 01110 001110 

01111 111111 11010 001101 

10000 110000 11011 001011 

11010 OllllO 11100 001100 

11011 101011 11101 001111 

11100 101100 11110 011101 

11101 101101 11111 011111 

11110 101110 

11111 101111 

NOTE1 

1) Iapu ti ue AO, Al , A2 • A3, A4 where AO is the least significant 
d11it and A4 ls the most significant. 

2) outputs are 01, 02, 03, 04, 05, 06 where 01 is the least 
aigniflcant digit and 06 la the moat significant. 

3) Input1 that are not tabulated have ZERO outputs. 

A 2209 6150 A 
·SECTION J. 2 
PACE 40 REV. A 



~.·==' =:= Burroutahs ·Corporation - B 1700 HARDWARE RU LES. 
. -- COMPUTER SYSTEMS GROUP 

SANTA BARBARA PLANT -

MF6N 
256 BIT READ ONLY MEMORY 

EBCDIC ... BCL 

MF7N 

. MF6N CODI FORMAT MP7N CODE FORMAT 

BINARY INPUT BINARY OUTPUT BINARY INPUT BINARY OUTPUT 

00000 111010 00000 000000 

00001 110001 00010 010010 

00010 110010 00011 010011 

00011 110011 00100 0101oq 

00100 110100 00101 010101 

00101 110101 00110 010110 

00110 110110 00111 010111 

00111 110111 01000 011000 

01000 111000 01001 011001 

01001 111001 10000 001010 

10000 101010 10001 000001 

10001 100001 10010 000010 

10010 100010 10011 000011 

10011 100011 10100 . 000100 

10100 100100 10101 000101 

10101 100101 10110 000110 

10110 100110 10111 000111 

10111 100111 11000 001000 

11000 101000 11001 001001 

11001 101001 

NOTES: 

1) Inputs are AO, Al, A2, A3, A4 where. AO is the least significant 
dlglt ad A4 la the moat aignifi'"ant. 

2) outputs are ot, 02, 03, 04, OS, 06 where 01 is the least significant 
digit an~ 06 if the moat significant. 

3) Inputs that are not tabulated have ZERO outputs. 

A 2209 6150 A 
·SECTION 3.2 
PAGE 41 REV. A 



Burrou~hs. Corporation 

COMPUTER SYSTEMS GROUP 
SANTA BARBARA PLANT 

MF8N 

61700 HARDWARE RULES 

256 BIT READ ONLY MEMORY 
BCL .. EBCDIC 

MF9N 

MF8N CODE FORMAT M.F9N CODE FORMAT 

Bl .. ARY INPUT BINARY OUTfUT BINARY INPUT BINARY OUTPUT 

00000 01101111 00000 01100000 
00001 11110001 00001 11010001 
00010 11110010 00010 11010010 
00011 11110011 00011 11010011 
00100 11110100 00100 11010100 
00101 11110101 00101 11010101 
00110 11110110 00110 11010110 
00111 11110111 00111 11010111 
01000 11111000 01000 11011000 
01001 11111001 01001 11011001 
01010 11110000 01010 11010000 
01011 01111011 01011 01011011 
01100 01111100 01100 01011100 
01101 01111010 01101 01011101 
01110 01101110 01110 01011110 
01111 01111101 01111 01011111 
10000 01000000 10000 01010000 
10001 01100001 10001 11000001 
10010 11100010 10010 11000010 
10011 11100011 10011 11000011 
10100 11100100 10100 11000100 
10101 11100101 10101 11000101 

' 10110 11100110 10110 11000110 
10111 11100111 10111 11000111 
11000 11101000 11000 11001000 
11001 11101001 11001 11001001 
11010 01101101 11010 11000000 
11011 01101011 llOll 01001011 
11100 01101100 11100 01001010 
11101 OllllllO 11101 01001101 
11110 01011010 11110 01001100 
11111 01111111 11111 01001111 

NOTISt 

1) InputJ are AO, Al, A2, Al, A4 where AO is the least iignificant 
digit and A4 is the mo~t significant. 

2) outputs are 01, 02, 03, 04, OS, 06, 07, 08 where 01 ls the least 
significant digit and 08 is the most significant. 

A 2209 6150 A 
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3.2 Tl'L/DTL Integrated Circuits 

Element Type: 
Standard Assembly Number: 
Circuit Designations 
Description o~ Operations 

A3 
A2 
Al 
AO 

13 

12 

II 

IO 

cs 
WE 

81700 HARDWARE RULES 

RFCN 

K Al N M l 

H 

F 
RFCN 

D 

B T c 

J 

s 

G 

E 

RFCN 
2205 2609 
64 Bit Memory 

Q3 

Q2 

QI 

QO 

FUNCTIONAL DIAGRAM 

A AO +4.8V p 

B cs Al N 
c WE A2 M 
D IO A3 L 
E QO 13 K 
F II Q3 J 
G QI 12 H 
R GND. Q2 s 

PIN LOCATION DIAGRAM 
16 PIN DIP 
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81700 HARDWARE RU.LES 

RFCN 

SA 2205 2609 

64-BIT MEMORY 

l) The circuit is T2L organized as 16 words of 4-Bits each. Inputs to the 
chip are 4 Data Input lines IO thru I3 1 4 Address I.ines AO thru A3 1 one 
Chip Select CS, and one Write Enable line WE. Outputs of the chip are 
Data OUtput lines QO thru Q3. 

A 2209 6150 A 
SECTION 3.2 
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2) A logic zero on the Chip Select line permits addressing of each of the 
sixteen words thru the' address lines, A logic. one on the Chip Select 
input forces the outputs HIGH, and prevents addressing of the sixteen w~rds. 

A logic zero on the Write Enable input allows the data present on the 
Data Inputs to be transferred in the addressed word. A logic one on 
the Write Enable causes nondestructive transfer of the word through 
the sense amplifiers to the Data Outputs. 

CHIP SELECT (CS) 

0 
0 
1 

WRITE ENABLE (WE)· 

0 
1 
x 

FUNCTION 

WRITE 
READ 
NO ACTION 

3) Inputs shall alwasy be driven by a CTL restoring element with the right 
external pull-down resistor connected from the restoring element output 
to ground. 

4) Output of the chip is the complement of the data input. 

5) The outputs shall always be connected to CTL restoring elements ·and an 
external pull-~p resistor, connecte.d from the memory outputs to the 
Vee supply voltage. 

6) The memory outputs offer the possibility of the wire-OR connection. 

7) Maximum Read access time measured from the. leading edge of the address 

= 45 ns. 

8) Maximum access time measured from the ne~ative going edge of the chip 
select • 27 ns, 

9) Minimum Wr.ite Enable pulse width = 30 ns. 

10) Maxi~um recovery time after Write Enable trailing edge = 45 ns. 

11) Write Enable negative going edge shall follow the address by 5 ns. minimum, 
and the. positive going edge shall precede the new address by 5 ns. minimum. 

12) Data Set-up time is 30 ns; data Hold time is S ns. Both are measured 
relative to the positive going edge of the WE pulse. 

13) The CTL interface rules within section S, Hardware Rules Book, should be 

complied with. 
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3.2 TTL/DTL Integrated Circuits RFDN 

Element Type: 
Standard Assembly Number: 
Circuit Designation: 
~.~~iption of-Operation: 

A 
B 

c 
D 
E 

F· 
G 

R 

CS2 
CSI 
cso 

A7 
A6 
A5 
A4 
A3 
A2 
Al 
AO 

DI 

D E 

F DO 

K 

WE ---......1 
FUNCTl-ONAL DIAGRAM 

Al +4. 75V 
AO A2 
cso A3 
CSI DI 
CS2 
00 

A4 

GND. 

RFDN 
2206 1626 
256-BIT MEMORY 

K 

J 
H 

s 

PIN LOCATION DIAGRAM 
16 PIN DIP 
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81700 HARDWARE RULES 

RFDN 
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256 BIT MEMORY SA 2206 1626 

1. This is a TTL monoli. thic circuit organized as 256 x 1-bi t words. Inputs 

to the chip are eight address lines, AO thru A7, three Chip-Select lines, 

CSO thru CS2, a Write Enable line, WE, and one Data Input, DI. The 

circuit has only one output pin, the Data Output· DO. 

2 •. All three Chip-Select inputs have to be held at a logic zero to enable 

the package. A logic one at any of the Chip-Select inputs disables the 

device. 

3. A logic zero applied to the Write Enable input, simultaneously with all 

CS inputs held at a logic zero, will allow the data present at the Data 

Input to be written into the addressed word. 

4. When the ~TE input is held at a logic one, and the device is enabled (CS 

low), the data stored in the addressed memory word is available at the 

Data Output line DO. The data present at the DO terminal is the comple-

ment of the input data written into that addressed word. 

5. The following table summarizes the d.evice opera ti on: 

cso CSl CS2 WE FUNCTION 

0 0 0 0 WRITE 

0 0 0 1 READ 

x x 1 x NO ACTION 

x 1 x x NO ACTION 

l x x x NO ACTION 

note: X don't care. 

6. Inputs shall always be driven by CTL restoring elements with an external 
pull-down resistor, connected from the restoring element to ground •. 

7. The output shall always be connected to fully threshold sensitive CTL 

restoring elements (those accepting 4th level). An external pull-up 

resistor, connected from the memory output to the Vee supply voltage shall 

always be used.· 
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8 •..• ,,,.. open-coll11ctor output can 1>e wired•OR together with other packages. 
. ' . . 

9 •. ~illUm access ti~ from Address inputs is 70 ns. 

10. Maximum access time.frOJn Ch~p Select input is 55 ns. 

11. Minimum Write Enable pulse width is 55 ns. 

12. Wdte·Enable negatiye going edge shall follow the address and/or chip· 

aelect transition by 15 ns minimum. The positive going edge of WE shall 

precede the new address or chip-select transition by 15 ns minimum. 

13. Data Set•up time relative to the positive going transition of WE is 55 ns 

minilllUIR Data Hold time relative to the positive going transition of WE 

ia 15 na minimum. 

14. Maximum Write Recovery time, after the positive going transition of WE, 

la 70 ns. 

- 15. See eecdon 5, Hardware Rules Book, for the circuitry to interface 
CTL to TTL. 

-----------·--····--.-----....----·- ·----'-. 
i6_----Tbe false level input current for this device is -1.0 mA@ Vfi • +.4V. · 
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3.2 TTL/DTL Integrated Circuits 

Element Type: 
Standard Assembly Number: 

81700 HARDWARE RULES 

TAON 

TAON 
1901 7102 

A 2209 6150 A. 
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C~rcui_t Designation: Monostable Multivibrator 
Description of Operation: 

B I02 

NO I C 

N02 

vcc 
·INorE: Diode shown is required only when timing capacitor 

CA is an electrolytic type. With other capacitor 
·types, the diode should not be used, and Pin N 
connected directly to the timing components. u 

0:: 

H 

F 

FUNCTIONAL DIAGRAM 

TOI 

FOi 

VALUES OF EXTERNAL RESISTOR AND 
CAPACITOR DETERMINED BY DESIGNER. 

A 
B 
c 
D 
E 
F 
G 

~ IOI +4.8V --_. -.. 102 RC -... -- NOl .... - N02 CA -
- FOi -- GND. TOI ~ ... 

PIN LOCATION DIAGRAM 
14 PIN DIP 

p 
N 
M 
L 
K 
J 
H 
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MONOSTABLE MUI.Tl V TBRATOR 
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1) The circoit i~ T2L logic compatible mullivib1ato1 wi U1 four i11put·,, two of 
which 101 and 102 a1e active level low and two, NOl and N02 ar(• active frv('} 
high. TI1e multi ha.s two complementary outputs TO] ;ind FOL 

2) The multi may be used as a leading edge trigger thru NOi. and N02 inputs <Jr a 
trailing edge trigger. thru IOl and I02 inputs. 

3) When the triggering conditions are met, the external effective capacitor i<; 
discharged and a new cycle begins. \ 

4) The triggering conditions are (101+102) NOl•N02 or as ·,hown in the following 
table: 

IOl 

0 
0 
l 

I02 

0 
l 
0 

NOl 

1 
1 
1 

N02 

I 
1 
1 

5) Successive inputs with a period shorter than the time delay results in a 
continuous true output. 

6) Consult Section 5 for interface information. 

7) Input maximum' current is -1.6 ma at +.45 volts and .06 ma at +4,5V, 

8) TOl output gives a true level output during the timing period and false 
level during the quiescent time •. FOl gives the complement of TOl. 

9) The used outputs shall always be connected to eTuL restoring elements and 
external pull-up resistors, connected from the multi output to the Vee 
supply voltage. 

10) 

11) 

12) 

13) 

14) 

Output current is 9.1 ma at .4S V, -6.66 ma at l.6V, and -.72 ma at 2.4V, 

External timing resistor and capacitor are reouired to obtain the right 
pulse width. The resistor may v·ary from SK to SOK ohms, 

Minimum input pulse width is 40 ns. 

Minimum output pulse width is 65 ns. 

Maximum time delay between the'+l.S V point on the negative going edge of 
the input pulse and the +l.SV point on the positive going edge of TOl out
P,Ut or negative going edge of FOl, td = SO ns. 

15) The formula for the output pulse width is: 

T~.32 RC [ l + 0;/ J 
C >1000 pf, R is Kohms, C in pf, T in ns. 
Rand e are the external timing resistor and capacitor, 



Burrou(\hs Corporeuon. t:) B 170 0 HARD WA RE RU LES A 2209 6150 A 
COMPUTER SYSTEMS GROUP SECTION 3. 2 

SANTA BARBARA PLANT 

~~§§~§§§§§;§~~~~~~~~~§~§§§§~~§~PAGE 50 REV. C 

TAON 

OUTPUT PULSE HIDTll 2RSUS TJMIN~ RESIS'l'ANCE AND CAPA~ TAN~\~~ .'J< 
. [or c, ?10 pF, t " 0.32 •xC, \' + "x )J 

fl) 

1:1 
I 

~ 103 1---1---
H l~-4--+-i 
~ 

i..:i 
(I) 
,...) 
::> 
p. 

f-r 
::::> p. 
!'-< 

g 102 

80 L..:.-~---=-1 
60 
tio t---1---r 

20. l--+----+--i 

1 2 4 6 8 10 

ex - TIMING CAPACITANCE - pF 

A---<l 
8-----o 

c----,.----t 
o~------L_.__, 

LOGIC D1AGRAM 

9601 

1---H 

-F 

< 103 pF 



· ..... Burroughs Corporation 

COMPUTER SYSTEMS·GROUP = SANTA 'BARBARA PLANT ==-
81700 HARDWARE RULES A 2209 61.50 A 

SECTION 3. 2 
PAGE 51. .REV. C 

3.2 TTL/DTL Integrated Circuits 

Element Type: 
Standard Assembly Number: 
.Manufacturer's Type: 
Circuit Designation: 
Description of Operation: 

lHCN 

DTL HEX INVERTER 

IHCN 
1471 4356 
DTL-99.36 
DTL Hex Inverter 

(l) Six Diode Transistor logic inverters with one input each are 
contained in 14 pin DIP package. 

(2) tnputs: 
Vi (Low) = +l.l volt maximum 
Vi (High) = +l.9 volt minimum 
Iin (max) = -1.Sma at Vi (Low) 
Iin (max) = +5 f'a at Vi (High) 

(3) Outputs: 
Vo (Low) = +.6 volt maximum 
Vo (High) = +2.6 volt minimum 
Io (max) = -30ma at Vo (Low) 
lo (max) = 300.,A~ at Vo (High) 

(4) Propagation Delay: 
Negative input to positive output = 80ns maximum 
Positive input to negative output = 35ns maximum 

(5) Use the CTL to TTL interface circuitry for this DTL device. 

A 01 p 
OB ~ 0 ~ 3 

B N 
c 11 M ~ ~ 
0 ID L 

. 

E 21 K ~ ~ 2F 
. 

F J 
. 

G GNO. H 

PIN LOCATION DIAGRAM FUNCTIONAL DIAGRAM 
14 PIN DIP 
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3.2 TTL /DTL Integrated Circuits 

Element Type: 
Standard Assembly Number: 

1HDN 

IHDN 
1674 4963 

A 2209 6150 A 
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Circuit Designation: 
Description of Operation: 

TTL Open Coll~ctor 

A 

B 

c 
0 

E 

F 

G 

Hex Inverter 

TTL HEX INVF.RTrn 

(1) Six TTL inverter drivers with open collector, hiLh voltage outputs 
are contained in a 14 DIP package. 

(2) The inverter has high sink-current capability and can convert 
bipolar voltage levels to MOS levels. 

(l) Input is fully compatible with TTL· 

(4) Maxinrum voltage supply applied to the output through a resistor, 
Von= +30 volts. 

(5) At VCC = +4.75 
Vin (Low) = +.8 volt maximum 
Vin (High) = +2.0 volts minimum 

(6) At VCC = +4.75, Voh = + 30 volts 
Vout (Low)= +.7 volt maximum. Io= 40 ma maximum 

(7) At C~ = 15pf, RL = 100 ohms, Voh = +20 volts: 
Delay time from +l.5V level of input positive transition 
to 50% point of output negative transition, td = 15 ns max. 

Delay time from -l.5V level of input negative transition to 
50% point of output positive transition, td = 23 ns max. 

(8) The interfacing rules in Section 5, Hardware Rules Book, should be 
complied with. 

.+4.75 p 

N 

~ ~ M 

L 

~ ~ K 

J 

GllO H 

PIN LOCATION DIAGRAM ~ ¥ 14 PIN DIP 

FUNCTIONAL DIAGRAM 



5:!l!55. Burrou~hs Corporation 

. COMPUTER SYSTEMS GROUP 81700 HARDWARE RULES A 2209 6150 A. 
SECTION 3.2 
PAGE 5 3 REV. A 

- SANTA BARBARA !'>LANT 

3.2 Tl'J./DTL Integrated Circuits 

Element Types 
Standard Drawing Nwnbers 
Circuit Designation: 
DetC¥iption of Operation: 

IDCN 

IDCN 
s 1471 4398 
Dual Expandable Nand Gate 

1. Two DTL 4 input nand gates with an expander input are contained in a 14 pin 
dual in line package. The output is an open collector; thus a pull-up re
sistor is required. · 

2. The expander input allows increased number of inputs. by addition of discrete 
diodes or other expander elements. 

3. Inputs: 

a. Vil C l.lV 

b. V iH iit l.9V 

c. IiL sj-1.5jmA@ viL = +.4V 

d. IiH S 5 µA @ ViH = 4.0V 

4. Outputs: 

a. V0 L S +.4V @ I0 L. = 36 mA 

b. Output leakage currents 200 µA @ V0 H • 4.5V 

5. Propagation Delay: 

a. Input (-) to output (+) s 55 ns 

b. Input (+) to output (-) s 35 ns 

Pin Location Diagram: 

01~ 

02~ 

05~ 

03~ 

04~ 

OF~ 

GND 

IDCN 

~14 

-cE--13 

~15 

-E--12 

~ll 

Positive Logic; 
---------------...----~---~~ OF • 01 • 02 • 03 • 04 • 05 

lH • 11 • 12 • 13 • 14 • 15 

FUNCTIONAL DIAGRAM 
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j.2 TTL/DTL Integrated Circuits 

Element Type: 

Standard Assy Number: 

-

Manufac turei:/Manufac turc r ':; Type: 

Circuit Designation: 

Description of Operation: 

cs 
WE 

14 

DI 
AO 
Al 
A2 
A3 
A4 06 

A5 
A6 
A7 
A8. 
A9 

RW06 

07 0 

RW06 

FUNCTIONAL DIAGRAM 

~ --+ 4.75 
AO --+ .....,..... 
Al --+ .__ 
A2 --+ ....,..... 
A3 --+ .__ 
A4 --+ .....,..... 
DO ..____ ,.___ 

GND RW06 +-

PIN LOCATION DIAGRAM 

RW06 

1449 1104 

·Fa irchild/93415 

i024-Bit Memory 

Open Collector 

DI 

WE 

A9 

AB 

A7 

A6 

A5 

A 2.!09 6150 A 
SE'CTION 3 0 2 
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RW06 

1024 BIT RAM RW06 144'.l 1104 

1. 

2. 

4. 

5. 

6. 

7. 

8. 

The device is a bipolar monolithic circuit organized as 1024 l bit 
words. Inputs to the chip are ten act?::::<: hlgh address lini!S (AO thru 
A9), one active low chip select line (CS), un uctlvc low write enable· 
line (WE) and one data input (DI). 111ere is a single <lilta output (DO). 

A logic zero applied to the write enable input with a zero simul tane
ously at the chip select line will allow the data pre:;ent at the in
put to be written into the addressed word. 

When the WE· input is held high and the chip is sel~cted (CS is low), 
the data stored in the addressed memory location is available unin
verted at the data output line DO. 

The following table summarizes the device operation: 

cs 
\ 

WE FUNCTION 

0 I 0 Write 

0 l l Read 
l· 

l I x . No action 

Note: x"' don't care. 

Inputs shall always be driven by CTL restoring elements with an ex
ternal pull down resistor, connected from the input of the. memory to 
ground (not to Vee). Consult Section 5 for interface information. 

The output shall always be connected to fully threshold sensitive CTL 
restoring elements (those accepting 4th level). An external pull-up 
resistor, connected from the memory output to the V supply voltaga 
shall be used. Refer to Section 5.3 for details. cc 

The open collector output can be wire-ORed with other packages. 

Maximum address. access time tda = 70 ns. 

Maximum chip select access time td = 55 ns. 
cs 
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1024 BIT RAM RW06 1449 1104 

10. 'The minimum address set-up time (tas) must be 20 ns and the minimum 

chip select set-up time must be 15 ns. 

11. Both the address and chip select hold times (~0 ) must be greater 
than 15 ns. 

12. Write enable pulse width must be a minimum of 55 ns. 

13. Data set-up time relative to the positive going edge of WE pulse must 
be 60 ns minimum and data hold time relative to the same edge must be 
15 ns. 

14. Maximum write recovery time twr is 70 ns. 

15. See the following page for the timing diagram. 

A 2209 6150 A 
SECTION 3.2 
PAGf·: 56 REV• C 



CHIP SELECT 

cs 

A-~ J A'•••• 

DATA IN 
DI 

WRITE ENABLE 
WE 

DATA OUT---
DO 

WRITE CYCLE READ CYCLE 

1dcsXG 

DOESN'T I 

\ MAT.;-ER I .I 
'-----+- -I ~d;,XG 
r----.f.--- ..... ..:!.aXG __ . 

I !DOESN'T 
I 

I 
I- I 

I 

t 1.5 

+ 1.5 

+I.$ 

NOTE: X & G is the positive going edge of the input and output pulse, respectively. 

X .S. G is the negative.going edge of the input and output! pulse, respectively. 

TIMING DIAGRAM 
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POOi 

J.Z TTL/Ofl Integrated Circuits 

El••ent Type: POl)l 
Standard Asse•bly Nu•ber: 1447 9455 

Harrts/7610•5 
Signetics/82526 

Hanufacturer/Manufacturer•s Type: 

Circuit Designation: Z56 X 4 PROM 
OPEN COLLECTOR 

Oescriptton of Operation: 

A6 

AS 

A4 

A3 

AO 

Al 

A2 

1> Ttte POOl is a 1024 bit field progra•mabte read only •e•or1 
organized as 256 4 bit words. There are eight address inputs 
AO,•••A7- four open collector outputs QO---·Q3- and two active 
low chip enable inputs CEl and CE2. 

Z> T-• •••ory is enabled only if CEl and CE2 are bot~ at a 
low level. If either CEl or CEZ is at a high level, the 
four outputs go high. 

3> The outputs are open collector and therefore can be wire 
"-NDed• with a single pull-up resistor. See Section 5 for 
interface rules. 

4> l~put Currents 
lil = •l.68A a Yi = 0.4V 

5> Output Drive 
lot = 16•A a Yo = .45Y Ioh = .OZ•A a Wo = 2.4V 

6> Maxt•u• Address Access Tiee = 70nS. 

7> M•xf•u• Chip Enable Delay = 40nS. 

8> For interface and progra••ing information see Section 5. 

_.,. 4.7S cp ___. ...,__ A7 CE2 13 

-+ +- CEl A7 ___. ..,.__.. CE2 A6 0 Q3 
AS ___.. __... QO A4 03 10 

Q2 _....... ___.. Ql 
11 Ql ___. ___.. Q2 Al 

AO 05 12 QO GND POOi ~ Q3 POOi 

PIN LOCATION DIAGRAM FUNCTIONAL DIAGRAM 
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3.2 'J'TL/DTL Tntl·;~l"illl'<l Circui I:; 

Ele111en t Typc>: 
Stnndard Assemhly Nu111bPr: 
Manuf11cturcr/M;111;1f<1ctui;l!I·' s 'l'y.p5•: 

Circuit Designal.;ion: 

Description of Opcr;1 U on: 

81700 HARDWARE RULES 

P002 

1'00 2. 
J/f/f9 }()(,() 

S i.g11c l. i.cs/82S2 ·3 
Ila r r i !i I .JM "7 u(J°/. - ~' 
3 2 >: 8 PIWM 

1). The P002 j:;; a 256 bit field prograunn~blc rt'ad only memory organized 
as 32 8 bi l words. 'I'hc.·n! are fiv(: address inputs AO, ••• ,A4, L·l;;ht 
open collc•ctor outputs QO,,,., Q7, and an active lo1v chip enable CE, 

2) If lhe chi.p enable is high, nll <"ight outputs will go high, 

3) The outputs are open collector and ean therc•forC' lw 1vin,d "ANllerl" 
with a ~;inglc> pull up resistor, Set· seeU.on 5 for interface rules. 

4) Input Curtc>nts: 

A 2209 6150 A 
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llL = -0.4 u~ @ v1 

5) Output Drive: 

0 .t• 5V 0.08 mA@ V. 
l 

2.4V 

QO 

Ql 

Q2 

Q3 

Q4 

Q5 

Q6 

I 01 = 16 mA @ V0 

6) Propogati.on Ddays: 

Address Access Time 
Chip Enable Delay 

0.4.5V 

55 ns 
35 ns 

,l mA@ V 
0 

2.4V 

7) For interface and prograrrming information consult Section 5. 

+-- 4.75 o: 
15 

~ .__ t:rr A4 14 09 Q7 
. ..____ .___ A4 A3 l.'.l .J2]_ Q6 

A2 12 06 Q5 ..____ .._..... A3 Al n 05 - Q4 
A2 AO 10 04 Q3 .,___ ..___ 

03 Q2 .,.__. .____ Al 02 Ql 
01 QO ..____ ._ AO P002 

GND P002 ___.. Q7 
FUNCTIONAL DIAGRAM 

PIN LOCATION DIAGRAM 

., ' 
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3.2 TTL Integrated Circuits 

Element Type: 
Standard Assembly Number: 

·. 

-. 

81700 HARDWARE RULES 

S2-N 

S2-N 

Manufacturer/Manufacturer's -Type: 
Circuit Designation: 

1447 3797 
TI/74157 
FSC/9322 

A 2209 6150 A 
SECTION 3.2 
PAGE 60 REV. B 

Description of Operation: Quad 2-input Multiplexer 

The S2-N features four 2-input multiplexers with common address and 
enable inputs. Each 2-input multiplexer has the capability of routing 
data from one of its two inputs to its ·totem pole output. A high on 
address input A selects the !Al, IBl, ICl, and lDl inputs while a low 
on A. se1ects the IAO, IBO, tco, and IDO inputs. Data on the ~elected 
input is presented uninverted at the output. For normal multiplexer 
operation a low level must be present on the enable input; a high level 
on the enable input disables the multiplexer by forcing all four multi-· 
plexer outputs to a low level. The S2-N comes in a 16 pin DIP. 

Propagation Delay Time.s: (.To Output) 

Data to Output td+ 25 ns 
td- 18 ns 

Enable to Output td+ 30 ns 
td- 25 ns 

Select to Output td+ 35 ns 
td- 30 ns 

TRUTH TABLE 

Enable Select Inputs Output 
Input 

E A IXO IXL ZX 

H x x x L 
L H x L L 
L H x H if 
L L L x L 
L L H x R 

Logic Equation: 

Zx =(AIXl + Six2> • E" 
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Pin Locations: 

Top View 

A 

IaO 

Ial 

zo 

IbO 

Ibl 

Zl 

--3il-

--.;;;.. 

~ 03 

...iE- 04 

~ 

--.;;;.. 

4llE- 07 

GND 08 

A 

tao 02 ---Ial ..;;;0_3 __ 

IbO 

!bl 

IcO 

05 

06 -

14 

le 1 -=1~3---t 

IdO 

Idl 

11 

10 

S2-N 

l 01 

S2-N 

vcc 

~E 

14 -E-- ICO 

13 co;;- ICl 

-;;..Z2 

-E-- IdO 

10 ~Idl 

-;..z3 

04 
h---"--- zo 

07 Zl 

12 Z2 

09 Z3 

FUNCTIONAL DIAGRAM 
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m- Bl700 HARDWARE RULES 

a©o l I I I " 

a®o·1 ±I I 

~@ 

~@o I J I I 

§® 

5@ 

< 11&1 

@ ® 

~ 
H 
Cl 

u 
H 
\..') 

3 

....... 
~ 

~ o@ 

N 
C>J 

> oG) 

CV") 

t'j;J 

">- o@ 
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3.2 !'fL/DTL Integrated Circuits 

Element Type: 
Standard Assembly Number: _ 
Manufacturer/Manufacturer's Type: 

54-N 

84-N 
1447 3711. 
T.r., Signctics/74153 
Fairchild/9.3153 

Circuit Designation: Dual 4-Bit Data Selector 
Description of Operation: 

1) The S4 .. N consists of t.-wo 4··Input TTL multiplexers with common 
addressing AO _and Al, and indcpendent active low enable inputs 
EA and EB. Data on the selected .input (IO,Il,I2,I3) ,is routed 
non~invertcd to the Totem Pole output z. 

2) For normal operation the appropriate enable must be at a low 
level. A high on the em:ble forces all outputs low regarless 
pf the state of the data or the address inputs. 

3) Input Currents: 

Itt • ·1.6 mA@ Vi =-O.l1V 

4) Output Drive: 

10t = 16 mA @ v0 = o.4v 

5) Propagati.on Delays: 

Data to Output tpd+ 
tpd-

Address to Output tpd+ 
tpd-

Enable to. Output tpcl+ 
tpd-

EB--+ Vee 

Al-+ +-- EA 

IA3 --+ 14 +- AO 

IA2 --+ +- IB3 

IAl --+ +- IB2 

IAO--+ +-- !Bl 

·25 ns 
27 ns 
41 ns 
_38 ns 
37 ns 
27 ns 

Al 
AO 

4 
IA3 
1A2 04 
!Al 05 
1AO 06 

1B3 13 
IB2 12 

02 

!Bl 11 
ZA +-- .10 +-- IBO IBO 10 S4-N 

GND S4-N 09 --+ ZB EA 01 15 
EB 

PIN LOCATION DIAGRAM 

07 

09 

FUNCTIONAL DIAGRAM 

ZA 

ZB 
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PR4N 

3.Z TTL/OTL Integrated Circutts 

Ele•ent T1pe: 
Standard Asse•bly Nuaberz 
Manufacturer/Manufacturer•s Types 
Ctrcutt Destgnattons 

Description Df Operations 

PR4N 
2319 52(1t 
Fairchtld/93417 
256 X It PROM 
OPEN COLLECTOR 

l > The PR4N is a 102·1t b h field progra••able read 1>n l y •••or y 
ongantzed as 256 4 btt words. There are eight address inputs 
AO .. •••A7• two active low chip enables. CSl and cs2. and four 
open collector outputs QO.•••,.QJ. 

2> The •••ory Is enabled onty if CS1 and CSZ are both at a 
low level. When either chip enable is high all four outputs 
go high. 

3> T•e four outputs are open ~otlector and can therefore be 
w1re •ANDed•. Consult Section 5 for interface rules. 

4> lwtput Currents 
Ill = ·0.4•A a Vi = .4V Ith = .04•A a Vt = 2.4V 

5> Output Ori ve 
lot = l&•A a Yo = .45V loh = .lmA a Vo = 2.4V 

&> N••l•u• Address Access Ti•e = 4Gns. 

7> M••i•u• Chip Enable Delay = Z5ns. 

8> Consult Section 5 for interface and progra••tng infor•atton. 

CSl 
CS2 

A6--. 4.75 
A7 
A6 

Q3 A5--+ +- A7 

A5 A4--+ '4--- CS2 

A4 
A3 

A3--+ '4--- CSl 
Ql 

A2 AO-+ --+ QO 
Al 
AO PR4N 

Al--+ --+ Ql 

A2--+ ~Q2 

GND PR4N ---+ Q3 

FUNCTIONAL DIAGRAM PIN LOCATION DIAGRAM 
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PR5N 

3.2 TTLIDTL Integrated Circuits 

El•••rtt Trpea 
Stand•_, ~·•••blr Nu•beri 
Ma,.uf-=turer/Manuf acturer• s Type I 
Ctr cutt Oe1_f9nat tons 

Oescr tp tt on of Op er at ton• 

PR5N. 
2319 5212 
Fairchlld/93436 
51Z X 4 PROM 
OPEN COLLECTOR 

1> T-• PR5N is a 2048 bit field ptogra••able r•ad onlJ •••ory 
or9a11lzed as 512 ·4 bit words. TJ•ere are nine address inputs 
AO•••••A8• an· active loM chip setect cs. and four open 
cette~tor ~utputs ~O.••••Q3. 

2> t•e •••ory ts enabled Mhen cs Is at a low state. A high 
on CS causes atl four outputs to go high. 

3) UM outputs are open collector and can therefore be 
wtre •ANOed"• 

4) l•ut C&ftrents 
Ii l =. •O.ltaA a Vi = 0.45V 

5) Output Ortve 
lol • 16eA a Yo = .ft5V loh = .t•A a Yo = z.4y 

6> M••l•u• Address Access Ti•• = 63nS. 

7> M••t•u• Chi~ Enable Oeler = 35nS. 

8) fer Interface and prograaatng infor•ation consult Section s.· 

FUNCTIONAL DIAGRAM PIN LOCATION DIAGRAM 
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3.2 T'l'L/DTL Integrated Circuits 

Element Type: 
Standard Assembly Number: 
Manufacturer/Manufacturer's Type: 

Circuit Designation: 

Description of Operation: 

LD4N 

LD4N 
2602 2889 
T.I./745140 
Fairchil<l/95140 
Dual. 4-Input NAND 
Line Driver 

1) The LD4N performs a dual 4-lnput NANO function. I.ts high current 
Totem-Pole output stage can drive 40mA while maintaining a +2.0V 
true level output voltage and can sink 60mA while maintaining a 
-l-0.5V False level, 

--+ 

--+ 

--+ 
--+ 
,..___ 
GND 

2) Input Currents: 

IIL = 4.0mA @ Vi 0,5V 

3) Output Drive: 

IOL = 60mA @ V 0 = 0 • 5 V 

IIH = ,08mA@ vi 2.4v 

IOH = 40mA @ V 0 = 2 , 1 V 

4) This device should not be used to di_rectly interface to CTL elements 
because of considerably reduced low level noise margin. 

5) Propagation Delays: 

Input to Output 

4.75 

+--
+--

+-

+--
--+ 

tpd+ = 13 ns 
tpd- = 13 ns 

04 
05 

06 

PIN LOCATION DIAGRAM FUNCTIONAL DIAGRAM 
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. T3AH 

3.2 TTL/DTL Integrated Circuits 

Element Type: 
Standard Assembly Number: 
Manufacturcr/Manufac turer 's Type: 

Circuit Designation: . 

Description of Operation: 

....----

T3AH 
1447 3557 
T.I., Signetics/74Hll 
Fdrchild/931111 
Triple 3-input AND Gate 

1) The T3AH contains three TTL 3~Input AND functions in one 14 pin. DIP. 

--+. 
--+ 
.--+ 
--+ 

-+ 
._... 
GND 

The outputs are Totem Pole •. 

2) Input Currents: 

IIL = •2.0 mA@ ~i = 0.4V 

l) Output Drive: 

IOL = 20 mA @ V 0 = 0.4V 

4) Propagation Delays: 

t = 19 ns pd+ 
t - 16 ns . pd- -

4. 75 

.,.__:. 

-+ 
._... 
~ 

._... 
-+ 

. PIN LOCATION DIAGRAM 

IIH = .04 mA@ Vi = 2.4V 

01 
02 T3AH 12 
13 

04 T3AH 06 

10 
~3AH 08 

FUNCTIONAL DIAGRAM 
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3.2 TTL/DTL J.nt<'!gratcd Ci.rcuits 

Element Type: 
Standard Assembly Number: 
Manufacturer/Manufacturer's Type: 

Circuit Designation: 

Description of Operation: 

T2HN 

T211N 
1479 0240 
T.l. Signetics/74HOO 
J.o'airchild/941:100 

Quad 2-Input NANO Gate 

1) The T2HN contains four dual-input TTL NANP functions in one 14 pin 
DIP. The device has Totem Pole outputs. 

2) Input Currents.: 

A 2209 6150 A 
SECTION 3.2 
PAGE 68 REV. B 

IIL =-2.0 mA@ Vi = 0.4V 

3) Output Drive: 

2.4V 

-+ 

-+ 
._._ 
-+ 
-+ 

+--

GND 

IOL : 20mA@ V0 = 0.4V 

4) Propagation Delays: 

tpd+ = 17 ns 
tpd- = 14 ns 

4.75 

~ 

..--
--+ 

~ 

·~ 

--+ 

PIN LOCATION DIAGRAM 
FUNCTIONAL DIAGRAM 
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3.2 TTL/DTL Integrated Circuits 

Element Type: 
Standard Assembly Number: 
Manufacturer/Manufacturer's Tupe: 

Circuit Designation: 

Description of Operation: 

BTSN 

BTSN 
1948 5051 
Na tional/DM8097 
Signe tic s/8T97 
Tri-State Hex Buffer 

1). The BTSN is a TTL Hex Buffer with tri-state inputs and outputs, 

2) 

3) 

J.n addition to _having normal TTL 'True' and 'False' input and out
put levels, tri-state buffers have a high impedance OFF state. 
TI1e inputs and outputs are brought to a hi.gh impedance state by 
placing the disable inputs at high level. Four of the buffers arc 
controlled by one disable input DIS4 and the remaininr, two are con
trolled by DIS2. 

Input Cu:..·rent&: 

11L = -l.6mA@ v. 0.4V lIH = .04mA@ V. 
1 1 

High impedence state 

IlL == -.Ot• mA@ V. o.sv IIH = .04mA@ V. 
1 1 

Output Drive: 

l = 38mA @ v 0,4V · 1oH =-5.2mA@ Vo OL 0 

DC load of an output at the high impedance state 

IL = -•04 mA@ V = .0.4V 
0 

2.4V 

2.4V 

2.4V 

2.4V 

. 4) Propagation Delays: 

Data input to output tpd+ = 23 ns 
tpd- = 26 ns 

From a logic 1 Output On s_tate to a 
hi.gh impedance Off state 

From a lQgic 0 Output On state to a 
high impPdance OH state 

From a high impedance Off state to a 
logic 1 Output On state 

From a high impedance Oft state to a 
logic 0 Output On state 

25 ·ns 
11 

33 ns 

40 ns 

45 ns 
13 

DlS4..:......., 4.75 

10 --+ .....,__ DlS2 

00 ...,___ +- 15 

11 --+ ___.... 05 

01 +- +- 14 
15 

12 ----.. ___... 04 

02 .....__ ..___ 13 

CND STSN ___,,,. 03 

A 2209 6150 A 
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00 

01 

02 

03 

04 

05 
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CR4N 
3.2 TTL/DTL Integrated Circui.ts 

Element Type: 
Standard Assembly Number: 
Manufacturer/Manufacturer's Type: 

Circuit Designation: 
Description of Operation: 

CR4N 
1447 H71 
1'.L/74161 
FairchUcJ/<J316 
4 Bit Binary Counter 

1) The CR4N is a synchronous, presettable, 4-!Ht binary counter. 
Inputs include clock (CK), an activc~low clear· (CL), four parallel 
data inputs DO, ••• , D3, and thre<' mode controls: Load, Enable 
P, and Enable 1'. There are four data outputs, QO, ••• , Ql and a 
carry output c. To count, all three :node controls must be hi1;h. 
Synchronouj operation is achieved by utilizing a J•K Master-slave 
flip-flop arrangment for each bit with common ·clocking. When the 
clock is low, the data path to the master fli1i-flop is enabled, and 
this data is transferred to the slave and output on th(' LOW•to
HIGH levei clock transition. When the clock is IHGll, the r'.1astcr 
is inhibited and the master-to-slave data path is enabl('c)~ During 
the HIGH-to-LOW level clock transition, the slaves arc inhibited 

·while the masters are enabled to accept new data. Pres('tting of 
the counter is accomplished by forcing th{! load input l~O\~. Loading 
is synchronous and occurs at the LOW-to-HIGH level clock transition, 
and the load input overrides the enable inputs. See the Mode 
Selection Truth table. The carry output is high only when all four 
outputs and the enable T input arc HIGH. See the Carry Generation 
Truth table. In normal operation, HIGH-to-LOW level transition 
at enable P or 1' should only occur when the clock is llIGll, and LOW
to-HIGI! leve 1 transitions at the load input with clock LOW shou lei 
be avoid~d if the enable inputs are HIGH during the transition. 
N-bit counters can be realized with no additional elements by cas
cading CR4N packages. Cle9r is asynchronous,· 

2) Input Currents: 

Clear, Enable P, Data 

IIL = -l.6mA@ Vi 

Clock, Load, Enable T 

0.4V 

IrL = -3.2mA@ Vi.= 0.4V 

3) Output DriV(·: 

Outputs QO, •• , , Q3 

IoL 12mA@ v0 0.4V 

Carry Output C 

loL = 16mA @ Vo 0.4V 

4) Propagation Delays: 

Clock to Output 
{Load input low) 

Clock to Output 
(Load input high) 

Clock to Ripple Carry 

Enable T to Ripple Carry 

Clear to Output 
Clear Recovery Time 
Clear Pulse Width 
Clock Pulse Width 
Enable P and Data Set-up Time 
Load Set-up Time 

l.IH .04mA @ Vi 

IIH 

IoH 6mA @ Vo 

IoH 8mA @ Vo 

tpd+ 
tpd-
tpd+ 
tpd-
tpd+ 
tpd-
tpd+ 
tpd-
tpd-

2.4V 

2.4V 

2.4V 

2.4V 

33 ns 
37 ns 
28 n.s 
31 ns 
44 ns 
43 ns 
23 ns 
23 ns 
46 ns 
28 ns 
24 ns MIN 
30 ns MIN 
22 ns 
28 ns 
" -~ 

--
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CR4N 
MODE SELl':CTION 

' 
CL.EAR LOAD ENABLE p EN.\BLE T MODE 

L x x x RESET 
H L L L PRESWr 
H L L II PRESl::T 
H L H L l'RI·:SET 
II L II H J>1rnm·:T 
H H L ).. NO Cl!AN<a·: 
H II L II NO CllANGE 
H H ll L NO Cll!\NGE 
H H . fl II COUNT 

X = Don't Care 

CARRY INPUT Gl~NERA'l'ION 

ENABLE T (QO.Ql.Q2 .Q3) CARRY OUTPUT 

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

A 2209 6150 A 
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3.2 TTL/DTL Integrated Circult$ 

Element Type: 

Standard Assy Number: 

81700 HARDWARE RULES 

RWl3 

RW13 

2540 0656 

A 2209 6150 A 
SECTION 3.2 
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Manufacturer/Manufacturer's Type: Fai rchiJ.d/93415 
Circuit Designation: 

Description of Operati.on: 

cs --+-

AO ___.. 
Al ___.. 
A2 ___.. 
A3 _. 
A4 ___.. 
DO ._.__ 

GND 

FUNCTIONAL DIAGRAM 

RWl3 

High SpE";;ed 1024 Bit Memory 

Open Collector 

4.75 

-+-- DI 

+-- WE 

+- A9 

+-- A8 

+- A7 

,._.__ A6 

+-- A5 

PIN IOCATION DIAGRAM 
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HIGH SPEED 1024 BIT MEMORY RW13 SA 2540 06'i6 

1. The device is a bipolar monolithic circuit organized as 1024 1 bit words. 
Inputs to the chip are ten active high addrc~s lines (AO Lhru A9), one 
active low chip select line (CS), ·an active low wrilc enable line (WE) and 
one data input (DI). There is a single data output. (DO). · 

2. A logic zero applied to the write enable input with a zero simultaneously 
at the chip select line will allow the data present at the input to be 
written into the addressed word. 

3. When the WE input is held ·high and the chip is selected (CS is low), the 
data stored ,in the addressed memory location is available uninvetted at 
the data output line DO. 

4. The following table summarizes the device operation: 

cs WE FUNCTION 

0 0 WRITE 

0 1 READ 

l x NO ACTION 

NOTE: x = Don't tare 

5. Inputs shall always bd driven by CTL restoring elements with an external 
pull down resistor, connected from the inpul of Lhc memory to ground (not 
to Vee)• See Sec. 5 for interfacing rules. 

6. The open collector output can be wire-ORed with other packages. 

7. Maximum address access time tda = SOns 

8. Maximum chip select access time tdcs = 35 ns 

9. The minimum address set-up time (tasu> must be 40 ns and the minimum chip 
select set-up time must be. 40 ns. 

10. Both the address and chip select hold times (tho) must be greater than 
10 ns. 

11. . Write enable pulse width must be a minimum of 40 ns. 

12. Data set-up time relatiye to the positive going edge of WE pulse must 
be 40 ns minimum and data hold time relative to the same edge must be 
10 ns. 

13. Maximum write recovery time twr is 70.ns. 

14. See the following page for the timing diagram. 
("-
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CHI!" SEl.ECT 

cs 

WAITE CYCLE 

B1700 HARDWARE RULES 

\:lcsXG 

At 
A~1 A••••• 

I 

~--~~~~''f---0-0ESN'T l_ . .__-J~/-·------
\. M;,:-.;-E-;i j 

DATA IN 
01 

WAITE EHABl.E 
WE 

DATA OUT ----~-
DO 

'----+-. -I ~d;~Q . 

r---~----~~~------~ I !DOESN'T MATTER ' 

-\.--------+---/-~~- -~·~~~--~~--

I . I 
~I 

A 2209 6150 A 
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't ·'. s 

f L!I 

+ l.S 

+ 1.S 

NOTE: X ~ G is the positive going edge of the input and output pulse, respectively. 

X ~ G is the negative.going edge of the input and output pulse, respectively. 

TIMING DIAGRAM 
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PROB 
3.Z TJL/OTL Integrated Ctrcuits 

Eleaertt T ypel PR08 
Standard Asaeebtr Nu•bera 2607 6075 

Signetics/82S23 
Harris/7602•5 

Ma11uf acturer/Hanuf act U.. er• 1 Type·1 

Circ~it Oesignattona 

Oescriptton of Operation: 

32 X 8 PROff 
OPEN COLLECTOR 

QO 

l'l-

Q2 

1> T~e ~RO& ts a 256 btt field progra••able read only •••orr 
G~t•ntzed as 32 8 bit words. there are five address inputs 
AO.••••A4• ei9ht open collector outputs QO.••••Q7 and an 
active lo11 chfp enable CE. 

2> If the chip enable ts high. alt outputs will go high and 
the •••ory is disabled. 

31 r•e outputs are open collector and can therefore be wire 
••NDed• with a sfngle pult·~p resistor. 

4> ltU>ut Currents 
lil : •.4eA a Vi = .45V Iih = .08•A a Wi a 2.4V 

5> Output Drive 
lot = 16•A a Vo = .45V loh = ·l•A ~ Vo • 2.4Y 

6> M•al•u• Address Access Ti•• = 6GnS. 

7> Maxl•Y• Chip Enable Delay = ~ons. 
8> ror Interface and prograa•tng infor•atton consult Section 5. 

+-- 4.75 er 15 
._,__ +-- CE A4 14 Q7 

A3 13 Q6 +-- +-- A4 A2 06 Q5 
4--- A3 Al 05 Q4 Q3 +---

10 AO Q3 
Q4 +--- +-- A2 Q2 

Q5 4-- +---Al 
01 

Ql 

PROS QO 
Q6 

._,__ +-- AO 

GND PROS _..,. Q7 

PIN LOCATION DIAGRAM FUNCTIONAL DIAGRAM 

;. 
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SCTL 
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Manufacturer/Manufacturer•s Typei 
Circ~it Destgnationz Syste• Controller 
Description of Operations 

STSTB- 1 28 vcc 
7 t--DB7 07 =i8 HLDA- 2 27 -•I/OW 

0621 20 . DB6 
18CDB5 WR- 3 26 --.. MEMW D5 119 

-+I/OR D4~6 5~DB4 
DBIN- 4 D3 110 9~DB3 . 

DB4...._ 5 24 -+MEMR 02312 11 t--DB2 
Dl 17 16 r-nBl 

04 +---+ 6 

[;] 
23 -. INTA 

DO--r5 13 r--DBO 
DB7.._.. -BUSEN 

D7...._. 8 -06 I 27 I 

DB3+-+ 9 .,._....DB6 DBIN===d4 26 --MEMW 

WR · 3 25 -I/OR 
D3+-+ 10 19 ·-ns HLDA 2 24 

DB2 ,.__.. 11 18 .__DBS BiJSEN 22 23 INTA 
SCTL 

D2-+ 2 ---......01 
1 

DBO ...___. 13 ~Bl 
STSTB 

GND 14 -+DO 

FUNCTIONAL DIAGRAM 
PIN LOCATION DIAGRAM 
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TTL SCTL 1959 5727 

1> T~• SCTL Is • Schottky Bipolar circuit fn a 28 pin cera•ic DIP. 
It ts a single c•lp Syst•• Controller for use in •tcroco•puter 
srste•s baaed on t~e 8080 •icroprocessor <MCPU>. An 8 bit 
par•llel Bf•Olrectlonal Bus Driver section prov'ides isolation 
of the CPU Data Bus fro• •••orr and 110. All driver outputs 
are .trt•state with a high TTL fan•out capability on the srstea 
side •. An 8 bit Status latch stores •status• information during 
each aachine cycle of the HCPU. A Gating Array decodes these 
status fnfo~•at1on toget~er with other corresponding control 
signals_ froa the MCPU• and issues accordingly control ccu111uinds 
for the Bus -Oiiver section and 1/0 co•aands for direct interface 
to the sa•• fa~ity RAM• ROM• and I/O co•ponents. 

2> The SCTL input/output ptns are: 

D 1.•00 
087•080 
T7tll 
noi 
iiil 
ii'liii 
twrl 
081N 
Ht.DA 
ii 
8USEN 
s TSTB 

O~ta Bus input/output <MCPU side) 
Syst•• Bus tnput/output <Syste• side> 
1/0 Read output <to 110 coaponents> 
I/O Write output <to I/O co•ponents> 
Me•or~ Read output (to RAM'S• ROM•s,. etc.> 
Me•or, Nrfte output <to RA"•s, ROM'S• etc.> 
Interrupt Acknowledge output <to interrupt control> 
Data eus lft input <fro• NCPU> 
Hold Acknowle~g• fnput <fro• MCPU> 
Write controt input <fro• MCPU> 
Bus Enaal• input · 
Status Strob• input 

3> At the beginning of each 11achine cycle• the HCPU issues 
•status• fnforaatton on its data bus. A low on the Status 
Strobe <!fsf§> line stores this in the Status Latch. 

4) The Gating Array generates tbe •Read• control outputs <MEHR. 
IIOR• INTA) by gating the appropriate status bits with OBIN and 
HlD-. It also provides bus driver control to maintain proper 
b~s flow on the bt•dtrectionat bus lints. 

5> •wrtte• control outputs (MEMN• Ii1iir> are generated br the 
logical coebtnation of the appropriate status bits with the 1iR 
i"put. Again. control is provided to direct bus flow. 
Correlation between the status word and the control outputs is 
s ho1411 f n Table 1. All control outputs are active low. 
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1959 5727 

&> r,r •Read• operatton. DBIN should be High. A Low on OBIN 
dfsables all control outputs to a High voltage level. and all 
8~80 data bus output buffers to their high i•~edance •off• 
state. A Htgh on the HLOA tnput will disable the control 
o~tputs to High. lt alse interrupts the co••untcation in the 
bt•dtrectlonal bus sec~ion so that ttae CPU data bus outputs 
will •afntatn thetr current contents. 07•00 outputs are latched. 

7> For "Wrtte" operation• iR should be Low. ·A High on WR Nill 
diswble all control outputs to • High voltage level. It has no 
eff•ct during the Read cycle. 

8) A Htgh on the BUSEN ltne will asynchronously force all control 
o~tputs and syst•• data bus outputs to their high i•pedance 
•ofl" state. It has no effect on the CPU data bus outputs. 

9) Electrical Charecteristics 

Input Threshold Voltages 
Vil •axi•u• 
Vih etni•u• 

Output Voltages 
iol •ax tau• .. 07•00 

all other outputs 
Voh •tni•ue .. 01-00 

all other outputs 

Input Loading 
Itl •axi•u• .. STSTB 

{)2 .. 06 
all other inputs 

Ith •axi•u•• 087•080 
all other inputs 

Output Drive 
lol aaxi•u•• 07•00 

all other outputs 
loh aaxt•u•• or-oo 

alt other outputs 

Off State Output Current 
Io<off > •ini•u• 

•axi•u• 
Supplr Current Ice 11axiaua 
Power S~pply Voltage Vee 

O. 8V 
2.ov 

o.4sv a lot = 2 eA 
O. ltSV a lot -· 9 •A 
3.6V a Ioh = •10 uA 
2. 4V a loh = -1 •A 

•500 UA a Vi.l = 0.4V 
-750 uA " -zso uA • 
20 uA a ·vth = 2.4Y 
100 uA .. 

2 •A a Vot < 0.45Y 
10 IA • " 
-10 UA a Voh > 3.6V 
-1.0 •A a Yoh > 2.4Y 

•100 uA a Vo = 0.45V 
100 uA a Yo = Yee 

190 •A a Vee = s.zsv 
SY !. 5% 
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10> Svltching Charactertatfcs 

St~tus Strobe Pulse Nf dth atn. tpw 
Sta.tus inputs 07•DO Setup ttae .. atn.tss 
Stat~s inputs 07•00 Mold ti••• •in.tsh 
Setup Thie,. s;stea Bus tnputs 

087•080 to HLDA•·•lnl•u• tds 
Hold Tiae •. D87•080 tQ HLDA• afn. tdh 

P~~tton Delay Ti••• aaxi•u• 
$~ to Control outputs 
OBIN to • • n to • • 
OBIN to 8080 Data Sus 07•00 
Syatea Bus 087•080 to 8080 Data 

tdc 
trr 
t wr 
tre 

bus durtng' "Read• trd 
07•00 to D87•DBO during •write• twd 
s T$ TB to D87•oso 
BUSEN to 087•080 
HLOA to Control outputs 

11> l"terface Rules 

twe 
te 

thd 

25 ns 
10 ns 
20 ns 

10 n.s 
20 ns 

60 ns 
35 ns 
45 ns 
60 ns 

45 ns 
45 ns 
45 ns 
35 ns 
30ns 

- A 2209 6150 A 
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1959 5127 

The 80&0A Data Bus has an Input require•ent of Vth ain aJ.lf and 
an output requtreaent of Iol •ax =1.9 aA. These conditions 
are guatanteed bJ the CPU Data bus outputs of the SCTL. Hence 
n3 external Interface Is required between the MCPU and the 
Srstea Controller. 

07•00 outputs are latched so that 11hen HlOA ts active <tftgh). t-••• bus tines will •atntaln their contents. All bus outputs 
are trf•state. a feature to facilitate OHA activities. 

lftterfacfng to all fnput/output pins of the SCTL follo11s rules 
as defined for interfacing 11ttb TTL circuits• notfng however
the difference in output drive capabilities of the CPU Data Bus 
out,uts as co•pared to the others. As the SCTL is a Schottky 
dev4ce. the Low level output voltage li•it is 0.45V instead of 
the 0.4V for standard TTL circuits. 
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TTL SCTL 1959 57Z7 

TfPE OF STATUS MORD ON CPU CONTftOl Slli~AL 

MAC"llE CYCLE DATA BUS 
PREVIOUS PREWIOUS 

0 D 0 D 0 D 0 D STATE STATE 
NAME (Nl 1 & 5 4 3 2 1 0 NOT INTA INTA 

Instr retch 1 1 0 1 I) 0 0 1 0 MEMR ii£liflf. 
Me•i>rl' Read 2 1 0 0 0 () :> 1 3 mlf nn 
M••Orl' Mr it• 3 0 0 0 0 0 0 0 0 RM1i MEMW 
Stack Read .. 1 0 0 0 0 1 1 ~ irrim lNTI 
Stack Wrtte 5 0 () 0 0 0 1 0 0 HEMM lill'lnf, 
Input Read & 0 1 0 0 !) 0 1 0 l71rR l71llf 
Out~11t Write 7 0 0 0 1 0 0 0 ~ I/OW l70li 
Interrupt 8 0 0 l 0 0 0 l 1 TiTI fNf1 

Acknovledge 
Halt 9 1 () 0 0 -1 0 1 0 NONE INTA 

Acknowledge - -Interrupt 10 0 0 1 () 1 () 1 l INTA lNTA 
Acknovledge 
While Halt 

STATUS WORD CHART -----· ---- -----

~~:~.:u~dte = = = = = 1-----------
SYSTEM BUS ___ -7 t -+ 'li!J _f~ 
duTing Write- __ _ . ---------

BU SEN 

SYSTEM BUS 
OUTPUTS 

-l. J,~ 
-----..,.--

WRITE TIMING 



= Burrou4hs Corporation 

COMPUTER SYSTEMS GROUP 
SANTA BARBARA PLANT 

81700 HARDWARE RULES 

SCTL 

8080 
DATA Bus _____ _ 

--+ tse ~ 

- - - .- .f.r.-----, 

INTA,IOR, 
MEHR 

(with DBIN high) 

HLDA~----~--------t--~= 
INTA,IOR,MEMR 
during HLDA 

SYSTEM BUS 
during Read_ 

8080 BUS -
during Read 

- - - -..,...--

READ TLJ.tING 
C = 100 pF 

L 
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CR Cl 

3.2 TTl/DTL Integrated Ctrcu;ts (continued) 

Ele•ent T~pe·s 
Standard Asse•bly Nu11ber: 
Manufacturer/Menu f 1ctuf'er• s Type: 
Circuit Designation: 
Description of Operation: 

CR Cl 
·1269 7561 
FSC/9401 
CRC Generator/Checker 

1> The CRC Generator/Checker is used for error detection in 
serial digital data transaission. It is a macrologic TTL chip 
in a 14 ptn OtP. The input/output pins are: 

C1> 

p 

so 

MR 

Sl 

sz-so 
D 
CP 
CWE ., 
MR 
Q 

ER 

__....,. 
--.. 
---. 

.... 

.... 
N.C. 

GND 

4 

5 

6 

7 

Polyno•i•l Select Inputs 
Data Input 
Clock IAput <operates on falling edge) 
Check Wora Enable Input 
Preset tnp~t (Active low> 
Hast er Reset Input 
Data Outpt.tt 
Error · 011 t put 

p 

MR 
vcc 4 

-.ER D 11 

CWE 10 

L 
2 

131-- ER 
__.,. Q 

CR Cl ..-o 
52 8 

....__ CWE 
Sl 5 12 Q 

9 N.C. so 3 

CRCl 8 .,.__ S2 1 

CP 

PIN LOCATION DIAGRAM FuNCTIONAL DLA.GRAM 
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TTL CR Cl 1269 7561 

2> Wben used .~ th• trans•itt•r end• tt accepts an input data 
stre~• via D wh•n CVE Is high. Data is entered at the falling 
edge ot the clock CP. When CWE goes tow• it signets the end of 
th• data str•••• A 16 bit check su• generated internally is 
then shifted out via Q- to be appended to ~he original data 
str•••· Th•~ chect su• ts actually the re•ai.nder of dividing 
the data str••• by a chosen polyno1i al. A set of eight 
potrno•ials ~an be choosed fro•• through the select inputs 
S2•SO. They are listed in Table 1. 

SELECT ·CODE CHECK POLYNOMIAL REMARKS 

s 2 sl So 

0 0 0 xl6. + x1s + x2 + 1 CRC-16 
0 0 l xl6 + xl4 + x + 1 CRC-16 REVERSE 

0 1 0 xl6 + xlS + xl3 + x7 + x4 + x2 + xl + 1 

0 l 1 
12 . · 11 3 2 

x + x + x ·+ x + x + l CRC-12 
1 0 0 x8 + x7 + xs + x4 + x + l 

1 0 l x8 + l LRC-8 
1 1 0 xl6 + x12 + xs + 1 CRC-CCITT 
1 l 1 xl6 + xll + x4 + l CRC-CCITT REVERSE 

Table 1 

3> When us.ed at the receiver end• the CRCl monitors an input data 
strea• plus ihe corr•spo~~ing check su• vi• input ti~ If the 
input contai~s no error. the Er~or Output ER witl go tow.· ER 
is valid only after t~e last check bit has been ente,ed and 
re•atns so until the next high-tow transition of CP or until th• 
device bas been preset or reset. 

4> A high on the Master Reset <MR> asynchronously clears the l~ 
internet registers. A low on the Preset <P> asynchronously 
sets all the registers for the case of 16 bit check polyno•iatsi 
or only the •ost significant lZ or 8 registers for the case of 
lZ or 3 bit check polrno•ials. with the re•aining bits being 
clear ed. 
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5> Electrical Characteristics 

I•put Threshold Wottages 
Vfl •axi•~• 
VUt ainfau• 

Out'9\lt Voltages 
Vol •aaf •u• 
Vola atniaua 

Input Loading 
Ill aaxt•u• 
lfh •axt•U• 

Output Drf ve 
Iol 
loh 

6) Switching Characteristics 

clock frequency 
Mfntaua clock pulse width <low> tw<L> 

Propagation Delay, •axf •u• 
Ctoct CP to Data output Q td•

td·• 
Clock CP to Error output ER td-~ 

Preset P to Q or ER 
Reset MR to Q ro ER 

Set•up Ti••• •fni•u• 
Data D to Clock CP 
Check Word Enable CWE to CP 

Hold Ti••• •ini11u• 
Data· D t 0 CP 
CWE to CP 

Preset pulse width, •infau• 
Master Reset pulse width, •i ni•u• 

Recovery T i•e 
"If or MR to CP, •axi•u• 

o.ev 
2.ov 

A 2209 6150 A 
SECTION 3.2 
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1269 7561 

o.4v a fol : 4 •A 
2.4V a Ioh : •400 UA 

·O.Z5 •A ~ Vil = Q~4y., 
40 uA a vth ~ z.4y., 

4 •A a V~l = 0.4V 
•400 UA a Voh a 2.4¥ 

DC to 12 MHZ 
15 ns 

55 ns 
55 ns 
60 ns 
60 ns 
60 ns 
60 ns 

55 ns 
55 ns 

5 ns 
5 ns 

35 ns 
35 ns 

45 ns 
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TTI. CR Ct 1269 1561 

1> Interface Rules 

R1&l•s pertaining to standard TTL devices applfes vhen tnter• 
factng the CRCl wit~ other circuits. Note that output drive 
cap abfl it tes in t._e f'alse state is only about 3 TTL loads 
<ta*fng 1.6 •A as a standard TTL low level input lvad> 
instead of to, co••on for other TTL devices. 

8) functtonaltty tests had been conducted on the CRC•CCITT chect 
P•l11no•tat onty. Use of th~s device under any other choice of 
p1alyno•tal •ust be consulted wt th Ctrcut ts. 

k'--- l/fmax 

CP 
t,,.i(L) 

Q or_E_R_--r 

PROPAGATION DELAYS, CP TO Q OR ER 

1.SV 

Q TO ER l.SV 

Ci> i.sv 

PROPAGATION DELAYS, PTO Q OR ERi 

RECOVERY TIME, P TO CP 

TIMIMG DL!\.CRAMS 

SET-UP AND HOLD TIMES, D AND CWE TO CP 

MR 

Q or ER 

PROPAGATION DELAYS, MR TO Q OR ER; 

RECOVERY TIME, MR TO CP 

C = 50 pF 
L· 
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J.2 TTL/DTl IAtegrated Circuits <Continued> 

Elee1n.t Type: 
St and•rd A1seab ly Nuabert 
Hanufactur•rlHanufacturer•s Type: 

Ctrcyit Designation: 

Descriptton of Operation: 

82CN 

A 2209 6150 A 
SECTION 3.2 
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141t7 3581 
Tl-Stgnetics/7438 
fairchtld/9N38 
Quad Z•Input HAND 
Buffer- open collector 

t> The 82CN prowtdes four 2•tnput N~ND buffers in a 14 pin DIP. 

Z> 

3) 

4) 

5> 

Eacb of the open collector outputs requires an external pull•up 
reststor to supply the TRUE level drive current. Outputs can 
be tted together to perfora a wired positjve AHO function. 

Input Loading 

1 •t = -1.6 •A a V H=O.ltV 

011t put Drive 

I ol = 46 aA a Vol=0.4V 

011tput Volt age •ax i au• 

Propagation Detar Tiaes: 

Input to Output 

lih = 40 uA a Vih=2.4V 

5.5V 

30 ns 
24 ns 
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Ele•ent Type: 
Standard Asse•blr Nu•beri 
Maunfacturer/Hanufacturer•s Type: 

ITSN 
1948 5069 
NS/OH8098 

A 2209 6150 A 
SECTION 3.2 
PAGE 87 REV., B 

Circuit Designation: 
Signet tcs/8T98 

Description of Operation: 
Tri•State Hex Inverter 

l> The ITSN is a TTL hex Inverter with trf •state inputs and outputs 
in • 16 pin DIP. In addition to having nor•al JTL TRUE and 
FALSE input and output levels- ft has a high fa~edance off 
state. The Inputs and outputs are brought to this off state by 
ptactng the disable inputs at High. Four of the inverters are 
C3ntrotted by a single co••on disable input DIS4 and the 

· re1afnjng two by DIS2. 

Z> Input Loading 
Ifl = •t.6 •A a Vit=0.4V Ith = 40 u~ a Vlh=2.4V 

Htgh lapedance State <Inverter Inputs Only> 
Iit(Ht·Z>= -40 uA a Vtl=0.5V Ith<Hi•Z)= 40 uA a Vth=2.4V 

3> Oytput Drtve 
Iol = 12 •A a Vol=0.4V 

0Yt•ut Loading in the High l•P•dance State 
Iot(Hi•Z>= •40 uA a Vol=0.4V IohCHi•Z>= 40 uA a Voh=2.4V 

4) Propagation Delay Ttaes: 

D•ta Input to Output td-• 23 ns 
td+- 22 ns 

Output High On state to 
Hl•Z Off state tHZ 17 ns 

Output Low On state to 
Hi•Z Off state tlZ 33 ns H••z Off state to 
Output Htgh On state tZH It 1 ns 

Hf •Z Off state to 
Out put Low On state tZl 43 ns 
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ITSN 

DIS4----, 
ro __ _ zo 

Il 

I2 

14 

FUNCTIONAL DIAGRAM 

DIS4--7 1 

10~ 

ZOE-

11~. 

ZlE-

12--?- 6 

Z2 ..;E-

GND ITSN 

PIN LOCATION DIAGRAM 

Vee 

~1S2 

-E--15 

-?zs 

~14 

-~4 

~13 

--?Z3 

A 2209 6150 A 
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B2TS 
3.Z TTL/OTL Integrated Circuits <Continued> 

Et•••nt rrpea 
St afldar4. A••••bl, Nu•b•r a 
"•nufa~turer/Manufact~rer•s Types 

ctrc~it Oestgnattona 
Oe1crtptfon of Operstf ona 

BZTS 
. 2&02 7 300 

Tl /lltl 26 
NS/DMS094 
Quad Tri•State Buffer 

1> T•• B2TS provides fo~r trJ•stat•• stngle•input buffers In a 14 
pin D.IP. ··A separate control tnput On for each buffer is used 
to fate the output onto the hig" i•pedance state when the 
contr~t input is Low. With the control input High• the other 
i11put sfapty passes the non•inverted data throt1gh the buffer. 

2> I "put Loading 
It\ = •1.6.·IA a Vtla0.4V Ith = 40 uA a ¥ih=2.4f 

3> 011tput Drive 

") 

lot a 16 •A a Vol=0.4W loh • •2 •A a Voh=2.~Y 
O~tput Loading tn th• htg~ 1apedance state 

Iol<Hf•Z)= •40 uA a Vol=0.4W toh<Hl•Z>= 40 uA a Voh=Z.4V 

Propagation Delay Ti•as: 

Date Input to Output tpd• 
tpd• 

Output Htgb on atate to 
Ht•z Off state 

Output Low on state to 
Hl•Z Off state 

tt••z Off 
Output 

Ht•z Off 
Output 

DO~ 

10~ 

z~ 

Dl--;.. 

11~ 

Zl-E--

state to 
High On st•t• 
state to 
LoM on state 

Vee 

cE--03 

--E---13 

. ---;;;..z3 

~02 

~12 

tHZ 

tlZ 

tZH 

tZL 

03 

22 ns 
24 ru 

25 ns 

24 ns 

27 ns 

31 ns 

PIN LOCATION DIAGRAM I3~Z3 
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RAMI 

MOS INTEGRATED CIRCUITS (conLinued) 

Element Type: 

Standard Assembly Number: 

Circuit Designation: 

DI 
AO 
At 
A2 
A3 
A4 
AS 
A6 
A? 
AS 
A9 

PC 
CE 
R/W 

D H 
c 
8 
A 
L 
R 
G 
T 
J 
FE M 

K 

p 

FUNCTIONAL 
DIAGRAM 

A3 A p 

A2 B N 

Al c M 

AO D L 
PC E K 
A9 F J 
AG G 1-i 
A5 R s 
A? T u 

DO 

PIN LOCATION DIAGRAM 

18 PIN DIP 

R/W 
VSS (•20V) 

CE 
A4 

oo 
A8 

DI 

'JD Ci :.(_j i\J D; 
VBB (t22V) 

RN-11 

16 71, 5 l 50 

A 2209 6150 A 
SECTION 3 .3 
PAGE 1 REV. C 

102 4 BIT ME~!ORY 
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MOS ;RAM .SA16745150 

1024•8IT MOS DYNAMIC MEMORY 

(1) MOS· •ilicon gate, 1024 words by 1 bit random access 
memory chip, fully decoded, and packaged in 18 pin DIP. 

(2) The information is retained in the form of a voltage on the 
capacitance of an internal node - Since the voltage will 
decay with time due to leakage, each cell in the array must 
be refreshed before-a certain maximum period of time has 
elapsed, and this is why it is called a Dynamic memory. 

(3) Three power supplies will be used: 
Vdd, Drain voltage .. G'NDI 
Vss, Source voltage; fllV 
Vbb, Substrate voltage = +23V 

(4). Inputs. are: 10 address lines AO thru A9, Precharge input (PRE}, 
Chip Enable (CE), Read/Write (R/W), and Data input line (DI). 

(5) Address, Clock and Data input voltages are: 
VH = +19 volts minimum 
VL • +3 volts maximum 

(6) The memory cycle is controlled by two negative clock signals 
called Precharge and Chip Enable. The writing of new 
information is controlled by a third negative clock signal 
called Write Enable, 

(7) Readout ls non-destructive and the output voltage swing 
• 40inv minimum at RL = lOOJ\.and CL= lOOpf. 

(8) Data written in the memory is inverted at the output. 

(9) The memory requires periodic data refreshing which is accomplished 
by cycling through Read.Cycle AO thru A4 inputs at least 
every 2 milliseconds. 

(10) Precharge signal can be applied in the absence of CE without 
affecting stored data. CE, however, cannot be applied in 
the absence of ?C signal without destroying stored data. 

(11) For interfacitig with ci;.L, high voltage drivers are used 
at all inputs and sense amplifiers at the output. 

(12) Memory outputs offer the possibility of wire-OR connection. 

(~3) For timing see READ/WRITE cycle. 
---~-------

~-------·------------



RAM1 
READ/WRITE CYCLE MOS DYNAMIC MEMORY 

TPW 

C. ENABLE 

-ii 
READ/WRITE I ~ TPO --bl 

. ~:TP 
TwP -

,-T!JW ~~ ---
. DATA IN 

DATA OUT 

--
DATA CAN CHANGE - - -

STABLE DATA~~ 

·I'.---~ I 
' DATA OUT ' 

-

I~~ 
~~ .TACCZ 

TACCl 

DATA 
OUT 
VALID I 

.: TAC (address to cenable set up time)= 30nS MIN 

TPC (pre~harge-to cenable delay)= 60nS MIN 

TOVH (precharge 6.. cenable overlap, high)."' 80nS ?'iAX 

TOVl (precharg~ 6.. cenable overlap, low)= SnS MIN 
10 nS MAX 

TPW (precharge to read/write delay)= llOnS MIN 

SOOnS VAX 

TWP (read/~~ite pulse width)= ZOnS MIN 

TW (read/write set up time)= 20nS MIN 

' NOT VALID ' 

TDW (data set up time)= 40nS MIN 

TDH (data hold time)= lOnS MIN~. 
TP (relationship between cenabl~ 

and read/write)~ OnS NAX 

TCP (cenable to prechar;:;0e delay)= 40nS MIN 

TCA (cenable to address hold time)= lOnS MIN 

TACCl (address to output access)= 150nS Mn; 

TACC2 (prech?-rge to output access)"' lSOnS MIN . 

TPO ( end of precharge to output delay)= 75nS }'J\X 



. . Burroughs Corporation 

COMPUTER SYSTEMS GRO.UP 
SANTA BARBARA PLANT 

81700 HARDWARE RULES 
A 2209 6150 A 
SECTION 3.3 = 

SSAN 

3.3 MOS INTEGRATED CIRCUITS (continued) 

Element Type: 

Standard Assembly Number: 

_ --~anu(a~~~!~r~ s Typ~ ! _ 
Circuit Designation: 

Description of Operation: 

RO 

LO 

Zl 

I2 

Z3 

TOP VIEW 

PIN LOCATION DIAGRAM 
16 PIN DIP 

SSAN 

2207 1716 

5061 D 
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Quad 100 Bit Shift Register 
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1. The SSAN is a Quad 100-Bit MOS Static Shift Register. Inputs to the chip are 
the 4 Data input lines, IO thru 13, the Clock line CO and the Recirculate in
put RO. Outputs are lines ZO thru Z3. 

2. A logic one applied to the Recirculate input RO enables the recirculate 
function and disables the data inputs to the registers. A logic zero to the 
same line RO allows input data to be fed into the Registers. 

3. The circuit operates with two power supplies Vee and VGG' Vee is nominally 
4. 75V and VGG is nominally -l2V. VDD shall be. connected to ground. 

4. Input levels for the Data and Recirculate inputs are compatible with CTL 
restored levels. A pull-down resistor, 287 OHMS to GROUND, is required 
to be connected to the CTL output driving the register inputs. The clock 
input is to be driven by a T2L device with a pul1-up resistor capable of 
supplying sufficient true level current@ Vin= 3.75v. 

5. Output levels are compatible with CTL threshold sensitive inputs (4th level) 
Only 1 CTL load can be driven by each MOS Register output. 

6. Maximum Data and Clock rate are 2.0 MHz. 

7. Clock line.normal state is a logic zero. A logic one activates the device. 
Data is fed into the register during the clock negative going transition. 
Data is available at the outputs after the clock negative going transition. 

8. Minimum Clock pulse width is 240 ns. Maximum Clock pulse width is 10 µs. 

9. Clock to Output delay is 295ns, measured from the clock negative going 
trans:l.tion. 

10. Set-up time for all inputs (Data and Recirculate) is 120 ns measured rela
tive to the clock negative going transition. 

ll. Hold time for all inputs (Data and Recirculate) is 60 ns, measured relative 
to the clock negative going transition. 

12. Registers can be connected in parallel or in series to form any size of 
buffer desired. 
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Circuit Designation: Dual 100 Bit Shi.ft Register 

Description of Operation: 

<v' <v 
<::::, <:o Sr;:,\;.~~ .J.. 

\ s <(<::::,~ 
~' c:..i<v'0s<v~ 

. s ~ ~ <:o \,.)(. 
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~~~~.~~ . 

~~ 

13 F s Z3 

12 E J Z2 

I I M A ZI 

IO L c zo 
SSRN 

C2 
D K 

Cl 

FUNCTIONAL DIAGRAM 

* THIS REPRESENTS A TMS3101LC 

TOP VIEW 

A ZI +4.8 p 

B 
GND -12 N 

c zo I I · M 

D 
C2 IO 

L 
12 Cl 

E K 
F I3 Z2 J 

G 
-12 GND 

H Z3 R +4.8 s 

PIN LOCATION DIAGRAM FOR 2 SSRN 
IN A 16 PIN JUMPER CHIPS 
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100 BIT SHIFT REGISTERS 

1) SSlN is two Dual 100-Bit shift registers of TMS 3101LC type mounted 
on one DIP jumper chip and wired to use common clock lines Cl and C2. 
Inputs to the four shift registers are IO, Il, I2 and I3. The out
puts are ZO, Zl, Z2 and Z3. 

2) The Dual 100-Bit shift register is P-channel MOS low threshold device 
packaged in a hennetic 10 lead TO·lOO can. It requires two-phase 
negative going non-overlapping clocks for its operation. 

3) The circuit operates with two power supplies: 

VCC • +4.75 V ±.5i, VNN = -12 V ± St, and ground potential 

4) Data present at the input during the positive-going transition of the 
clock Cl is the infonnation that will be stored in the first storage 
element and the shifting cycle is completed during the negative period 
of C2. 

5) Cl shall remain high and C2 low when the register is no~ shifting data; 

6) Input levels: 

Data Input 

+2.5 v s True Level s +s.o v 
FaTse-=-+-:S'r vol ts miiilmum 

.£lock Input 

+3.0 s True s +5.0 V 
· -12.6 s False s -10.s v , 

7) Input Capacitance: 

Data input Ci= 12 pf 
Clock input Ci:: 55 pf 

8) Clock: 

See Figure 6, page 14 for Clock Timing Waveforms. 

9) Input set up time before the positive going edge of Cl 

t "' 155 ns Min. 

10) Input hold time after the positive going edge of Cl 

t • 15 ns Min. 
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100 BIT SHIFT REGISTERS (CON'T) 

11) Propagation delay time after the negative going edge of C2 

td • 125 ns max. 

12) Output levels driving l CTuL load 

True • +2.00 volt min. 
False • +.25 volt max. 

13) Possible CTuL to MOS interface for Data input is described in 
Figure l. 

14) Clock driver for Phase 2 and Phase l which can drive up to 8 dual 
MOS registers is described in Figures 2 and 4• 

15) Registers can be connected in parallel or in series to form any 
size of buffer desired. 

--- -------···- ·--· -----·---~··-·----·--··-···-······ 

16) The -12V supply for these devices must be bypassed. The required amount of 
decoupling is one 0.47µf capacitor (part number 2010 2240) for every four 
individual dual 100 Bit Shift Registerso For the wire wrapped cards, the 
-12V supply must be bypassed by installing a capacitor as close as possible 
to the shift registers on the 0 side between an unused minus 12V power pin 
and the ground plane which surrounds the pin. For the etched cards, the 
capacitors are to be installed where provisions for discrete components are 
made near the ·12V bus •. , 

17) The clock driver Circuit using a GB4N, GB7N, GB8N, and GB9N (Figures 4 
and 5) shall be used wherever the system clock pulse width is 167 ns 
or less. Systems with a clock pulse width greater than 167 ns may use 
either of the two interface circuits. 
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One Diode (Type 4). ·-
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3.3 MOS lnlcgrated Circuits (continued) 

EI t>tncn t Type: . 
Standard As:;eml>ly N11111bt>r: 
Manufacturer's Type: 
Circuit Designation: 

Pin lc;>ca tiOn~: 

TOP VIEW 

vss C[• ',...._/ 40 "] TRC 

VGG [ 2 . 39 .. , 
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MOS UART n1s 2121 

Universal Asynchronous Receiver/Transmitter 

(l) MOS/LSI silicon gate packaged in 40 pin DIP. It is a programmable 
device for interfacing an asynchronous serial data channel of a 
peripheral with parallel data. 

(2) The transmitter section converts parallel data into a serial word 
which contains the data along with start, parity, and stop bits. 
These control bits are generated according to the programmed con-
trol inputs. . · 

(3) The receiver section converts a serial word with start, data, 
parity, and stop bits into parallel data. It verifies proper 
code transmission by checking for valid start, parity, and stop 
bits. 

(4) Both transmitter and receiver sections are double l?uffered, allow
ing parallel data to be loaded while serial data is being sent, 

.and parallel data to be read out while serial data is being received. 

(5) The transmitter and zP.cej,ver controls are both progra!llliled from the 
COlllllOn control lines. A high on the Control' Register Load (CRL) will 
strobe the bits inputed at PI (Parity Itlhibit), SBS (Stop Bits Select), 
WLS2 - W'Ls, (Word Length Seiect), and EPE (Even Parity Enable) into 
their corresponding ccintrol flip-flops. ·The CRL·can also be hardwired 
'1igh. The data code length can be either 5, 6, 7, or 8 bits. Parity 
may be·even or odd, and its generation and checking may be inhibited. 
The number of stop bits may be orie or two, except when transmitting a 
5 bit code, one and one half are generated. 

(6) Loading of parallel data (from TRs-TRl inputs) into the Transmitter 
Holding Register should be done only when the Transmitter Holding 
Register Empty (THRE) is giving a high level output. Loading is 
effected by strobing the Transmitter Holding Register Load (THRL) 
to a LOW. Data is transferred to the Transmitter Register by 
sensing THRL retutning to High and the Transmitter Register being 
empty. (TRE goes high}. The new character, once as.<;embled and 
complete with start, parity, and stop bit(s) is·outputed automatically 
through the TRO (Transmitter Regist;er Output). Characters of less 
than 8 bits are right justified, with.TR1 as the least significant bit 
and the excess bits disregarded. When no data iS being transmitted, 
the TRO output remains high. Transmission begins at the high-low 
transition of the Start bit. 
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(7) Serial data is received on the Receiver Input (Rt). RI must be 
held ·high when data is not being received. A start detect cir
cuitry locates the start bit (high-low) transition. It then checks 
the center of the start bit. If the input is .stiil low, the ,o,ig
nal i~ considered valid and subsequent data b~ts are loaded into 
the Receiver Register. The receiver data is checked for Parity 
Error (PE) and Framing Error (FE), and the correspondin~ error 
flags are updated (a high level indicates error) for each new 
character. For characters of less than 8 bits, the code is right 
justified with RRl as the least significant bit and the trunca
ted bits forced to a low level output voltage. The co~pleted data 
is automatically transferred to the Receiver Holding Register (RHR) 
and the Data Received (DR) line is set to. high, indicating that 
the received data (RRs-RR1) is available for sampling. After the 
data has been sampled, the Data Received Reset (DRR) should be 
strobed to low to reset the DR line. If DR is not reset before 
the next word is transferred to the RHR, Overrun Error (OE) occurs 
and the OE.flag will be set (to high). The OE flag remains un
changed until another new character is transferred to the RHR. 
The RRs-RR1 data outputs are tri-state outputs and can be disconnected 
from those of the RHR by applying a high level voltage to Receiver 
Register Disconnect (RRD). 

(8) All sta·tus flags (PE, FG, OE, THRE, and DR) arc tri-state outputs 
and can be disabled by setting the Status Flags Disconnect (SFD) 
high. 

(9) Strobing the Master Reset (MR) to high will clear the logic. It 
resets the Transmitter Register, the Receiver Holding Register, PE, 
FE, OE, DRR and sets TRO, THRE, and .. TRE. 

(10) The Transmitter Rt::gis ter Clock (TRC) and the Receiver Register Clock 
(RRC) are the tir:iing elements used to determine the length of bi ts 
transmitted and the centet: location of bits received. These clocks 
operate at 16 times the desired bit shift rate. 

(11) Three power supplies are usedi 

VoD = GND Vee= -12V .f 0.6V (5%) 

(!Z) Electrical Characteristics: 

Input Currents: 

IIL = -1. 6rnA @ V11 0.4V 40 µ.A @ VIH 

Output Drive: 

!01 = l.6rnA@ Vo1 0.4V Iott -100 µ.A @ VoH 3.75V 

A 2209 6150 A 
SECTION 3.3 
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(12) Continued: 

Input Voltages are: 

VtH minimum 
VtL maximum 

OUtput Voltages are: 

81700 HARDWARE RULES 

UART 2315 2127 

Vss - l.5V 
O.BV@ Vss = 4.75V 

A 2209 6150 A 
SECTION 3.; 3 
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VOH minimum 

VoL maximum 
Vss- i.ov @ IoH = -100 µA 

(ll) Switching Characteristics: 

Clock Frequency 
Cll)ck Pulse Width (TRC,RRC) minimum 
CRL, THRL, DRR Pulse Width minir.ium 
MR pulse width niinimum 
Coincidence Time, tc minimum 
Hold.Time, thold minimum 
Set Time, tset minimum 
Propagation Delay 

SFD to Output, RRD .. · to Output 
tdLH maximum 
tdHL maximum 

AC input load maximum at l MHz 
AC output load maximum at i MHz 

(14) Interface with CTL .and Sti:indard TTL devices: 

0.4V @ loL = 1.6 mA 

DC to 320KHz max. 
i. µs 
200 ns 
500 ns 
200 ns 

20 ns 
0 ns 

·aoo ns 
· 500 .ns 

20 pf 
20 pf 

UART is· directly compatible with totem pole type standard TTL devices 
without the use of external resistors. For an open collector TTL 
output driving an UART input, an external pull-up resistor shouid be 
used. 

None of the CTJ,. devices can·be used at the input of the UART, since 
the CTL outputs need to be pull~d d9wn, and the internal pull-up of 
the UART inp~t prevents the same. For UART driving CTL inputs or 
a mixture of TTL and CTL inputs, the rules of Section 5.3.4 apply. 

Unused UART.inputs can be left cipen·where a high is needed. 

Interfacing UART with Schottky TTL or other special circuits 
should be c.onsulted with the Circuits Section. 
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NUMBER NAME 

l 

2 

3 

4 

5 - 12 

13 

14 . 

15 

16 

17 

Vss Power Supply 

VGG Power Supply 

VDD Power Supply 

Receiver Register 
Disconnect 

Receiver Holding 
Register Data 

Parity Error 

Framing Error 

Overrun Error 

Status Flags 
. Disconnect 

Receiver Register 
Clock 

t31700 HARD\IVARE RU.LES 

UART 2315 2127 

A 2209 6150 A 
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PIN DEFINITIONS 

SYMBOi. 

Vss 

VGG 

VDD 

RRD 

RR3-
RR1 

PE 

FE 

OE 

SFD 

RRC 

FUNCTION 

+5 volts supply 

-12 volts supply 

Ground 

A high level input voltage, VIH• applied to 
this line disconnects the RECEIVER HOLDING 
REGISTER outputs from the RRa-RR1 data outputs. 

The parallel contents of the RECEIVER HOLDING 
REGISTER appear on these 1 ines if a low- leve 1 
input voltage, VIL, is applied to RRD. For 
character formats of fewer than ei~ht bits 
received characters are right-justified with 
RR1 as the least significant bit and the trun
cated bits are f~rced to a low level output 
voltage, VoL. 

A high level output voltage, VoHi on this line 
indicates that the received parity does not 
compare to that programmed by the EVEN PARITY 
ENABLE control line. This output is updated 
each time a character is transferred to the 
RECEIVER HOLDING REGISTER. PE lines from a 
number of arrays can be bussed together since 
an output disconnect capability is provided 
by Status Flag Disconnect line. 

A high~level output voltage, VoH, on this line 
indicates that the received character has no 
valid stop bit; ie., the bit following the 
parity bit (if programmed) is not a high level 
voltage. This output is updated each t~ne a 
character is transferred to the Receiver Hold
ing Register, FE lines from a number of arrays 
can be bussed together since an output dis
connect capability is provided by the Status 
Flag Diiconne~t line. 

A high-level output voltage, Vm1, on this line 
indicates that the Data REceived Flig was not 
reset before the next character was transferred 
to the HEceiver Holding Register. OE lines 
from a number of arrays can be bussed together 
since an output disconnect capability is pro
vided by. the Status Flag Disconnect line. 

A high-level iriput voltage, VJH• applied to this 
pin disconnects the PE, FE, OE, DR and THRE 
allowing them to be buss connected. 

'rhe receiver clock frequency is sixteen times 
the desired receiver bit shift rate. 
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PIN DEFINITIONS (CONT) 

PIN 
NUMBER 

18 

19 ... 

20 

21 

22 

24 

25 

NAME 

Data Received 
Reset 

Data Received 

Receiver Input 

Master Reset 

Transmitter 
Holding Register 
Dnpty 

Transmitter 
Holding Register 
Load 

Transmitter 
Register 
Dnpty 

Transmitter 
Register 
Output. 

SYMBOL _F_UN_C_T_I_O_N ____________________________ '-----

DRR A low-level input voltag·e; VILi applied to this 
·line resets the DR line. 

DR A high-level output voltage, VoH, indicates that 
an entire character has been received and trans
ferred to the RECEIVER HOLDING REGISTER, 

RI Serial input data received on this line enters 
the RECEIVER REGISTER at a point determined by. 
the character length, parity, and the number of 
stop bits. A high-level ·input voltage, VIHt 
must be present when data is not being received. 

MR This line is strobed to a high-level input volt
a~e, V1Hi to clear the logic. It resets the 
Transmitter Register, the Receiver Holding Regis
ter, FE, OE, .PE, DRR and sets TRO, THRE, and TRE 
to a high-leyel output voltage·, VoH• 

THRE A high-level output Voltage, Von. on this line 
indicates the TRANSMITTER HOLDING REGISTER has 
transferred its contents to the TRA;.;SMITTER 
REGISTER and may be load~d with a new character. 

THRL A low-level input voltage, VIL, applied to this 
line enters a character into the TRA!'\SmTTER · 
HOLDING REGISTER. A transition from a low-level 
input voltage, VIL, to a high-level input voltage, 
VIHt transfers the character into the TRANSMITTER 
REGISTER if it is not in the process of transmittinf 
a character. If a character is being tran.smitted, 
the transfer is delayed until its transmission is 
completed. Upon completion, the new character is 
automatically transferred simultaneously with the 
initiation of the se~ial transmission of the new 
character. 

Tr<E A high-level output voltage, VoHi on this line 
indicates that the TRANSMITTER REGISTER has com
pleted serial transmission of a full char~cter 
incl~ding STOP bit(s)~ It remains at this level 
until the start of transmission of the next chara~
ter. 

TRO The contents of the TRANSMITTER REGISTER (START 
bit, DATA bits, PARITY bit, and STOP bits) are 
serially shifted out on this line. When no data 
is being transmitted, this line:will remain at a 
high-level output voltage, VoH• Start of trans
mission is defined as the trans it ion of the START 
bit from·a high-level output voltage, VoH, to a 
low-level output voltage, VoL• 



MOS 

PIN 
NUMBER. 

26 - 33 

. 34 

35 

36 

37 - ·3a 

39 

40 

NAME 

Transmitter 
Register 
I>ata Inputs 

Control Register 
J,oad 

Parity 
Inhibit 

Stop Bit(s) 
Select 

Word Length 
Select 

Even Parity 
Enable 

Transmitter 
Register Clock 

UART 2315 2127 

PIN DEFINITIONS (CONT) 

SYMBOL 

CRL 

Pl 

SBS 

EPE 

TRC 

FUNCTION 

The character to be transmitted is loaded into the 
TRANSMITTER HOLDING R~:GISTER on these lines with 
the THRL Strobe. If.a character of less than 8 
bits has been select~d (by WLS1 and ~LSz), the 
c118racter is right justified to .the least signifi
cant bit, TR1 , and the excess bits ar~ disregarded. 
A high-level input voltage, VIH, will cause a hi~h
level output voltagei Vrnl• to be transmitted. 

A high-level input voltage, VrH• on this line loads 
the CONTROL REGISTER with the control Lits (WLS1, 
WLSz, EPE, Pl, SBS). This line may be strobed or 
hard wired to a high-level input voltage, VIII• 

A high-level input voltage, VIII• on this line 
inhibits the parity generation and veriflcation 
circuits and will.clamp the PE output to v01 . 
If parity is inhibited the STOP bit(s) will 
immediately follow the last data bit on trans
mission. 

This line selects the number of STOP bits to be 
transmitted after the PARITY bit. A high-level 
input voltage, VIH• on this line selects L~o 
STOP bits, and a low-level input voltage, V1L, 
selects a single STOP bit. Selection of two 
STOP bits when programming a five bit word gener
ates 1.5 STOP bits. 

These two lines select the character length 
(exclusive of parity) as follows: 

WLS2 

V1L 

VJL 

Vrn 

Vrn 

WLS1 

VtL · 

Vrn 

VIL 

Vrn 

Word Length 

5 bits 

6 bits 

7 bits 

8 bits 

This line determines whether even or odd PARITY 
is to be generated by the transmitter and checked 
by the receive~. A high-level input voltage, 
Vni. selects even PARITY and a· low-level input 
voltage, V1L, selects odd PARITY. 

The transmitter clock frequency is sixteen times 
the desired tran&mitter shift rate. 
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MOS UART 

,--------,. 
-! - - - - - - ·- -1. . Vrn · 

-Vi[ 

- - -

~1 ~ thold 
-- tc 

tpw 

DATA INPUT LOAD CYCLE 

SFD 

*PE,FE,OE,DR,THRE 

*OUTPUTS PE, FE, OR, DR, THRE ARE DIS
CONNECTED AT TRANSITION OF SFD FROM 
VrL TO Vrn 

STATUS FLAG OUTPUT DELAYS 

2315 2127 

WLS1 WLS2 SBS, Pl, EPE 
--~ 'r - - - - ·- - --. 

f-u=:---· - - -- - -- · · Vrn 

CRL ST~~~~-· 

tset · 

-1 -

I 
-tpw ~P{-

tc ~ 
·- thold 

CONTROL REGISTER LOAD CYCLE 

*RRa - RRl ARE DISCONNECTED AT 
TRANSITION OF RRD FROM VrL TO Vrn 

DATA OUTPUT DELAYS 
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MCPU 
3.3 ·Mos Integrated Cfrc:uits <continued> 

Ele•ent Type: 
Standaftd Ass••blr Nu•ber: 
Manuf act 11rer /Kanuf actu.-er• s Type 
Circwit Designation: 
Oescrtptfon· of Operation: 

Alo- - All 

Vss - A14 
D4 .,.___. - A13 
05 .----. - Al2 
06 ..._..... - A15 
07 ....__. - A9 
03 ..--.. - A8 

02 ...--. A7 
01 ...._. - A6 
DO ..-... - AS 

VBB - A4 
RESET --+ -A3 

HOLD ----.. VDD 
INT ----.. -A2 

Sf2 __....,. 
- Al 

INTE .,.___ 
-AO 

OBIN - -WAIT 
WR ._ MCPU -READY 

SYNC - -~u 

Vee -HLDA 

PIN LOCATION DIAGRAM 

VBB 

~1 

~2 

RESET 

HOLD 

INT 

READY 

MCPU 
1959 5719 
Intel/8080A 
6 bit "tcroprocessor 

36 A15 
39 Al4 
38 Al3 

11 37 Al2 
40 All 

28 01 AlO 
35 A9 
34 A8 
33 A7 
32 A6 

I 31 AS 
22 30 A4 

29 A3 
15 27 A2 

26 Al 
25 AO 

6 D7 
12 5 06 

4 DS 
13 3 04 

7 03 
14 8 02 

9 01 
23 10 DO 

17 DBIN 
18 'WR 

MCPU 21 HLDA 
16 INTE 
24 WAIT 
19 SYNC 

FUNCTIONAL DIAGRAM 
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MOS MCPU 1959 5719 

1> t•e MCPU fs • general purpose. •fngle•chtp. 8 bt.t parallel 
atceoprocessor. It ts an N•Channel Silicon Gate MOS/LS! ctrcutt 
t 11 • -.o pf n DIP. 

2> The proce11or has a 16 bit Addre11 .8u1 CA15•AO> that ••r be used 
t~. dtrectlr address uit to &•K · b1t•• of •••ory. Ttte ••aor1 ••Y 
be •n1 coabtnatton. of ROM'• and RAM'•• Data ts transferred tnto 
or out of th• processor on a separate 8 btt bt•dtrecttonat data 
b11s. Six 8 bft general purpo•e registers are available to the 
pro*••••r 1u\d can be us.ad singly or In pairs for both 8 and 16 
bit operations. An 8 bit accuaulator is the prt•ary working 
regt•t•r for •o•t of the arlth~etfc and logic operations. 

· 3> T~e processor also h11 buf tt•fn control logtc to handle general 
purpose st•ck ~perations. push•down stact for subrouttne calls 

· a~d returns. and vectored interrupt. 

4> The following describes the function of all Input/output pins 
of tbe MCPUt 

A15•AO A 16 bit Address Bus with trf··state outputs. It can 
address up to 64K brtes of ~eeory or 256 input and 256 
output devices. AO ts the LSB. 

07•00 

S¥NC 

An 8 btt Bi•Oirectlonal Data Bus with tri•state outputs 
It· provides two w~r data and instruction co•auntcation 
between the processor and all external units. Also. at 
the first clock of each •achine cycle• the MCPU outputs 
a status word on this d•t• bus. DO ts the LSB. 

T•ese two pbas•• h l9h•tevel clock st gnats prowl de tlte 
basic ti•fng for all internal operations tn the · 
processor. 

Tile SYNChronlze output signal tndicates tile start of 
each processor cycle and the presence of status 
tnfor•ation on the Data Bus. · 

OBIN A Hf g~ on the Data Sus IN output tndtcatts to extern•l 
cJrcuits that the bi•directto~at data bus ts in t-• 
fnput •ode and fncoaing data ••Y be gated onto the bus 
lines. 

READY Tbe READY tnp11t synchronizes the proces.sor with 
external units. If after sending an address out. the 
MCPU does not receive a READY input. the processor 
will enter a Waft state until RE~OY goes back to High. 
Processing wtll then resu••· 

I 
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1959 5719 

watT A Hit• on the WAIT output indicates that the processor 
has .entered the Watt state and ts prepared to accept a 
READY froa the current external operatfon. · 

NR A Low on the NRite output signals Yatld data on the 
Data Bus- to be written into •••ory or t/O co•ponents. 

H91.D The HOLD input allows an external d••ice to cause the 
processor to enter the Ho~d state and relinquish 
control over t•• Address and the Data Buses. Both 
buses will enter their kigh l•pedance OFF state. · 

HLDA T•• MCPU ac•noMledges that it Is fn the Hold state by 
9f vtn9 a Htgh on t-e Hold -cknovledge output. HLDA 
signal appears after the rtstng ~dge of ·clock •1 whtle 
t•e Address and Data Buses will enter their Off state 
after the rising edge of clock •2. 

INTE The INTerrupt Enable output sf gnat shows t-• status of 
tlle interrupt enable fl tp•ftop" lncUcatng .. het her ·or 
not the processor will accept Interrupts. 

RESET A High on the RESEJ fnput wttl initialize the processor 
br clearing tlae progra• counter. the instruction 
register. the Interrupt enable flip•flop. and the hold 
acknowledge fltp•ftop. It should be active for at 
least 3 clock periods. The general registers are not 
cleat'ed. 

5) Table l ts a su••airr of the processor Instruction set. for 
det•its co~cernfn~ progra••fng. refer to the Intel 8080 
User•i Maunal. 

6> Electrical Claaracteristfcs 

Input Threshold Voltages 
vtt •a•i•u• 
Vih •int•u•• clock Inputs •t••Z 

all other inputs 

Oatput Voltages. 
Vot •a•t•u• 
Volt atnt•u• 

0.·8V 
9. ov 
3.3V 

0.45V a Iol 2 t.9 •A 
3.7V a Ioh = •150 uA 
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MOS MCPU. 

Input Lo•ding 
Iil Oat• 8us D7•DO• In~ut •ode 
Iih • • • 

Input Leak•t• CUl"r•ttts 
Clock· inputs ll• -2 

all other tnputa, 

Address and Data bus outputs 
Jn the orr state 

. Output Ori ve 
lol 
loh 

Supplr current 
ldd •••i•u• 
Ice •••i•u• 
lbb •a1ti•u•· 

Supplr Voltages ... 
Wdd 
Vee 
Vbb 
Vss 

. 7) SNitchfn9 Cftaracteristtcs 

Clock Period 
Clock Rise and Fall Tt••• •••· 
Cloe~ 61 Pulse Width• •in. 
c•ock 12 Pulse Widtb• •In. 

Set •up Ti••• •i "t aq• 
Data .to .8'1 during OBIN 
Data to a2 during OBIN 
READY to 12 
INT to /12 
HOlD to 62 

Hold Ti••• •ini•u• 
12 to control signals INT, 

HOLD,· R£ADY 
62 to Data during DdlN 
OBI ft to Address dur i.ng HL DA 

tc, 
tr.tf 

t.11 
t.f2 

tdsl 
tds.2 
trs 
tis 
ths 

th 
tdh 
tah 

1959 5719" 

~2 •• a o <=vtl <•o.av 
10 uA a 0.8V<•Vih<•Vcc 

•10 uA •ax 
-10 UA •tn a O<=Yi<•Vdd 
+10 uA aax 
•10 uA atn a O<=Vt<•Ycc 

•10 uA •ax a Yt•0.45Y 
•100 uA •in· a Vi~Vcc 

1.9 •A a Vol <=0.45¥ 
•150 uA a V~h >=3.7V 

70 •A a Vdd • 12Y 
80 •A a tee = 5Y 
l •A a Ybb = •SV 

12V .t 5% 
5V • 51 
•SY •. 5% 
Ground 

o.1t8 usec 
50 ns 
60 ns 
220 ns 

30 ns 
iso: ns 
120 ns 
120 ns 
lltO ns 

5 ns 
50 ns 
•20 ns 

to 2.0 usec. 



MOS ·NCPU 

Pnopagatlon Oela1 Tt••• •axt•u• 
•2 to· Address Outputs. •••· 
•2 to Oata·outputs 
Clock 61 or 62 to control 

outputs SYNC· iJ. WAIT· HLDA 
•2 to Data bus enter Input 

•ode 
llZ to INTE 
62 to OBIN 
62 to Address or Data bus 

enter Off state durtng KOLO 
•1 <Lo.,> to SYNC• D8IN 
HLDA to Float 
i1 to Float 

Mtni•u• Tt•e Requir•••nt for 
.It• to 62• 
12- to 61• 
61• to 12• -

tda 
tdd 

tdc 

tdf 
tie 
tdf 

tf.d 
tdl'l 

thf 
twf 

tdl 
tdZ 
td3 
taw Address st able 19r t of" to WR 

Output Data stable prfor to 
Output Data stable fro• WR 

iiR tdw 
twd 

Address stable fro• iii twa 

200 ns 
220 "' 

120 ns 

140 ns 
200 ns 
140 ns 

120 ns 
160 ns 

1959 5719 

= 'td3•tr•2•50 ns = td3•trl2·1o ns 

·s ns 
70 ns 
8() ns 

= 2tcy•tdl•tr•2·t40 ns 
= tcy•tdl•trl2•t70 ns 
= twf ff HlDA 
= tdJ•tr•Z•lO ns if not 
= twd 

8 > Interface Rules 

IAputs are not dtrectly TTl co•pattble. For the clock inputs 
.It •nd 12. the •fni•u• Vih ts 9V. Use of the 8221- clock ctr"cult 
w~u'd provide· this drive without external Interface clrc~ftry. 
Otherwtse an open collector TTL devtce <such as lttDN> with a 
lKn. pull•up to •1ZV can be used. Fo~ all other Inputs. the 
required •int•u• Vib is 3.:sw. The 8228 Syste• Controller <SCTL> 
has the neceasarr drlv• capabilitr on Its data bus ou~puts to 
the MCPU. ror other situations where TTL •ust drive an MCPU 
i11put a resistor of value <=lK.n. •ust be used as a putl•up to Yee 
on that ptn. Refer to Sectton 5 for fan•in/fan•out 
ccanstderati~ns invotvtng pull-up resistors. 

The outputs of the MCPU are directly TTL co•patlble but wtth 
an output drive of onl~ one TTL URit load per output. 

Interfacing the MCPU with any other logic fa•tly •ust be 
handled through the Circuits Section. 
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........ D-iptian 
DJ °' ._.ctlon Code!ll 

Ds 0.. 03 Oz 
Clac•r.ZJ 

o, Do Cyclts 

IOVr1,f2 Movt r19i1ttr ta registtr 0 1 0 D 0 s s s 5 
IOVM.r MOVt register ID memory 0 I I 1 0 s s s 7 
IOVr,M MOVt memory 10 r19iuer 0 I o. 0 D 1 ' 0 7 
.HLT Hah 0 1 I 1 0 1 I 0 1 M.¥1( Mavi immad~tt "litter 0 0 D D 0 1 1 0 7 
IMM MOQ immedia .. memory 0 0 1 1 0 1 1 0 10 
Ulltr tnu.ment ragisttr 0 0 0 D D 1 0 0 5 
OCRr Decrement r19is1tr 0 0 0 D 0 1 0 1 5 
ll'fRM Increment memory 0 0 1 1 0 1 0 0 10 
OCRM Decrement memory 0 0 I 1 0 1 0 1 10 
ADDr Add rtgisltr ID A 1 o· 0 0 0 s s s 4 
AOCr · Add rqisttr lo A willl carry 1 0 0 0 1 s s s 4 
IU8r Subtract r19isttr from A I 0 0 1 0 s s s 4 
1881 Subtr~l rtgisttr from A 1 0 0 1 I s s s • with.borrow 
AllAr And r«gi\ltr with A 0 I 0 0 s s s 4 
XRAr Exclu1ivt Or register wilh A 0 I 0 1 s s s 4 
Ohr Or register with. A 0 I 1 0 s s s 4 
CMPr Camp1tt register with A 0. I t 1 s s s 4 
ADOM Add memory 10 A 0 0 0 0 1 I 0 1 
AOCM Add memory ta A wtth carry 0 0 0 1 1 l 0 7 
IUJM Subtract memory from A 0 0 I 0 I 1 0 7 
18111 Subtract memory from A 0 0 1 1 1 1 0 1 

with borrow 
·MAM And memory with A 0 1 0 0 1 0 7 

XltAM Exclusive 0 r memory with A 0 1 0 1 1 0 7 
ORAM Or m1mory wilh A 0 1 1 0 1 1 0 7 
CMPM Comp1r1 memory vnth A 0 1 1 1 1 1 0 7 
AOI Add immedillt ID A 1 0 0 0 1 1 0 1 
ACI Add immedia1110 A with 1 0 0 I 1 I 0 7 .,., 
IUI Subtract lmrnedi111 from A 0 0 I 0 7 
181 Subtract immediate from A 0 1 1 0 7 

with borrow 
Ml And immtdiatt with A 0 0 0 7 
XRI hclusive Or im1111di111 with 0 1 0 1 

A 
DRI Or im1111di111 with A 1 I I 1 0 0 7 
OJ Compm immtdi111 with A 1 1 1 1 I 0 7 
RLC Rot111A left ct 0 0 0 D I 4 
RAC Rotate A right 0 ct 0 0 1 I 4 
ltAL Rotate A ltft through carry 0 Q 0 1 Q I 4 
RAR Rotllt A right through 0 0 0 1 1 1 • arry 
.IMP Jump uncand!tional ' 1 0 0 0 0 1 1 10 g Jump Oii Cllry 1 1 0 1 I 0 1 0 10 
MC Jump on no carry ' ' 0 ' 0 0 1 0 10 a Jump on 11ro 1 1 0 0 I 0 ' 0 10 
Ml Jump on no z..-o 1 1 0 0 0 0 1 0 10 ,, Jump on positive 1 1 1 1 0 0 1 0 10 • Jump on minus 1 1 1 I 1 9 I Q 10 
~ Ju11111 on parity evan 1 1 1 0 1 0 1 0 10 

""° Jump on p1rity odd 1 I 1 0 0 0 1 Q 10 
CALL Ctll unconditionel 1 1 0 0 1 1 0 1 17 cc C1llon carry 1 1 0 1 1 I 0 0 11117 
CNC Call on no carry 1 1 . 0 1 ·o 1 0 0 11/17 
CZ C.llonmo I I 0 0 1 1 0 0 11117 
CHZ Call on no Hro I I 0 0 0 1 0 0 11/17 
CP Cd on positive 1 1 ' 1 0 I 0 0 1tll7 
CM Clllon minus 1 1 1 1 I I 0 0 11117 
CPE Clll on parity tvtn 1 1 1 0 1 1 0 0 11/17 
CPO Ctn on pllity odd 1 1 1 a 0 1 0 0 11117 IET Rtturn 1 1 0 0 1 0 0 1 10 
RC Rttum on carry I 1 0 1 1 0 0 0 5/11 
llNC Rtturn on no carry 1 1 0 1 .0 0 0 0 5/11 

TABLE 1 - SUMMARY OF PROCESSOR FUNCTIONS 
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MCPU 
lnllnlction Codi !11 Cloekl2l 

Mnemonic Description 0, De Dt; D, OJ Di D, Do Cyt111 

RZ Return on itro 0 0 1 0 0 0 5/11 
RNZ Rtturn on no uro 0 0 0 0 c 0 5/11 
RP Return on positive I 1 0 0 0 0 5/11 
RM Return on minus 1 1 1 0 0 0 5/11 
RPE Return on parity tvtn 1 0 l 0 0 0 5/11 
RPO Return on p1ritv odd 1 0 0 0 0 0 5/11 
RST Restart 1 A A A 1 I II 
IN Input 1 0 1 1 0 I 10 
OUT Output 1 1 0 1 0 0 1 10 
LXIB loed immedi111 registtr 0 0 0 0 0 0 0 10 

Pair B & C 
lXID lo..J immediate registar 0 0 

l'lirD & E 
0 0 0 0 10 

LXI H lotd inimtdi111 register 0 0 0 0 0 0 10 
Pair H & L 

LXl·SP load imm1di1tt stack pointer 0 0 1 1 0 0 0 10 
P•JSH 8 Push register P1ir 8 & C on 0 0 0 1 0 II 

stlCk 
PUSHD Push register Pair 0 & E on 0 0 0 11 

stack 
PUSHH Push n1gi11tr Pair H & l on 0 0 0 11 

111Ck 
PUSH PSW Push A 1nd Fl1gs 0 0 11 

on stick 
POPI Pop regist1r pair 8 & C off 0 0 0 0 0 10 

stack 
POPD Pop register pair 0 & E off 0 0 0 0 10 

stack 
POPH Pop register p1ir H & l off 

ttiek 
0 0 0 0 10 

POPPSW Pop A ind Flags 0 0 0 10 
off 111ck 

STA S1on1 A di< .. ct 0 0 1 0 0 0 13 
LOA lo~d A direct 0 0 1 1 0 0 13 
XCHG Exch1nge 0 & E, H & l 1 1 0 I 0 t 4 

Registers 
XTHL Exchange top ol stack, H & L 0 0 0 I 18 
SPHL H & l to stack pointer 1 t 1 1 0 0 s 
PCHL H & l to program counter 1 1 1 0 0 0 s 
DADS Add B & C to H & l 0 0 0 0 0 0 10 
DADO Add D & E to H & l 0 0 0 1 0 0 10 
DAD H Add H & L to H & l 0 0 1 0 0 0 1 10 
DAO SP Add stack pointer to H & L 0 0 1 1 1 0 0 I 10 
STAXB Store A indirect 0 0 0 0 0 0 0 7 
STAXD Store A indirect 0 0 0 1 0 0 0 7 
LDAX B Load A indirect 0 0 0 0 1 0 0 7· 
LOAXD Load A indirect 0 0 0 1 1 0 0 7 
INXB Increment B & C registers 0 0 0 0 0 0 1 5 
INXD Increment 0 & E registers 0 0 0 I 0 0 I 5 
INXH Increment H & L registers 0 0 1 0 0 0 1 5 
INXSP Increment stack pointer 0 0 1 1 0 0 1 5 
DCXB Decrement B & C 0 0 0 0 I 0 1 5 
DCXD Oecrtment 0 & E 0 0 0 1 1 0 1 5 
DCXH Decrement H & l 0 0 I 0 1 0 I 5 
DCXSP Decrement stack pointer 0 0 1 1 1 0 I s 
CMA Complement A 0 0 1 D 1 I 1 1 4 
STC Set carry 0 0 I I 0 1 1 1 4 
CMC Complement carry 0 0 1 l 1 1 1 1 4 
DAA Decimal 1djust A 0 0 1 0 0 1 I 1 4 
SHLO Stora H & L direct 0 0 I 0 0 0 1 0 16 
LHLD load H & l direct 0 0 1 0 1 0 1 0 16 
El Er11bl1 Interrupts 1 1 1 1 I 0 1 1 4 
01 Disable interrupt 1 1 1 1 0 0 1 1 4 
NOP No·Optfltion 0 0 0 D 0 Q 0 ·o 4 

NOTES: 1. DDDorSSS-OOOB-001 C-0100-011 E-100H-101 l-110Memory-111 A. 
2. Two po5sible cycle times, (5/11 I indicate instruction cycles dependent on condition flags. 

A 2209 6150 A 
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TIMING WAVEFORMS (Note: Timing measurements are made at the following reference voltages: CLOCK "1""' 8.0V 
"O" = 1.0V; INPUTS "1",. 3.3V, "O" = O.SV; OUTPUTS "1" = 2.0V, "O" = O.SV.) 
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3.3 MOS Integrated Circuits <continued> 

Ele•ent Type: 
Standa•d Asse•bly Nu•ber: 
Haunfacturer/Manufacturer•s T1pe: 
Cfrc~it Designation: 

Description of Operations 

PA3 

PA2 
PAl 

PAO 

RD-

cs--
GND 

PC7 
pC6 

PCS 

PC4 

PCO 

PCl 

PC2 

PC3 

PBO 

PBl 

PB2 

PIN LOCATION DIAGRAM 

.. 

PA4 

PA5 

PA6 

PA7 

.. 
DO 

Dl 

D2 

D3 

D4 

D5 

D6 

D7 

Vee 
PB7 

PB6 

PB5 

PB4 

PB3 

WR 

RESET 

D7 
D6 
DS 
D4 
D3 
D2 
Dl 
DO 

Al 

AO 

MPPI 
2219 4534 
Intel/8255 
Progra••able 
Peripheral Interface 

27 
28 
29 
30 
31 
32 
33 
34 

8 

9 

~ 
2 
3 
4 

10 
11 
12 
13 
17 
16 
15 
14 

25 
24 
23 
22 
21 
20 

6 MPPI 19 
18 

35 

PA7 
PA6 
PAS 
PA4 
PA3 
PA2 
PAl 
PAO 

PC7 
PC6 
PCS 
PC4 
PC3 
PC2 
PCl 
PCO 

PB7 
PB6 
PBS 
PB4 
PB3 
PB2 
PBl 
PBO 

RESET-----" 

FUNCTIONAL DIAGRAM 
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MOS l219 4534 

1> The HPPI ·1 • a gener•l purpose prograi.•ab~e .I/O device designed· 
f•r use with the MCPU •fcroprocessor. It is a Siltcon•Gate 
N•c•annel MOS Integrated circuit tn a 40 pin cera•tc DIP. Its 
f Ru~/output pins area 

Bt•Dtr•cttonal Data 
Port. •. I/O Phu 
Port 8 l/O Pins 
Port C 1/0 Pins 
Chtp Select tnput 
Read co"trol Input 
Write control Input 
Port Address Select 

Bus <S1ste• side> 

inputs 

2> Ttte MPPI Protra•••bl.e Peripheral Interface 'functions as a 
srst•• software controlled 110 coaponent between the MCPU 

. dat •bus and the petipheral equipaent. A Read/Wrtte Control 
Le»g;\c Bloc• ••nages all of the internal and ••ternal transfer 
of botla data •nd control or status words. It accepts address 
signals and I/O co••ands froa the MCPU- and tn turn, Issues 
c~••ands to both the Group A and Gro~p B Control Blocts. 

J) Jhe Chtp Select <Cs> control line enables thit coaauntcatton b•t..-•n the MPPI and the central .systea. The Read <RO> line 
enables th~ MP~I to tend data or status·inforaatfon to th~ 
MCPU on tb• Bf •Direct ton•l Data Bus D7•DO. The vrt t• clilh l tne 
enables the ltCPU to write data or control wor4s Into the MftPI. 
All J control signals are active Low. The Al and AO lines 
••l•ct one of the three 110 ports or the Control Mord Register. 
The co•btnation of these control Inputs deftne the functioning 
of t•• MPPI# as listed tn T•ble 1. 

Al AO iO n Cs INPUT OPERATION <READ> 

0 0 0 1 0 PORT A ==> OATA ·sus 
0 . .l 0 1 0 PORT 8 •:> DATA BUS 
l 0 .. 0 1 0 PQRT C ••> DATA 8US 

OUTPUT OPERATIONUIRI TE> 

0 0 l 0 0 DATA eus ==> PORT A 
0 1 1 0 0 DATA BUS ==> PORT 8 
1 0 1 0 0 DATA BUS ==> PO.RI C 
1 1 1 0 0 DATA BUS ==> CONTROL 

DISAtllE FUNCTION 

x J( K x 1 DAT~ BUS •=> 3•SJATE 
1 1 0 1 0 ILLEGAL CONDlfION 

TABLE 1 8225 6ASIC OPERATIOM ----- - ---- ---·- ---------
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4) A Mtgh on the RESET Input clears all internal regtsters 
iRcluding the Control Registers and the east flip•flops <INTE•s> 
All ports <A#8#and C> are set to the input mode. 

5) The 2~ 1/0 pins are dtvtded fnto 2 Groups. A and B• each wfth 
tts own control block. Control Bloct A governs Port A <PA7•PAO> 
and Port C Upper <PC1•PC4> whfte Control Block B governs Port c 
Lower <PC3•PCD) and Port B CP87•P80). By progra••tng Control 
W~rds into the Control Blocks• the PPI can be used tn 3 •odes of 
1/0 operations in addition to the bit set/reset operation. 
The foraat of the corresponding control words are shown in 
r igures 1 and 2. 

CONTROL WORD 

r 0, T De Ds 1 o. J D3l Dz J D, T Do l 
0 ' ' 

GROUPS ·~ PORT C (LOWER I 
L-. · 1 •INPUT 

O•OUTPUT 

·PORTS 
1 •INPUT 
O•OUTPUT 

MOOE SELECTION 
O• MOOE 0 
1•MOOE1 

I GROUP A \ 
PORT C (UPPER I 
1 •INPUT 
O•OUTPUT 

PORTA 
1 •INPUT 
O•OUTPUT 

MODE SELECTION 
00• MODE 0 
01•MODE1 
1X•MOOE2 

MODE SET FLAG 
1 •ACTIVE 

Figure 1: Mode Definition Fonna t 

, x 

CONTROL WORD · 

lC 
I 

DON'T 
CARE 

X I 

BIT SET/RESET 
1 •SET 
0 •RESET 

BIT SET/RESET FLAG 
O• ACTIVE 

Figure 2: BIT Set/Reset Format 
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5.1 Btt SetlR•set Qperatton 
AnJ of the 8 bits of Port C can be set or reset by a stngle 
write fnstructi~n. 

5.2 Mode O Operation (8astc Input/Output> 
The 21• IIO ptns are organt,zed tnto tNo 8 btt ports and two 4 bit 
ports. an1 of whfch can be cho$e 1as inputs or outputs. Outputs 
are latched. inputs are not. 16 different co•btnatf ons are 
posstbl~ in this •ode. No handshaking is provided or required. 

5.3 Mo~e 1 Operation CStrobed Input/Output> 

The I/D pins are or gant zed 
an a bit data port and a 4 
ports can be etttaetr inputs 
ports are for handshaktn~~ 
include a 

into two groups. each conststing of 
bit control/data port. The 8 bit 
or outputs. both latched. The 4 bit 

The input handshati~g signals 

ST8 <Strobe> •• An active Low signal to load data tnto the 
tnput latch. 

· 18f <Input Suffer Full> •• A High on this acknowledges the 
receiving of data into the input latch. It is set by 
the fatting edge of the STB input and is resat by the 
rising edge of the 1f1f fnput. 

l~TR <Interrupt Request> •• A High on this fnput allows aa 
fnput device to interrupt and request servm fro• 
t~e CPU. It is set by the rfstng edge of STB ff both 
18f and INTE are High. It ts reset by the fatlfng 

. edge o'f n. 
The output handshakiftg signals include: 

oei' < D11tput .Buffer full> •• An active low output signal to 
Indicate that the CPU has written data onto the __ 
specified port. It ts set by the rfsing edge of MR 
and reset by the falling edge of ieif. -AOK <Acknowledge> •• An Low on this input tnfor•s the CPU 
that data has been received by the output equtp•e~t. 

INTR •• A High on t~is output can be used to interrupt the 
CPU when an ~utput device has accepted data trans• 
•itted by the CPU. INTR is set by tbe rising edge 
of iCi when both Oif and INTE are Htgh. It ts reset 
by tbe falling edge of WR. 
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5.4 ~ode Z Operation <Strobed 8i•Oirectional Bus 110> 

Port A ts used as an 8 bit bt•dtrectional bus port- with 5 bits 
fro• port C serving as handshaking signale lines. Both inputs 
and outputs are latched. The handshakin9 signals include: 

I NTR •• A High on this output allows interruption of the CPU 
for both input and output operations. 
Th• oat output wilt go Low to indf cate that the CPU 
has written data onto Port A. 

m --- A Low on this input enables the trt•st.ate outpu.t__ 
buffers of Port A to send out data. A High on lCK 

-
will switch the port A outputs to their high 
i•pedance Off state. 

ST8 ••• 
l8f ---

An active Low input to load data into the input latch. 
A High on this output will indicate that data has been 
loaded into the input latch. 

6) Electrical Characteristics 

Iaput Threshold Voltages 
Vil •axi•u• 
•th •f ni•u• 

Output Voltages 
Yol aaxi•u• 
Wob •ini•u• 

Input Loadings 
lil 
lih 

Output Drive 
I ol 
I oh 

Darlington Drive Current <available 
on any 8 pins fro• Ports 8 or C> 

Ioh 

Sut>plr Current Ice 
Supply Voltage Wee 

0.8W 
2.0Y 

G.4V a I~l = 1.6 9A 
l.4V a Ioh ~ •100 uA 

15 uA a Vil = 0.4Y 
10 uA a Vih = 2.4¥ 

1.6 •A a Vol <=0.4f 
-100 uA a Yoh >=2.4V 

50 eA a Vee = 4.75V 
5V _. 51 
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7) 

8) 

Swt.tcht ng Characttertsttcs 

Pat~;• .. t dt ... 
•tn. htP . .. 30 ns 

rcr •tn. tak 500 ns m •In. tst 350 ns 
11 •in. trp 430 ns 

Sat•up Tt••• •lntau• 
Oat a. Bus 07•00 to Vii tdN 30 ns 
Addr••• Al•AG to VI taw 150 ns 
Chip Select ?I to Vif . tCM 15Q ns 
07•00 to Read 1t5 ttr 200 ns 
At•AO to RD tar 200 ns 
Cs to 11 tcr ZOD ns 
Pertptaeral to Strobe m tps 200 ns 

Hotd Tl••• •tnteu• 
or·o~·to ii twd ltOO ns 
Al•AO to ii twa 200 ns 
Cl ton twc 160 ns 
07•00 to iD thr 100 ns 
Al•AO to RO tra 200 ns 
Ci to Ro t;rc 150 ns 
Perip9'eral to ST8 tph 150 ns 

P"ll•t•tion Dela}'• •a•t•u• 
MR to Outputs tvb 500 ns 
!§·~ to Syst•• Bus 07•00 trd 500 ns 
ft0•1 to 07"'"00 tod 500 ns -· mao to Outputs tad 500 ns 
AC •l to Outputs tttd 300 ns 
iii• I to 081'•0 two 300 ns 
ACK•O.to 08F•l tao 500 ns 
STB=O to IBF• l tst 600 ns 
ID•t to IBf=O tri 30() ns 

1 nt erface Rules 

·. Al~ inputtoutput voltat•• are futlr TTL eqepatible. Input. 
load•n1s differ slightly fro• no•tnat TTL ·walues. Output · 
dri~• capability I$ significantly less. roughly l TTL ~ntt load 
per outp&at. 
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The 1/0 ~ort Outputs are capable of sourcing enough Hf gh level 
c~rnent <Z •A a t.5V typtcally> to directly drive Darlington 
t1pe drivers and hlgh•voltage displays that requires such source 
c11rr.ent. A •axt•ut1 of 8 output buffers can be choosed rando•ly 
fro• a1ong Port A. 8 .and C outputs at a ti1e. 

l"t•rfacing to all MPPI tnput/output pins follow rules as 
daf ined for st~ndard TTL circuits- except for the different 
input and output loadings. Refer to Section 5 for details. 

Urtused inputs will appear as Low. out are extre1elr. susceptible 
to noise and have long decav tt•e < in the or~er of seconds) 
wben switching fro• High to Open. An unused input •ust. · 
therefore- be tereinated to ground through a tK.nresistor where 
a L•w is desired• and to Vee through a lK..O.resistor where a High 
ts needed •. 
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-f' = ... ___, •· 

------· =.. 1.. L Xf...-__ _ 
-.UT )L_ '1• 'ilA--j. -------L---tAR----...1 

I I 
At,AO.;,;.... _____ -..J L----~--------t:_-:_-_-_:_='R=c~---11,.. 

I Ei L""j J 

1-:---- - - --<\..._. --Jt'-----_:::-'il-D _....J)( '------'oo--o-~ 
MOde O (Basic Input) 

;f } iili . 

1--two-I ~'ow 

i· x x 
"'" )( x IAw--

I At.AO 

I· --·'we 

1-{ Ci 

QIJTllUT .1 
'wa 

Mode O (Basic Output) 
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----------------~ --'sT- -L-+---+-------
. rra 

·'ii-. 
... ____ .;..;.. ____ -:-------~----~-=--~~--1 

i....--,.-- fps 

·PERIPHERAL - - - - - - - .... - -IUS 

Mode 2 (Bi-directional) · 

DATA FROM 
PEIUPHERAL TO 8255 

DATA FROM 
121i5 TO PERIP!iERAL 

DATA FROM 
~T~8080 

.... 
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3.3 MOS Integrated Circuits (continued> 

Ele•ent Type: 
Standard 4sseebly Nu•ber: 
Manufacturer/Manufacturer's Type: 
Circuit Designation: 
Description. of Operation: 

ff 01 
lit 48 9165 
FSC/3341 
64x4 FIFO Me•ory 

l> The f'FOl is a 64 word x· 4 bi't f·irst•tn•first·Out Set'iat He•ory. 
with co•pletely i"dependent input and output clocks designed for 
both srnctwonous ana 1synchronous buffer applications. The 
device is a Siltcon•Gate P-Channel MOS circuit in a 16 pin DIP. 
The input/output pins are: 

IR 

SI 

DO 

Dl 

02 

D3 

03-DO 
Q3•QO 
SI 
so 
IR 
OR 
Ml 

VGG 
.... .. 

.... 

... 
• ... 

VDD 

1 

"••or y data inputs 
Me•Qt"Y data outputs 
Shift In signal input 
Shi ft Out sf gnat input 
Input Re~dy output 
Output Ready output 
Master Reset inp~t 

vss .__ so 
.... OR 

.... QO 

... Ql 

.. Q2 

FF01 ... Q3 

9 4-- MR 

PIN LOCATION. DIAGRAM 

D3 7 10 QJ 
D2 6 11 Q2 
Dl 5 12 Ql 
DO 4 13 QO 

FFOl 
SI 3 2 IR 

·so 15 14 OR 

9 

MR 

FUNCTIONAL DIAGRAM 
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2> Data Input I• effected Mhen both Input R.eady.(IR>· •nd.Sf'ltft In 
<SI> are Hith• The 4 bit word "resented at the 03•00 d•ta input 
tfnes Milt be r•ad into the tFOt Input Stage which is.actually 
the first of the ·64 4•bit internal registers. IR wilt go low 
to t••P•rorily prev41nt external change$ on the data lines to 
affect the infor•at ion already read ·fn. When SI is returnees to 
t.ow• tlte data in this first register propagates to the· second · 
provided that register ts e•pty. Once data is transferred out of. 
the first.register• IR will go High indicating the chip is ready 
to ac:.cept new data. If the ••ory Is futt .. data in the Input 
Stage Nill not be transferred• and hence IR will r•••in low. 
fh• sequence in w~tch IR and SI 90 High or Low do not •atter as 
long as the •ini•11• High and Low Over\ap li•e require•ents ·are 
satisfied. 

3> Once data is enterec into the second register .. an intwnal clock 
ailfll aUt~iaatfcall1 C81'S• .it to ripple through t·he internal 
registers tollard the ·Output St age provided there are e•pty re1r 

. tsters ahead. Ttuu •ll input data will eventually line up at 
the outp~t end in a first•tn•first•O.ut Qrder. tpt defines the 
ti•• required for a data to bubble fro• the Input Stage all the 
way to the Output Stage in a previously eapt~ device. · 

4> Val i'd data at .the outp.ut lines Ql•QO is indicated oy a High on 
the Output Ready <OR> tine. Tr ans fer of subsequent data to the 
Output Stage Is effected when both the QR line fro• the device 
and the Shift Out <SO> \I ne to the device •re High. This causes 
OR to 90 Low .. but the ou·tp4.lt data is •a tnta I ned unt It both OR · 
and SO are Low. Then the contents of the adjacent <4 bit> 
register• provided it is fu.tl• will be transferred to the Output 
Stage. OR.will go High tndtcating that new data is available 
for e•ternal •••,ling. If the •eliorr has been ••Ptied• OR will 
reaaln t.o... Not• that .. in such a case .. the last data will re•ain 
at the Output Stage until it is being forced out br new inco•ing 
data. even though it ts presently invalid as indicated by Ofi 
sittin~ at Low. Qnce agafn1 the ti•ing of the SO and OR ·signals 
w·ftl not •atter as long as the •ini•u• High and low Overlap 

·Ti •es· are guaranteed. 

I)) A lo• on ttae Master Reset <MR> 111 ll asynchronously reset at l 
control regf st ers and put IR to HI gh an~ OR to low. . It does not 
reset the data re~isters and hence the last o~tput will re•ain 
at the Ql-QO lines. But o~ce again• ~his is indicated 8$ 

invalid data by OR sitting at low. 
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If iR returns to Htgh at the point vhera SI Is held High. then 
data on D3•00 wtll be instantly written Into the first location 
of the •eaor, and IR will go low. lf HA returns to High at the 
p,f at where SO is held Htgh• the first data that co•es in 
through the Input Stage will fall through to the Output Stage, 
OR ~f ll go High for one internal clock cycle and then back to 
L~w~ But output data will re•ain tocked in while subsequent 
dat~ line up behind tbe Output Stage. It wilt be forced out of 
•••ory only when SO ts brought back to Low. 

6) When the output data cbanges as a result of a pulse on so. OR 
alw•r• goes low before there ts any change in ·the output dataJ 
and alwa~s st~ys Low until after the new data has appeared on 
tbe outputs. So anyti•• OR is High. there is good. stable data 
on the outputs. IR and OR ••Y also be used as status signals 
i11dtcating tfaat the FFOl ts coaptetely full <IR staJS Low for at 
l'aet tptl or co•pl•telr e•pty <OR stay~ low for at least tpt) •. 

7> Electrical Characterfsttcs 

Input Threshold Voltages 
Vil .•axi•u• 
·v lh •in tau• 

Input Pult•up lntttatf on Voltage. 
all inputs except MR 

Vpup •axt•u• 

Out put Volt ages 
Vol •axiau• 
Vob •ini•u• 

Input loading 
Ill 

. 1th 

Out~ut Orf ve 
Iol 
Ioh 

Sup ply Yot ta ges 
Vss 
V9g 
Ydd 

0.8V 
Vss • lY 

2.4v a vss = 4.1sv 

0.4Y a tot = 1.& •A 
vss • 1.ov 

a toh = o. 3 •A 

-1.0 uA a vol = 0.4v 
•500 uA a Yoh = Z.4f 

1.6 •A a tol < 0.4f 
·0.3 mA a Yoh > vss•t.ov 

5Y t 10% 
.. tzv a; 101 
Ground 
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8) 

9) 

Svt tcltlag Cbar acter istfcs 
' ' 

Input Readr Higti ,, .. ,, •••• tir+ 550 ns 
Input R••dJ Loil Tl••" •••• tir• 550 ns 
Contret Overlap High ff••• •in. tov• 100 ns 
Control Overlap Low Ti••" afn. tov• 100 ns 
Data Input Stable ,, .. ,, •f n. tdsi 650 os 
Data I a put Detar .... ,, •ax• tdd 25 ns 
Output Reacly Hf·Jh Tt ••" •ax. tor• 500 ns 
Output Ready Lo., . Ti lte" aax. ~or- 850 ns. 
D•ta fhrough•put , ... ,, aax. tpt 32 us 
Data Mold " .. ,, •in. tdh 15 ns 
Master Reset Pulse llidth• •in. t•rw 400 ns 
Data Output Available Jjae. •in. t da 5 ns 

l"terface Rules 

A special putl•l.fp circuit fs provi«ted on all inputs except Mlt..; 
T•• internal pult•up resistor.is effecttyely connected only when 
the voltage preseftt at the input goes above the Input Pult•up 
lnftiatlon Voltage Vpup. Tbis guarantees the ainlau• Vih of 
Yss•tV wt th a no•tnat TTL High at the Input. When going low• 
the ••ter,.al driver •ust owercoiH a current barrier Ibar. Once 
this ts acltieved, the iuput current drops to about zero and 
tlte internal putt•up resistor ts disconnected so it provides no 
steady•state loading proble• to the driver. 

Interfacing to alt inputs but MA follows the rules defined fOlr 
lnterfactnt TTL inputs as described under Section 5. Note that 
ift order to guarar1tee operation up to ·Vss = 5.2sv. the Hig._ 
level voltage provided br the driver •ust be> 3.ov (Vbar>. 
As for "AR'. t1-• drtver eust atvars provide a Vih of > Yss•tv. 

Interfacing to all outputs follow the rules defined for standard 
TTL outputs• beariftg in •ind that ttle output drive capability of 
the fFOl outputs are less than the noainal TTl values. 

Unused i•1"1t• ·are stable tn the Hit~ state. At Low• each fnput 
•ust be tereiftated by a 1 e<A re sf stor to ground. 
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I t - ~ IR 

1.SV IR 
~-- tlR+ 

SI 

------- tDSI 

INPUT TIMING 

OR 

OUTPUT TIMING 

CL = 100 pF 

9165 

A 2209 6150 A 
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PAGE 45 REV• A 
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RAM2 

3.l "OS Integrated Circuits <Continued) 

Ele••nt Trpe: 
Standard •s•••bly Nu~~er: 
"•nuf act we1: /Man11 f actuf"er• s Type: 
Cfrcuit Designation: 

Descrt-tfon of Operation: 

(-SV) Vss 1 Vss (CND). 

DI--+ 2 +--- CEY 

'WE--+ 3 14 --+DO 

Cff-+ 13 +--cs 
A0/6-+ ,5 12 +--- A3/9 

A2/8-+ 6 l •+--- A4/10 

Al/7-+ 7 1 ~ AS/ll 

(+l2V) Voo · 8 JW12 Vee (+SV) 

PIN LOCATION DIAGRAM 

cs 

WE 

DI 2 

A0/6 5 
7 Al/7 
6 A2/8 12 A3/9 
ll A4/l 10 AS/l 

CEX 

CEY 

3 

PAGE 46 REV .• A, 

RAMZ 
262l 5945 
Mostek/MK4096P 
4K dit Oyna•ic 
He•ory 

13 

14 
DO 

15 

FUNCTIONAL DIAGRAM 
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1> The RAN2 Is a 409&x1 bit N channel MOS dyna•tc rando• access 
•e~ory·p~ckaged f~ a 16 pin DtP. 

2> The lnfor•ation. is retained as a charge on the capac:ttance of 
an· internal node. Because of leakage. each cell eust therefo~e 
be refreshed periodically. 

3 > four •odes of operat Ion are def tned for th• •e•ory array: read 
only. write onli/• read·aodtfy•wrtte. and refresh only. 

It) The 12 address bits required to decode 1 of the 4096 cell 
locations are •ultipl~xed onto the 6 addrress pins. The Ro~ . 
Address Strobe Cf'i latches the 6 row address bits CAO•A5) into 
the on thfp row address latch. The Colu•n Address Strobe CEY 
latcbes the & colu•n address bits <A6•A11> Int~ the colu•n 
address latch plus the Chip Select (C~> into the chip. 

5> Data input ts strobed into an on chip register by a co•bination 
of 1ir and tn. The last of these sfgnal.s •aking its negative 
tr•nstt•on t• the strobe for the data tn register. 

6> At the ~eginntng of each •••ory cyct•• the state of the data out 
latch depands on the previous •eaorr cycte. At access ti•• the 
tri-~tate output will assu•e the proper state fot the type of 
cnle perforaed. There is no data Inversion~ When unselected 
<CS htgll>11 the trf•state output latch wfll reaatn in its open-
c i r cutt c ond It ion r •.gar dles s of iiE. . · . · 

7> The RAMZ requires periodic .refreshing of the ••aory cells. This 
is acco11p·Uslled by perfor•ing a ·•••.ory cycle at each of ·the 64 
roM addresses every 2.1.11,s or less. Any one of the read. wrtte. 
or read••odlfy•vrlte cycles will refresh the selected row. 
regardle·SS of the state of "ES;. But.with the eaception of read 
only cyates,. the chip should be unselected during refresh to 
prevent writing data into the me•or1. 

B> Electrical Characteristics 

Input Y ol t ages 
Y U • ax • = O • 13 V Yih •in •. for Cfi.ffi.ii'E = 3.ov 

for alt other inputs =Z.4Y 

Output Voltages 
V ot • ax • = o • 4 V Yoh 11in. = 2.1tv 

Input Loading 
1u,, Iih 11ax. = 10 uA 
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Output Drive 
f ol = 2 •A • V o l = 0. 4 V Io h = ... 5 11 A ~ Vo h = 2 • 4 V · 
lo leakage <chip disabled> = 10 uA 

Suppl v Vol ta ges 
Vdd 
Vbb 
V SS 
~cc 

•12V • 10% 
-s v .... 10% 
Ground 
+SV It. 10% 

9) Switching Characttristics 

Read or Write C1cle Time 
Access Ti•e fro• ffi Going Low 
Access Ti•e fro" ffi Going Low 
Output Buffer T1Jrn•off Delay 

Pulse lil idth• 
Read Co•••nd 
Write Co••and 
Colu•n Address Strobe 

Set •up Ti •e• 
Read or Write Co111aand 
Addr 8'SS 

Data· In 

Hold Ti 11e.· 
Rea·d . Co••and 
Write Co•• and 

·Address 
Data• In 

Row Address Strobe Prechar ge 
Row te Column Strobe Lead Ttm~ 
Colu•n to Row Strobe Lead Ti 111e 

Wl"ite to Colu•n lead 
Kodif.y Ti•e 

Refresh Tj •e 

10> Interface Rules 

tRC 
tRAC 
tCAC 
tOH 

tRPW 
tWP 
tCPW. 

tR cs,. tW CS 
tA S 
tDS 

tRCH 
tWCH 

tAH 
tOH 

tRP 
tRCt 
tCRL 

tCWL 
tMOO 

tAfSH 

500 ns •in. 
290 ns 11ax. 
165 ns •ax. 
80 ns max. 

165 l'lS •in. 
165 ns 111in. 
165 ns min. 

o ns 
O ns 
0 ns 

0 ns 
110 ns 11in. 

65 ns min. 
130 ns •in. 

125 ns 11in. 
125 ns min. 
-so ns 11in. 
•50 ns 11ax. 
165 ns 11in. 
0 ns min. 
10 us max. 
2.1 11s max. 

Alt inputs and output of the RAM2 are fully TTL coapatibte. 
The output• however. is li11ited in its Low level curr~nt 
sinking capability Cl TTL toad). lnterfacin9 the RAM2 "'ith 
other logic fa•ilies should be hand\ed in conjunction with 
the Circuits Section. 
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RAM2 

RF.AD (YClE 

00 

l- -----·lrr 

1l-"· 1 ~ 
i .... _. _ l. KV 

-~1.ov 

----:-:-- .i:.Y 

1.0V 

ROI.: 
ADl>RESS 

-[jc.lll+ 
1:01r;;N I x-:- -i.iv 

ADlllU.SS _.:.__.------:--· \__;:_-;:_·...;;-....;"__;l;..;:.."-ov __ 

~I I . . 1- trch=..J . . 1 \ ~ ---· 2.8V 
-.-,-- _ . \- _ -- l.OV 

----~:--:--:----' tas lah 

I 

\!Ii.HE CYCLE 

l"" 
ffi 

trc =l ----- _ l.SV 

____________ ;f-t,P --~~- 1.ov 

__ J t 
ffi. 

tas j tah 
l.OV 

RO\/ 
ADDRESS l.OV 

I 
W I 

l:wcs l:wch 

-~-----:-----:\:: -/ _ -_ - ~::: 

I • tds 

DI I 
I 

cs I 
- - z.zv 

l.OV 

I 
00 

. to~ .. tca:PEN F-· -• 
-----+--------==.v-~-r--:-:- _ _ - l .OV 

_·---_-_-_-_-_-_-_-:_-_· _trac · 
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RAM2 

las 

ROW 
ADDRESS· 

tE I 
I 

cs I 
I 
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3.4 tNTERFACE CIRCUITS 

Element Type 

Standard Assembly Number: 

Manufacturer/Manufacturer's Type: 

Circuit Designation 

Description of Operation: 

AO B 
BO C 

Al 
Bl M 

LDPN 

0 

LDPN 

PAGE l REV. A 

LDPN 

SA 2207 8299 

National Semiconductor/DH0034C 

Dual Interface Line Driver 

E YO 
F ZO 

YI 
Z I 

FUNCTIONAL DIAGRAM 

Pin Locations: TOP VIEW 

N.C. +4.75 v 

AO Al 

IH 

N.C. N.C. 

YO ... Yl 

zo Zl 

GROUND N.C. 

LDPN 
14 PIN DIP 
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l. Thi~ device is used for level shifting. The inputs are TTL compatible 
while the output levels are determined by the user's .design for the out• 
put stage. 

2. The collector and emitter of the output transistor are accessible through 
pins on the package. . · 

3. Schematic: 
-..i..-__,.. ... 

A 
.B 

vcc 

6oon 

-----~ ....... ·- ------.-- ·- .. ··-----...... 

4 •. Approximate Delay Time 

tpd+~ 60 ns 
tpd- ~ 25 ns 

ZN 
OUTPUT 

5. Consult Standard Circuits for applic.11tioh,s of this device. 
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LRPN 
3.4 Interface Circuits 

Element Type LRPN 

Standard Assembly Number: 
Manufactu;rer / ManufactuTer' s Type: 

SA 2207 8273 

Fairchild/uA 9615 -----

A 2209 6150 A 
SECTION 3.4 
PAGE 3 REV. B 

Circuit Designation 

Description of Operation: 

Dual Interface Line Receiver 

1. This device is a line receiver with differential inputs. It can receive 
+500 mV of differential data. The output is' TTL compatible. 

2. One power supply nominally at 4.75V is required for operation. 

3~ The device has strobe inputs for each of the receiven, also available is 
a response control pin for controlling the response time with an external 
capacitor. The output has an uncommitted collector with an active pull-up 
available on an adjacent pin. A 130JL terminating resistor is available at 
the input. 

4. Approximate Delay Time 

tpd+ == 75 ns 
tpd- ~ 75 ns 

5. Consult Standud Circuits for applications of this device. 

Pin Locations: 

TOP VIEW 

zo .,...__ + 4.75 v 

.,__ ~ Zl so YO RO 
D C so __...,. ......,.__.. Yl AO A zo 

BO B YO 
RO 

......,.__.. 41-- Sl co F 0 

AO 
......,.__.. .,__ Rl 

Al J N Z I 
co 

_...... 4f-- Al Bl s I M YI 
Cl LRPN 

BO 
__...., ...,.__ Cl 

RI K L 
GROUND 

...,.__ 
Bl SI 

LRPN FUNCTIONAL DIAGRAM 16 PIN DIP 
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LDGN 
2201 7602 
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Manufacturer /Manufacturer's Type: 
Circuit De-signation: 

Motorola MC14R8L 
Quad ElA Line Driver 

Description of Operation: 

l) T2L Logic compatible circuit designed to interface terminal 
equipment with data communications equipment in conformance 
with the specifications of EIA standards RS-232-C. 

2} The package consists of three, two-input AND gate drivers 
and, a single input driver. 

3) +12 volts and -12 volts power supplies are required. 

4} Discrete diodes must be externally connected from both power 
lines to each package to meet all power-off fault conditions. 

5} Inputs shall be driven by a restoring CTul element with a pull-down 
res.istor connected to -2V supply as shown in Table I, Page 8, under 
SAMN. 

6} A minimum capacity of 300 pf must be connected from each output 
terminal to ground to insure a slew of le.ss than 30V/us. The 
slew= dv = 1.2 X 104 , where C is in pf, dv in volt/us • 

. dt c Cit 

7) Output levels generated: VOH +6 volts @Vin= .8 volt 
VOL -6 volts@ Vin =1.9 volt 

8) Propagation Delay Time 

PIN LOCATIONS 

TOP VIEW 

= Tpd· = 30ns @ 3Kn and 15pf load 
Tpd+ = 250ns @ 3KO and 15pf load 
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LRGN 
Element Type LRGN 
Standard Assembly Number 
Manufactqr.ttt/Manufacturer's Type 

2201 7628 
Motorola 1489 AL 

Circuit ·Designation · Quad EIA Line Receiver 

Description of Operations 

.1) 2 The clrcult ls T L logic compatible designed to interface between 
data CCICll!IUnication and data processing equipment according to the 
!IA, "l5·232C standards. 

2) The package consists of four receivers. ~ach receiver has one 
input, a reaponse-control, and a single T L compatible output. 

3) +4.75 volts is the only power supply required. 

4) Qutputs shall drive CTuL _restoring eiements and a pull-up resistor 
connected to VCC supply as snown ln Table II. Another possible 
connection to allow one level of gating is shown below: 

vcc 
511 OHMS 

,__ _ __.RE-· 
STORE 

5. 15K OHMS 

VEE 

5) k4y loput level ~bove· +2.25 volts will result in a CTuL false. output, 
:at:ldjnY input level more negative than +.75 volt will result in a CTuL 
true output, and.open input will result in a CTuL true output. 

6) The response control is used to limit the receiver bandwidth to improve 
noiae rejection. A capacitor is connected from the response control 
to ground to utilize this feature. Typically 500 pf capacitor allows 
the receiver to reject 500 ns maximum pulse at +6 volts maximum ampli• 
tude. 

7) 'ftle propagation delay time • Tpd· • 100 ns maximum 
Tp~ • 60 ns maximwn 

Pin Loc.atfons: ·-· 
TOP VIEW 

AO ... + 4.75 v 

AO zo RO _... ,,..___ A3 
RO .,.__ ,,..___ R3 Al ZI zo RI 

Al _... ___.. Z3 A2 Z2 
R2 

_ _... ,.__ A2 
A3 Z3 

Rl R3 
Zl 

.,.__ ..,__ 
R2 

FUNCTIONAL DIAGRAM 
GROUND ___... Z2 

LRGN 
14 PIN DIP 
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Standard Assembly Number: 

Manufacturer/Manufacturer's Type: 

. . 

~$AMN 

SAMN 

1677 7682 

Tl/SN 7524 

A 2209 6150 A 
SECTION 3.4 
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Circuit Designation 

Description of Operations 

Dual Sense .Amplifier 

E 

-V REF 
+v REF---

FUNCTIONAL DIAGRAM 
ENTIRE CHIP 

Pin Locations: 
CEXT 

INPUTS[:= 

REF__.,. 

+REF__.,. 

INPUTS [Al __.,. 

Bl_., 

- v 

'10 

K !1 

N 
B 
c 

FUNCTIONAL 
DIAGRAM 

ONE DEVICE 

.. ·-------·······-·· --·-··---

TOP VIEW 

+v 

... STROBE SO 

.___.... ZO OUTPUT 

GND2 

... Zl OUTPUT 

.,...__ STROBt Sl 

NC 

GND 1 

s~ 
16 PIN DIP 
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SAMN 

DUAL SENSE AMPLIFIER 

(1) The chip contains two linear sense amplifiers in a 
16 DIP. 

(2) Each amplifier has two independent signal inputs and one 
strobe input, but both have two common reference voltage 
inputs, ·Vref and +Vref. 

(3) Both signal inputs and reference inputs are differential 
Voltage inputs applied at the terminals of an input pair 
whether reference or signal. Strobe gate input is with 
respect to ground. 

(4) Truth Tablez 

INPUTS OUTPUT 

A S w 

H H H 

L X L 

X L L 

where A is a differential voltage between signal inputs 
pair. S is the strobe input. 

(5) Power supplies used are +4.75v and -5v. 

16777682 

(6) The differential input threshold voltage applied at the 
terminals of the signal inputs is decided by the differen
tial inputs at the reference terminals, Vref. 

A 2209 6150 A 
SECTION 3.4 
PAGE 7 REV. A·. 

(7) Minimum Vin (True)• 2lmv., Minimum Vout (True)= +1.5@ Vref • 16mv. 
Maximum Vin (False) • 12mv., Maximum Vout (False) = +.4v @ Vref • l6mv. 

(8) Minimum Strobe (True) = +2.0v. 
Maximum Strobe (False) • +.4v. 

(9) External capacitor, Cext lOOpf to ground insures stable 
operation. 

(10) Maximum propagation delay time: 
Positive going edge of signal to positive going edge of Vout = 40ns. 
Negative going edge of signal to negative going edge of Vout • 60es. 
Positive going edge of strobe to positive going edge of vout • 30ns. 
Negative going edge of strobe to negative going edge of Vout = 30ns. 
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SAMN 
TABLE I 

EXTERNAL RESISTORS 

CTL No. of Resistors Fan•Q_\.lt T2L 
Loads Value Tol. Dis sip. BURROUGHS Spec. Used _Qrivcm. ohms 0 J_O Watts Part No_._ 

Pull-up .. . - 348 1 .25 

Pull· 24 19 16 82.5 1 .so 1142 7002 
down 12 10 8 162 1 .25 1142 6921 

12 5 4 348 1 • 25 1142 7002 

TABLE II 

COMBINED FAN·OUT/WIRE~OR CAPABILITY 

No. of Wire-OR Fan-out 
outputs CTL Loads 

Up to 16 Up to 3 
.. 

A 2209 6150 A 
SECTION 3.4 
PAGE 8 REV. A. 
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Element Type: 
Standard Assembly Number: 
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SBMN 

SBMN 

1673 0004 

A 2209 6150 A 
SECTION 3.4 
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Circuit Designations 
.----·- --7·-...,.- • .,..- ........... - .. --.. --- ·:-.. -.---?· ----,,. 

Dual Comparator/Sense Amplifier 

Description of Operation: 

I Gate Characteristics: 

l. vih"' 2.ov minimum 

2. Vil .. .8V maximum 

3. vol "' .4V maximum @ Ii "' 16ma 

4. v .. 
oh 

4.SV minimum @ 4.Sma 

s. I = oh .25ma maximum@ V0 = Vee 

6. 1ih 
{SO ~ Sl) = 40_µ.A maximum 

Iih (SC) = 80/'4-A maximum 

7. 111 (SO ~ Sl) = -1.6 mA maximum 

lil {SC) = -3.2 mA maximum 

8. Tdl -+ < 17ns 

II Amplifier Characteristics: 

.• 

l. 

2. 

3. 

4. 

5. 

lih = 75µ.A maximum @ Vi = 25mV, Vic = ± 2.0VDC 

I = -1011A maximum @ v1 = -25mV, V. = + 2.0VDC il . ~ 1C -

I = l"'•A maximwn @ Vi = +lOmV is ..,,.. -
Td1-- = 20ns 

Tdl* = 35ns 

PIN LOCATIONS 

TOP VIEW 

BO ____... 

zo ..--

so ___... 

SC _..,. 

GROUND 

v + = + sv cc 

v - = - sv cc 

...,___Al 

__. Zl 

4lllf-- Sl 
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Element Type: IQ.AN 
Standard Assembly Numbers 
Manilfa~ ture~ Llla!mf•c turer' s Type: 

1674 4971 

CUl 5003 

Circuit Designation: Quad MOS Clock Driver 
Description of Operation: 

(1) Four monolithic high voltage, high current inverters are 
c~~t~~n.ed _in _a 14 P.in DIP package. ' 

(2) The driver is intended for use as an interface circuit to 
translate bipolar logic level signals to high voltage MOS 
signals. · 

(3) Power Supplies: 
Source supply of the MOS circuit (VSS) 
Drain supply of the MOS circuit (VDD) 

(4) Outputs: 
Vout (High) • vss-4 volts minimum 
Vout (Low) • VDD+2 vol ts maximum 
lout (Peak) • ±,60 ma maximum 

(5) At VSS ;,. +20V, VDD • 0 
Vin (Low) •· .6V maximum, lin • +1.5 ma. 
Vin (High) • +l.OV minimum, !in • +a ma. 

(6) Propagatio~ delay depends on vss, VDD, and the load capacitance. 
At VSS • 21V, VDD = Ground, and CL= 250pf td • 45ns maximum. 

PIN LOCATIONSc 

IQAN 



= 

Burroul\hs Corporation 

COMPUTER SYSTEMS GROUP 
SANTA BARBARA PLANT 

B 1700 HARDWARE RU LES 

Element Type 
Standard Drawing Number 
Manufacturer/Manufacturer's Type 

LDAN 
2600 2766 
·signetics/8T23 

A 2209 6150 A 
SECTION 3.4 
PAGE 11 REV·. B 

Texas Ins truments/SN7 512.3 
Circuit Designation 
Description of Operation: 

Dual IBM Interface Line Driver 

l. This dual line driver is designed to drive terminaL1~d lines such a~ coxial 
cables or twisted pair. This device meets the IBM Syi:;tem/360 IO lnterfac.e 
Specification for interface drive·rs. The outputs of these drivers may bL 
wired 'oR'. 

2. The inputs arc TTL compatible. 

3. Input Characteristics: 

a. vih = 2.ov minimum 

b. Vil = .sv maximum 

c. 

d. 

e. 

Input Clamp Voltage V 1 $1-1.svl@ I 1. 1 = -12 mA c amp 

lil f1' l-1.61 mA@ Vil= .4V 

l.h $ 40 JJ.A@ V.h = 4.SV 
·i. l 

4. Output Characteristics: 

a. V0 h ~ 2.al6'V @ I 0 h = 59.3 mA 

v = 4 .. 75,v 
cc 

b. v01 " .1sv@ I01 = -240 µA 

c. Output Leakage Current "40 µA@ V0 h =·3.0V 

S. Delay Times : 

a. The delay times are specified for a loa·d of SOn. in parallel with 
100 pf to ground. 

Pin Locations: 

OA ~ 

OB --?> 
oc~ 

OD~ 

OE~ 

OF~ 

OY~ 

1. Turn - on Delay " 25 ns 
2. Turn - off Delay " 35 ns 

.... - "'. 
v = sv cc 

~ lF 

<f-- lE 

~-lD 

o(-- lC 

'E- lB 

-~lA 

0 

I 

N 
lF 

G OY 

S lY 

LOAN FUNCTIONAL DIAGRAM 
Positive Logic Y ABCD+EF 
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3.4 Interface Circuits 

Element Type: 
Standard Assembly. Number: 
Manufacturer/~anufacturer' s Type: 
Circuit Designation: 
Description of Operation: 

BS 
BI 

PI 

MI 

+12 
-12 

c 

D 

. ' 

81700 HAR OW ARE RU LES A 2209 6150 A 
SECTION 3.4 
PAGE 12 REV. B 

DVCN 

Gl H 

DVCN 
LI F 

J YO 

B EO 

:sE: 

s-1269 1041 
T.I./72311 
Differential Comparator 

FUNCTIONAL DIAGRAM 

Pin Locations: 

· TOP V~EW 

. N.C. 

PI~-

DVCN 

N.C. 

N.C. 

vcc+ 
N.C. 
__.,.. YO 

--~s 
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1) This device is primarily used in the BDI interface. It is designed to operate 
from Vee+= 5 volts, Vee-= Ground to Vee+ =+15 volts, Vee- =-15 volts, and all 
inputs and outputs can be completely isolated from systef!l ground if desired. 

2) There are two differential inputs to the device, PI and MI. A maximum of 10 mV 
of offset voltage is necessary to drive the output HIGH or LOW. Offset and 
bias currents into the differential inputs are negligible. 

3) Both ·the collector (YO) and the emitter (EO) of the output tr~nsistor are 
brought out to package pins. 

Max voltage between YO and Vee- = 35 volts 
Max voltage between EO and Vee- = 25 volts 

VoL"0.4V @ 8mA collector current with input offset ~ 10 mV 

V~L~l.5V @ 50mA collector current with input offset ~ lOmV 

4) Balance (BI)- and balance/strobe (BS2 inputs are provided, To balance the out
put, a 3K..n.. trimpot is connected-between BI and BS, with· the wiper connected 
to Vee+ through a 3K.1l res is tor. To strobe, BS is forced LOW, and the output 
tran~istor is turned OFF regardless of ·all other inputs. 

Low Level (0.4V) strobe input current~ -·A.OmA 

5) Approximate delay times: 

T d + ~150 nsec p . 

Tpd - ~ 215 nsec 

6) Information regarding the use and applications of this device is avail
able upon consultation with Standard Circu~ts. This device is intended 
for use in the BDI Line Adapter. 
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LDDN 

3.2' Tl'l./PTL Int<'c.rated Circuits 

Element 'l)'pe: 
Stan.clard Assembly Number: 
Manufacturer's Type: 
Circuit Dcsi&nati.on: 
Description of Op~ration: 

Dual J.ine Drt'ver 

LDDN 
2475 2222 
751JO 
Dual tine Driver 

= -== 

1) Two TTL. compatible (12ma) Line Drivers arc contained in a 14 pin Dual 

in Line package. 

2) The Line Driver operates on a nominal ± 5V supply. 

3) The inhibit feature allows the devices to be used in party-line or 

4) 

5) 

6) 

7) 

8) 

data-bus applications. 

VIH Max = 5.5v Min = 2V 

VlL Max = .O.Sv Min = ov 

Input Currents (Htgh Level) 

Inputs VIH = 2.4v 

Inhibits VTH = 2.4v 
(Cl 9C2) 

Inhibits V[H = 2.4V 
(D) 

Input Current~ (Low Level) 

Inputs VIL = 0.4v 

Inhibits VII;= 0.4v 
(Cl,C2) 

Inhibits VIL = 0 •. 4v 
(D) 

lIH = 40/'A Max 

lIH = 40_.µ.A Max 

ltL = -3 ma Max 

IIL = -3 ma Max 

IIL = -6 ma Max 

On state ~utput current 3.5 ma Min, 6.5 ma Max. with V + Min. 
cc 

OFF' state output current 100 ,..,A Max. with V +Min. 
cc - ' 

9) At CL = 40 pf and ~ = 50.n. 

Pro.pagation delay input to output td = 20ns Max. 

Propagation delay inhibit to output. td = 30ns Max. 

10) This device is intended for use in the Biil Linc Adapter ONT.Y. 

A 2209 6150 A 
SECTION 3.4 
PAGE 14 REV. A 

InfoTI11a·tion regarding its use or appiication is available from Standard 
Circuits. 
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== SANTA BARBARA PLANT 
--:i- = -

Al 

Bl 

Cl 

C2 

A2 

B2 

GND 

A 
x 
x 
L 
x 
H 

Vee+ 

Yl 

. Zl 

Vee• 

D 

Z2 

LDDN Y2 

PIN LOCATION DIAGRAM 

LOGIC 
INHIBIT DR OUTPUTS 

INPUTS 
l"NPUTS 

...ll c D y z 
x L x H H 
x x L H H 
x H H L H 
L H H L H 
H H H H L 

TRUTH TABLE 

X =Don't care 

Low output represents the on state 

High output represents the off st~te 

D 

K 

Al A 0 N YI 
Bl B 

M Zl 
Cl c 

E A2 
82. F H Y2 

J C2 
LDDN 

22 

p L 

+5 
-5 

FUNCTIONAL DIAGRAM 
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3.4 Interface Circuits 

Element Type: 
Standard Assembly Number: 
Manufacturer/Manufacturer's Type: 
Circuit Designation: 

I>escription of Operation: 

IQBN 

IQBn 
1673 0319 
Intel/3207 
Quad Bipolar-to-MOS Level 
Shifter and Driver 

1) The IQBn is quad bipolar to MOS level shif'.ter and driver with TT!.. 
' compatible inputs. 

2) The dev.ice operates with three power supplies and one ground. C:-.e 
supply is Vee intended for use .by the bipolar input section. It also 
uses Vss and VBB for the MOS section. 

3) The IQBn has two enable inputs for each pair of data fnputs. 

4) Input Currents 

·Data -0.25mA @ Vi = o.l15v 

Enables -6.50mA@ Vi= 0.~5V 

5) Input Voltages 

• OlmA @ Vi = 5. OV 

.o2mA @ vi = 5.ov 

VIL = .aov Max. 

~) OutP.ut Currents 

Vrn = 2.0V Min. 

IoL = 10~ @ v0 = 4v 

.vcc =·5.0V VBB·= 22V Vss = 19V 

7) Output Voltages · 

Iou = -100mA @ v0 = v88 - 4v 

VoL = 0.6 Max. wjtb all inputs at 2.0V 

VoH = V55 - 0.8V with all inputs at .85'1 

·a) Delays 

Input to Output Leading edge tpd+ = 20.0· ns @ CL = 100 pf 

= 24.o ns @ CL= 200 pf 

Input to Output·Trailiug edge tpd-' = 29.0 ns@ CL= 100 pf 

34 . 0 ns. @ CL = 200 pf 

Output Rise Time 20 ns Max at c1, = 100 pf and 30 ns Max. at CL = 200 pf 

Output Fall Time 25 ns Max at CL = 100 pf and 35 ns Max. at CL = 200 pf 

9) Maximum skew between any output in the sa.me package is less than or 
equal to 7 ns. 

A 2209 6150 A 
SECTION 3o4 
PAGE 16 REV o A 
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Vss 

OAl~ 

DAl Jll 

Ell )Iii 

E21 ... 
DBl___... 

OBl-.!-

GND IQBN 

PIN LOCATION DIAGRAM 

vss -------, 
VBB ----. 

s 

DAl 

DBl F G 

4.75 

___...OA2 

<E--DA2 

4( E2 

~E22 

E DB2 

---.oB2 

VBB 

OAl 

OBl 

N OA2 

DA2 M 

E2 -

E22---
Ell 

E21 

H 

FUNCTIONAL DIAGRAM 

OB2 

A 2209 6150 A 
SECTION 3o4 
PAGE 17 REV. A 
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- SANTA BARBARA PLANT E . = 

T1BR 

3.4 tnterf•ce Circutts <Continued> 
El •••nt Type: 
Standard Asse•bl, Nu•ber: 
Manufacturer/M•nufacturer•s Type: 

Circ~tt Designation: 

Description of Operation: 

Tl SR 
2604 2044 
Nati on al /DM88 37 
S; gn et t cs/ 8 T 3 7 · 
Hex Bus Recatvar wtth 
Hysteresis 

t> Tha TtBR is a hex bus recei••r with hysteresis organtzed as two 
trtpte receivers with separate disable ltnes for each group. 
It Is a TTL monolithic integrated circuit in a 16 pin DIP. 

2> A •ttigh• on the disable tnput <OA or OS> -tll force the 
c:orttesponding receiver outp.,.ts low. When enabled <disable input 
LoM>• the ·receiv•r senses the voltage level on the bus line and 
l~verts it at the output. 

3) Electrical Characteristics: 

14 

Q4 

IS 

QS 

16 

Q6 

DB 

I uut Threshold Voltages. 

____.... 

~ 

~ .. .. 
,...__ 

.... 
GND 

Dt~abte Inputs 0~• OB 
'It\ •ax. 
Vih •in. 

Rec ei "er I qputs 16• 11 
Vil 11ax. 
v ih min. 

vcc ._Il 
~Ql 

4--12 

__..Q2 

4-13 

T1BR ~Q3 

.... DA 

PIN LOCATION DIAGRAM 

o.ev 
z.ov 

o. 8V 
2.5" 

DA~ lb 

11 ~ Ql 

9 
. 12 13 . 2 • ·.. 12 Q2 
DA~ 

DA~ in 

I3~Q3 
DB~?. 
14~Q4 
DB~·,, 
I3~Q5 
DB.~~ 
I6~Q6 

FUNCTIONAL DIAGRAM 
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SANTA BARBARA PLANT = =- ..:=.. 

Interf•c• T19R 

Noise Margin. ~eceiver Inputs 

Output Voltages 
Vol 11aJC. 

Voh •in. 

Input ·Loading 
Disable Inputs DA• 08 

Iil •ax. 
lfh 11ax. 

Receiver Inputs IG•Il 
I H max. 
lih •ax. 

Output Drive 
I ol 
Ioh 

4> Swi.tc.hing Chara.cteristics: 

Propagation Delay. max. 
Recei~er Input to Output 

Disable Input to Output 

5> Interface ~ules 

td•• 
td•
td-• 
td•· 

2604 2044 

o.ssv 

0.4V a lol = 16 aA 
2.4V a Joh a •400 uA 

-3.z •A a Vtl = 0.4V 
50 uA a Vih = 2.4V 

10 uA a Vil = 0.4f 
50 uA a Vih = 2.4V 

16 •A a vol = 0.4v 
•400 uA a Voh = 2.4v 

43 ns 
37 ns 
18 ns 
18 ns 

The outputs ~nd disable inputs of the T18R are fully TTL 
co•patible. lhe receiver inputs ~ave bu6lt•in hysteresis to 
provide extra noise i••u~fty. This •eans input voltat• to the 
receiver •ust cro~s over the Vil or Vih thresholds t~ guarantee 
C3rnect response. Once achteved. the input can increase <fro• 
~it •••·> or decrease <fro• Vih ain.> for the a•ount <~ the 
not se •argin and. the output w.ill not change. The low input 
c~r"ent to the receiver inputs allows up to 27 driver/receiver 
pairs to be tfed to a co•mon bus. 

Choice of external ter•inations ~n the bus lfne •hould be 
handled in conjunction wjth Circuits. 
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3.4 Inter.face Circuits 

Element Type: 
Standard Assembly Number: 
Manufacturer/Manufacturer's Type: 

Circuit Designation: 

Description of Operation: 

$140 

Sl40 
2602 2889 
T.I./748140 

-= 

Fa.i rchi l.d/9S 140 
Dual 4-Input NAND 
Line Driver 

1) · The Sl40performs a dual 4-i.nput NAND function. Its high current 
Totem-Pole output stage can drive 40mA while.maintaining a +2.0V 
true level output voltage and can sink 60mA while maintaining a 
+o.5V False level. · 

2) Input Currents: 

IIL = 4.0mA@ vi = o.5V 

3) Output Drive: 

IOL = 60mA@ V0 = 0,.5V IOH • 40mA @ V 0 = 2 .1 V 

A 2209 6150 A 
SECTION 3.4 
PAGE 20 REV A 

4) This device should not. be used to di.rectly interface to CTL elements 
bec.ause of considerably ieduced low level noise margin. 

5) Propagation Delays: 

Input to Output 

__. 
4.75 

_. +--

- ~ 

_. -
--+ ._ 
+--- +--

GND 
_. 

PIN LOCATION DIAGRAM 

tpd+ = 13 n·s 
tpd- = 13 ns 

06 

FUNCTIONAL DIAGRAM 
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3. 5 MISCELLANEOUS Ci RCU I TS 

A 
B 
c 
0 
E 
F 
G 
R 

-·· 20 NSEC DELAY LI.NE 

DL2N 

L C M B 

DL2N 

H F J E K 

FUNCTIONAL.DIAGRAM 

N 

p 

PINS 11 011 AND 11 K11 ARE SAME TAP 

GND. RI 

09 010 
0 

07 ~08 

05 =- 06 
04 05 
02 03 
IN 01 

GND 

PIN LOCATION DIAGRAM 
16 PIN DIP 

p 
N 
M 
L 
K 
J 
H 
s 

SA 2200 8478 
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20 NS DELAY LINE 

A.2209 6150 A 
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1). The input should be driven by a restored element with fanc:>ut capability 
of 20 loads. A 178 ohm 1/4 watt resistor to -2 volts must terminate the 
input pet. . 

2) The delay line output should be terminated at TlO by a 100 ohm 1/4 watt 
t"esistor to ground. The internal resistance may be used for this purpose 
by connecting pins P and N. 

3) Maximum loading per package is 2 buffers and 4 no load gates or 6 no load 
gates, and the gates should be restored. 

4) Total delay is 20 + 2ns broken into 10 equal increments, each is 2 + 1 ns 
referenced to the input as shown in the table below; 

PIN 

H 
F 
J 
E 
K 
L 
c 
l!f 
B 
N 

TIME DELAY {ns) 

2 
4 
6 
8 

10 
12 
14 
16 
18 
20 

NCYl'E: The worst case tap to tap delay for this 
device shall be ~ 3nS. 
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== SANTA BARBARA PLANT = 

A 
B 
c 
D 
E 
F 
G 
R 

PE 

50 NSEC DELAY LINE 

DL5N 

DL5N 

FUNCTIONAL DIAGRAM 

N 

p 

PINS "D" & "K" ARE.SAME TAP 

GND. R 

09 olO 
07 3oa 
05 "=' 06 
04 05 
02 03 
IN 01 

GND. 

PIN LOCATION DIAGRAM 
16 PIN DIP 

p 

N 
M 
L 
K 
J 
H 
s 

SA 2200 8486 
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50 NS DELAY LINE 
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1) The input should be driven by a restored element with fanout capability 
of 20 load•• A 178 ohm. 1/4 watt resistor to ·2 volt• must terminate the 
input net. 

2) The delay line output ahould be terminated at TlO by a 100 ohm 1/4 watt · 
resistor to ground. The internal resistance may be .used for this purpose 
by connecting pins. P and N. 

3) Maximum loading ·per package· is 2 buffers and 4 no load gates or 6 no load 
. gatea, and the gates should be restored. 

4) Total delay is .50 + 3 na broken into 10 equal increments, each is .5 + 2 ns 
referenced to the input as shown in the table below: 

PIN TIME DELAY (ns) 

H 5 
F 10 
J 15 
E 20 
K' 25 
L 30 
c 35. 
M 40 
B 45 
N 50 
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A 
B 
c 
D 
E 
F 
G 
R 

SANTA BARBARA PLANT 

PE 

100 NSEC DELAY LINE 

DLCN 

DLCN 

FUNCTIONAL DIAGRAM 

N 

p 

p I NS II 011 & II K" ARE SAME TAP 

GND. 
09 0 10 
07 08 
05 06 
04 05 
02 03 
IN 01 

GND 

PIN LOCATION DIAGRAM 
16 PIN DIP 

p 
N 

L 
K 
J 

s 

SA 2200 8494 
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1) 'llle input should. be driven by a restored element wi.th fanout capability 
of 20 loads. A 178 ohm 1/4 watt resistor to-2 vol ts mus.t terminate the 
input net. 

2) 'llle delay line output should be terminated at TlO by a 100 ohm 1/4 watt 
resistor to ground. The internal resistance may be used !or this pur
pose by connecting pins P and N. 

3) Maximum loading per package is 2 buffers and 4 no load gates or 6 no 
load gates, and the gates should be restored. 

4) ToUl delay is 100 + 5 ns broken into 10 equal increments, each h 10 + 3 ns 
referenced to the input as shown in the table below: 

PIN TIME DELAY (ns) 

H 10 
F 20 
J 30 
E 40 
K 50 
L 60 
c 70 
M 80 
B 90 
N 100 
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GENERAL BLACK BOX 
FOR DISCRETE COMPONENTS 

GBNN 

SPACE REQUIREMENTS FOR COMPONENTS DICTATES 
NUMBER OF INPUT/OUTPUT LINES. SPACE NEEDS 
MAY NECESSITATE TRANSCRIPTION OF MORE THAN 
ONE GBNN. 

A 

J 

H 

PIN LOCATlON DIAGRAM 
16 PIN DIP 

A 2209 6150 A 
SECTION 3.5 
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Rl 

R2 

R3 

Cl 

DTL TO CTL LEVEL CHANGER 
PART #I 

GBIN 

2204 4291 

GBIN 6.. GB2N MUST BE CHIPLOCK.ED 

TOGETHER, SAME LINE, GBIN ON LEFT 

.... $.EE. PAGE. 30 ,FOR THE CIRCUIT SCHEMATIC 

- 562 !H;W. 1'111 8676 

511 fi lzW. 1111 8668 

- 196fi lzW. 1111 8569 

- lOOUUF lOOV CAP 1100 9487 

Ql,Q2 - TRANSISTOR-TYPE BA 1123 7336 

A 
B 
c 
D 
E 
F 

G 
R 

p 

-12V N 

GND 
GND Cl 

PIN LOCATION DIAGRAM 
16 PIN DIP 

M 
L 
K 
J 
H 

s 

A 2209 6150 A 
SECTION 3. 5 
PAGE 8 REV. D 



Burroughs Corporation m. 
81700 HARDWARE RULES 

-
COMPUTER SYSTEMS GROUP -= 
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A 

DTL TO CTL LEVEL CHANGER 
PART #2 

GB2N 

2204 4309 

GBIN & GB2N MUST BE CHlPLOCKED 

TOGETHER, SAME LINE, GBIN ON LEFT 

SEE PAGE 30 FOR INTERCONNECTIONS 

Rl - 61. 9 J'\. 1111 8445 

R2 - lOK I\. 1111 897 3 

R3 - 2.87Kll.llll. 8841. 

R4 - 19.6KJ'\. 1111 9047 

RS - lK Cl. 1111 8734 

R6 - 8251\. 1111 .8718 

Dl,D2 - DIODE-SIL lN4448 2208 6011 

p 
B -12 N 
C -12V R M 
D -2V L 

E 
F 
G 

R R6 

PIN. LOCATION DI AGRAM 
16 PIN DIP 

K 

J 
H 

s 

A 2209 6150 A 
SECTION 3.5 
PAGE 9 REV• D 
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CTL TO OTL LEVEL CHANGER 

GB3N 

Dl ·· • DIODE-TYPE 23 

Rl - l.21K -kW 

R2 - sun i,;w 

2204 4319 

1124 1023' 

1111 8759 

1111 8668 

RJ • lK.Cl.. -kW 1111 8734 

Ql • TRANSISTOR-TYPE BD 1123 7369 

PIN LOCATION DIAGRAM 
16 PIN DIP 

K 

J 
H 

s 
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A 

B 
c 
D 

E 

F 
G 
R 

+4 

CTL TO MOS CLOCK CONVERSION 

PART #I 

GB4N 
2204 4325 

TWO GB4N'S, ONE GBSN &. ONE GB6N MUST BE CHIPLOCKED 

TOGETHER, ON TWO ROWS, GB4N &. GBSN ON UPPER ROW 

GB4N &. GB6N ON LOWER ROW. FOR.SCHEMATIC AND 

INTERCONNECTION DIAGRt\M, SEE SSRN CHIP. . Section 3. 3 PAGE 11 

Rl - 1781\ tW 1111 8551 

R2 - 1961\. \ W 1111 8569 

R3, R7 - 6811\tW 1111 8692 

R6, R4, RS - l.47K!l..tW 1111 8775 

Dl - DIODE-TYPE 4 1170 4855 

p 
GND R2 N 
-12 M 

L 

K 
+4 7 J 

DI H 
R7 -2V S 

PIN LOCATION DIAGRAM 
16 PIN PIP 

A 2209 6150 A 
SECTION.3.5 
PAGE 11 REV• D 
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COMPUTERSYSTEMSGROUP 81700 HARDWARE R.ULES =A 2209 6150 A 

• SANTA BARBARA Pl.ANT .;;;;;;; SECTION ;3. 5 
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; 

CTL TO MOS CLOCK CONVERSION. 
PART#2 

GB5N 
. 2204 4333 

_a.f--1 N 
-'-.;. : M . 

I I 
I I 
I I 

~~B~N_ti 
GB5N MUST BE USED WITH GB4N &GB6N. 

SEE SHEET FOR GB4N FOR DETAILS. 

QI, Q2, Q3, Q4 ~ TRANSISTOR.:TYPE BJ Jl~l--~~~2 

RI, R2 ~ 287 OHM i WI I II 8601 
------·-·--------,----------·-·---····---·-·- ·-·--. -·-· -

/a>. -.... 12 .... v.....,.. P 
8--- N 
C-......... M 
0 ~-1-----"''V'-~~-- L 
E K 
F - J 
G H 

.R S 

PIN LOCATION DIAGRAM 
16 PIN DIP 



. Burroughs Corporation m 
- COMPUTER SYSTEMS GROUP -

81700 HARDWARE RULES 
SANTA BARBARA PLANT = 

= -

CTL TO MOS CLOCK CONVERSION 
PART* 3 

GB6N 
2204 4341 

GB6N MUST BE USED WlTH GB4N&GB5N 
SEE SHEET FOR GB4N FOR DETAILS 

Cl, C2 - I .OUF 50V CAP. 

QI, Q2 - TRANSISTOR-TYPE AT 

RI, R2 - 287 OHM.kW 

PIN LOCATION DIAGRAM 

1907 8815 

1120 0482 

1111 8601 

A 2209 6150 A 
SECTION 3.5 
PAGE 13 REV. C 



Burrou~h~ Corpora.tl~n Ci) == COMPUTERSYSTEMSGROUP - 81700 HARDWARE RULES = == SANTA BARBARA PLANT = - A 2209 6150 A 
=. ..=. . -= SECTION 3. 5 
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CTL TO MOS CLOCK CONYERS10N 

PART #4 

GB7N 

2210 9821 

ONE GB4N, ONE GB7N, ONE GBSN ~ ONE GB9N MUST BE CHIPLOCKED 

TOGETHER, ON TWO ROWS, GB7N ~ GBSN ON UPPER ROW 

GB4N ~ GB9N ON LOWER ROW. FOR SCHEMATIC AND INTERCONNECTION DIAGRAM, 

SEE SSRN CHIP • Sec; ti on 3. 3 PAGE 13 

Rl - 178n. .li;W 1111 8551 

R2 • 750 A 1/4 W 1111 8700 

R3; R7 - 681A \W 1111 8692 

R6, R4, RS - 1.471<.n. .li;W 1111 8775 

Dl - DIODE-TYPE 4 1170 4855 

A RI 

B R2 

c 
D 

E 

F +4.7• 

G DI 

R R7 -2V 

PIN LOCATION DIAGRAM 
16 PIN DIP 

p 

N 

M 

L 

K 

J 
H 

s 



; Burroul\hs Corporation ~ ~ = COMPUTER SYSTEMS GROUP . = 81700 HARDWARE RULES 
=== SANTA BARBARA Pl..ANT = ::::::::.. = 

CTL TO MOS CLOCK CONVERSION 

PART #5 

GB8N 

2210 9839 

GB8N MUST BE USED WtTH GB4N, GB7N, ~.GB9N 

SEE SHEET FOR GB7N FOR DETAILS 

Rl - 287A \W 1111 8601 

Cl - 82pf 2208 78137 

Ql, Q2, Q3, Q4 - TRANSISTOR~TYPE BJ 1141 6062 

A 
B 
c 
D 
E 
F 
G 
R 

p 
i--+--- N 

PIN LOCATION DIAGRAM 
16 PIN DIP 

M 
L 
K 
J 
H 
s 

A 2209 6150 A 
SECTION 3.5 
PAGE 15, REV. A 



Burrou~hs Corporation m = COMPUTER SYSTEMS GROUP _ ' 
81700 HARDWARE RULES == SANTA BARBARA PLANT = 

- = 

CTL TO MOS CLOCK CONVERSION 

PART #6 

GB9N 

2210 984 7 

GB9N MUST BE US$D WITH GB4N, GB7N ~ GB8N 

SEE SHEET FOR GB7N FOR DETAILS 

Cl, C2 - l.OUF 50V CAP. 1907 8815 

Ql, Q2 - TRANSISTOR-TYPE AT 1120 0482 

Rl • 3.16K 1/4 W 1111 8858 

A 
B 
c 
D 
E 
F 
G 
R 

PIN LOCATION DIAGRAM 

16 PIN DIP 

p 
N 
M 
L 
K 
J 
H 
s 

A 2209 6150 A 
SECTION 3.5 
PAGE l6, REV~ A . 



ALSO DESIGNATED 

RPNN RP5N 

' .-

3.5 MISCELLANEOUS CIRCUITS (Continued) 

Element Type: 

Stanaard Assembly Number: 

Manufacturer/Manufacturer's Type: 

RPGN 
f 

RPNN 

2200 8320 

CTS 

A 2209 6150 A 
SECTION 3.5 
PAGE l 7 REV. D" 

Circuit Designation: 500 ohm Resistor Pack 

Description of Operation: 

(1) The RPNN is a resistor network containing 13 thick film resistors in 
a 14 pin DIP. 

(2) Each resistor is 5001'.+ 57. 

(3) Maximum Power Dissipation/Resistor: 77mW 
Maximum Power Dissipation/Package: lOOOmW 

RPNN - PIN L CONNECTED TO -2.0V 
RP5N ~PIN L CONNECTED TO +4.75V 
RPGN - PIN L CONNECTED TO GND 

A 

B 

c 
D 

E 

F 

G 

ROI 
R02 ••• 
R03 

n: 
R04 
R05 
~26 
R07 

~ga 

R09 
•' 
,RI 0 

Rll 
Rl2 
R·l 3 
..,., .... 

ROI-RI 3 = 500 n 

PIN LOCATION DIAGRAM 
14 PIN DIP 

p 

N 

M 

L 
K 

J 

H 



Burroulahs Corporation n\ = . . "1= = COMPUtER SYSTEMS GROUP -
81700 HARDWARE RULES = SANTA B.ARBARA PLANT = 

- ..=.. 

A 
B 

·c 
D . 

E 
F 
G 

RP2N . 
13 RESISTOR PACKAGE 

s 2205 6188 

&· 
. FUNCTIONAL DlAGRAM ---------

SPECI FICAT,ON 

R'X = 2 I 2 K 0 HM s 
MAXIMUM POWER PER LOAO: 0.375 MW 

MAXHAUM POWER PER PACKAGE~ 1.5 WATTS 

Rl,2 

--J 

PIN LOCATION DIAGRAM 
14 PIN DIP. 

p 

N 
M 

L 

K 

.J 

H 

A 2209 6150 A ' 
. SECTION 3.5 
PAGE 18 REV. c· 



_ - Burroughs Corporation ID~ 
=--= COMPUTER SYSTEMS GROUP = s·1700 HARDWARE RULES 
_ SANTA BARBARA PLANT ~ 

' . 

ALSO DESIGNATED 

RP6N -~~~YNA:RPZN" 
ALSO DESIGNATED 

RP8N ~PWN ......... RPXN' 
22066922 I I 

"l" - ;- - ~ 
22016930 i i 

7E 7£ 7£ &'E?E 

ROI 

.B.Q4 
RQ.S __ 280 
B.Q6 8 
R07 420 
ROS 420 

13 MIXED RESISTOR PACK 

A ROI 

B R02 

c R03 RIO 

D R04 
6 R05 RI I E -
6 i_i 0 8 R06 , RI 2 
4 4.f O 4 F 
4 4~_0 4 G R07 

R 

PIN LOCAT10N DIAGRAM 
16 PIN DIP 

RP6N - PIN L CONNECTED TO -2.0V 
RPYN - PIN L CONNECTED TO +4.75V 
RPZN - PIN L CONNECTED TO GND 

RP8N - PIN L CONNECTED TO -2.0V 
RPWN - PIN L CONNECTED TO +4.75V 
RPXN - PIN L CONNECTED TO GND 

A 2209 6150 A 
SECTION 3.5 
PAGE 19 REV. C 

p 

N 

M 

L 

K 

J 

H 

s 



==== Bu~rout\hS Corporation m == COMPUTER SYSTEMS GROUP = B1700 HARDWARE RULE'S 
SANTA BARBARA PLANT 

RPAN 1675 0754 

200 OHM RESISTOR PACKAGE CIO RESISTORS) 

A 2209 6150 A 
SECTION 3.5 
PAGE 20 REV. C . 

l) Ten resistors are contained in a 14 pin dual•i_~,~-1-~~P.ack_i:~:.u sh_o~ _b!:!~~_!_ 

2) R = 200 :!:. 51. at 100 mw. maximum power. 

A 

B 
c 
D 

E 
F 
G 

-:--I 

, __ & __ A_ . ._ 

...., 

. 
....,,, 

U.J 

.. ~ ...... .... -. . 
........ . 

1--

p 

N 

M 
L 

K 

J 

H 

I, 



·-- Bu rrou~hs Corporation ~ = 
COMPUTER SYSTEMS GROUP . ;; 81700 HARDWARE RULES 

SANTA BARBARA PLANT = 

RPBN 1675 055 6 

IK RESISTOR PACKAGE (10 RESISTORS) 

A 2209 6150 A 
SECTION 3.5 
PAGE 21 REV 9 C 

{l) Ten resistors are contained in a 14 pin d1,1al-in-line package as 
shown be lOw. 

(2) R = lOOOD.±_ Sonat 150 mw. maximum power. 

A 

B 

c 

D 

E 

F 

G 

r 
J 

RO . 
fY 

BJ ,.., 

~~ 
-YWY 

~? 
"' 

B.4 
...... "' 

f 

R5 
-AA --. . 
R_R .. 

rYY 

R? .. ... 
R.~ 

-.. 

B.2 ... 

p 

N 

M 

L 

K 

J 

H 
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Burroutah• Corporation 

COMPUTER SYSTEMS GROUP. 
SANTA BARBARA PL.ANT 

nement Type. 
Standard AssfUilbly Number: 

ManufactQrer/Manufacturer's Type: 

'circuit Designation 

Description of Operation: 

1. . capacitance: 200pf ± ioi 

2. DC Voltage; 30V DC max. 

81700 HARDWARE RULES A 2209 6150. A 
SECTION 3.5 
PAGE 22 'REV• B 

CP1N 
CPl.N 
2208 4834 

Corning Glass/000049 

Capacitor Network 

P:ln L!Oca tions 1 

TOP VIEW 

CPlN 
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Burroughs Corporation 

COMPUTER SYSTEM~; Gf<OUP 
SANTA BARBARA PLANT 

81700 HARDWARE RULES 

RPCN 1675 0580 

RESISTOR-CAPACITOR PACKAGE 

(1) Twelve resistors and six capacitors are connected as shown 
below, and contained in a 14 pin DIP. 

(2) Rl = 12011 + 61\ at 100 mw maximum power, 
R2 = 2oon:+ lOflat 100 mw maximum power. 
C = 270 pf-±. 54 pf, V (break down) > 50 vol ts. 

A p 

R2 
B N 

R2 
c M 

R2 

D L 

R2 
E K 

R2 
F j 

R2 
G H 

RI 

PIN 
DIAGRAM 

A 2209 6150 A 
SECTION 3 •. 5 
PAGE 23 REV. C 



. . . Burrou(ths Corporation ~ == COMPUTER SYSTEMS GROUP B 170 0 HARD WA RE Ru l Es A 2209 6150 A 
SANTA BARBARA PLANT = 

~§§~~~~~~~~~~§§§§§§§§~~~~~§§~~~~SECTION 3.5 "" PAGE 24 . REV• D 

RPDN 1675 0572 

25 OHM RESISTOR PACKAGE (6 RESISTORS) 

(1) Six resistors are contained in a 14 pin dual-in-line package 
as shown below~ 

( 2) R = 25 OHMS ±. Si'. at 200 mw maximum power • 

A 

B 

c 

D 

E 

F 

G 

... R 

~ 
-YY> 

R ... 
""" 

R 
-··· 7y· 

.1-.. 
Y'" 

~B. 
" " 

PIN 
DIAGRAM 

p 

N 

M 

l 

K 

J 

H 



.Burroughs Corporation 

COMPUTER SYSTEMS GROUP 
SANTA BARBARA PLANT 

81700 HARDWARE RULES 

RPEN 
3.5 MISCELLANEOUS CIRCUITS . (Continued) 

(l) 

(2) 

(3) 

Element Type: 

Standard Assembly Number: 

Circuit Designation: 

Description of Operation: 

15 .resistors are contained in a 14 pin, Dual-In-Line package 

Rl • lOOA + 2'7. 
R2 • 9KA ±-27. 

The maximum continuous power dissipation capability of each 
resistor in the network shall be .1 watt. 

PIN LOCATIONS: 

TOP VIEW 

A Rl p 
R2 

B Rl N 

c Rl M 
R2 R2 

D Rl Rl L 

E K 
R2 R2 

F 
Rl Rl J 

G H 

RPEN 

RPEN 

A 2209 6150 A 
SECTION 3.5 
PAGE 25 REV. C 

1677 1032 

Resistor Network 



Burroulahs Corporation 

COMPUTER SYSTEMS GROUP 
SANTA BARBARA PLANT 

B 1700 HARDWARE RU LES 

IC VIDEO AMP 
3.5 MISCELLANEOUS CIRCUITS (Continued) 

Element Type: 

Standard Assembly Number: 

Circuit Designation: 

Description of Operation: 

2200 8460 

A 2209 6150 A 
SECTION 3.5 
PAGE 26 REV• D 

I.e. Video Amplifier 

The 2200-8460 video amplifier is the feedback element that maintains osci· 
llations of the crystal. 

. Features of this video amplifier are internal input biasing, open collector 
curr.ent source output and an internal design such that the output limits symme
trically for either a positive or negative· input overdrive. Internal biasing is 
such that no internal element is saturated due to input overdrive. Output 
impedance is constant over any part of the operational cycle. 

Consult the circuits and Packaging Section on use of this device. 

PIN LOCATIONS: 

N.C. 

N.C. 

INVERTING OUTPUT .....__ 

GROUND 

VII (·12.0 VOLTS) 

INVER't'ING INPUT..__.... 

N~C. 

TOP VIEW 

N.C. 

N.C. 

__.....,. NON· INVERTING OUTPUT 

VII (·12.0 VOLTS) 

.,..__ NON- INVERTING INPUT 

GAIN CONTROL 

N.C. 
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Burroughs Corporation 

COMPUTER SYSTEMS GROUP 
SANTA BARBARA PLANT 

81700 HARDWARE RULES A 2209 6150 A 
SECTION .3. 5 
PAGE 27 REV. B 

Element Type 
Standard Drawing Number: 
Circuit Designation 
Machine No. 

l. Power Rating: 

RPFN 

RPFN 
5-1918 3573 

Resistor Network 
614 

a. 60 milliwatt maximum per element 
b. 1.5 watt total per package 

2. Resistance Value 

Machine Rl THRU RlJ 
Number 

Value (Ohms) T9,_l. 

614 135 2 

Pin Location Diagram 

'-/ 
A ,..... Rl 1 Rl4 +-- p 

::A 

R2 R15 
B -""' R3 J -m +-- N 

-"-

R4 R17 
c ..... +!!!.. 

R5 Rl8 
D ..... L 

~-

R6 R19 

GND 
E h. K 

R•f R20 
.F tt 1 R21 " 

J 

ji,,9 ii2 
G +.. a1o 11u3 ..+-.. H 

l\ 
1Ji J-24 

.... ill 1 R25 "" 
s 

... .. 
ili3 -;26 

RPFN 

Rl4 THRU R26 

Value 

-2V 

(Ohms) 1¥· 
787 2 

There are 13 resistor networks 
each with the following con• 
figuration: 

PIN L 

787A 

l35n. 

PIN E 

* Not internally connected 
(+4.75V acceptable) 



·. Burroufahs Corporation 
81700 HARDWARE RULES -

= 
COMPUTER SYSTEMS GRO.UP 

SANTA BARBARA PLANT 

3.5 Miscellaneous Circuits (Continued) 

Element Type: 
Standard Assembly Number: 
Circuit Designation: 
pe'•f?d.Jltion of Operation: 

A 2209 6150 A 
SECTION i3.5 
PAGE 28 REV o c 

JPRN 
None· 
Header - 16 Pin 

(not a chip) 

Thla..device has no logic content. A blank 16 pin Socket Header (S-2201 4732) ls used 
for the dhcretionary wiring (installed in the huder) to make a JPRN function. 
Jumper wiring configurations are~shown in a special Jumper Chip Instruction T ~ F 
document. 

Pin Locations: 

-TOP VIEW 
FUNCTIONAL DIAGRAM 

H 
JPRN S 

OR MAY BE SHOWN 
AS SINGLE JUMPERS 
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0 
0 
0 
0 
0 
0 
0 

Burroughs Corporution 

COMPUTER ~;YSTE.MS GHOUP 
SA.NTA 8ARBAHA PLAN1 

Bl700 HARDWARE RULES -- A 2209 6150 A 
- SECTION 3. 5 

-~~--~-~~~~~§§~~§~~~~~§§~~~~~~~~~- PAGE 29 REV. B 

R6nn 

3.5 Miscellaneous Circuits (continued) 

Element 'Type: 
. Standard Assembly Number: 
Circuit Designation: 
Description of Operation: 

R6nn 
S2212 2725 - 2212 2782 
Single-in-line fesislor Package 

.The R6nn contains seven thick film resistors with one end in. common 
iri an eight pin, single-in-line package. Each resistor can dissipate SC!ll:MATIC 
• 3 Wa.tts. There are a number of values available. 

Part 1-iumber 
R6n0 contains seven · 330.n. resistors 2212 
R6nl " " 220.n II 2212 
R6n2 " " 100.n " 2212 
R6n3 " II 150.n " 2212 
R6n4 " " 470.n " 2212 
R6n5 II II 680.n " 2212 
R6n6 . II II lK.n. II 2212 

_ __,.,.,.Indicates value of resistors 
R6nnMr · 
· ~ Indicates usage where. 

Note: See.section 12 

-A-

·page 9 for schematic 
· representation. 

-s-. 
-D-· 
-E-. 
-F-
-G-
-· H-
-J-

LOGIC DIAGRAM. 

R61n = Resistor to ground 
R62n Resistor to -2.0v 
R63n = Resistor to +4. 75v 

2725 
2733 
2741 
2758 
2766 
2774 
2782 

SYMBOLS 
Gl\'D -2.0 +4.75 

10 20 30 
11 21 31 
12 22 32 
13 23 3J 
14 211 31f 

15 25 35. 
16 26 36 

TO BE S:!OWN INSlDE A 

TRIANGLE 



--- Burroughs Corporation.{;) . Bl700 HARDWARE RULES 
- COMPUTER SYSTEMS GROUP = == SANT A BARBARA PL.ANT -==-

.1 G~JN & GB2N 
INTERCONNECTION SCHEMATICS 

A I' 
? N 8 

-12 
M. -J2V. 

. D t • -2V CND 
~ K Q~D 
F }' 

+12V G H G GB2N GBlN 
R s R s GND 

LOGIC INTERCONNECTS 

lK 

LLEL·PLATE 

!'L INPUT lOK 

562 .n. 196.{L 

2.87K 

.. 12 

SCHEMATIC 

A 2209.6150 A 
SECTION 3.5 
PAGE 30 REV.A 

825..n. 

CTL COMPATIBLE 
OU'rPUT 

.: .. 
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BurrouAhs Corporolion 

C.OMPUTER SYSTEMS GROUP 
SANTA BARBARA PLANT 

3.5 Mi.scellancous C:i.~~cuits 

Element Type: 
Standard Assembly Nu111ber: 

·circuit Designation: 

Description of Operation: 

81700 HARDWARE ~U-LES 

RPON 

RPON 
2540 0904 
Resistor Network 

1) The RPON contains 211 resistors :l.n a 14 pin dual in line 
package as shown below. 

2) Rl.= 106 ohms -±- 27. at l50mW per resistor 
R2 = 2K ohms T 27. at lOOmW per resistor 

f"06f1 106!1 

RPON 

PIN LOCATION DLJ\GRAl! 

= 
A 2209 6150 A 
SECTION 3.5 
PAGE 31 REV. A 



Burrouaihs Col'poratlon 

COMPUTER SYSTEMS GROUP 
SANTA BARBARA PLANT 

3.5 Miscellaneous Circuits 

Element Type: 
Standard Assembly Number: 
Circuit Designation: 

Descri.ption o'f Operation: 

81700 HARDWARE RULES 

RPSN 

RPSN 
2539 9965 
Resistor Network 

1) The RPSN contains eight 25.n. resistors in a single 16 pin 
dual in line package as shown below. 

2) R = 25'obms * 10% at 120mW per resistor. 

RPSN 

PIN LOCATION DIAGRAM. 

A 2209 6150 A 
SECTION 3.5 
PAGE 32 REV, A 
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oscc 

3 • :> M i s c el la ne o u s C i r cu i t s < c on t i nu e H 

E:le11ent Type: 
Standard Assembly Nu~ber: 

nscc 
2314 2~47 
!tlotorola/K1091A Manufacturer/"anufacturer•s Type:· 

Circuii Designati~n: 12 MHz Crystal Clock 
Oscillator 

Description of IJp erat ion: 

The crystal oscillator provides ~ 12 MHz square wave output 
accurate to .1: o.01x. 

The OSCC is containe:f in a 14 pin CIP. The only input connections 
required are Vee and Ground. 

Output is TTL· co•patibte with a worst ca~e 60140 auty cycle at the 
1.1tv level. 

tF tR 
-71 . I+- ~I i~ 

I I I I ------- .). - -.- - - +- 907. 

8 I 
OUTPUT 

oscc 
"" 407..mi~ 

607.max 
FUNCTIONAL DIAGRAM < --------> 

fcLK 

OUTPUT WAVEFORM 



. :6urrouath• Corporation m __ ---·-- .. ~-----·---- ... ----~-- -i. !!U. 5.,_ - -
SECTION 3.5 
PAGE 34 REV. A 

:aEiiii COMPUTER SYSTEMS. GROUP -
B 1700 HARDWARE RU LES 

- SANTABARBARA PL.ANT = 
= 

OSCO 

3.:> Miscellaneous Circuits (continued> 

Ele•ent Type: 
Standard Assembly Nu~ber: 
~anufacturer/Manufacturer•s Type: 
Circuit Designation: 

Oe$cription of Operation.: 

OSCO 
2212 2592 
~o t oro t a/K 1100 A 
307.2 KHz Crystal 
Cl o c ic 0 s c i l l at or 

The crrs~al oscillator provides a !07.2 KHz square wa~e output 
.accurate to • 0~01%• 

. The OSCO is contained ir. a hermat icat.ly sealed package having 4 
pins with dual•in-li~e Spacing. The only jnput connections 
required are Vee and Ground • 

. Output is TTL coapatible with a worst case 60/40 duty cycle at the 
t.4V level. Output waveform rise and fall times a~e 15 ns max. 

Output drive capability: 
lot = 16 eA ~ Vol=1.4V 

8 
OUTPUT 

OSCO 

FUNCTIONAL DIAGRAM 

.1.4 

Ioh = -400 uA ~ Voh=2.4~ 

tF tR 
-71 l~ ~1 I~ 

I I 1 --------..... .i - - - - - +- . 90'7. 
I 

101. 

< 407.,mi~ 
607.max 

<~---
fcLK 

OUTPUT WAVEFORM 



Burroughs Corporation ~ -

COMPUTER SYSTEMS GROUP 
81700 HARDWARE RULES 

~ANTA BARBARA PLANT 

4o0 DEVICE SUMMARY 

Summaries of the input and output loading and the propagation 

delay times for the CTL, TTL/DTL, and interface circuits are 

given in the following Tables: 

CTL Devices Table 4-1 

TTL/DTL Devices Table 4-2 

Interface Devices Table 4-3 

A2209 6150 A 
SECTION 4 
PAGE 1 REV. 13 



TYPE DEVICE DESCRIPTION 

AFAn Dual Adder/Subtractor 

AMCn 8 Bit·Hemory 

BG-N Dual Buffer (2 ,2) 

BHAn Hex Restorer 

CFAn 4 Bit Comparator 

CFBn Carry Logic Gate 

DFAn 1 of 8. DecOder 

EFAn Priority Encoder 

FFAn Dual .JK/D Flip Flop 

GUri Dual AND Gates (4,4) 

GFEn Quad Gates (l,l,1,1) 

GFFn Quad AND, AND/<Yd. Gates 
(2,2,2+2) 

GFin Triple AND Gates (4,3,3) 

GFJn Quad AMI> Gates (3,2,2,2) 

GFICD Quad AND Gates (3,2,2;2) 

IF-n Dual Iaverter (2,2) 

INPUT 
DESIGNATIONS 

AO BO CO MO 
Al Bl Cl 
IO Il 
RO Rl R2 R3 
WO Wl W2 W3 

AO Al A2 A3 A4 
BO Bl B2 B3 B4 

PO Pl P2 P3 
GO Gl G2 G3 
Cl 

AOff A2 EO 
IO 11 12 I3 
I4 I5 I6 I7 
Eo 
JO KO DO 
Jl Kl Dl 
MOMl 

TABLE 4-1 CTL SUMMARY 

INPUT .OUTPUT 

LOADING · OOTi>UT DRIVE OUTPUT . 
L ff DESIGNATIONS PIN PKG LOADING AC PARAMETERS 

0.8 0.8 SO GO PO 12 72 0 Input to Output 
Sl Gl Pl .. 

0 1.5 QO Ql 3.5 7 0 Read Access Time 
0 1.5 Data Set-up Time 
0 2.5 Minimum Write Pulse Width 

0.8 0.8 24 48 0 Input to Output 

0.8 0.8 12 48 0 Input to Output 

0.8 0~8 AL AE AG 12 36 0 Input to Output 

1 l CO Cl C2 C3 12 48 0 Input to Output 

0.8 0~8 ZO Zl Z2 Z3 12 96 0 AddrellB to Output 

0.8 
Z4 Z5 Z6 Z7 

l2 
Enable to Outpilt 

0.8 ZO Zl Z2 24 0 Input to Address Output 

Al Input to AI Outputc 
I~ibit to Output 

0.8 0.8 QO .9Q 12 48 0 Clock (-) to Output 
Ql Ql Data Set Up T1-

JK to D Mode Set Up Time 
D to JK Mode S.t Up TU. 

·Min1- Clock Pulse Width 

1 1 12 24 1 Input to Output 

1 1 12 48 1 Input to Output 

1 1 12 36 1 Input to Output 

1 1 12 36 1 Input to Output 

1 1 12 48 1 Input to Output 

0 0 12 48 0 Input to Output 

0.8 0.8 24 48 1 Input to Output (FO=l2) 
Input to Output (~24) 

VAUJE (ns) 

22 Max. 

27 Max. 
17 Max. 
27 

10 Max. 

12 Max. 

28 Max. 

6 Max. 

12 Max. 
12 Max. 
16 Max. 
16 Jfax. 
16 Mu:. 

17 Max. 
10 Max. 
10 Max. 
10 Max. 
17 

6 Max. 

6 Max. 

6 Max. 

6 Max. 

6 Max. 

6 Max. 

12 Max. 
15 Max. 
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TABLE 4-1 CTL SUMMARY •continued) 

INPUT OUTPUT 
LOADING OUTPUT DRIVE OUTPUT 

TYPE DEVICE DESCRIPTION 
INPUT 
DESIGNATIONS L H DESIGNATIONS PIN PKG LOADING AC PARAMETERS VALUE (ns) 

IHAn 

L FAn 

An 

OPn 

Rf An 

RF ZN 

Bn, Rf 

RF -N 

Nm'E: 

Hex Inverter 0.8 0.8 12 48 0 Input to Output 12 Max. 

Quad Latch IO 11 I2 I3 0.8 0.8 QO Ql Q2 Q3 12 48 0 Data to Output 22 Max. 

MO Ml Mode Controls to Output 22 Max. 

PO Pl Clock (+) to Output 22 Max. 

EO Read Enable to Output 12 Max. 
Data & Mode Set Up Time 12 Max. 
Minimum Clock Pulse Width 17 

8 Input Multiplexer IO 11 I2 I3 0.8 0.8 zo 12 12 0 Data to Output 16 Max. 

14 I5 16 17 Address to Output 20 Max, 

AO Al A2 EO Enable to Output 16 Max. 

Micro-opera tor. IO Il I2 I3 0 0 YO Yl Y2 Y3 12 60 0 Input to Output 14 Max. 
ZO Zl Z2 Z3 Z4 

3 Bit Register IO 11 12 Cl 0.4 0,8 QO Ql Q2 12 52 0 Clock (-) to co 39 Max. 

MO Ml M2 CI 8 0.4/0.8 Clock (-) to Output 21 Max. 

PO RO CO co 8 0 Clock (-) to CI 39 Max. 
Carry ln to Carry Out 24 Max. 
Mode Control to CO 38 Max. 
Data Set Up Time (+ & -) 24 Max. 
Data Set Up Time (other) 11 Max. 
Clear Set Up Time 17 Max. 
Mode Control Set Up Time 28 Max. 
Data, Mode, and Clear 

Hold Time 6 Max. 
Minimum Clock Pulse Width 17 

4 Bit Register IO 11 12 13 
MO Ml M2 PO RO 0.4 0.8 QO Ql Q2 Q3 12 48 0 Clock (-) to Output 21 Max. 

Data Set Up-Time 6 Max. 
Clear Set Up Time 19 Max. 
Mode Control Set Up Time 28 Max. 
Data, Mode, and Clear 

Hold Time 7 Max. 
Minimum Clock Pulse Width 20 

Propagation delays for a logic string of non-restoring gate elements should be calculated by using a Root Sum Square (RSS) law. 

Example: two 6 ns gates and one 7 ns gate in series 
Total Time Delay = SQRT (62 + 62 + 72) = 11.0 ns 

All other propagation delay times are additive. 
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INPUT 
TYPE DEVICE DESCRIPTION DESIGNATIONS 

MUN EBCDIC/ASCII (MSB} AO Al A2 A3 A4 
Code Converter A5 A6 A7 Cl Cf 

MI2N EBCDIC/ASCII (LSB) 
Code Converter 

MI3N ASCII/EBCDIC (MSB} 
Code Converter 

MI4N ASCII/EBCDIC (LSB} 
Code Converter 

MHlN HOLLERITH/EBCDIC (LSB} 
Code Converter 

MH2N HOLLERITH/EBCDIC (MSB} 
Code Converter 

MH3N EBCDIC/HOLLERITH (LSB) 
Code Converter 

MH4N EBCDIC/HOLLERITH (MSB) 
Code Converter 

HJlN 96 COL/EBCDIC (LSB) 
Code Converter 

MJ2N 96 COL/EBCDIC (MSB) 
Code Converter 

MJ3N EBCDIC/96 COL (LSB} 
Code Converter 

MJ4N EBCDIC/96 COL (MSB} 
Code Converter 

MKlN EBCDIC/BLC+PAR (LSB} 
Code Converter 

MK2N EBCDIC/BClrl-PAR (HSB} 
Code Converter 

RMlN EBCDIC/KATAKANA (LSB) ! 

Code Converter 

RM2N EBCDIC/KATAKANA (HSB) 
Code Converter 'I 

TABLE 4~2 TTL/DTL SUMMARY 

INPUT CURRENTS OUTPUT OUTPUT HIGH 
@ Vi = OUTPUT t•~·· OR LEAKAGE 

LOAD LEAK DESIGNATION$ TYPi:: CURRENT CURRENT 

-1,6 mA ,04 mA 01 02 03 04 oc 15 mA@ L O.lmA @ 

0,45V 4.5V V0 =0.45V V0 =5.25V 

r v It ,, 
' 

I 

AC PARAMETERS VAWE (11 

Address to Output 60 Max. 
Enable to Output 40 Max. 

\ 11 
'1, 

I 

11111111111111111111 · 

tJ! 
n C. 

"'0 "J 
)> 3: ,, 
z:ty 0 
-I c c 
)> -I I» 
mfll ... 
)> ::e "' 
::u "' II 
ID -< 

~~ f 
)> ~ ;; 

~ ~ 0 
)>::II ~ 
z 0 .. 
-I c :: 

ll 0 
::i 

a 
I lllllllllllllllUI: 

II . 
'ti 
> 

11111111111111 
~> I 

0 0 N ' 
tz:li-'3N 

HO 
~ 0"" 

Z. 
:;ti a
tz:l ~I-' 
< l.n 
• 0 

Cl > 

!I 



MFSN EBCDIC/BCL 2/4 
Code Converter 

MF6N FBCDIC/BCL 3/4 
C0de Converter 

MF7N EBCDIC/BCL 4/4 
Code Converter 

MFl:\N BCL/EBCDIC 1/4 
Code Converter 

MF'lN BCL/£BCDIC 2/2 
Code Converter 

RFCn 64 Bit Memory 

RFDn 25b Bit Memory 

IHDN Hex Inverter 

IHCN Hex ln..-erter (DTL) 

IO Il 12 I3 
AO Al A2 A3 
Cs WE 

AO Al A2 A3 
A4 A5 A6 A7 
CsO CSl CS2' 
DI WE 

AO Al A2 A3 
A4 A5 A6 A7 
AB A9 DI WE 
cs 

01 21 31 41 
Sl 11 

01 11 21 
31 41 51 

TABLE 4-2 TTL/DTL SUMMARY (continued) 

-l.2mA 0.06mA Ql Q2 Q3 Q4 
+o.45V 4.SV 

-0.26mA O.OlmA DO 
+o.4sv 5.25V 

-0.4mA 0.02mA DO 
+o.40V 4.5V 

-l.6mA O.lOmA OB lD 2F 
+o.4SV 4.SV 3M 4K SH 

-1.SmA 5µA OB lD 2F 
+l.lV l.9V 3H 4K SM 

oc 

oc 

oc 

oc 

Actv 

15 mA, @ 
V =0.45V 

0 

lS mA@ 
V =0.4SV 

0 

16 mA@ 
V =0.40V 

0 

40 mA@ 
V =0.7V 

0 

V =0.6V 
0 

L O.lmA@ 
V =5.25V 

0 

L 0 .11!'.A @ 
\' =5.2SV 

0 

L 5~A@ 
V =4.SV 

0 

L .25mA @ 
V =30V 

0 

H lOr:iA ·~ 
V =2.6V 

0 

Address to Output 
Enable to Output 
Minimuc Write Enable 

Pulse width 
Recovery Time After 

Write Enable 

Address to Output 
Enable to <Y~tput 
Minimum Write Enable 

Pulse liidth 
Recovery Ti:::ie After 

\Orite Enable 

Address to Output 
Enable to Output 
Mini::ru::: write Enable 

P-ulse \oiidth 
Recovery Ti::ie After 

Write Enable 

Input ·~ Output td-+ 

td+-

Input ':·~ c ?U t td-+ 

td+-

VALUE 

45 Max. 
27 Max. 

30 

45 Max. 

70 Max. 
55 Max. 

55 

70 Max. 
;o Max. 
55 Max. 

55 

70 Max.:i. ' 
23 Max.:in: 
15 Max.::!;! 
50 !"lax.;,,, 
35 !'.ax.;:;;; 
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TABLE 4-2 TTL/DTL SUMMARY (CONTINUED) ,. 
INPUT (:tJRRENTS OUTPUT . OUTPUT HIGH . f 

INPUT . @Vi• OUTPUT "Low .. OR LEAl<Aa: n 
en 0 'S 

TYPE DEVICE DESCRIPTION DESIGNATIONS LOAD LEAK DESIGNATIONS .TYPE CURRENT CURRENT . AC PARAMETERS )> z 'S z,,. 0 

TAOn Re• triggerable IO I1 I2 13 -l.6mA 0.06mA QT QF TP 9.1 mA@ H -6.7mA Negative Trigger In 
-IC ~ >-I 

Monostable +o.45V 4.5V V =0.45V V =l,6V to True Out 50 ID I'll • 
0 -~ > :u :r 

Multi vibrator -0.72mA ~egative Trigger In :u· en • V ~2.4V to Comp. Out ID < 

i 0 >en 
Minimum Input Pulse :u -I 

>I'll 
Width 40 z 

Minimum True Output 
.'11 en 
r" GI 

Pulse Width 65 > :u .. 
zo 
-I c .. 

DFBN Seven Segment AO Al A2 A3 -l.5mA 5µA ZA ZB ZC ZD Actv 10 mA@ H QnA@ Iiiput to Output 550 Max ,, 0 
Decoder RBI -0.75mA 5µA. zt ZF ZG V=0.45V v =4.3V :i 

LT -6.4mA 25µA RBO 2?4mA@ H0 -7~ e +o.45V 4.SV V =-.45V V =2.7V 
0 0 

IDCN Dual Expandable 01 02 03 04 -l.5mA 5µA OF IH oc 36 mA@ L 2~@ Input to Output td-+ 55 Max t11111111mm11111 
Nand Gate 05 11 12 13. +o,40V 4.0V v =0,40\T V =4.5V tdt- 3,5 .Max 

0 0. 
14 15 

52-N Quad .2- Input IaO Ial IbO -l.6mA 40µA ZO Zl Z2 .Z3 TP 16 mA @ H -.8mA @ Data tO Output td-+ 25 Max °' Multiplexer Ibl IcO Icl +o.40V 2.4V V~=0.40V. V =2.4V t 18 .... 
IdO Idl 

0 Enable to Output~-+ 30 ·'-' 
A £ tdt- is 0 

Select to. Output td-+ 35 0 

. tdt- 30 :c 
POOl. 256x4 PROM AO Al A2 A3 -!.6mA -.06mA QO Ql Q2 Q3 oc 16 mA@ L .02 mA @ Address Access 70 Max > 

A4 A5 A6 A7 0.4V 2.4V V0 = 0,45V. V = 2.4V Enable to Out 40 Max "' CEl CE2 
0 c 

P002 32x8 PROM AO Al A2 A3 -0.4 mA -0.04mA .QO Ql Q2 Q3 oc 16 mA@ L .02 mA @ Address ·Access 55 Max -~ 
A4 CE 0.-45V 2 •. 4V ·Q4 QS ·Q6 Q7 V = 0,45V V = 2.4V .Enable to Output 35 Max > . 0 . 0 

PR4N 256x4 .PR~ AO Al A2 A3 -.4 mA o.o4 mA QO Ql Q2 Q3 oc 16 mA@ L 0.1 mA@ Address Access 40 Max 
. "1 

Ai+ A5 A6 A7. 0,4V 2.4V V0 = 0,45V V0 = 2.4V Enable to Output 25 ·Max m 

cs1 cs2· "' 
PRSN 512x4 PRm.t AO Al A2 A3 -.4 mA 0,04 mA c 

A4 A5 A6 A7 0.45V 2,4V QO Ql Q2 Q3 oc 16 mA@ L 0.1 mA@ Address Access 60 Max r-
m 

,AB c:. V0 "' 0,45V v = 2.4V Enable to Output 35 Max CJ> 0 

S4•N Dual 4-Bit Data EA EB AO Al -1.6 mA 0.04 mA ZA ZB TP 16 mA@ H .04 mA Data to Output tpd+ 25 Max 
Selector IAO !Al IA2 0,4V 2.4v v0 • ·o.4v V ~ 2,4V t 27 Max 

111111110111 IA3 IBO IBl 
0 Address to OutpuFt d+ 41 Max 

IB2 IB3 tp 38 Max. 
Enable to Output t~- ·ttl C'l:I > 37 Max.~ t:i:j· 

tpd- 27 Max. 0 N 
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TAlVX 4-2 TTL/DTL SUMMARY (Continued) 

INPUT CURRENTS OUTPUT OUTPUT HIGH 
INPUT @ Vi = OUTPUT 1 'LOW'' OR LEAKAGE 

fYPE DEVICE iJESCRIPTHJN DESIGNATIONS LOAD LEAK DESIGNATIONS TYPE CURRENT CURRENT 

T3AH Triple 3 Input -2 mA 0,04 mA 

AND Gate 0.4V 2,4V TP 20 mA @ H 2 mA 
v = 0,4V v = 2,4V 

0 0 

T2HN Quad 2-Input -2 mA 0.04 mA 

NAND Gate 0,4V 2.4V TP 20 mA H 2 mA 
v = 0.4V v = 2.4V 

0 0 

BTSN Tri-State IO Il I2 I3 -1.6 mA 0,04 mA 00 01 02 03 TS 38 mA @ H 2.5 mA 

Hex Buff er I4 15 DIS4 0,4V 2,4V 04 05 Vo !I 0.4V Vo : 2.4V 
DIS2 (norm.) (norm.) (norm.) 

.4 mA .4 mA • 04 mA 

I0-1'.' Only 0.5 v Vo = 0.4V Vo = 2,4V 
(high) (high) (high) 

CR4N 4 Bit Binary Clear, Data -1.6 mA .04 mA QO Ql Q2 Q3 TP 12 mA@ H 6 mA 

Counter Enable p 0,4V 2.4V Vo = 0.4V Vo = 2.4V 

Clock, Load -3.2 mA .06 mA c 16 mA @ g mA 

Enable T 0,4V 2,4V Vo = 0,4V Vo = 2,4V 

RW13 1024 Bit RAM AO Al A2 A3 -0,4 mA .02 mA DO QC 16 mA@ L 50µ.A 

A4 A5 A6 A7 0.4V 4.5V Vo = 0,4V Vo = 4.5v 

AS A9 DI WE 
cs 

I I 

AC PARA.'ffITRS 

Input to Output tpd+ 
tpd-

Input to Output t 
tB~ 

Data In to Output tpd+ 
tpd-

High lspedance tpZH 
tpZL 

tpHZ 
tpLZ 

Clock to Output tpd+ 
(load low) tpd-
Clock to Output tpd+ 
(load high) t;id-
Clock to Carry tpd+ 

tpd-
Enable T to Carry tpd+ 

tpd-
Clear to C\.:tput- tpd· 
Clear Recovery Time 
Clear P-ulse Width 
Clock Pulse 'l.'idth 
Enable P and La :.a 

Set-up Tiwe 
Load Set-up Ti;:;e 
Hold Tine Any lnpu': 

Address to Output 
Enable to O.itput 
Min. \.iT Pdse 'l.'idth 
Recovery Ti::ie after 

Write Enable 

1 

I 1111111111111111111 

t:IS 
n 

= "'0 'S 
)> 3: 'S 

VALUE (n 
z 1J 0 -i c: 

= )> -i 

19 Max. 
16 Max, 

17 Max. 
14 Max. 

23 Max. 
26 Max. 
40 Max • 
45 Max, 

25 Max. 
33 Max. 

33 Max. 
37 Max. 
28 Max. 
31 Max. 
44 Max. 
43 Max, 
23 Max. 
23 Max, 
46 Max. 
28 !-lax, 
24 !1in, 
30 Xin. 

22 Max. 
25 Max. 
0 

50 Max. 
35 Max. 
40 
70 Max. 
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T'{PF DEVICE DESCRIPTION 

B2CN Quad 2-lnput 
NAND Buffer 

112rs Quad Tri-State 
Ruffer 

l LSN Tri-Statl' 
llPX Invc rt er 

c RCl CRC GetH' r 3 tor/ 
Clwcker 

INPUT 
DESIGNATIONS 

AO BO Al Bl 
A2 B2 A3 B3 

IO DO 11 Dl 
12 D2 I3 D3 

IO Il 12 I3 
J4 IS DlS2 Dl54 

IO - IS only 

D SO Sl S2 
GP CWE P MR 

TABLE 4-2 TTL/DTL SUMMARY (C0~1TINUED) 

INPUT·CURRENTS 
@ Vi = 

OUTPUT CURRE.NTS 
HIGH OR 

LOAD LEAK 
OUTPUT 
DESIGNATIONS TYPE LOW @ Vo= LEAKAGE @ Vo= AC PARAMETERS 

-1.6 mA 40µA eo ;n i!2 iB oc 48 mA L 2SOµA -Input to Output td-+ 
0.4 v 2.4V Vo = 0.4V Vo = 2.4V tdt-

-1.6 mA 40µA •20 21 22 23 TS" 16 mA H ~2 mA -Data Input to· td+ 
0.4 v 2.4V Vo = 0.4V Vo =. 2.4V Output td-

(norm.) (norm) -Disable Input ti!H 
-'40pA 40pA to Output tat 
Vo = 0.4V VO = 2.4V. tlra 
(hi i!) (hi g) tU 

-1.6 mA 40µA i!O H i!2 i!3 TS 32 mA H -2.5 mA -Data Input to td-+ 
0.4V 2.4V g4 i!5 Vo = 0.4V Vo = 2.4V Output tdt-

(norm) (norm) (norm) -Disable Input ti!H 
-40µA 40µA -40µA 40µA to Output teL 
0.5V 2.4V Vo = 0.4V Vo = 2.4V t!ra 

(hi ti) (hi e) (hi i!) tU 

-0. 25 mA 4. jlA Q ER TP 4 mA H -400pA -Clock pulse 
0.4V 2. 4\' Vo = 0.4V Vo = 2.4V width, tw(L) 

-Reset or preset width 

-Clock to Data 
output td--

td-+ 
-Clock to Error output 

td-
td-+ 

-Preset to Output 
td-+ 

-Reset to Output td+-
-Set up time, Data or 

CW'E to clock 
-Hold time, Data or 

CWE to Clock 
-Recovery time, reset 
or preset to clock 

VALUE 

27 
21 

20 
22 
25 
29 
23 
22 a 
21 
20 

llllllllUllHllllll 

39 
41 
15 
31 

35 Min 
35 ~in 

55 Max. 
55 Max. 

60 Max. 
60 Max. 

60 ~x. 
60.Max. 

5S Min. 

55 Min. 
45 Min. 
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, -T·\.BLE 4 2 TTL/DTL SUMMARY (CONTINUED) 

INPUT CURRENTS OUTPUT CURRENTS 

INPUT @ Vi = OUTPUT HIGH OR 

TYPE DEVICE DESCRIPTION DESIGNATIONS LOAD LEAK DESIGNATIONS TYPE LOW @ Vo= LEAKAGE @ Vo= 

SCTL System Controller DO Dl D3 D4 -Z50pA lOOJlA DO Dl DZ D3 TS 2 mA H -lOµA 

D5 D7 0.4V 2.4V D4 D5 D6 D7 Vo = 0.45V Vo = 3.6V 
(norm) 

DZ D6 -750uA lOOuA DBO DBl DB2 DB3 TS 

0.4V Z.4V DB4 DBS DB6 DB7 

lOmA H -lrnA 

DBO DBl SB2 DB3 -250uA 20uA M£MR MIDiW TS Vo = 0.45V Vo = 2.4V 

DB4 DBS DB6 DB7 0.4V 2.4V (norm) (norm) 
IoR row 

--
STSTB -500uA lOOuA INTA 

0.4V 2.4V 

DBIN Hl.DA -Z50uA lOOuA -lOOuA lOOuA 

0.4V 2.4V Vo= 0.45V Vo = SV 
(Hi e all (Hi t all 
outputs) outputs) 

- ----
t,,1R Bl_:SEN -250uA lOOuA 

o. 4V :. 4\' 

I 

AC PARAMETERS 

-STSTB' pulse width tpW 
-S'I"S'l'B to CPU Data Bus 

Set up time tss 
Hold time tsH 

-System Data Bus to 
HLDA 

Set up time tDS 
Hold time tDH 

-STSTB to Control 
Outputs tDC 

-DBIN to Control 
Outputs tRR 

-fJR t·) Cont rel 
Outputs· t'-!'< 

-D!ll~ to cPr Dat2 Bus 
tRE 

-Syst2::: Data. 3·.;s to 
CPL" I'ata :S-.:s 2urin§.: 

3.eaC t RI' 
~,-:-i :e t\.. "TI 

-STST3 tc Syste:-: Data 
Sus :'t: 

-srsg tc Syste2 Data 

Bus tE 

-Hl'.:lA to C0:lt:i.:<:. Gutp~ts 
tHD 

I 

11111111m11111 
!:JS 

0 c: 
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VALUE 

25 Mini 

10 Min 
20 Mid 
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TYPE DEVICE DECF.IPTIOS 

LDAN Dual lBH 'Interface; 
Line Driver 

LDPN Dual Interface 
Line Driver 

LRFN Dual Interface 
Line Receiver 

DGN L Quad EIA ·Line 
Driver 

TABLE 4-3 INTERFACE CIRCUITS SUMMARY 

lt>.'PUT 
DESIG~TIONS. 

OA OB OC OD OE 
OF lA lB lC lD 
lE lF 

AO Al BO Bl 

AO BO CO 
Al Bl Cl 

INI'llT CURRENTS 
@ Vi 

LOW HIGH 

-1.6 mA .04 mA 
0,40 v 4,5 v 

-1.6 .mA 1.0 mA 
0.40 v 5.5V 

ll'VT cunsn vusus I 
tNPVT•TME 

OUTPUT 
DESIGNATIONS 

OY lY 

ZO Zl 

6 c . 
(Vee = 5.0v f'7 

<( 

f UNTESTED !NPUT = OV ~ 4.0 
TA = 25 C ~ 

.... 2·_0 l l L l V 
z ITTI IL] 
l&J 
a: 

0 I .1 '2l 
a: u _i ,-
::i 
u 7 
.... ·2.0 

VJ. ::i 
a. 17• . T 
·z .4 Q 

''L"l T J._ 

~ ~.O .A l - -25 .15 -5 5 15 25 

·2C '10 c 10 2C 

'>i 1'1 · tNPUT VOLT AGE · VOL TS 

SO Sl· -2.4 mA 5 uA 
0,45V 4,5V 

AO Al A2 A3 1,3 mA ~01 mA ZO Zl Z2 Z3 

Bl B2 B3 ov 5.0V 

OUTPUT CURRENTS 
LOW HIGH 

-0.24 mA 59,3 mA 
V0=0.15V V0 =3,11V 

100 mA 
Max, 

15 mA -5 mA 
V =0,45V \'0 =2.4V 

0 

V "*6V 6. 
VOH=-6V with ~ 

OL equal to 3K ohiiis 

AC PARAMETERS VALUE (ns) 

Input to Output tpd+ 25 Max. 
@ z1 =50.r. 6. tpd- . 35 Hax •. 
lOOpf to gnd 

Input to Output tpd+. 65 Hax. 
tpd- 35 Hax. 

Input to Output 
Z1=3,9K &. 30pf tpd+ 75 Max. 
z1=390 6. 30 pf tpd- 75 Max. 

Input to Output tpd+ 250 Max, 
tpd- 30 Max. 

@ z1=3K &. 15 pf 
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TYPE DEVICE Dt:SCR I f'TlON 

LRGN Quad E IA Line 
Receiver 

SAMN Dual Sense 
Amplifier 

SBMN Dual Comparator/ 
Sense Amplifier 

IQAN Quad MOS Driver 

DVCN Differential Compa. 

LDDN Dual Line Driver 

lQBN Quad MOS Driver 

TlBR 

Sl40 

Hex Bus Receiver 
With Hysteresis 

Dual 4-Input 

TABLE 4-3 INTERFACE CIRCTJITS SUMMARY (CONTINUED) 

I 1111111111111111111 

INI'UT 
DESIGNATION 

AO Al A2 A3 

AO Al BO Bl 

SO Sl 

AO Al BO Bl 

SO Sl 

SC 

BS 

Al Bl Cl 
A2 B2 C2 

D 

DAl DA2 
DBl DB2 
Ell E21 
E2 E22 

11 12 13 14 
15 16 
DA DB 

I 

INPl'T CURRE!lll'S 

Q Vi= 
Lo.I HIGH 

OliTPUT 
DESIGNATION 

-8,3 to 8.3 to ZO Zl Z2 Z3 
-3.6 mA@ 3,6 mA@ 
-25V 25V 
-.43 mA @ ,43 mA@ 
-3,0V 3,0V 

0,075 mA ZO Zl 
ov 

-1. 6 i:;;A 1 mA 
0,4V 5,25V 

-.01 mA .075 mA ZO Zl 
-25mV 25mV 
Vic=-2V Vic=+2V 
-1.6 mA • 04 ;;;A. 

<N 2,4V 
-3.2 mA ,08 mA 

(JV 2,4V 

1.5 r:i.A 8,0 mA 
c. 6:J\" l,OV 

-4,0 mA YO 
0.40V 

-3.0 uA JJ4 mA Yl Zl Y2 Z2 
0,40V 2.4V 

-6.0 ~ ,08 mA 
0,40V 2,4V 

- • 25r!iA .01 mA OAl OA2 
0.45\' 5.0V OBl OB2 
-.5 oA .02 mA 
0.45\" s.ov 

lOuA 50uA Ql Q2 Q3 
0,4V 2.4V Q4 Q5 Q6 
-3 • .ZmA 50uA 
0,4\' 2.4V 

4 mA 0.08 , 
o.sv 2.4V 

OUTPUT CURRENTS 
LOW HIGH 

10 mA 
0,45V 

16 mA 
0,40V 

V =-4V 
V55=+2V 
Ig~60mA 

-5.0 mA 
2,6 to 
5,0V 

-.4 mA 
2.4V 

8 mA 50 mA 
0.40V l.5V 

6,5 mA 
0.40V 

100 mA 
4,0V 

16mA 
0,4V 

.1 mA 
5,0V 

-100 mA 
15V 

-400uA 
2,4V 

AC PARAMETERS 

Input to Output 
~=390 ohms 
Rt=3,9K ohms 

tpd+ 
tpd-

Amplifier Delay tpd++
@ZL=288 olms & 15pf 

tpd--

S trobe Delay tpd++ 
@ZL=288 ohms & 15pf 

tpd--

Amplifier Delay tpi:H+ 
@ZL=470 & 15pf 

tpd-
tpd+

& 15pf 
tpd-+ 

Gate Delay 
@ ZL=470 

Input to Output 
@V =21V 
v;;= OV & CL=250pf 

Input to Output tpd+ 
tpd-

Input to Output td 
Inhibit to Output td 
@ 2t"'50 ohms 0. 40 pf 

Input to Output tpd+ 
tpd-

Receiver Input to 
Output td-+ 

tdt
Disable Input to 
Output td-+ 

VALUE (n 

60 Max, 
100 Max. 

40 Max. 

60 Max. 

30 Max. 

50 Max, 

35 Max, 

20 Max, 
17 Max, 

17 Max, 

45 Max. 

150 
215 

20 Max, 
30 Max, 

24 Max. 
34 ~ax, 

40 Max, 
34 Max 

15 Max. 
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V0 = 0.5V 

15 Max, "ti Cl)> 
40 mA 0 Input to Outout tpd+ 13 MaxE; 2=5 "-> 
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Burrouahs Corporation ~· • .. - -- -== COMPUTER SYSTEMS GROUP -
81700 HARDWARE RULES A 2209 6150 A 

SECTION 4.1 
PAGE 1 REV. F 

SANTA BARBARA PLANT = 

NUMERICAL ·---- ----
sr ANO ARD HACH DA LOGIC ELECTRICAL DOC 
A~SEMBL Y NO DESC DESCRIPTION F AH SPEC <REV> CONT 

--------------~-----------------------------~---------~-------~------
11~3 9050 c 105 IA•N DUAL INVERTER CTL 1120 0995 E MSP 
11,3 9092 c 108 BA•N !JUAL BUFFER CTL 1120 0938 0 MSP 
llZ3 9100 c 112 f A•O J/K FLIP FLOP CTL 1121 l958 ( HSP 
lli: 3 9134 c 103 AMCN 8 SIT "EMORY CELL CTL 1124 5776 D MSP 
1Zo9 7041 DVCN OIFFER£NTIAL CCMP. 
12&9 7561 CRC 1 CRC GENERATOR/CHECKER TTL 1269 1561 A DOWN 
Ult 1 3557 T3A H TRIPLE 3 INPUT AND TTL 1447 3557 DONN 
1447 3581 82CN :.lP~N COLLECTOR eurf ER TTL 1447 3581 c DOWN 
1447 37i4 S4-N :> U Al 4 I NPU T HUX TTL 1447 3714 DOWN 
1447 3771 CR4N 4 SIT BINARY CCUNTER TTL 11t47 .s 771 DOWN 
1447 3191 A S2•N QUAD 2 IN HUX TTL 1447 3797 DOWN 
1447 9455 ·POOl l56 X 4 PftOH TTL 1447 9455 DONN 
141t8 9165 fFO 1 64x4 f If 0 MEMORY MOS 1448 9165 A DOWN 
1449 1104 RW06 1024 BIT RAM TTL 1449 1104 DOWN 
1471 4356 D 56 IHCN Ii()( INVERTER OTL 1471 4356 0 PlYM 
141 l 4398 98 IDC N z X 4 SUFFER OTL 147 l 4 398 PlYM 
P:l9 OZ40 T2HN QUAD 2 INPUT NANO TTL 1479 0240 DOWN 
1613 0004 8 513 SBHN !l U At. SENSE AH P. TTL EMSO 
1613 0319 IQBN TTL TO MOS LVL CONV 167 3 0319 EMSO 
16/ 4 4963 E IHDN llPEN COLLEC. HEX INV TTL 1674 4963 E DOWN 
1&/4 4971 B .IQAN QUAD HOS DRIVER EMSO 
1674 5150 0 RAM l 1 0 2 4 B IT HE MOR Y MOS EMSO 
l615 0572 RPON 25 OHM RESISTOR PACK EMSO 
1675 0580 RPCN RES/CAP PAC~AGE EMSO 
1615 0754 A RPAN ZOO OHM RESISTOR PACK EMSO 

.16_1-7 7;_~8_2 
··~-· -···-- ·--- ·--· SANN ~!t!~_M_N. ~_(_ AMe_J,.tfJ_t_R __ JJl... (HSQ _ 

1705 7480 305 IF-N DUAL INVERTER CTL 1705 7498 D LSPT 
1705 7563 308 BF-N DUAL BUFFER CTL 1705 7571 B LSPT 
1779 6137 167 FFAN DUAL JK/D FLIP FLOP CTL 1780 3123- c SBP 
1779 6145 168 LFAN QUAD LATCH CTL 1910 2458 E SBP 
1779 6152 169 RFZN 3-BIT REGISTER CTL 1780 4196 c LSPT 
1779 6160 170 RF-N 4•BIT:REGISTER CTL 1779 5956 A LSPT 
1901 7102 A ll8 TAON MONOSTABLE MULTI TTL 1904 0062 c MSP 
1904 0161 B 703 DFAN 1 OF 8 DECODER CTL 1909 0471 F SBP 
1904 0179 708 AFAN DUAL FULL ADD/SUB CTL 1910 2482 G SBP 
1904 0187 B 704 MFAN 8 INPUT MULITPLIXER CTL 1910 2441 E SBP 
1904 0195 706 CFAN 4-BIT COMPARATOR CTL 1910 2466 E SBP 
1904 0245 702 BHAN HEX RESTORER CTL 1909 0463 E SBP 
1904 0252 701 IHAN HEX INVERTER CTL 1909 0455 F SBP 
1907 1726 50 l OUAL OP AMPLIFIER MSP 
191.19 0513 9 101. Cf8N CARRY LOGIC GATE CTL 1910 2474 E SBP 
1911 9098 c 415 GflN 4,, 3,, 3 GA TE en. 1929 lt701 c HSP, 
1911 9106 c 420 GFJN J,,z,,z,z GATE CTL 1929 4693 B HSP 

l 914 074 8 a 722 £FAN PR I OR lTY EN COO ER CTL 1914 0755 ( SEP 

1916 5133 c 410 GfE N 1.1.1.1 GATE CTL 1929 4679 8 MSP 
1916 5158 c 411 GBf N 6 INPUT GATE CTL 1929 46 36 A MSP 

1916 5794 c 404 Gf'f' N '!.2.2.2 GATE CTL 1929 4677 B HSP 
- . -- --- . --- - -------·· -- ----



. Burrou~hs Corporation m == COMPUTER SYSTEMS GROUP 
B 1700 HARDWARE RU LES A 2209 6150 A 

SECTION 4.1 
PAGE 2 REV• D 

SANTA BARBARA PLANT 

NU"ERICAl ( Co n t f n ue d > .... ______ -----------
SJ AN DARO MACH DA LOGIC ELECTRICAL DOC 
ASSEMSL Y NO DESC DESCRIPTION f AH SPEC (REY> CONT 

--------------------------------------·------------------------------1916 5851 c 407 Gf8N 4 • " Af40 GATE CTL 1929 4628 B HSP 
19f6 6115 c 419 MOPN tot I CR 0 OPERATOR CTL 1916 6131 B MSP 
1918 3599 c 724 Mil N E BCD I C A SC I I M SB TTL 1918 3631 B MSP 
19.i.8 3607 c 725 Hl2 N £BCD IC A SCI I L SB TTL 1918 3631 B MSP 
1918 3615 c 726 HI3N ASCII EBCDIC MSB TTL 1918 3631 B HSP -·------
1918 3623 c 727 Hiit N ASCII EBCDIC lSB TTL 1918 3631 B HSP 
1918 4282 D 414 GfKN 3•2•Z•2 GATE <NL> CTL 1929 4644 B MSP 
1942 6428 A 775 OFRN DUAL LINE RECEIVER CTL 1942 6436 e HSP 
1948 5051 BTSN T R I • S TATE H EX 8UffER TTL 1946 5051 HSP 
1948 5069 I TSN TRl•STATE HEX INV. rn 1948 5069 A HSP 
19.)9 5119 MCPU 3 eIT MICROPROCESSOR HOS 1959 5719 HSP 
19:) 9 5727 SCTL SYSTEM CONTROLLER TTL 1959 5727 HSP 
22U 0 8320 8 &18 RPNN 500 OHM RES PACK SSP 
22uo 8460 B 511 VI OEC! AHPlIFIE~ 2201 5044 B SBP 
2200 8478 A 615 OLZN 20 NSEC DELAY LINE 2201 5010 A S8P 
22uo 8 486 A 616 Ol5N 50 NS£C DELAY LINE 2201 5028 B SBP 
2200 8494· A 617 DLCN 100 NSEC DELAY LIN£ ?201 5036 B seP 
2201 4062 . 746 RFBN 4-BIT REGISTER CTL 2201 4104 F SBP 
2201 4096 745 RFAN 3-BIT REGISTER CTL 2201 4054 E SBP 
2201 4146 B 149 HHt N HOLL EBCDIC LSB TTL 1918 3631 B HSP 
2201 lt153 8 750 HH2N liOLL EBCDIC !158 T Tl 1918 3631 B MSP 
2201 4161 8 747 HH3N E 8 C D IC H OLl l S 8 TTL 1918 3631 8 MSP 
2201 4179 B 748 HH4N E BCD t C ti Oll MS 8 TTL 1918 3631 B HSP 
2201 7602 2 143 LDGN QUAD LINE DRIVER 2201 7602 2 sap 
2204 4200 c 75 3 HJ1N 96 COL EBCDIC LSB TTl 1918 3631 B MSP 
221)4 4218 c 754 MJ2N 96 COL EBCDIC P'SB TTL 1918 3631 B HSP 
22u4 422& c 755 HJ3N E 8 CC IC 9 6 C OL LS8 TTL 1918 3631 B MSP 
2204 4234 c 756 MJ4N EBCDIC 96 COL MSB TTL 1918 3631 B HSP 
Z2u4 4291. A GBlN ()Tl Cll lVL CONY SBP 
2204 4309 A G82N DTL CTl lVl CONV seP 
22"4 4317 A G93N CTL OTL LVL CONY seP 
2204 4 325 A G84N C Tl . ~ 0 S. Cl K C 0 NV sap 
2Zu4 4333 A GB5N CTt. MOS ClK CONY seP 
22()4 4341 A G86N C Tl HOS ClK CONY seP 
22\14 4358 A O'P1N OISCR DIODE AR~AY SSP 
2204 4366 A DPZN 0 I SCR£T£ DI OOE ARRAY SSP 
22u4 5124 c 757 HKl N .EBCDIC BCl PAR LSB TTL 1918 3631 8 MSP 
22v4 5132 c 758 MK2 N EBCDIC BCL PAR MSB TTL 1918 36 31 B HSP 
Z2U4 9161 B lit 2 SSRN ()U Al 100 BIT S/R HOS 2204 9719 0 SOP 
2205 2609 c 752 RFCN &4 811 MEMORY TTL 2205 2617 9 Sl!P 
22u5 6188 RP2N z.29( RESISTOR PACK seP 
22U6 1626 A 765 RfON 256 BIT MEMORY TTL 2206 1631t c SOP 
22u6 6922 633 RP6N .RESISTOR NETWORK SBP 
220·6 6930 614 RP8N RESISTOR NETWORK S8P 
22U7 1716 8 772 SS~ N QUAD 100 .SIT SIR HOS 2207 1724 [ SBP 
2207 8273 A 119 LRPN OUAl lINE RECEIVER 2201 &216 A SBP 
22U7 8299 A 780 LDPN OUAl LINE DRIVER 2201 6224 A seP 



- Burrou.ihs Corporation {;'.) B 1 70 0 HAR D w ARE Ru LE s == COMPUTER SYSTEMS GROUP = A 2209 6150 A 
SANTA BARBARA PLANT _ ...::::;:: SECTION 4

0 
l 

~~~~~~§§§§§§§§§§§§§§§§§§~§~§~PAGE 3 REV• E 

NUMERICAL <Continued> 

--------- ................. 

sr AN OARD MACH DA LOG! C ELECJRICAL DOC 
A.:iSEMBL Y NO DESC DESCRIPTION F AH SPEC <REY> CONT 

--------·--~--------------------------------~----~-------------------
22J8 0014 c 776 RHl N EBCDIC KATAKANA LSB TTL 1918 3631 B 
22iJ8 0022 c 777 RM2N EBCDIC KATAKANA MSB TTL 1918 36 31 B 
c2u8 4834 631 CPl N ZOC Pf CAP PAC!( 
22 .l. 0 9821 A GB7N '.llSCRETE ASSEHBlY 
2210 9839 A GB8 N DISCRETE ASSEH SLY 
2210 9847 A G99N OISCRETE ASSEH8LY 
2212 2592 OSCO 307.2 KHz XTAL.CLK.OSC. 
2219 4534 HPPI PROG PERIPHERAL INTRF. HOS 2219 4534 
2314 2847 oscc 12 HHz Xt Al. .CL K. OSC 
2315 2127 UART ASY. REC./TRANS. HOS 2315 2127 
2319 5274 A PR4N Z56 X 4 PROM TTL 2319 5274 A 
23.i.9 5282 A PR5N 512 )( 4 PROM TTL 2319 5Z82 A 

·2415 2222 LOON OUAL LINE DRIVER TTL · 
2540 0656 RW13 1024 an RAH TTL 1449 1104 c 
?602 2889 Sl40 0 U Al 4 l NPU T l I NE 0 RV TTL 2602 2889 
2f>u2 7300 BZTS QUAD TRI-STATE BUffER TTL 2602 7300 0 
26\14 2044 TlBR HEX RECE IVER/HYSTRS TTL 2604 2044 e 
2607 6075 PR08 32 x 8 PRtJH TTL 2607 &075 A. 

26<:: 3 5945 RAM2 It K BIT DYNAMIC RAM MOS 2623 5 945 A 

DOCUMENT CONTROL PLANT AB~EVIATIONS ARE AS FOLLOWS: 

56P - CSG/SANTA BARBARA 
HSP - CSG/PASAOENA 
PLYM - PLYMOUTH PLANT 
EHSJ - lLECTRONIC MEMORY SYSTEMS ORGANIZATION <PISCATAWAY, N.J.> 
LSPT - CSG/TREOYFFRIN 
OClWN - CSG/OOWNI NGTOWN 
V t£J • CSG/.HlSSION VIE JO 

HSP 
HSP 

SEP 
seP 
SEP 
SBP 
SBP 
seP 
V IEJ 
VIEJ 
VIEJ 

DOWN 
DOWN 
DOWN 
DOWN 
OOWN 
EHSO 



e··. . . - --------Burroujh• Corporation ~ -
COMPUTER SYSTEMS GROUP ;;;;; 81700 HARDWARE RULES 

== .. , SANTA BARBARA PL.AN,T -

ALPHABETlCAl --·----------
STANDARD ·HACH DA 
A,SSEMB.l Y NO DESC DESCRIPTION 

LOGIC 
FAM 

A 2209 6150 A 
SECTION 4.:l . 

. PAGE 4 REV. E 

ELECTRICAL ooc 
SPEC <.REY> CONT 

--·------~-----------·-------- -·----------------.. --·--------------- --------
1904 0179 708 AFAN DUAL fULL ADD/SU& CTL 1910 l482 G SSP 
114:'.3 91i4 c tcfl -AMCN 8 B.IT MEMORY CELL CTL 112.4 5776 0 MSP 
ll;l3 9092 c 108 BA•N DU AL 8UffER CTL 11 zo 0938 0 HSP 
1705 7563 308 BF•N j DUAl BUFFER . CTL 1705 7571" 8 LSPT 
1904'0245 702 BHAN. HEX RESTORER . CTL . 1909 0463 E SBP 
191t8 5051 BJSN TRl•STATE HEX BUfft: R TTL 1948 5051 MSP 
1447 3581 82CN OPEN COLLECTOR eut,ER TTL 144 7 3581 c DOWN 
26u2 7300 82TS QUAD TRI •ST ATE BUFF ER TTL 2602 7300 0 DOWN 
1904 0195 706 CFAN lt•SIT COMPARATOR· CTL. 1910 2466 E S6P 
1909 0513 e 107 ' CfBN CARRY LOGIC GATE CTL 1910 Z474 E SBP 
2208 4831t 631 C.PlN ZOO Pf CAP PAC1C 
12o9 7561 CRCl CRC G~NERATOR/CHECIER TTL 1269 1561 A DOWN 
14ort7 3771 CR4N 4 SIT BINARY COUNTER TTL 1447 3771 DOWN 
19,0lt 0161 8 703 Of AN t or 8 DECODER CTl 1909 0471 r SBP 
l.942 6428 A 175 DFRN DUAL l INE R£CC IVER CTL 19·4Z 6436 8 MSP 
22uo 8478 A 615 Ol2N zo NSEC DELAY LINE 2201 5010 A SBP 
22UO 8486 A 616 Dl5N so NSEC OELAY LINE 2201 5028 B SBP 
22uO 8494 A 611 ' OLCN 10·0 NSEC OElAY llNE 2201 5036 B SBP 
2204 4358 A OPlN DISCR DIODE ARRAY s'eP 
22U4 4366 A OP2N OISCRCTEOIODE ARRAY seP 
l2b9 7041 OVCN DIEfEREN~IAl CCMP. 
19.l.4 0748 B 722 EfAN PRIORITY ENCODER CTL 1914 075, £ SSP. 
11,3 9100 c 112 f A•O J•I( FLIP FLOP .. CTL 11.2·1 2958 E MSP 
1779 6137 7i67 FFAN DUAL JK/O fllP fLOP CTL 1780 l.123 c SBP. 
1448 9165 f'fO l 64~4 f lfO MEMORY MOS 1_448· 9165 A DOWN 
1916 5158 c 411 GBFN s INPUT GATE CTL '1929 4636 A HSP 

. 22\) 4 4291 A GBlN DTl CTI. LVt. CONY S8P 
221)4 4309 " G82N DTL CTl lVL CONV SSP 
22'14 4317 A G83N en. CTL lVL CONY seP 
2204 4325 A G84N C Tl MOS CLK CONY SSP 
2204 4333 A G8SN CTL ·"OS ·CLK CONV \ SBP 
22u1t 4341 A G86N. C Tl MOS CLK CONV SBP 
2210 98?1 A G87N DISCRETE ASSEMBLY SBP 
2210 9839 A G88N DI SCR£TE ASSEMBlY SBP 
2210 98.47 A GB9N DI SCAETE ASSEMBLY SBP 
1916 5851 c 407 GfBN 4." ANO GATE CTL 1929 4628 8 MSP 
l9J. 6 5133 c 410 GfEN l•l•l•l GAJE CTl 1929 4679 e fllSP 
1916 5194 c 404 GffN ?•2•2•2 GATE CTL 1929 4677 B "SP 
1941 9098 c 415 Gf'I N 4 • !• 3 GATE CTL 1929 4701 c MSP 
1911 9106 c 420 GFJN ~~2.2-2 GATE CTL 1929 4693 B HSP 
1918 4282 0 414 Gfl<N 3•2•2•2 GATE (Nl> CTL 1929 4644 8 MSP 
ui.3 9050 c 105 IA•N DUAL INVERTER CTL 1120 0995 E MSP. 



Burroutihs Corporation ~ 
COMPUTER SYSTEMS GROUP 

81700 HARDWARE RULES 
= SANTA BARBARA PLANT = 
= 

A 2209 6150 A 
SECTION 4.1 
PAGE 5 REV. D 

ALPHABETICAL <Continued l -----··-·--- -----------
SJ AND ARD HACH DA LOGIC ELECT~ICAL DOC A~SEMBLY NO DESC DESCRIPTION f AH SPEC <REV> CONT 

---------------------------------------------------------------------
1471 4198 98 IOCN z X 4 8UffER OTL 14 71 4398 PLYM 1705 7480 305 IF•N OU Al INVERT ER CTL 1705 7498 D L SPT 1904 0252 701 CHAN HEX INVERTER C TL 1909 Olt55 f' SSP 1411 4356 D 56 IHCN HEX INVERTER OTL 1471 It 356 0 PLYH 
16/ 4 4963 E IHDN OPEN COLLEC. HEX INV TTL 167 4 4963 [ DOWN 1614 4971 B IQAN QUAD MOS DRIVER E~SO 
1613 0319 I QBN T Tl TO MOS LYL CONY 167 3 0319 EMSO 1948 5069 I TSN TR I• ST A J E HEX INVERTER TTL 194 8 5069 A HSP 
24/5 Z222 LOON DUAL LINE DRIVER TTL 
22u1 1&02 2 143 LDGN QUAD LINE DRIVER 2201 7602 2 S8P 2201 8299 A 780 LDPN ()UAL LINE DRIVER 2201 6224 A SBP 
2602 2889 Sl40 OU Al 4 INPUT LINE ORV TTL 2602 2889 DOWN 1779 6145 168 LFA N QUAD LATCH CTL 1910 2458 E SBP 
2207 8273 A 179 LRPN DUAL llNE RECEIVER 2201 6216 A SBP 
19~9 5719 MCPU s BIT MICROPROCESSOR MOS 1959 5719 HSP 
1904 0187 B 704 Hf AN ~ INPUT HUl Tl PLEXER CTL 1910 2441 [ seP 
22~1 4146 B 149 HH1 N HOLL EBCDIC LSB TTL l918 l631 8 HSP 22(11 4153 e 750 . MH2N HOll EBCDIC HSB TTL 1918 3631 B HSP 
2201 416 l 8 747 MH3N EBCDIC HOLL i.se TTL 1918 36 31 8 .M SP 
2201 4179 8 748 HH4N EBCDIC HOLL .HS B TTL 1918 3631 e HSP 
19!8 3599 c 724 Hit N EBCDIC ASCII HSB TTL 1918 3631 B HSP 1918 3607 c 725 Hl2N EBCDIC ASCII LSB TTL 1918 3631 B HSP 
19!8 3615 c . 726 HllN 4SCII EBCDIC MSB. TTL 1916 3631 B HSP 
1918 3623 c 121 H14N ASCII EBCDIC t_SB TTL 1918 3631 8 MSP 
2204 4200 c 753 MJl N 96 CCL EBCDIC LSB TTL 1918 3631 B MSP 
2204 4218 c 754 HJ2N 96 COL EBCDIC HS8 TTL 1918 3631 8 MSP 
221i4 4226 c 755 HJ3N EBCDIC 96 COL (SB TTL 1918 3631 8 HSP 
22u4 4234·C 756 MJ4N EBCDIC 96 COL MS8 TTL 1918 3631 B HSP 
2204 5124 c 157 HKlN EBCDIC BCL PAR lSB TTL 1918 3631 B HSP 
22v4 5132 c 758 MK2N EBCDIC BCL PAR MSB TTL 1918 3631 B HSP 1916 6115 c 419 HOPN MICRC OPERATOR CTL 1916 &131 8 HSP 2219 4534 MPPI PR ClG PER.IPHER AL INTRF. HOS 2219 lt534 seP 
23J.4 2847 . oscc 12 MHz XT Al .CL K.OSC SBP 2212 2592 OSCO 107.2 KHz XTAL.ClK.OSC SBP 
14't7 9455 P001 256 X 4 PROH TTL 14 It 7 9455 DOWN 
26~7 6075 PR08 32 X 8 PROM TTL 2&07 &075 A DOWN 
23.l9 5274 A PR4N 256 X 4 PROM TTL 2319 5274 A VIEJ 2319 5282 A PR5N 512 X 4 PROM TTL 2319 5282 A V IEJ 
1614 5150 0 RAM 1 1024 BIT MEMORY MOS EHSO 26l3 5945 RAH2 41( BIT DYNAMIC RAH .. --- _Ji!)_~ 2623 5945 A EMSO ·--·- ·-·--···-·-- .. ···--·· -·· 1779 6152 169 RFZN 3•BIT REGISTER CTL . 1780 4196 c LSPT. 22 01 4096 745 RFAN 3-BIT REGISTER CTL 2201 4054 E SBP 2201 4062 746 RFBN 4•BIT REGISTER CTL 2201 4104 F sap·. 1779 6160 170 RF-N 4•BIT REGISTER CTL 1779 5956- A LSPT 



= -
. Burrouth• Corporation m __ 

5!i§i! COMPUTER SYSTEMS GROUP = ==· SANTA BARBARA PLANT . E - ..::. 
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SlANDARO f!IACH DA LOGIC 
ASSENSLY NO OESC DESCRIPTION fAM 

. A 2209 6150 A 
SECTION 4.l 
PAGE 6 REV• C 

ELECTRICAL DOC 
SPEC <REV> CONT 

------·---·---------·------------------------------------------------
2205 2609 c 752 Rf CN 64 an HEM ORV TTL 
2206 1626 A 765 Rf ON 256 BIT ME,.ORY TTL 
2208 0014 c 776 RIHN EBCDIC KAT AIUNA LS8 TTL 
ZZ08 0022 0 117 Rl4ZN EBCDIC KATAKANA fl!S8 . TTL 
1675 0 751t - RPAt4 ZQO OHM RES PACK 

1675 058:> RPtN RES/CAP PACKAGE 
1675 0572 RPON Z5 OHH RESISTOR PACK 
2200 8J2l) 8 616 RPNN 500 OHM RES PACK 

2205 &168 RPZN 2.2K RESISTOR PACK 
2206 &9Z2 633 RP6N RESIST OR NETWORK 
2206 6930 634 RPBN RESISTOR NETWORK 
1.449 110 .. RW06 1t>24 sn RAH TTL 
2540 0656 RWt3 l024 BIT RAM TTL 
1&77 768? SAHN DUAL SENSE A~PllflER. TTL 
1613 000 .. 8 513 SBHN DUAL SENSE AMP. TTL 
1959 5727 SCTL SYSTEM CONTffOlLER TTL 
2io1 1716 8 772 SSAH QUAD 100. BIT SIR t40S 
2204 9761 8 142 SSRN DU AL l 00 BIT SIR MOS 

. lft4 7 3797 A S2•N QUAD 2 JN HUX TTL 
11t47 3714 S4•N DUAL 4 INPUT KUX TTL 
1901 7102 A 116 TAON MONOSTABLE HULT!. TTL 
2&01t 204, Tl SR HEX RECEIVER/HYSTRS. TTL 
1479 OZ43 TZHN QUAD 2 INPUT NANO TTL 
1447 3557 T 3AH TRIPLE 3 INPUT ANO TTL 
2315 2127 UART ASY. REC./TRANS. HOS 
1907 772& 50\ DUAL OP AMPLIFIER 
22GO 8460 8 511 VIDEO AMPLIFIER 

DOCUMENT CO~T~OL PLANf ABREVIATIONS ~RE AS FOLLOWS: 

SBP • CSG/SANTA BARBARA 
HSP • CSG/~ASAOENA 

2205 2617 8 
2206 16llt c 
1918 3631 8 
1918 3631 8 

14 lt9 1104 
1449 1104 c 

1959 5721 
2207 1724 E 
2204 9779 0 
1447 3797 
1447 3714 
1904 0062 c 
2f>Olt 2044 s 
1479 0240 
1447 1557 
2315 2127 

2201 5044 8 

. PLYN • PLYMOUTH PLANT 
EMSO • ELECTRONIC MEMORY SYSTEMS ORGANIZATION <PISCATAWAY• M.J.> 
LSPT • CSG/TREDYff RIN 
DOWN • CS~IOOWNtNGTOWN 
-IEJ • CSG/MtSSlON VIEJO 

SBP. 
S8P 
t.SP 
MSP 
E14SO 
EMSO 
EMSO 
SBP 
S8P 
SBP 
SBP 
.DOWN 
DOWN 
EMSO 
E,.SO 
MSP 
SSP 
SBP 
DOWN 
DOWN 
MSP 
DOWN 
DOWN 
DOWN 
!ltEJ 
MSP 
SBP 
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4.2 Comparative Costs 

The basic assumption is that a selected gate cost within each category 
(CTL, TTL/DTL, and MOS) is taken as 1.00, or unity. Costs for other 
complex devices within each category are compared to unity. 

CTL Integrated Circuits 
Rel. 

Number DA 41 Brief Description ~ 

1904 0179 AFAN Dual Fl Adder/Sub 
1123 9i34 AMCN 8 Bit Memory 
1705 7563 GB-N Dual Buffr (2,2) 
1904 0245 BHAN Hex Restorer 
1904 0195 CFAN 4 Bit Comparator 

1909 0513 CFBN Carry Logic Gate 
1904 0161 DFAN 1 of 8 Decoder 
1914 0748 EFAN Priority Encoder 
1909 0505 FFAN Dual JK/D F-Flop 
1916 5851 GFBN Dl And Gates 4,4 

3.69 
2.14 
1.00 
1.29 
4.05 

4.02 
4.48 
4.21 
3.69 
1.05 

1916 5133 GFEN Qd Gates 1,1,1,l 1.05 
1916 5794 GFFN Qd And Gates 1.05 
1911 9098 GFIN Triple And Gates 1.17 
1911 9106 GFJN.Qd And .Gates (3,2,2,2) 1.17 
1918 4282 GFKN Qd And Gates(3,2i2,2) 1.17 

1705 7480 IF-N Dual Invrtr. (2~) 
1904 02·52 IHAN Hex Inverter 
1904 0203 LFAN Quad Latch 
1904 0187 MFAN 8 Inpt Multiplxr 
1916 6115 MOPN Micro Operator 

2201 4096 RFAN 3 Bit Register 
2201 4062 RFBN 4 Bit Register 

CTL IiI 

2309 1804 AFAN Dual Fl Adder/Sub 
·2309 1887 FFAN Dual JK/D F-Flop 
2308 6234 BG-N Dual Buffr (2 ,2) 
2308 6275 BHAN Hex Restorer 
2309 1846 CFAN 4 Bit. Comparator 
2309 1861 LFAN Quad Latch 
2309 2141 RFBN 4 Bit Register 

1.05 
1.40 
4.05 
3.90 
1.52 

19.88 
10.24 

4.38 
4.52 
1.31 
1.31 
5.38 
5.95 
7.43 

TTL/DTL Integrated· Circuits 
Rel. 

Number DA # Brief Description Cost 

1901 7102 TAON Mnstble Multivib. 
1471 4356 IHCN DTL Hex Invrter. 
1674 4963 IHCN TTL Hex Invrter. 
2205 2609 RFCN 64 Bit RAM 
2206 1626 RFDN 256 Bit RAM 

2212 6403 RW06 lK RAM 
1447 9455 .POOl 256 x 4 PROM 
1449 2060 P002 32 x 8 PROM 
1447 3797 S2-N Quad 2-In Max. 

lK ROMs 

MOS Integrated Circuits· 

1.24 
1.00 
1.12 
8.00 

10.00 

39.20 
18.00 
13.00 

2.20 
13.60 

Rel~ 

_N_um_b_e_r~~D_A-"-# Brief Description Cost 

1674 5150 RAMl 1024 Bit Memory 1.03 
2207 1716 SSAN Quad 100 Bit Shift 1.00 

Register 
2204 9761 SSRN Dual 100 Bit Shift 1.11 

Register 
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5.1 

5.1.1 

s.1.2 

5 .1.3 

CARD IMPI.EMF.NTAT10N l. TNL'ERFA<;'.l·~ RLJU::.: 

Size 

The B-1700 card dimensions are as shown in Figure 5-1. They are 
approximately 11.750 inches by 14.250 inches. 

Card Edge Contacts 

Each card is equippE-d with 50 edge contacts on each side. Figures 5-1 
and 5-2 show the con tac ts and their coc.le designations. 

Device Accommcda ti ons 

DIPS - Mounting facilities are provided for 120 D.I.P. I.e. devices. 
They are mounted on the cM1ponen t side as shown in Figure 5-1. 
Position designations are by letter row plus number row as in 
Figure 5-1. Individual D.I.P. lead pins are designated from A to S 
as shown in Figure 5-3. Le~ters I, O, and Q are not used. 

Bus Bars - Provisions have been made for the mounting of up to 5 
bus bars on the component side as shown in Figure 5-1. 

Coax Connector - Each board has provision for mounting one coax 
connector for clock connection if needed. This :Ls shown in the two 
views of Figure 5-4. 

Frontplane Connectors - There are four positions for frontplane 
connectors, as shown in Figure 5-4. Each connector has 50 contacts. 
It can be used to provide 25 individual signals or 12 signal pairs for 
memory daisy chain. 

Internal Resistors - One or two discrete resistors may be substituted 
for a D.I.P. I.C. package, as shown in Figure 5-4 ,' unless mounted on 
a Header chip as in Fig. 5-e7 where 8 1/4 w Resistors, Diodes, etc~ 
may be mounted. 

Pull Down Resistors - The use of discrete resistors is provided for 

PAGE l REV. D 

at the bus bar end of t'he D. I.P. I.e. location, as shown in Figure 5-t. ans 
5-5. Normal use is for the resistor to be ti~d to -2.ov. For special 
requirements it can be tied to 4.75V or ground. Resistor Network 
packages are. the preferred component to be used when numerous pull 
downs are required; however, discrete resistors may be used when I.e. 
chip locations are not available or only a minimum number of resistors 
are required. Pins R & S of i.e. locations shall not be used for 
mounting a res is tor. These resistors shouldbePlaced at the end 

of the net .• 
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Frontplane Resistor Buses - Provisions have been made for tapping or 
terminating. up to 100 res is tors to two buses at the· front card edge. 
Each group of 50 has an X or Y designation plus position number and 
letter. This is shown in Figure 5-4 on the component side. TI1e two 
frontplane resistor buses are ·provided for pull down/load resistors 
of frontplane signals, or for internal circuits when a frontplane 
signal does not have a puH down/load resistor. See Figure 5-6. 
Preferred usage is to have the outboard bus at -2.ov and the inboard 
bus at +4. 75V or ground. The standard artwork cover file and DA 
programs exist for preferred usage. In the event a non-standard 
usage is required for a particular application, the Standard Packaging 
Sec ti on should be contacted. · 

Internal Filter Capacitors - The Cover File provides pads for 30 
internal filter capacitors. The capacitors filter the VCC (+4.75V) 
supply to ground. Six capacitors may be mounted above each bus bar. 
See PAC]: 11. , 

Ground Mesh - A separate ground mesh is formed on each half of the 
board by first tying the four backplane ground pins together with a 
horizontal etch; second by 'tying the three front plane connector 
ground lines together with a combination of vertical and horizontal 
etch; and lastly, by joining these two ground circuits with vertical 
etch that extends from the top of the board to the bottom and inter• 
connects to the bus bar ground pins and the pins that require ground 
at the chip locations. See PAGE 11. .· ;: 

Power Connections - Typical Power Connections from the bus bars to 
the D. I.P~- I.e. devices are shown in J?AGE tl •• 

Locati0ns CO and DO show connections for a 14 Pin TTL Device; 
locations FO and Fl, a 16 Pin TTL Device. Location Dl shows 
connections for a resistor package that requires -2.0 Volts. Other 
locations show CTL Power Connections. 

Power connections to discrete internal resistors are shown at re
sistor locations: AO, Al and BO of PAG.E u. • Resistor AO is connected 
to -2.0 Volts (Bbz);AOY is the sigru:il side of the resistor. 

Resistor Al is connected to +4. 75 Volts (BlZ);AlW is the signal side. 

Resistor BO is connected to ground (BOY);coz is the signal side. 

Buses for -12 Volts are provided in a special Cover File. See PAGE 11 
Ref. A. Connections from these buses to D.I.P. I.e. locations are 
made by placing a· via at the intersection of either horizontal grid 
117 or 125 and any even vertical grid·. From this via, vertical etch 
must extend one grid either· up or down and horizontal etch may extend 

A 2209 9150 A 
SECTION 5 
PAGE 2 .REV.B 
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left or right to the desired I.C. location. See PAGF l 1 Ref. B. 

The -12 Volt cover file also provides capabilities for filter 
capacitors on the -12 Volt buses above each bus bar. See PAGE 11 
Ref. c. 

If -12 Volts is not required on a board, the -12 Volt cover file 
is not used and these 4 vertical grids may be used for running etch 
of logic signals. Vias or feed-throughs can not be placed on the two 
inner grids. See PAGE 11 Ref. D. The holes for the -12 Volt filter 
capacitors will not appear on a non -12 Volt board and horizontal 
etch may pass through these areas. 

Vias - Vias or feed-throughs can not be placed side by side; they 
iiiUSt be. on a diagonal. Vias may be placed at any grid intersection 
that has not been eradicated. See PAGE 11 Ref. E for Do 's and 
don'ts. 

A 2209 6150 A 
SECTION 5 
PAGE 3 REV• C 

Critical Nets - All clock nets are critical. 'fhey must be wired ser1ally 
and may not have stubs.lon~er than 2". rerminating r~sistor rnust be 
located within 2" of the end of net, 
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.... r~------- 11-3/4"---- __ 1 
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~ D D D D D DDDDDrnl 

~ ~ D D 0 D D D D D D D ~ .... 
I 

.:I' .... 
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COMPONENT OR "O" SIDE 

Fig. 5-1 
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FIGURE 5-6 
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5.1.3 

Backplane Resistors • Up to 88 backplane resistors can be implemented on the 
1760 card. Their position is described by an X or Y location plus a letter 
pair and 0 or l designation. This is shown on the component side in 
Figure 5-3. '11tey are terminated at their other end at one of two buses 
having ground or -2 volts. 

Fixed Pin Usage - The following backplane pins have a fixed usage: 

Pins XOA and XlA +4. 7 5 vol ts 
" YOZ " YlZ -2.0 volts .. XlD " XlJ Cround .. XlQ " XlW " 
" YlD " YlJ " .. YlQ " YlW II 

Optional Pin Usage - The following backplane pins have optional usage: 

Pins XOZ and/or YlA --- -12.0 volts 
Pin XOW Clock 

Computer Mainframe DC Voltage Supplied to Peripherals - Any DC voltage which 
must be supplied to a peripheral from the computer mainframe must not be 
routed through the peripheral logic control card and its interface ribbon 
cable. DC voltage can be provided by the addition of discrete wire from the 
interface connector to the DC voltage power source in the computer mainframe. 
These voltages are limited to -2.0V, +4.75V, +12.ov and -12.ov. 

Card to Card I.e. Jumper Cables - In the event that insufficient frontplane 
and/or backplane pins are available to intra/inter-connect a card to another 
unit or card within the unit, the use of an I.C. jumper cable may be re
quired. This is a cable which plugs into a 16 pin I.e. socket at either end. 
1'10 such cables exist, P/N 2206 3416 a 12 conductor cable and P/N 2210 0762 
a 16 conductor cable, each of a given length. Their use is undesireable 
except in extreme conditions. When an r.c. jumper cable is found necessary, 
their receiving sockets should be preferably located in the frontplane or 
"O" I.e. chip location column. If said location cannot be made available, 
another even numbered column should be used, such as "2", "4", etc., as 
close to the frontp1ane as possible, so that the cable can pass over the card 
bus bars and so that the cable covers a minimum number of other I.C. devices • 

. Use of Sockets with Header Assemblies - When assemblies are made on 16 pin 
headers (P/N 2201 4732), they may be used in I.e. sockets only if no com
ponent, wiring, solder, etc., extend more than .100 inch above the top sur
face of the header plaque. Those header assemblies which may be used in 
sockets are therefore generally limited to wired jumpers, l/4W resistors and 
diodes. See Figure 5-7. All higher assemblies must be soldered directly 
into the board and shall not exceed .400 inch above board in ~eight • 

• 100 Max. 

' ! ! ! ! I ! 
------·-~ 

HEADER ASSEMBLY 

FIGURE 5-7 



.. .. 

.. .. .. .. .. . ,, . .. .. .. .. .. .. .. .. .. .. .. .. .. ... .. 
"·'Mf:+Hffi~f'ltl! 

" " .. .. .• 
:• .• 

l t• 

" •• -11:1111n+r.m . 

:~ .. . lI 

Burroughs Corporation 

COMPUTER SYSTEMS GROUP 
SANTA BARBARA PLANT 

·81700 HARDWARE RULES 

:-- .... ··-· ..... 

J 

A 2209 6150 A . 
SECTION 5 
PAGE 11 REV A 

? l l I ! l ! ! ! ! i It ii! I!.! i ! I ii j i 1~ii?1 ! ! I ·I I ! ! i 11.f 11f1 ! I I 1 l l l 1 it f l l 1 i ii Ii : : i: \ t i i I iii i i ti it i t t .i 11 i i 1111 f I If! f l l l' 11111 

~JCH~D BOARD LAYOUT (REF) 



Burrouiihs Corporation 

. 
. COMPUTER SYSTEMS GROUP 

SANTA BARBARA PLANT 

81700 HARDWARE RULES' 

5 •. 1.4 Modified 12.0 Chip P.C. Boord 

A 2209 6150 A 
SECTION 5 
PAGE 1.2 REY .c 

In order to improve. design imd as5crnbly efficiency UH! 120 chip boal"d 

was modified on 10/31/74, Follo1dng is a list of the modifications, 

Examples of the modi fie.a tions 11re givell on page 10. 

1. ~ vias arc permitted as follows: 

a. Horizaontally, vertically or diagonally aclaccnt to JC or 
resistor mountln~ pads, Hef, absence of grid .intersection~ 
on layout sheet at IC locations, ft·ontplaric, backplaric and 
IC load resistor location.5. 

b. Hori.zontally or vertically adacent to the bu.:i bar mounting 
pads. Ref. absence of grid intersections on layout sheet. 

c. Vertically along the voltage buses at the edges and a long 
the clock ground bus ln the center of the bo.1rd, X-axis .co
ordirtatcs 014 1 015 partial, 118, 124 and 228 on boards ~1th 
out -12V, Additionally, on boards with -12V, ve.-ticallY
along the -12V bus, X-axjs coordinatcsl.17 and 125. Ref. 
absence of grid intersecti.ons on layout sheet for "'d thout 
-12V11 condi ti.on. 

2. Power circuits, -2V and +4.75V, are not permitted as follows: 

a. Between or dog-leg between bus bar pads. 

b. ~djacent to bus bar pad of different potential, including 
ground. 

c, Horizontally between or adjacent to IC or resistor. mounting 
pads on the notm"ll vertical run or solder side. 

d. .Vertically adjacent to IC or resistor mounting pads on the 
nfJrmal horizontal run or component side. 

3. No circu:i. t is perini tted to occupy the. grid interscc tion used by 
bus bar capacitor connection, as this connection occurs on both 
sides of the board, 

Placement of Bypass Capacitors and Resistors. 

a, The bypass capacitors along the bus bar were inserted in. the 
same vias as the bus bar leads. In the modified board, 
separate vias are provided for the bypass capacitors placed 
alo'ng the bus bars. 

) 

b. Previously resistors were placed in line with the IC location; 
resistors for the modified hoard ·are placed between IC locations. 

4. Vias diagonally adjacent to bus bar pads ai-e discouraged. They 
are pennilted if no other solution exists for routing. 

5. Circuits to frohtpJane and backplane load resis.tors must rout 
·straight in, Dog-leg connections between pads are prohib~. 
Addi tonally, horizontal runs arc prohibited in the first ~rid 
below the front.plane resistor pins, either side, Y-ax.is 
coordi.na te 254. 

6. Circuits which dog:..le6 bet~een pads to an .IC pin or resi:stor are 
discouraged. They are pennittcd if no other solution exi~ts for 
routlng. 

7. All maJ1ual routing to the backplane shall stop at Y-axis coordi
nate 24·. Further routing to connector contacts is handled by 
the;! coveriile, 

8, All manual .routing to the frontplane shall stop at Y-axis coordi
nate 255, Further routing to connector pins is handled program-
matically by Design Automation. · 

·-
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5.2.2 

5.2.~ 

unused Inputs 

CTL Inputs 

= = 

Inputs of CTL circuits which have internal pulldown resistors shall be 

PAGE ·14 REV. ·D 

set to·• logical true level according to the following preferred order: 

a) Unused input connected to the output of an unused inverter. 

The fanout of the inverter is not to exceed its DC Output Drive 

Capability. 

b) Connect. the un1.1sed input to Vee through a resistance.given by '['able 

5-1. The value of the resistance depends upon the number of CTL 

c) 

inpu.ts that are to be held at the logical true level. 

Connect the unused input to V • cc 

d) Unused and used inputs may be connected .together. The logical 

· operation of the circuit should not be changec;t when. this type of 

connection is employed. 

nie las-t two alternatives are to b~ avoided if possible. 

tnputs of CTL circuits which do not have internal pulldown resistors 

. and are to be set to the logical true level shall be tied to the V supply. ·cc 

CTL inputs wi.th internal pulldown resistors that are to be placed at the 

logical false level shall be left open-circuited. 

Those. CTL _inputs without internal pulldown resistors shall be connected 

to the VEE supply in order to set them to a logical false level. 

TTL Inputs 

Unused TTL inputs that are to be placed at a logical true level shall be 

conn~cted to Vee through a lk.n. ~W resistor. Up to 25 inputs may be driven by 

each· lk.ri. resistor. TTL inputs that are to be set at logical false~shall be 

connected to ground. 

MOS Inputs 

Unused MOS inputs s.hall. he tied directly to Vee where a True 

is intended .:ind t:o ground whe:re: a False is ne;cd<;<l, 
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The interfacing rules give tl1e circuiti;y to be used whenever CTL and TTL elements 

are interfaced. Applications of these rules will insure that adcqua te noise margin 

and compatible DC levels will be applied to TTL and CTL inputs. Detailed time 

d·clay calculations are given in Section 9. For simplicity in the determination 

of interface resistor values, a 'unit' approach will be used with a 'unit' being 

equal to the worst case CTL input current of 2.82 mA. This approach will allow 

direct correlation to CTL loading factors. An example of the unitized values is 

given below: 

A TTL input 
current of .25.mA 

:..4 mA 
1.0 mA 
1.6 mA 
2.0 mA 

is equal to 
a unit load of .09 

.14 

.35 

.57. 

.7 

Tables 5-2 and 5-3 contain a summary of the input and output loading factors for 

the devices of interest. 

Three basic types of interface will be discussed, 

l) Resistor pull down to ground 

2) Resistor pull up to Vee 

.3) Resistor divider - one to ground, one to VEE 

Regardless of the type of interface network used 1 · it is the responsibility of the 

designer to choose the appropriate value of termination resistance, A brief 

explanation of the thought behind the tables is therefore necessary to assure 

proper use. 

A few basic concepts must be kept in mind. First, 1 Input Current' flows into a 

CTL inEut in the high state but out of a TTL input in the lcw state. Second, it 

i·s necessary to assure that TTL false level inputs do not exceed +0.4V, 

TTL outputs are capable of sinking .current while CTL outputs source current. 

With the above mentioned information in mind, it is possible to discuss 

interfacing techniques in terms of the resistors used as terminaUon rather than 

the devices. For example, a pull up resistor of 42.2.n. will source 41.9 unit loads 

into a TTL output. A ·familiarizati.on with this type of tenninology would be highly 

beneficial to a thorough understanding of the interface techniques used, 

5.3,l CTL to.TTL 

The application of these rule·s is valid for all TTL devices. The Circuits Group 

should be consulted in special cases for interfaces different from that specified 

here, 
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TTL circuits shall alwars be driven by CTL restoring clcmen.ts. C'l'L ou"tputs sl1all 

not be directly wired to TTL outputs. When interfacing CTL outputs to TTL inputs, 

four things must be kept in mind. 

l) · The interface technique must assure an input false level -s:..4V. 

This assures.proper noise inargin. 

2) The CTL output must have sufficient drive to properly operate 

the interface circuit~ 

3) The CTL output must be restoi:ed. (i.e. J,evcl 0 g~nerator) 
4) The TTL input must not be allowed ~o go more negative than-.4V. 

TWo methods of interface are possible• First, the CTL element driving a !!'TL is 

terminated by a resistor to ground. Second, CTL can interface to TTL through a 

resistor divider network with one r.esistor going to ground and the other to VEE. 

The designer shall select the most appropriate for each particular application. 

5.3.2 Termination Resistor to Ground 

The CTL driving element is not to have any resistor pull down to VEE" Also, only 

TTL inputs are to be driven. CTL and TTL inputs cannot be mixed when using this 

technique. Refer to Figure 5-8. Table 5-6 gives the information necessary to 

determine the· value of the termination resistor. To use the table, first determine 

the fanout of the CTL driver to be used and consider only the resistors listed for 

that fa.n .. out or a lesser fan out. It should be considered standard practice to 

load the driver as fully as possible. Second, determine the total low level input 

loading by summing up the individual load factors. Then select a resistor value 

capable of sinking the required amount of current. 

Consid.er the followitig exampie for clarification • 

.-01/.57 

S2-N 

IJ4/ .57 

BG-N IHDN 

R 
• ·1 • 

• Ol/.14 RW06 

BG-N fan out = 24 

Procedure: 1). Fan out = 24 

2) Total low level input loading .57 + .57 + ~1.4 = l.28 

3) From Table 5-6, all resistors: ~ llOA arc 
capable of sinking the current. 

4) The BG-N 11as sufficient drive capability 
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5.3.2 Continued 

The value of the terminating resistor selected affects the fall time of the signal 

waveform. The fall time is a function of tha resistor value,· number of inputs 

ddven; and length of wiring~ The formula below gives the fall time< delay: 
r. -12 -12 ,l 

t = (1.609) L5 x 10 (n) +-.t x 10 (L)J R - 2.5 

wh~re n = number of inputs 

L = Length of etch in inches 

R"' Value of terminating resistor.in ohms 

t = Time in nanoseconds 

5 •. 3,3 Resi.stor Divider Network 

., 

5.3.4 

With this divider network, it is possible to drive more TTL inputs than a single 

resistor to ground and to drive TTL and C'I'.L inputs simul taneoulsy, Refer to 

Figure 5-9, 

When using this interface technique, it is· important to remain aware of the fan out 

of the CTL driving element, and the number of CTL and TTL inputs. When the divider 

network is used to drive TTL only, a specific set of resistor values will be used 

to allow maximum drive capability and best no!se margin, The appropriate values 

can be chosen from Table 5-1~. 

If the interface circuit is used where any CTL inputs will be driven, then the 

resistor to ground will be specif~ed according to the fan out capability of the 

driver, and the resistor to VEE {R2) will be variable and determined by the number 

of CTL inputs. Table 5-5 indicates the value of Rl to ground for a given fan out. 

The correct value of R2 can be selected from Table 5-7. 

TTL to 'l'TL and CTL 

'Three modes of interface are possible, 

·third, TTL to both TTL and CTL inputs, 

First, TTL to TTL, second TTL to CTL, and 

Either type of TTL output, totem pole or 

open collector, can be used in any of the modes but only open collector can be used 

for the wire "AND"• Figures 5..:.10 and 5-ll show the .difference between the outputs, 

When interfacing to CTL inputs only restoring CTL clements shall be used, TTL 

outputs shall not be "OR" tied to CTL outputs. Regardless of mode, two 

parameters are of primery importance when selecting the correct value of pull 

up resistor, First, the resistor must be capable of providing adequate true level 

drive and second, the resistor must not over.drive the TTL o~tput when in the low 

state. 
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5.3.4 Continued 

To determine the correct value of""pull up resistor, add up the CTL input loading to 
~ 

be driven and choose a value from the appropriate column of 'table 5·6. Next 

c!etermine if the TTL output is capablf! of sinking the number of unit loads the 

resistor will deliver (Table 5-6) and other TTL inputs present. Examine the 

following example for .further explanation. 

Vee 
R 

.8 

1 

•% .57 
IHDN 

•% .09 

CTL 

CTL 

TTL 

.TTL 

Total true level loads 
.B + 1 + .Ol + .01 = 1.82 

Table 5-6 indicates a value 
of 383A .is adequate to 
drive the inputs. 

A 383A resistor will source 
4.6 unit loads into the TTL 
output. 

Total false level loads 
4.6 + .57 + .09 = 5.26 
since the IHDN will sink 
14.2 units the value of R 
chosen is adequate 

When interfacing TTL Totem Pole outputs to TTL inputs only, it may not be · 
necessary· to use an external pull up resistor, T·o determine this, add up 
the total number of TTL high level unit loads to be driven and compare this 
value. to the ou~pu.t drive capability of the driver. 

5.3.5 ·Equations for Checking Termination Values 

This secUon is primarily for the use of· DA personnel. 

Variables Defined: 

n =Number of CTL unit loads 

Da = number of ,8 CTL ~nputs 

Db = number of l CTL inputs 

n~ = number of TTL and CTL true level input unit loads 

nth = number of TTL unit loads (high level) 

ntl = number of T1'L unit loads (low level) 
1lo = total number of TTL unit loads .into TTL output 

FI ·= total number of unit loads a TTL output can sink 

FO "' Fan out of CTL driver 

R1 = Resistor to ground in resistor divider network 

·. ~ = Resistor to VEE in resistor divider network 
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1) To check the value of R to ground in the single res is tor to ground t:ermina ti on 

network for CTL to TTL interface. 

a) FO ~ filQ. assures sufficient drive 
R 

b) ntl ~ ill speciHc maximum number of TTL unit load inputs allowed 
R . 

2) To check value of R2 ~o VEE in the resistor divider network for CTL to TTL and 

CTL iripu ts. 

a) 

b) 

c) 

R •;;:.; 1600 2 ~~--,-~~ assures sufficient drive 
F0- 8: 7 - n 

R !: 
2 

1600 

1 

assures proper noise margin and protection of TTL inputs 

- n 

ntl ~ .28nb + .23na + 6~4 + .05 ~~ 

2 
* Specifies maximum number of TTL unit loads ~llowed, 

3) To check value of R to Vee used to interface TTL to TTL and CTL inputs. 

a) R ~ 745 
n· c 

assures adequate true level drive 

5,3,6 Special Restrictions Concerning TTL Elements 

The following information is intended as a summary of special consideration that 

must be kept in mind when using TTL devices. This is not a list of all appli~able 

-rules, 

1) Maximum Etch Length must be observed when circuits are layed out. 

a) Schottky TTL outputs must be within five (5) inches of etch of the most 

·aistant receiving element, 

b) High Speed "II" TIL outputs must be within 10 inches of etch of the most 

clistant receiving element, 
c) Standard TTL outputs are allowed 20 inches of etch between input and output. 

Table 5-.l, contains a summary of the TTL devices and type of output. 

2) Observe the limitation on the number of wire 'AND' open collector outputs 

permitted. (Table 5-9) 

3) Pull-up resistors should be loca te<l at the most dis.tant point from the driver 

(as close to final receiver as post:ibk). 

4) TTL outputs shall not be wire 'ANJ)0d' on the backplane. 

5) A pull-up resistor ~ 287A should be used when open collectors are to be wire 

'ANDed,' 
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6) If more than 2. TTL devices are present on atiy bus bar, then every TTL 
device using that bus bar should be by-passed with a • J.µf capacitor 
wi.thin 1.5 inches of the device. · 

7) Final copies of truth tables of PROMs that will he .released in the 
des.ign mwst have all locations d~ffned. This is necessary because 
pre-programmed state is not known and there~ore cannot be guarantCt!d, 
This rule holds even if the designer is not concerned with unused · 
locations. ALL LOCATIONS MUST Bl~ DEFINED IN THE FINAL RELEASE 
PROGR>JwNING SPECIFICATION ·and as a result a 11 locations in the PROM 
will be progral!llled. 

CTL to CTL 

The outputs of CTL devices shall be loaded with resistors to the VEE 

• supply, for speed critical nets. If additional resistive loading is' 

required, the RPnn o~ SIPN·ln-line Resistor Networks are to be used for . . . 

this purpose. If loading by discrete resistance is cequired and the 

resistor network-cannot be used, then the values of resistance shall 

be taken from Table 5-10. 

CTL outputs may be wired together to perform a logical 'OR' fonction. 
. . 

The rules governing the application· of wired 'OR' connections are the 

same as those rules for CTL outputs driving CTL inputs, That is_, a 

CTL output whi~h is wired 'OR' with Other CTL outputs with internal - . 
pull downs is loaded by those internal pull downs, Thus, in order 

to sum the OC loading on .. any CTL output, all CTL inputs and pull down 

resistor values must be accounted for, as well as all wired 'OR' CTL 

outputs with internal pull down resistan~es. No-load outputs and in

puts present no DC loads to driving elements and are therefore not 

counted, bul they do offer capacitive loading. See Figure 5-12 for an 

example of summing CTL loads. 

CTL outputs with internal pu.11 downs are listed below, 

'OR' tied nets .can .!!.21 be loaded heavier than the weakest source in 

that net, Multiple outputs in the same packa~e (BG-N, IF-N, ·etc,} can 

not be 'OR' tied for the purpose of exp.anding fanout beyond the individual -.- . 

out_puts capability. 

Element T:iEe Description OutEut Loadins 

GFBn Dual And Gates (4,4) 1 CTL Load 
GFEn Quad Gates (1,1,l,l) 

l GFFn Quad And, And/Or· Gates 
(2,2,2 + 2) 

GFln Triple And Gates (4,3,3) 
GFJn Quad And Gates (3,2,2,2) 

· lF-n Dual Inverter 
RF An 3 Bit Register CI (Carry ln} O.SCTL Load 

- . ~..-. -~-.~-=--
.. -.... :::;. __ 

A 2209 6150 A 
SECTION 5 
PAGE 20 JIBV. E 



= = 
= = =· 

Burrou•h• Corporation 

COMPUTER SYSTEMS GROUP 
SANTA BARBARA PLANT 

81700 HARDWARE RULES 

5.3.8 Interfacing the 8080A Family Devices 

The 8080A microprocessor (MCPU) and its related peripheral 

devices consist of P and N channel Sili.con-Cale MOS, standard 

TTL, and Schottky 1'TL circuits. All of the MOS clrcuiu have 

built-in input and output stages to make them TTL compatible 

with t.he exceptions as noted below: 

MCPU 

SCTL 

FFOl 

TIBR 

Clock inputs f.Jl,f.J2 

All other inputs 

CPU Data Bus outputs 

Master Reset input 

All other inputs 

Receiver inputs 

Vrn ? 9V 

Vrn;?: 3.3V 

v011 ':2' 3.6v 

vrn ;?: Vss - lv 

Vss = sv :t Si'. 
Vrn :? 3V (=Va.AF.> 

Have built-in hysteresis 

When interfacing these circuits with other logic families, apply 

the rules governing TTL circuits where the input or output is TTL 

compatible. For the others, special arrangement (Such as an open 

collector TTL with external pull-up resistor) may be necessary and 

should be handled in conjuction with the Circuits Section. 

When tri-state outputs are connected together, at no time should one 

output be in the active High State while another output is in the 

active Low State. When driving a rode connected to TTL inputs with 

one or more tri-state o.utputs, at least one 0atput must be in 

either the High or Low state in order to guanntee the logic level of 

that node, unless a resistor termination is present at that node 

(as will be in the case of transmission lines). 

A 2209 6150 A 
SECTION 5 
PAGE 21 REV• G 
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DTl/TTL Unit loading Su••ary ····--· ··-· -···--· -------
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• • • .. • INPUT L OAOING • • DEVICE • HIGH LOW 

• 
JYPE • 

OUTPUT 
lO•DINli 

LOW 

• 
• • 

PROCESS • 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

ore:. JP. 3.5 Standard 
AO•A3 • :> 1 .53 
R81 • 31 .z1 
LT .01 2.30 

RFCN .02 .4 J oc 5.J Standard RFON • 01 .09 oc 5.J Standard 
RN06 • 01 · '" DC 5.7 Schottky 
fOUJ • 0 l ·'" DC 5.7 Schottky 
IHCN • () 1 .57 ACT 10.6 Standard 
IHON • 0" .5r oc lit. z Standard 
IDCN .01 .53 oc IZ.8 Standard 
S2•N • ,, l .57 TP 5.7 Standard 

. Slt•N .01 .s., TP 5.7 Standard 
UON .oz ,.57 TP 1.z Standard 
IK ROHS • I) l .57 ac 5.J Standard 
Z56 ROH .01 .57 oc 5.J Standard 
POC>l .09 .57 DC :;. 7 Schottky 
PR08 .Jl • lft oc 5.1 Schottky 
PRltN .01 .14 DC 5.7 Schottky 
PR:5N .01 • l ft oc 5.7 Schottky 

T3AH .n .1a TP 1.1 Standard 
TZHN • () 1 .10 TP 1.1 Standard 
8TSN St anda·r d 
nbnal • 01 .57 TS .IJ.5 
htgh l .01 .o l .01 

CR4N Standard 
CL.EP•O .01 .57 TP 
CLl(•ET•L .n l.U 
outputs 4.3 
Carry 5.1 

82CN • 01 .57 DC 17.0 Standard 
82TS TS Standard 

nor1 al .n .57 5.7 
high z .01 

ITSN fS Standard 
nor1al • 01 .57 U.4 
high z • 01 .t)t . .01 

Table 5 .. 2 ····- ---
Putl-:up Resistors for Unused CTL Inputs 

"u•ber i»f • Rest stance • Percent . Power • Burrougtu 
CTL Load$ Value Cohu> . Tolerance • D i ss i p a t i on • Part Nu•ber 

l 619 2 0.25 w 1111 168 .. 
2 316 2 0.25 w Ull 8619 
3 zz~ z o. 25 .. 2206 68i>7 

" 16C 2 o.zs Iii 2206 6781 
5 uo l I}. 25 "' 2206 676'5 
6 113 2 o. 2'5 )j 2206 68.H 
1 91 2 o.zs .. 2206 6823 
8 82 2 o. 25 w 2206 6732 
9 75 2 o.z5 iii 1111 846~ 

1•) 61.9 2 o. 2'5 w 1.1.11 31tlt5 

Tab ti! s-1 

A 2209 6150 A 
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Interface Ctrcults Untt Loading Su••arr 
--------- -------- ---- ------- -------

•••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• • INPUT LOADING • OUTPUT • 
• DEVICE • HIGH LOW • TYPE LOADING LOW • 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

LOON 
c1.c2 .o l 
0 .OJ 
DATA .o 1 

SBMN 
so.st .()l 
SC .OJ 

IOAN 2.80 
LOAN .o l 
IQBN 

D•TA .tH 
TliR 

DA•DB .02 
16•11 .02 
Q6•Q1 

8140 •. 03 

1.1 
2.1 
1.1 

.57 
1.1 
.53 
.57 

.09 

1.14 
• Ot 

1.42 

Table 5•3 --·-- ---

ACT 

DC 
ACT 

TP 

TP 

2.J 

5.7 

Zl 

5.67 

21.3 

···········~······································ ••••••••••••••••• 
• CTL • • • Haxi•u• • 
• F' an · • R 1 • t st or • • TTL Units. 
• • to Ground • Rest1tor to VEE • Allowed • 
•••••••••••••••••••••••••••••••••••••••••••••••••• 

12 
e 

100 
160 
1'0* 

22.0 (discrete> 
220 <package> 
422 
681 <discrete> 
680 <package> 

•160 oh11 f s preferred but 150 •• , be used 
when a large nueber of nets are tnvotved. 

----- ---

• CTL . . Rl • 
• ortver • to • 
• Fanout • GND • 
••••••••••••••••• 

e 162 

12 100 

24 56.2 

fable 5•S ·.·----- ·--
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RESISTOR 
VALUE 

RESISTOR INTF.RFAO'. TABrn 
(Not im:.ludlng Rcsislor Di~ider) 

I OF UNIT LOADS 
RWILL SOURCE 

INTO A TTL 
OUTPUT· 

~~ 

42.2 
5.1. i 

. 56.2 
61.9 
68.l 

75 
82 
91. ' . 

100 
110 
120 
130 
150 
160 
180 
200 . 

.· 220 
237 
261 
287 
330 
348 
383 
422 
464 
470 
500 
511 
562 
619 
681 
750 
825 
909 
lK 
l.lK 
1.21K 
l.33K 

<;; <6 

'1- i 
41.9 
34;6 
31.4 
28.S 
25.<) 
23.6 
21.5 
19,!J 
17.7 

. 16.1 
14.7 
13.6 
11.8 
11.0 
9.8 
8.8 
8.0 
7.5 
6,8 
602 
5.4 
5.1 
4.6 
4.2 

. : 3.8 
.·. 3.8 

3. '( 
3 .• 6 
3.1 
2.9 
.2.6 
2.4 
2.1 
1.9 
1.8 
1.6 
1.5 
1.3 

It OF TRUE LEV EL 
UNIT LOADS R 

CAN DELIVER AS 
PULL-UP TO Vee 

17.6 
14.5 
13.2 
12.0 
10.9 
9.9 
9.1 
8.2 
7.4 
6.7 

'6.2 
5~8 
4.9 
4.6 
4.1 . 
3.7 
3.4 
3.1 
2.8 
2.6 
2.3 
2.1 
1.9 
1.8 
1.6 
1.6 
1.5 
1.5 
1.3 
1.2 
i.l 
1.0 

.9 

.8 

.7 

.6 
.6 
.6 

TABLE 5- 6 

3.3 
2.8 
2.5 
2.3 
2.1 
1.9 
1.7 
1 •. 6 
1.4 
1.3 
1.2 
1.1 

.9 

.9 

.8 

.7 

.6 

.6 

.5 

.5 

.4 

.4 

.4 

.3 

.3 

.3 

.3 

.;3 

.3 

.2 

.2 

.2 

.2 

.2 

.l 

.1 

II OF UNIT LOADS 
R CAN SINK AS 

A PULWOWN 
TO GROUND 

24 
24 
24 
24 
24 
12 
12 
12 
12 . 
12 

8 
8 
j 

i 

l 
I 
I 
I 
j 

·' 
I 

'. 

.1 

.1 

CTL FAN OUT 
REQUIRED ro 

DRIVE R WHEN 
USED AS TERM, 

TO GROUND 
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RESISTOR 
VALUE 

RESlSTOR IN'l'F.Rf•'ACE 'f'AIII.1': (Co.!:!l:_L 

II 01'' OOIT LOADS 
R WILL SOURCE 

INTO A TTL 
OUTPUT 

l.47K 1.2 
1. 78K 1.0 
l.96K .9 
2.2K .8 
2.37K .8 
.2.61K • 7 
3.16K ,6 
·3.83K .5 
5.62K .. 3 

II OF TIWF: LEVI·:L 
UNJ '!' LOADS R 

CAN DELIVl':I{ AS 
PULL-UP TO Vee 

.5 
..,.4 
.4 
.3 
.3 
.3 
.2 
.2 
.1 

TABLE 5- 6 

(Continued) 

II OF UN IT LOADS 
R CAN SlNK AS 

A l'lll.I.IJOWN 
TO GHOUND 

8 

I 

j 

Where possible, try to use resistor .values 
available. in pa·ckages. Particularly when 
several similar interfaces must be made •. 

Package values available: 100 .n. 
150 .n. 
220 II. 

330 .fl. 

470 II. 

500 .n. 
680 II. 

lK . .n. 
2.2K .n 

A 2209 6150 A 
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CTI. f'AN OUT 
HEQUIKW TO 

DH 1.Vi': R WllEN 
USED AS TERM. 

TO GROUND 
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RESISTOR DIVIDER NETWORK 

CTL to TTL 

-------. -·---, 
CTL INPUT NUMBER OF TTL UNIT LO~DS -~I.LOWED 

LOADING 
.FAN OUT FAN OU'l' FAN OUT 

R2 8 :R2 24 R2 12 --
3.1 562• 1.4 lK .9 .8 237 

619 1.4 l.lK .9 1 237 '3 .1 
1.6 . 261 3.0 825 1.3 l.96K .8 
1.8 287 . 2.9 909 1.3 2.61K .8 
2.0 287 2.9 lK 1.3 3.83K .7 
2.4. 316 2.8 1. 211(. 1.3 
2.6 316 2.8 l.47K 1.2 
2.8 348 2.8 . 1. '78K 1.2 
3.0 348 2.8 2~37K 1.15 
3.2 383 2.7 
3.4 383 2.7 
3.G 422 2.7 
3.8 l122 2.7 

4.0 464. 2.6 
4.2 511 2.6 
4.4 511 2.6. 
4.6 562 2.5 
4.8 619 2.4 

5.0 681 2.;4 
5.2 681 2.4 
5.4 750 2.4 
5.6 909 2.3 
5.8 lK 2.3 

6.0 1.lK 2.3 

L --

TABLE 5- 7 

A 2209 6150 A 
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•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• • • 
• • INPUT LOADING • 
• DEVICE • HIGH LOW • TYPE 

• 
• 

OUTPUT 
LOADING 

LOW 

• 
• 
• 

• 
• PROCESS • 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

MCPU(8080A> 
07•00 • f) l 
all others 

SCTL 
07•00 .04 
087·0~0 .01 
STST8 
all others•04 

MPPI .03 
CRCN .oz 
flfO .16 

.71 
.I'.) l 

TP 
.z1 
.1)9 
.18 
.09 
.ot 
.09 TP 
.iH 

Table 5-6 ----- ----

.67 

.67 

.71 
3.54 
3.54 
3.54 
.57 

2.84 
.sr 

NMOS 

Schottky 

NMOS 
Standard 

P"OS 

* All values given in CTL unit toads~ 1 CTL unit load = z.ez mA 

Wife "AN~· Outputs 

••••••••••••••••••••••••••••••••• 
• 
• 
• 

Nu•ber of 
CTL Inouts 

• 
• 

Nu•ber of 
.,ire .. ANO" 

TTL Outputs 

• 
• 
• 

·········~······~················ 

1 Up to 16 
2 Up to 7 
3 Up to 2 
4 Up to 1 
,. • ? :) 

Table 5•9 ----- ---
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Equtvalent loading 

TO WEE 

1.9 
1.6 
1.6 

1.5 
t.3 
1.2 
1.1 
.9 
.6 
.8 
.1 
.& 
.s 
·" .3 

REMARKSf 

ro GNO 

1.1 
1 
.9 

.8 

.r 

.7 
.& 
.5 
.4 
.4 
• It 
.3 
• 3 
.z 
.2 

Table 5~10: CTL Load Resistors ........ -----

RESISTOR 
VALUE 

825 
90 '1 

tK 

1. l K 
1.211< 
1. 33K 
1.471( 
1.78K 
t.96K 
Z.ZK 
Z.3TK 
2.61K 
3. t&K 
J.A3K 
5. 62 K 

----- ----·---· 

BURROUGHS 
PART NU!1BER 

1111 8716 
1111 87 2G 
1111 673'4 
2212 2782 
~111 874Z 
1111 8759 
1111 8767 
1111 6775 
lilt 8791 

1111 8825 

1111 8658 

1111 8916 

A 2209 6150 A 
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REMARKS 

c 
B 
8 

PACKAGE B 
B 
8 
a 
a 
a 
iJ 

B 
a 
B 
B 
B 

A ·Not acceptable as termination to VEE because of overloading. 
B - Not reco•mended as proper ter•ination to ~EE. 
C • Reco••ended as termination to VEE. 

Ter•ination 
P1>int 

~EE Supply 
Ground 

Ter•ination Resistors 
---------~- -·--·-·--

Resistor 
Value Cohas> 

511 
133 

Percent 
Tol9rance 

2 
2 

Table 5•11 ....... ----

Power 
Dissipation 

0.25 w 
o.zs w 

Bur·roughs 
Part Nu•ber 

1111 86&8 
1111 6528 
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5.4 Ci1:'cuit Inte1:'connection Restrictions 

'Ibe following rules apply to CTL devices unless otherwise stated: 

a) A maximum of four gate levels is allowed between restoring 

elements. Levels 3 and 4 shall have a maximum of 18 total DC CTL 

loads and the etching between the output of the third level 

gate and the input to the fourth level gate shall not exceed 

6 inches. Four levels of gating is not recommended. 

b) Level 2, 3 and 4 outputs of gates shall not be connected to the 

backplane. The output of a level 1 gate that is located on the 

backplane may not be wire 'OR' connected with other elements. 

c) Backplane wires of length greater than 12 inches shall be 

considered as one level of gating. Thus a level l gate which 

goes through more than 12 inches of backplane wire cannot have 

mot'e than two gating levelS on the next card. 

d) Wire 'OR' connections on the backplane shall not have a total 

length of backplane wire exceeding 30 inches. All wire 'OR' 

configurations shall be terminated in DC CTL loads to the VEE 

supply up to the full device fanout capability. The termination 

shall be centralized as much as possible. 

e) Backplane connector pins shall be serially wired. Branching is 

not allowed. Wire routing is to be determined by the minimum total 

length of wire that can be achieved. Backplane wires of length 

greater than 36 inches shall be considered to be transmission lines 

and are to be terminated close to the receivers with the resistors 

given in Table 5•11 

f) Line etching between any input and any output on a card shall not 
be greater than 20 inches, 

g) Preferably. the length of etching for taps on· a backplane wire shall 
be less than· 6 inches. A maximum of 4 to.:ids per tap is allowed. 
Equal resistance and capacitive loadins per length of backplane 
wire is desirable. 
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Pull-up resistors, pull-down resistors, an<l CT1. int.crfocln;, 
circuits shall be placed on the same card 1~ilh the associated TT!. 
logic clements. Total length of wire 'OR' etcl1in~ for TTL dl dos 
shall be kept to less than 36 inches. Length of etching bctu:eri 
any input and any output shall be less than 12 inches. 

(i) UnidJ.rectional transmission lines of characteristic impeda11cc· equal 
to 100 ohms may be driven by restoring elements if the line i.:, 
tcrmi.nated at the receivi.ng end by the resistors of Table' 5-11. 111c 
CTI. load of th"' termination resistors is 10. Front.plane· ribLon 
cabh·s (1.7 ns/ft. delay) have a characteristic impedance lict1.·ce11 
90 and 110 ohms. The coaxial cables (l.45 ns/ft. delay) with dog 
house connectors have an impedance of 95 ± 3 ohms. 

(j) Bidirectional transmission lines of characteristic impedance equal 
to 100 ohms must be driven at both ends by dual buffers or dual 
inverters and shall be terminated at each end by the resi~to::.-s 
given by Table 5-11. The CTL load of the dual termination is 20. 

(k) Critical nets should be wired serially with stubs up to 1 inch 
allowed. Tenninating resistors should be placed at the end of 
the net. 

(1) The elements that delay line outputs may drive are restricted 
the following element types: 

l. BG·N 4. !HAN 
2. IF-N 5. Sl40 
3. BHAN 6. No Load Gates 

5.5 Circuit Placement Restrictions 

to 

The following is a list of circuit placement priori ties to be observed in 

the design of the B/1700: 

1) Clock distribution circuitry shall be placed on the row next to the 
backplane connector pins. This circuitry shall be symmetrically 
located on the printed circuit card so that clock skew can be: kept 
to a minimum. 

2) Line drivers and line receivers shall be placed on the row 
adjacent to the front.plane connector pins. 

3) Gates driving a backplane wire are to be placed preferably 
next to the backplane connector pin being driven, 

4) Circuits that input from other cards or output to other cards 
shall be placed close to the appropriate input/output connector 
pin. 

5) Circuits shall be placed in such a manner as to minimize the 
total length of etr..hing for wired 'OR' connections. 

5.6 Clock Line Loading 

No more thnn 21< AC loa<1s nncl 12 active DC loads are allowed, The net should 

be terminated \d.th at least 12 pe1ssive loads. Net length should be limited to 24". 
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CTL 
Restoring Element 

CTL 
Clut ut 

Ref: Table 5-10 

I 

TTL 
In uts 

TTL 
Elements 

t-I I 
-----1 I 

Figure 5-8: Resistor to Ground CTL to TTL Interfacing 

CTL 
Restorin Element 

CTL 

VEE 

Ref: Table S-5 , 5-7 

Figure 5-9: Resistor Divider 

I 
I 

TTL &. CTL 
Elements 

TTL &. CTL 

t I I 
I I 

Network CTL to TTL Inter facins; 
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'M'L 

I 
1. 
I 

TTL 
Outputs 

I I._____. 

.-=.. 

• 
R ~ 
~ 

TTL Outputs 
Wired 'AND' 

I T'l'L 

' or 
I 

CTL 
lnpu t :; 

' I 

I.____· -I I 
Ref: Table 5-2. 5-6 

Fisure 5·101 Open Collector Output TTL to CTL Interface 

TTL 
Element R 

v cc 

Ref: Table 5-2, 5-6 

TTL 

CTL 
Restorin Element 

or 
CTL 

lnpuLs I I .....______. . 

F.igure 5·ll: Totem Pole Output TTL to CTL Interface 
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GFKn 

8G•n 

Cl-"Bn 

GFin NOTE; 

*Total ioading can not exceed 12 since 
the weakest source· in the ne l has a 
fan out of 12. 

Number in parentheses represents CTL loads. 

Figure 5•12: Example of Output and Input Loading of CTL Outputs 

Givens 5 CT:L outputs requiring a total of 12 CTL loads. 

Find: Value·of pull down resistor (RL). 

Rule: The sum of all the CTL input loads (CTLIL) plus all the CTL output 

loads (CTL0L) plus the load provided by the pull dow resistor (RL) 

iau1t eq~l the total load <t..rOTAL) reQuired by the CTL output de
vices, or: 

· To find Rt.' then , 

• 12.0 

SCTLIL • 0 + 0.8. + l.O • 1.8 

"!CTLOL,. ·o+l.O+l.O+l.O =..hQ. 

l..rarAL • RCTL LOADS - 4.8 

~·. RCTL LOADS ,. 12.0 • 4.8 = 7.2 CTL LOADS 

The ac.tual. resistance value may be selected from table 5-10. It is that re.
sistor which p:-ovides a CTL load closest to, but not exceeding, 7.2. ln this 
case, the value of RL turns out to be 237.11.. 
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6.0 CLOCK DISTRIBUTION 

6.1 81714 Central Clock Distribution. The central system clock distribution ~s shown 

in Figure 1. It consists of an 8 MHz oscillator driving a buffer, which is used 
as a clock driver. The 8MHz signal from the buffer is passed on to the central 

6.1.l 

·system backplane. From the backplane, it is distributed to all using cards. In 

addition, the 8~ffiz output from the buffer is used internally on the source card 

to drive a divide-by-two Flip-Flop. This prod,uces two phases of 4MHz (4MHz and 

4MHz). The 4MHz signal is the basic clock for the system. Both signals are 

buffered on to the backplane through clock drivers. These signals are distributed 

on the backplane to all using cards. 

For all these lines, the receiver which is the farthest away from the source is 

terminated by a resistor on the backplane of the card. The value of the resistor 

is selected to load the driver to approximately 20 C'I).LL loads. 

The 4MHz signal also passes through a buffer into a delay line (50 nanoseconds). 

This in turn is routed through a buffer driven to a standard 95.3 ohm coaxial 

cable to the I/O distribution card. This buffer has its output connected through 

a pull down reslstor, 178 ohm, Ji; watt to -2 volts. 

6.2 81712 Central Clock Distribution. The 81712 clock is generated the same as the 

81714 clock, except that the oscillator 8MHz signal is divided in half prior to 

the central system backplane distribution and the divide-by-two Flip-Flop. This 

prodllces two phases of 2MHz (2MHz and 2MHz) Clock. See Fig. 1, upper left. 

6,3 I/O Clock Distribution. The I/O distribution card receives the early clock 

(Fig. 2) (SCPE) from the Processor. It goes through a DLSN, then is buffered 

to feed 6 dog houses on it's front plane. System clocks of all 1/0 back

planes are picked up from these 6 dog houses. (Dog houses are small shielded 

cormec tors). 

6.3.l 

6.3.2 

The distribution card uses one of the above 6 clocks, passing it through a fine 

delay line (DL2N) and generating .10 independent clocks for distribution to 9 

(maximum) cards on the standard 1/0 backplane and one for it's own use. Each. 

receiving card is required to load it's independent clock (SCPMn) to 8 CTL 

loads (or equivalent). (See SCPCO term in Fig. 2.) 

Two BHANs are used to distribute these 10 clocks. The DL2N is tapped at a point 

which synchronizes the 9 backplane clock to (up to) 10 nsecs delayed from the 

processor master clock. 
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. CARD 

SCPE 

DL5N 
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L _THE ... 1..IN..E_ T - - .:...... -
r - -- - - - - ~L;--, I 4 MHZ (EARLY CLOCK) 

ELAY LINE TO I/O 
L _ - - - - _DVR .......! DISTRIBUTION CARD 

DELETE FOR 
1712 ONLY 

1 TO OTHER SUB-DISTRIBUTION CARDS 
L---

DSCP 

SCPMO 

0 
0 
0 
0 

SCPM8 

lµS 

2µ5 
32/JS 

1024µ5 

TO NEXT SUB-DISTRIBUTION· CARD 

FIG. 2 1/0 CLOCK DISTRIBUTION 
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For 1/0 controls that need slow c.locks for timers etc., an 8 MHz crystal is 

stepped down through 3 bit registers to provide 1,4,32 and 1024 miscrosecond 

signals, each one system clock wide.. and synchronized with the system clock by 

re-establishing· through a 4 bit register. See Fig. 2. 

These 4 slow clocks as well as the raw 8 MHz (asynchronous) clock are also 

buffered and sent to the next sub-distribution for use down the daisy chain. 

Each sub-distribution card re-establishes the 4 slow clocks through a 4 bit 

register before putting it on it's backplane. 

See Figure 2· for the I/O clock distribution block diagram. 

Bl726. CLOCK MODULE. 

Bl726 Clock Module Oscillator Circuit. The 2200 8460 video amplifier is the 

feedback element that maintains oscillations of the crystal. Features of this 

video amplifier are internal input biasing, open collector current source out

put and an internal design such that the output limits symmetrically for either 

a positive or negative input overdrive. Internal biasing is such that no in

ternal element is saturated due to input overdrive. Output impedance is con.;. 

stant over any part of the operational cycle. 

The oscillator is connected .as shown in Figure 3. At the start of operation, 

any noise generated by the video amplifier produces a voltage in R1• A com

ponent of this noise is at the series resonance where the crystal looks purely 

resistive. This is feed-back to the input at R2; since this is positive feed

back, the amplitude quickly builds up to an equilibrium point where the video 

amplifier current source is either on or off. 

The crystal at series resonance looks like a resistor (Fig. 3) and forms a 

divider network with R2 such that a loop gain of about plus five is formed. 

At overtone, or spurious modes, the crystal series resistance is specified 

to be much higher so the resultant divider network with R2 lowe:rs the loop 

gain so much that oscillations cannot be maintained in these modes and 

therefore, the oscillator always oscillates at the fundamental frequency. 

The capacitor c1 is used to connect the negative end of ~ to the ground end 

of R1 at crystal frequencies. The other video amplifier output is the same as 

the output that drive.s R1 except that it ts out of phase with it. This in

verted output drives R3• The video amplifier output looks like a current switch 

of about 6.5 Ma nominal flowing to -12 volts or zero Ma. This current produces 

an approximately square wave signal of about 1.4 vol ts .P-P at R3• The 9819 is a 
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Bl726 CLOCK MODULE 
OSCILLATOR ·l2V 

0---C . . . 
. INT·EXT TOGGLE 
TOGGLE SWITCH 

BNC 
CONNECTOR 

EXT
INT 

I,OGIC 

~· 1N~O~R-~O~N~EJP~L;S::-:------:-----:~~-, 
er-· °"TOGGLE SWITCH 

...L 
SYNCHRONOUS STOP CONTROL 
BANANA PLUG 

0 0------., 
ONE PLS 
BUTTON 

4 PIN 
CONTROL PANEL 
CONNECTOR 

FRONT 
· PANEL 

REMOTE 
LOGIC 

OSCILLATOR 
BUFFER 

CONTROL 
LOGIC 

----, 
I 
I 

EARLY 
CLOCK 

8 LINES 
MAXIMUM 

SYSTEM 
CLOCK 

I 14 LINES 
I MAXIMUM 
I 
I 
I 
I 
I 
I 
I ADJUSTABLE 
I CLOCK 

I 2 LINES 
I MAXIMUM 

. - _ _. ------
OSCILLATOR OUTPVT 

FIG. 4 TO BOARD OUTPUT 
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differential input, CTL output level translator. 

Resistors R4 and RS form a voltage divider that provides a DC reference voltage 

equal to the average voltage on the R3 side of the 9819 and a symmetrical output 

results. (Fig. 3). 

Since the video amplifier output current is a function of -12 voltage, the 

voltage at R3 is a function of -12 voltage. The divider network R4 and R5 
voltage is equally a function of -12 voltage so no syrmnetry change results due 

to changes in -12 power, Very small changes 'in symmetry result from V and V cc ee 
due to the 9819 design, but they can be neglected. 

The oscillator is built on a small etched board and is completely shielded by 

the main board ground plane and a removable top cover, With shielding and the 

noise reduction design, the oscillator jitter problems are negligible compared 

to earlier clock oscillator designs. 

6,5 OSCILLATOR OUTPUT TO BOARD OUTPUT. The flow path is straight forward and con

ventional through two SONS delay lines as shown in Figure 4. The output of the 

first delay line is used to drive the system clock buffers. Taps on the first 

delay line produce a signal ahead of the system clock and are used to provide 

the early clock. Taps are provided at jumper chip location G3 to set.early 

clock nominally 40NS ahead of the system clock referenced at coaxial connector 

outputs, Some taps on both the first and second delay line are fed to jumper 

chip at E3, When a jumper is placed from a pin to pin K, the adjustable clock 

output is energized. Taps are provided to adjust the adjustable clock from 

ahead of the system clock by 25NS to after the system clock by 3SNS in nominal 

SNS increments. 

6,6 Control Logic, The INT - EXT toggle switch allows either the internal osci

llator or the BNC connector to be the signal source for the clock card, Figure 4. 

6.6.1 

6.6.2 

The NOR - ONE PLS toggle switch when placed in the ONE PLS position, synchro

nously stops the clock such that no clock pulses are "shaved", Figure 4. 

The banana plug on the front panel also synchronously stops the clock when 

energized with a CTL true level. 
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Not all clocks are stoppable by the synchrono1.1s ·stop controls, and run conti
nuously. Only Early Clocks, lines 5 through· 8, and system clock lines l 
through 6 can be synchronou$ly stoppp('d. The clock line functions are labeled 
on the front panel o( the clock card. 

When in the ONE PLS position, the pusn button is energized. and a single p'Jlse 
is produced for each ·push of .the ONE PLS bu·tton. See Figure 4 • 

. 6.6.5 Tl:ie 4 pin control panel connector can be used to connect a remotesinglc pulse 
control on the clock. When pi°n l is connected to pin 2, the front panel button 
is disabled and the remote button can be connected as shown below, and in 

6.7 .o 

CLOCK 

Figure 4. 

T .(TWISTED TRIPLET) 

·NO 3 

2 

Guideline fot Clock Distribution 

A. The clock which is distributed to any of the synchronous eleme·nts 
(FFAN, RFAN, RFBN, and LFAN) should be ·distributed without branch
ing or T's and the element farthest away fro~ the source should be 
terminated by a lOOA resistor to ground. No gating of the clock 
signal she>uld be allowed; thus, all unused inputs of the dual 
buffers in the clock distribution must be tied true. 

B. This i.mproves reflections on the distribution line, improves the . 
fall times of the clock waveform and still allows fan out greater 
than 10. Also it prevents "shaved" clock pulses from being 
generated from gated clock buffers • ..----

1 BOARD 
I 
I 
I BF 

Synchre>nous 
Elements 

(FFAN, RFAN,ETC) 

100 ..{\-

GND 
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6.8.2 

6.8.3 
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31820 Clock Module. 

T~e Oscillator. The 01620 clock scheme uses an 
encapsulated l2HHz TTL Crystal oscillator as the pri•ary 
source. Th;s is divided by a CTL flip-flop to provide 
the pri•ary syste• cloc~ frequency of &MHz. The division 
~rocess assures sy•a•try. 

The Oistribution Scheae. See Ftgure &. The logical OR of 
th• Single Pulse output. the External Ctock and the •ain 
clock is sent to four 8G•N buffers which in turn drive 
th• calibration and reference d~lay lines. The first 
bu~fer supplies an 1/0 Clock to the bac~plane which is 

. reoeived by the 1/0 Distribution Card and conditioned as 
~••ded before distribution to the I/O controls. The 
seoond network supplies 6 clocks by •eans of coax for 
use in the ~au. port interchange and other such 
activities requiring clock signals. The third net 
provides two backplane clocks for use by the processor. 
The fourth net provides an MBU coax clock that can not 
be stoppGd or the Stop Input. 

Th• Calioration Circuitry. Each of the four buffers 
1entioned previously drives a calibration section 
co1posed of one or more delay lines and a corresponding 
JPRN header chip used to select the appropriate tap on 
the delay ltne. The approp~ia~e tap is deter1ined by the 
tiaing requireaents of the section being clocked. A 
reference tap is provided for aligning all clocks. 

An additional calibration circuit is provided for the 
~ackplane clocks that drive the processor. The purpose 
of this circuitry is to control positive putse widt~ to 
within ZnS of the nominal 63nS. 

Th• Control Circuitry. four controls are provided on the 
front of the aodule. The first ts a push button used to 
e•it single pulses when the second control switch 
<Single Pulse or Contin~ous Operation> is in the Single 
Pulse •ode. The third switch selects the source of 
oscillation <external or internal>. This switch is not 
pr•sent on units in the field and •ust be added if 
ne•ded. The fourth ·controls the syncronous stop feature 
wh\ch can be activated by a pulse being applied at the 
frontplane or backptane Stop inputs. A doghouse is also 
prevtded to bring the External Clock signa~ on card. As 
was the easd with the control SMitch, this dog house is 
not on field units and aust be added if needed. 
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.s The Receiwing Ctrcuftry. See. Figure 5. Alt processor cards that 
receive ·the backplane clocks do so with a BG•N.in post~ion r9 • 

. This ~uffer in turn d~ives a delay line which can go to other 
buffers or no toad gate~ for distribution on th~ card. Jhe 
on card nets are li•ited to z4•, and 12 active oc toads to 
control ~n card skew~ · 
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BG 

owx 

Fi.gure 5 

PROCESSOR CARil 
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ALTERNATE 1 
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NET n.. 
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7.0 DATA TRANSMISSION RULES 

7 .1 .. cable Rules 

7.1.1 D.C. Considerations: 

B 1700 HARDWARE RU LES 

Two facto~s which influence the rules most severely are D.C. resistance 

of the line and the termination resistance. D.C. resistance and mis-

matched termination resistance both reduce output amplitude at the end 

of the line. 

The voltage drop due to D.C. resistance is proportional to the length 

A 2209 6150 A 
SECTION 7 
PAGE l REV. A 

of the line and inversely proportional to the wire diameter. Under true 

level worst case conditions a 26 gauge coax will have 16 mv drop at the 

end of a lo ft. line which is .terminating with 100 ohm to -0.5 volt. 

A mismatch between the terminaticn resistance (~) ani the characteristics 

impedance (~) of that line will cause an increase or decrease in the 

voltage at the end of the line. This increase or decrease is· a function 

of the reflection coefficient f . 

The increase or decrease in signal amplitude due to mismatch will be 

temporary in nature, however, its effect must be considered as a o.c. 

problem as the shift in voltage lasts considerably longer than the 

switching time of the circuitry. The shift in voltage will not be 

significant after twice the transit time of the cable. Under worst case 

conditions for a coax cable this mismatch could cause a 75 millivolt 

shift and a 150 millivolt shift for ribbon lines. 

7 .1. 2 Termination Considerations : 

A line should always be terminated into its characteristic impedance. 

The 96 ~ ohm coaxial line should always be terminated with a 95.3 ohm 

resistor or proper delay lirie. The ribbon lines have a nominal 

impedance of 100 + 10 ohms and should be terminated with a 100 ohm 

t'esistor. 
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Lines ddven from only a single source at the near end of the line need 

only be terminated at the far end of the line. 

Multiple source lines must be terminated at both ends of the line. 

7.1.3 ·A.C. Considerations: 

There will be short term transients on the information due to poor 

grounding, stray inductance and stray capacitance. These factors 

should not cause significant problems provided the construction techniques 

presently contemplated.are used. If new construction techniques are used 

-----~hen they must be evaluated for these factors. 
----- --··--·----·------·--·---.. -------··---·----·---·-------

Cross tJlk is not a proble~ in the case of coax cables, but it is a 

significant problem in ribbon cables. Cross talk in the ribbon cable 

can have magnitudes as high as 0.2 volts and a duration of twice the 

transit time of the cable provided a ground line is between every signal 

line in the cable. If no ground line is between signal. lines 1 cross 

talk will be greater. 

7.2 Driver/Rec~iver 

7.2.1 Line Driver 

The dual buffer or dual inverter (BG-N and IF-N) is used to drive termi

nated lines; normally a network of 121 ohms to ground and 511 ohms to 

Vee is ·used to terminate the line. This network is normally placed at 

the receiver end of a one way line, and at both ends of a two way or 

"Party" Line~ Each network is equal to 11 CTL loads. 

·1.2.2 Line Receiver 

Any CTL restoring element can be used as a line receiver. The termina

tion network should be placed as close to the receiver as possible. By 

placing the termination near the receiver, crosstalk problems are mini

mal. 



Burrou$ha Corporation ~ 
81700 HARDWARE RULES A 2209 6150 A 

SECTION 8 
PAGE 1 REV. A 

COMPUTER SYSTEMS GROUP 
= SANT A BARBARA Pl,.ANT = =-· 

8.0 TIMING ROLES 

8.1 Delay Line Rules 

Delay lines are always terminated intotheir characteristic impedance. The delay 

line is always driven by a CTL buffer or another delay line. When peing driven by 

a buffer, the output of the buffer must have a 178 ohm\ Watt pull-down resistor 

connected from its output to the -2 volt bus and the delay line output must have a 

terminating resistor equal to the delay line characteristic impedance connected to 

ground.· "nle terminating impedance can be obtained by internal connection, jumper-

ing Pin N to Pin P. 

Delay lines 'may be cascaded to obtain longer time delays. Only the ·1as·t delay line 

in the cascaded group is to be terminated. The first delay line of the group is 

driven the same as a single delay line. Due to signal loss and decay of rise and fall 

times, the maximum delay should be limited to less than 150 ns. Rise and fall. times are 

approximately degraded by the root of the sum of the squares formula (RSS Rule). The 

taps along the delay line must not be heavily loaded. .A maximum of two buffers and 

up to 4 no load gates or 6 no load gates and no buffers can be connected to any delay 

line. The no load gate outputs must be restored to become fully compatible CTL logic. 

"nle far end of the delay line is the only place that· is to be terminated. Under no 

circumstance is a tap to be terminated or used to drive another delay line. 

8.2 MULTI TIMING RULES 

"nle purpose of these rules is to normalize the use of TAOn retriggerable one-shot 

as an asynchronous/ synchronous timer•. 

OUTPUT - Pin H gives a false output (~0.45V) during the quiescent time, and a true 

output (a=l.50 volts) during the timing period• Pin F gives the complement of this 

function. 

RANGE AND TOLERANCES. - The nominal timing periods ranges from l microsecond to 

·2 seconds. 'The tolerances depends on the variations of the total external resis• 

tance, and of some internal parameters of the capacitor used. Particularly, 

the variation. in capacitance and leakage current of the c·apacitor as a function 

of temperature; For further information in regard to tolerances and other possible 

ranges of application, consult the Circuit Design Group. 

TRIGGERING CONDITIONS - At least one of the inputs A and B must be held false, and 

both of the input pins C and D must be held true.to trigger package. 
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Retriggeuble oper.ation - Each time the output' of the internal logic circuit 

goes true, the external capacitor is discharged and a new cycle is started. 

Retriggering will not occur if the retrigger pulse comes within 0.224 ex (pf) 

ns -after the initial trigger pulse. To trigger the TAOn use all inputs of 

the same input gates i.e., A 6. B or C 6. D, according to the selected triggering 

mode. Whenever negative triggering is used, tie pins C and D to V , either . cc 
directly or through a 500 ohms resistance. Up to 29 · TTL unused inp.uts can 

be tied to the same resistor. If positive triggering is employed, ground pins 

A and B. Fig. 8.1 shows the two recommended connections of the input gating. 

_n_~ 
Figure 8"'.'l• . D 

Non•retriggerable operation - In situations where non-retriggerable operation 

is required, and the TAOn is negatively triggered, tie the complementary output 

(pin F) back to ooe active level low input (pin !- or B). Use the other pin for 

triggering. (See Fig. 8~2) If the TAOn is positively triggered retriggering 

may be inhibited by tying pin F back to one active level high input (C or D) 

ani:l using the other pin for triggering. 

H H 

Figure 8-2. 

8.2.1 TIMING COMPONENTS 

A timing capacitor connected between pin N and L, two resistors, one fixed and 

one adjustable, connected as indicated in Fig. 8-3, are required. A trimming 

resistor is used to compensate for production 

tolerances in the IC itself <± 107.), capacitor, 

and resistors, plus any error due.to the inac

curacy of the formula employed to compute the 

timing period. 

Rx must be equal or greater than SK, while the 

total resistance, Rx+ Rtrim' should not exceed 

50 K under any circumstances. When electrolytic-

.N 

c 
~ .... __ J .... x 

R trim 

FigureS-3. 

type capacitors are to be used, the total resistance must not exceed 30 K, in 

order to maintain the ratio of the charging current to the leakage current much 

"higher than one. 
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Applications 

8.2.4.1 Retriggerable Asynchronous Timer 

9816 ......_ _____ -4"t 9816 Output 

Output 
Pin F 

1/6 1/6 "----

BHAN 348 O/S BHAN 
F 

Fig. 8-6. RETRlGCERABLE ASYNCHRONOUS TIMER CIRCUIT 

Fig. 8~7. TYPICAL WAVEFORMS FOR THE ASYNCHRONOUS TI~ER 

8.2.4.2 SV!chronous Timer - The leading and trailing edge of the output pulse are 
synchronized with the trailing edge of the pulse clock. The circuit may be 
retriggered itllftlediately after the conclusion of a timing cycle. The input 
signal must go true 15 nsec. prior to the trailing edge of the clock. Its 
pulse width may be of any duration. If the input pulse is longer than the 
output pulse plus l clock period, the circuit will retrigger and initiate a 
new timing cycle. (See Figures 8-8 and 8•9) 

Cl9ck ---

_j\_------iJ 9828...__ ________ Output 

9816 
1/6 

BHAN 

K 1/2 
BHAN 

Q 9816 1/6 ..._ _____ ~ 

FFAN 

Fig. 8-8. SYNCHRoNOUS TIMER 

Page 88. 

O/S 

v cc 
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For high values of capacitance, solid tantalum capacitoTs (Sprague-type 150 D) 

with a working voltage WVDC = 15V, must be used. They can tolente 

five peTcent of the rated voltage in the reveTSe diTection at 85° c. 

For selection of timing components consult the Standard Circuits Section, Dept. 6480. 

All external timing components must be mounted as close as practicable to the 
circuit in order to minimize stray capacitance and reduce noise pickup. 

8.2 .2 PULSE WIDTH COMPUTATION 

For Cxilr:;.1000 pf, the output pulse width is approximated by T = .320 C:x (Rf-0. 7) 

Where R is the total timing resistance in Kilohms. 

C is in pF x 
T is in nsec. 

For pulse widths less than 500 nsec, the propagation delay should be added to the 

value given by (1) 

The .retTigger pulse width is calculated as shown in Fig. 8-4. 

Minimum output pulse width: 65 nsec. 

I 
v 

1 

Figure 8-4. 

8.2.3 INPUT TRIGGER PULSE 

T 

Minimum input pulse width: (Ti)min = 40 ns (see Fig. 8-5) 

Trigger input delay: Tpd+ ie;:; 50 ns 

T d E6;50 ns 
p -

2V F-~~ . l.5V 
0 

. ~Tpd+!-2V 

l.5V I /-0 

:;iTpd-c 2V 
l.5V 

0 

Figure 8-5 

\_ 

r 

positive triggering 

output pulse 
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11.0 POWER SUPPLY CALCULATIONS 

Tables 11·1 and 11-2 give the worst-case figures corresponding to the 

supply currents for the CTL and TTL integrated circuits, according to 

the following terminology: 

1cc= Current drawn from Vee supply (+4. 75 v nominal) 

IEE: Current to VEE supply (-2.0 V nominal) 

1GND: Current to ground 

Ill: Current to vll supply (-12.0 V nominal) 

1i2: Current drawn from v22 supply (+12,0 V nominal.) 

The information given in these tables is based on the data available at 

A 2209 6150 A 
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the present time and will be subject to change as new data becomes available. 

11.l Cu.rrent Calculations 

Supply currents do not include in most cases the effect of loads, 

Total currents for each chip can be calculated as follows: 

a) CTL Chips 

1CC(i) • 1cC(Table) + 3 mA x NL* 

1EE(l) • 1EE(Table) 

1GND(l) • 1GND(Table) 

b) TTL Chips 

or 

1cc(2) • 1cc(Table) 

1GND(2) = 1GND(Table) 

1cc(2) = 1GND(Table) 

The last value includes the current drawn from the Vee supply by the external 

pull-up load resistors, 

*NL • Total No. of loads to the chip output. It includes CTL inputs and discrete 
resistors, on the same card or off-card, expressed in terms of CTL loads. 
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In all the above stated equations, primed (') tet"ms refer to the total current 

per chip. Double primed (") terms "J:"efer to the sum of the chip current plus 

the current d"J:"awn by the external associated resistors. 

The term NL is the total output load to the chip, both CTL inputs or discrete 

pull-down resistors to VEE' on the same card or off-card, expressed in terms 

of CTL loads. 

The current to the VEE supply due to discrete pull-down resistors may be computed 

as follows: 

Whe.re NLR is the number of discrete pull-down resistors on the card expressed in 

terms of CTL loads. 

The total current values per card may be calculated as follows: 

1cc(T) = L.< 1cc(l)+ICC(2)) 

1EE(T) = 1:,(IEE(l)+IEE(3)) 

1GND(T) • L (!GND(l)+lGND (2)) 

111(T) • L (!ir(3)) 

11.2 Power Dissipation Calculations 

The power dissipation for each chip can be caiculated as follows: 

a) CTL Chips 

pd(l) (mW) 5.0 x ICC(Table) + 2.1x.IEE(Table)+12.5 mW x Ni+ 7.5 mW x NL 

Where Ni is the number of inputs that the chip has. 

b) TTL Chips 

5•0 x 1cc(Tabl~) 

or 

pd(2)(mW) = 5•0 x 1GND(Table) 

The last value includes the power dissipated in the external pull-up load 

resistors. 
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In all the above stated equations, primed(') terms refer to the total dissipation 

per chip. Tlouble pTimed (") terms refer to the power dissipated in the chip itself 

plus the additional power dissipated in the external discrete resistors as~ociated 

with the chip. 

The term NL has the same meaning as in Sec. 11.1. 

The term N. represents the number of inputs that the chip has. 
l. 

The power diiistpation· f.n discrete pull-down resistors may be computed as fol lows: 

Wher"! NLR has the same meaning as in Sec. 11. l 

The total dissipation per card may ~e calculated as follows: 

TABLE 11-1-MAXIMUM SUPPLY CURRENTS-CTL INTEGRATED CIRCUITS 

Assembly 
Maximum Currents (mA)•'< 

Element Description Remarks 
Type Number Ice IEE lGND Ill Izz 

AF An 1904 0179 Dual Adder/Subtracter 114 87. 50 -- --

AMCn 1123 9134 · 8-Bi t Memory 50 -- 60 -- --
I 

BG-n 1705 7563 Dual Buffer (2,2) 45 60 7 
Pull-down -- -- resistors 
not con-
nected 

BHAn 1904 0245 Hex Restorer 80 80 20 -- -- I 

CF An 1904 0195 4-Bit Comparator. 92 110 60 -- --

CFBn 1909 0513 Carry Logic Gate 105 75 2 -- --
I 

DFAn 190l1 0161 1 of 8 Decoder. 115 106 35 -- --

EFAn 1914 0748 Priority En~oder. 105 96 20 -- -- I 

*· Supply CU'rrents do not include the effoct of loads, unless the contrl'lry is !':tated. 
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Element Assembly Description 
Maximum Currents (~llA)* 

Remarks 
Type Number tee IEE 1crm 111 122 

FFAn 1779 6137 Du~l JK/D Flip-Flop 125 130 50 -- -- ... 
GFBn 1916 5851 Dual AND Gate (4,4) 15 36 2 -- -- --
CF En 1916 5133 Quad Gates (l,l,1,1) 30 37 2 -- -- --
GFFn 1916 5794 Quad AND, AND/OR Gates (2,2,2+2) 30 47 2. -- -- --
CF In 1911 9098 '.l'riple AND Gates (4,3,3) 22 48 2 -- -· --. 
CF Jn 1911 9106 · Quad AND Gates (3,2,2,2) 30 50 2 -- -- --.. 

. 
CFKn 1918 4282 Quad AND Gates (3,2,2,2) ~8 28 2 -- -- No load 

Gates 

IF•n 1705 7480 Dual Inverter (2 ,2) 30 30 15 -- -- Pull-down 
resistors 

not 
IHAn 1904.0252 Hex Inverter 71 53 35 -- -- connected 

LFAn 1779 6145 Quad Latch 82 98 1 -- -- --
MFAn 1904 0187 8-Input Multiplexer 151 146 25 -- -- --
MOPn 1916 6115 Mlcro•OJ>erator 50 45 7 -- -- --
RFAn 2201 4096 3-Blt Register 160 65 -- -- . --
RF.Bn 2201 4062 4•Bit Register 115 60 

-- -- --
RFZN 1779 6152 3•Bit Register 160 65 -- ... --

.. 
' 

RF•N 1779 6160 4-Bit Register 115 60 -- -- --

* Supply currents do not include the·effect of loads, unless the contrary is stated. 
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···········~························································ • • Asse•bly • • Maximum Currents CmA> • 
• TYPE • Number • Oescr;ption • lee lgnd • 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

MI1N t916 3599 EBCDIC/ASCII 130 195 

MI2N 

HI 3N 

Hl4N 

ttH\N 

MH2N 

·MttlN 

HH4N 

HJlN 

MJ2N 

MJ3N 

MJ4N 

MKlN 

MK2N 

RMtN 

RH2N 

MF5N 

MF6N 

Hf 7N 

tff 8N 

Mf 9N 

1:918 3&07 

1918 3615 

1916 3623 

2201 4146 

2201 4153 

2201 4146 

2201 4179 

2204 4200 

2204 4218 

2204 4226 

2204 4234 

2za4 s124 

2204 511~ 

2206 0014 

2206 ,022 

1918 3516 

1918 3524 

1916 3532 

1918 3540 

1918 3557 

1918 3565 

Code Conv. <HSB> 
EBCDIC/ f.SC I I 
Code Conv. <LSB> 
ASCII/EBCDIC 
Code Conv. <HSB> 
ASCII/EBCDIC 
Code Conv. CLSB> 
HOLLERITH/E9COIC 
Code Conv. (LSB> 
HOLLERITH/EBCDIC 
Code Conv. CMSB>· 
E BCOI C/ HOLLERITH 
Code Conv. CLSS> 
EBCDIC/HOLLERITH 
Code Conv. CHSB> 
96 COL CODE/EBCDIC 
Code Conv. <LSB> 
96 COL CODE/EBCDIC 
Code Conv. OtSB> 
EBCDIC/96 COL COOE 
Code Conv. <LSS> 
EBCOIC/9& COL CODE I 

Code Conv. CHSB> 
EBCDIC/BCL + PAR 
Code Conv. CLSB> 
ESCOIC/BCL + PAR 
Code Conv. CHSB> 
EBCDIC/KATAKAN4 
Code Conv. CLSS) 
EBCDIC/KATAKANA 
Code Conv. <HSS> 

E0COIC/9CL 114 
Code Conv. 
E aco I C/BCL Z/4 
Code Conv. 
EBCOIC/9CL 3/4 
Code Conv. 
EBCOlC/BCL 4/4 
Code Conv. 
BCL/EBCDIC 1/2 
Code Conv. 
BCL/EBCOIC 2/2 
Code Conv. 

80 160 
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T•l• lt•z1 flAXIHUM SUPPLY CURRE.NTS TTL <Continued> 
-~--- ----- ------- ------ -------- --- -----------

···············~···················································· • • Asse•blr • • Ma•l•u• Cu~rents <•A> • 
• TYPE • Nu•ber • Oescrtptton • Ice Ignd • ........... ~ •.........•...........................•................. 

Rf CN 2205 2609 64 Bit RAM 105 165 

RfDN 2206 ,.26 256 Bit RAM 135 150 

TAON 1901 7102 MONOSTABLE 25 35 
MULTI Vl8fUTOR 

IHCN 1471 4356 DTL HEX INVERTER 20 110 

IHON .1674 4963 TTL HEX INVERTER tt2 82 

lOCN 1471 4398 DTL 2 ll 4 8Uff ER 25 97 

RN06 1449 1104 102lt BIT RAM 160 176 

POOl l44f 9455 256 x 4 PROtt 120 184 

PR08 !607 6075 32 • 8 PROM 130 258 

SZ•N 1441 3197 QUAD 2•1N MUX 48 112 

S4•N 1441 3714 OUAL lt•IN MUX 60 124 

PR4N 2319 5271t 256 • 4 PROM ·130 194 

PR5N 2319 5282 512 . " PROM 130 194 . 

T 3~H 1441 3557 TRIPLE 3•IN AND 48 120 

T2HN 1479 0240 QUAD 2•1N. NANO ftO 136 

Bf SN 1948 ,,51 Tll•SfATE HEX BUFFER 85 313 

CR4H l4r.7 111\ 4 SIT BINARY COUNTER 101 181 

~ttlJ ·Z5ft0 0656 1024 BIT RAM 160 176 

B2CN 1447 3581 OPEN COLLECTOR BUffER 51t 246 
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T~ble 11-2: MAXIMUM SUPPLY CURRENTS TTL <Continued) ----- ----- ------- -----· -------- -----------

A 2209 6150 A 
SECTION 11 
PAGE 7 RF.V,. n 

.•.........•....................•.. ~ .......................•.•...... 
Asse•blr 
"'u•ber • TYPE 

• • • • Maximu• Currents <•A> • 
rec Ignd • • Description • • 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
92TS !602 7 300 QUAD TRI-STATE BUFFER 62 126 

f TSN 1948 5:)69 TRl•STATE HEX INVERTER 71 2&9 

CRCN 1269 7561 CRC GENERATOR/CHECKER 90 98 

SCTL 1959 5727 SYSTEM CONTROLLER 190 320 
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LOGIC.POWER SUPPLY 

The logic power supply is a cot11pact. low voltage. high current 
supply. It provides: 

+ 4.75 voe .. .sv - 2.00 voe :!: • 511 
•12.00 voe t .s~ 
-12.00 voe t • SW 

MEMORY POWER SUPPLY 

Th a •e•ory s u p.p l y pr o v i de s the following voltages: 

+19.00 voe !. 1V - 5.oo voe .! 1V 
+21.00 .voe :t 1V • See e I( p t an at i on below 

* The •23 volt supply i s a •4 y.ot t supply floating 
+19 volt supply. 

Refer to the Field Engineering Manual for infor•ation on 
adjust•ent. troubleshooting and 1aintenance. 

on 

The syste• •argins given in this section are not intended 
for use in the field but rather are given as ~n aid to 
fn•plant engineering personnel. Furthermore• they are 
not intended to hold true under •extended• condition~. 

the 
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··~······················································· • • NOMINAL • MARGIN • 
• VOLTAGE • SETTING • HIGH LOM • 
··~······················································· 

• •• ,5 • 4.85 .! • 01 • 5.05 + 4.65 

• 2.00 -2.oe t .o 1 - z.1s - 2.02 

.i2.oo + 12. 00 !. .10 •12.5 +11.5 

• ll. 00 -12.00 !. .10 -12.s -11.s 

•20. 00 t19.00 !. .10 + 19 .5 •18.5 

•23.00 • i..oo • .01 * • 4.25 * • 3.75 * 
• i.oo • 5.00 • - .o l - 5.10 -".90 

B .l82 0 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• • 

V CL f AGE • 
NOMINAL 
SETTING 

• MARGIN 
• HIGH LOW 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

• 4.15 +4.95'. .01 +5 .15 +lt.75 

-z.oo -z.15 + .01 -2.25 -2.05 

•12. 00 +12.00 • .10 +12.50 •11.so 

• 12. 00 -12.00 • .10 ·12.so .ii.so 

•zo.oo •19.00 + .10 t19.50 •18.50 

•2 3.00 + 4.00 + .01 * + 4 .25* • 3. 75 * 
-s.oo -s.oo ..:! .01 •s.10 -4 .90 

*These figures stand for differential vo_~tages on top of the 
• +ZOV .. voltage. 
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SECTION 12 
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Frontplane inputs (connectors) at 
the top of the schema tic only. 

Top of schematic for Zoning purposes. 

Backplane Inputs 
(connectors) at 
'the left of the 
scheffiaITc only. 

I' 'j 
•; . ~ 

!,. 

1'5 

/.'~ 
Left side of . ,·1; 
schematic 
for Zoning 
purposes. 

~: -~ 
•. 
i 

. i 
:II 

.. -

> 

l ..... 
~ ·-

-.. ----~ .. ) ......... . ., .. _ ...... ........... .,.. ...... ., ...... ..,.. ..... -C>•--

"!fi•....._ 
r-'j 

Rit,;--J -L~ 
~··l 

~ 
ll:.I. 

~ ~[ 

n 

cu 

-· .......... .... 
.... -........ ~ 

.... . .... -. ... . 
I ..... . 

~N 
. 

... M 
. 

, -· -•• IMY 

~ 

~__!I'.•..-..,_ - ..... ..... 

~ 

-v• 

0 

• 

• 

.. 

.. 

Backplane Outputs 
(connectors) at 
the right of the 
schematic only. 

Right side of 
schematic 
for Zoning 
purposes. 

Frontplane outputs (connectors) at 
the bottom of the scheinatic only. 

! Bottom of schematic for Zoning purposes, 

The schematic is read with the title block turned to the left, as shown a.hove. 
Logic flow is left-to-right whenever possible. 

Signal names consist of 8 characters. The last character of the mnemonic name is 
a (O)~ (l) or (,). The use of these charac!;ers are defined as follows: 

O Signal entering or leaving Backplane connector, 

1 Signal entering or leaving Frontplane connector. 

Signal generated and used within the card. 
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Appendix on Logic Schematic Symbols (Continued) 

Top Border 

.---..... -------------------,1,,~----------------wp~· 

l" TYP . 

Front plane 

input pin 

and signal 

"Air lined" 

!:!" 
...... 
Vt 
• • ,,.;. ...... 

The pin at the !eft 
is continued in the 
circuitry shown be
low 

Front plane 

pin is repeated 

A RW15 •• Kl . 

*''Airline" is a term appl~ed to a metho~ of symbolizing continuity when signal 

lines cannot be conveniently connected •. P.oints common to the interrupted 

circuit are identified by the same signal name. 

l" TYP 

Frontpbne 
Output pin 

Bottom Border 

J 
I 

A 2209 6150 A 
sgC1.'ION 12 
PACI·: 2 REV• C 

@) 
Top Border 

means co.axial connector 

Example 

means frorit plane 
co-axial input at 
location COX 
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Test point 

Example: 
Signal goes 
to page 2, also 
exits on the 
frontplane as a 
test point 

11" TIP r 
h ~order line at 

Border 

MEX •••• l 

,.... 

2 

Frontplane 
Test point 

At left: backplane input pin 

edge of page 

A 2209 6150 A 
SECTION 12 
PAGE 3 REV.B 

/? .. //',/ "Airlined" Signal ConnectioM( 

~---D_A_T_A_s_.c_o_o __ ~TAS.00 p ---

Example: 
Above: Signal enters page thru backplane pin OAY as the source. 

Continuation of net (sinks) on the same page are repre
sented by .small open circles. The number by this symbol 
represents the number of "airlined" connections to be 
found. If there is no number, then one "airline" con
nection will be found. The 3 by the large open circle 
indicates that the net continues on Page 3 as an input. 
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Aependix on Logic Schema tic Symbols (Con tinuP.d) 

PAGE · 3 
Page 4 

DATAS.CO OAY( J DATAS.CO. 

A 2209 6150 A 
SECTION 12. 
PAGE 4 REV.B 

(!) Indicates thh signal came from 
input side of anot~er page, in 
this example, page 4. This only 
applies to backplane pins. 

Example of signal origin 

3 represents page number 

ample · ·l 

,., ) low: ·Signal starts on this page, goes out 
backplane pin lEX, and .is also used 
on page 2. 

Above: a backplane output pin. 

Borde:r 
Left 

0------""•' 

Bi-directional 
input/output pins 

PACE 4 

ONX 

Border at edge • 
of page 

2 

IEX 

Border, 
Right 

I ~'to.-----------<::> 

3 
EXCHAN.O 

IPX 
Example above shows Bi-direction input/output pins at 
backplane entry (left) and backplane exit (right). 

Page 3 

Bi-direct~onal si~nal 
from other pages.·, 

Page 6 

Symbol at right of page 
is used to indica'te · 
multiple. source ·of a net. 
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!J>pendix on Lo51c Schematic Symbols (Continued) 

0 
, . 

Means logic at tnis point originates off the page • 

eft border of schematic M 

· 3 0 BBIS.... 0,_2------~-N-1 . p •. I~ 

3 (large open circle) is the page number of the schematic on which 
the source appears. The small open circle is also an indication 

·that the source is not generated from this page. The number 2 · 
is the number of times signal BBIS •••• is found airlined on this 

-·~ 

«t means logic is generated on this page, and leaves the page. 

·~ ..... __.1·~;;2 
e 2 means signal ARAS.... is 

the source for two sinks 
(inputs) found to the 

. right of the source on 
the same page. 

AR.AS •••• 

AR.AS •••• 

N 

p RDISP ••• 
BACKFEED SYMBOL ·Example 

&epresentation for signals with both source and 
sink used on the same page. Backfeed symbolizes 
that the inputs can be found to the left of the 
source as well as to the right • 

. A( 3 • 
, .,.,- . I 

Example means the signal RDISP ••• is found three times· 
on the.page. The sinks can be on the left Of"the~ 
source (backfeed) and/or the right of the source. 

A 2209 6150 A 
SECTION 12 
PAGE 5 REV.C 

3 

® 
means logic is generated on this page and leaves 
the _pag_~. · -I --r-so_4._ .. K_. -@2· ® 

. ; 

/

. Signal·· shown leaving 
the page and conw 
tinued on page 3 

S04 ... K. 0 3 

DSCP •••• 
I • 

Signal also used on this 

~S04 ••• K. 
I ,....__m_cP_··-··--%3 ®-n_sc_P_. ·-··----1( 

lf theTe is no number of sinks to be found, 
then onlv one svmbol will be shown leavin~ 

DSCP •••• • , 
This combination of symbols 
on the same page is also 
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Appendix on Logic Schematic Symbols (continuec) 

Indicates Bi-directional .signal 
in or out of a Logic Element 

Indicates signal output 

Indicates signal input 

j ,, r.v 
Example: 

means 150 ohm, 1/8 W, resistor 
to ground on the solder 

~ 
~ A7G 

~ of the board 

Example: 
AS is the 
chip location. 
A is the chip 
pin for the 
resistor. 4 is 
the number of loads. 

J , 

Above: the 150 ohm resistor is soldered 
to pin G of the chip at location A7. 

means resistor within a resistor chip 

n - Type of resistor chip - - - - - -
:XXX - Chip location ~ Pin 

L - Number of Loads 

Discrete Resistor 

The letter or number code 
is derived from Element 
Type designations, ·ror 
example: (P) is RPNN, (S) 
is RP8N. 

A ~ Refers to Drawing note at bottom of 
Schema tic page. 

:XXX - Resistor location 

Example: Frontplane or Backplane resistor 

0 NY( .SWRITEFO >' 
©o69 

Note: @ 348 OHM 1/4 W, to, -2.0V. 

Locations 000 thru 212: 
Locations 250 thru 474: 

at backplane connector. 
at frontplane connector. 
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Appendix on t.ogic Schema tic Symbols {continued) 

. Example: Discrete Resistor Located between IC Chip and Bus Bar 

B 9 WAIT •••• 

D B9W 

Notes @ 160 OHM l/2W, to -2.0V 

B9W will be part of the 
·net with the other 
end of the discrete (B9X) 
Receiving Power. 

Discrete resi'stor s located between the different letter designated rows on the 
circuit board and near the Bus. 

Example: ~Bo.J~-·n_UM_P_.®,.·~~. ·-B-OZ-.. ""' ® OHM, l/2W to CNP 

Any discrete resistor pin {XovY, WorZ) may be connected to the net. The other end 
at the resistor will receive power. 

MISCELLANEOUS DISCRETE 
COMPONENTS USED IN CHIP POSITIONS 
(GENERALLY GBNN) . ,. 

~ 

l. I( I 
87 ,____.. 

i 14 ~ 
Ex.imple: 

TAON.__ ____ _,,· "CHIP PIN 

4.75V <E----.._, ____ _. f '1 CHIP LOCATI 
. ~ _/B6M \ 

//./" . AS 

Voltage is 
picked up at 
Chip B6 pin M 

AS 

12.lK 

RESISTOR VALUE 

lOOOff' 

CAPACITOR 

VALUE 
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There a-re two available resistors in the BC-N chip and 
the U-N chip.· 

These resistors are 1 K OHM to Vee, representing 2 CTL 
loads. 

Access· through pins A and/ or G for the BG-N, and p.ins 
P and/or H for the IF-N. 

Schematically re presented. 

LOAD.3 •• 

p A} A __ ...... 
N 

___ s .... sc-o B 

F 
J J 

H BG-1 
G 

LOAD.2.. C LOAD.4 •• 

A dark solid circle on a line is .a schematic representation 
of a line intersection. Th~re is no implication of etch 
patterns or via holes 

A 2209 6150 A 
SECTION 12 
PAGE 8 REV. B 
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TTL DUAL. SYMBOLS 

A 

B 
AB+ AB :-11>- AB + AB 

EXCLUSIVE OR DUAL OF EXCLUSIVE OR 

A -1 )-. B 
-A ii B 

'A~. 

B 
A+B 

NAND GATE DUAL OF NAND GATE 

A I )-· B 
.A 0 · B -A+ B 

AND GATE DUAL OF AND GATE 

A 

B 
- A=D-· - --- A•B 

B . . 
A+B 

NOR GATE DUAL OF NOR GATE 

A --- A-
A+B A • B 

B B ---t.L. _ _.,, 

OR GATE DUAL OF OR GATE 

A A A 

INVERTER DUAL OF INVERTER 

A A 

BUFFER DUAL OF BUFFER 
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~~~~~~~~~~~§~§§§§~~§§§§§~~ PAGE ll RF.V •. A 

mmzmz 

DISCRETE COMPONENT NAME LIST -------- --·--···-

POWER TO ro TO TO TO 
VALUE OISSIP. PART NUMBER GROUND -2v lt.75 •12 •12 

---~-------~----------------------------------·-----------------------42.2 1/4 1111 8403 ~G67 
s1.1 1/4 1111 8429 RG25 R419 
56.2 l/" 1111 8437 RG2t 
&1.9 lilt 1111 8445 RGZO R418 
G8.l l/4 1111·8.\52 RG65 
75 1/4 1111 8460 ftG15 R432 
82 l/Z• ZZt>6 6732 RG35 RlC35 R430 
91 1/2• .2206 6823 RG34 RX"34 Rlt29 

100 l/2• ZZ06 674() RG33 ff Xll R428 
t 10 l/2• '-l06 6811 RG32 RX32 R427 
120 1/2• 2206 6157 RG31 RX3l R426 
130 1/2• 2206 6165 RG30 RX30 R425 
150 l/2• 2206 6773 RG46 RX45 R424 
t&O ·t/2• 2206 6781 RG45 RX44 R423 
180 1/2• 2206 6799 RG44 RX4 3 Rlt22 ~300 
200 1/2• ?206 6849 RG43 RX42 Rlt 31 R307 
220 1/2• 22~6 6807 RG42 RlC4 l R4Zl R308 
237 l/"4 1111 8585 RG49 RX06 R441 
261 114 1111 8593 RG09 . RX03 ' q44 2 
287 l/ 4 ' 1111 8601 RG04 RX07 R417 

' 316 l / 4 1111 8619 RGOO RX06 R435 
31t8 1/4 1111 8627 RG28 RXZl R400 
183 1/4 1111 8&35 RG6~ RX51 R455 
4Z2 1/4 1111 861t3 RG48 RX15 Rlt13 
464 1/4 1111 8650 RG24 RX27 R401 
511 i/4 1111 8668 RG26 RX'.llt Rlt02 
562 l/ .. 1111 8676 RG02 RX28 Rlt40 
619 l/4 1111 8684 RG29 RX39 Rlt lft 
681 l/4 llil 8692 RG55 RX49 R443 R305 
750 l/4 1111 8700 RG61 RX58 R451t 
825 l/4 1111 IS718 RG47 RX25 Rltll Rl06 R500 
909 l/4 1111 8726 RG56 RX55 R444 

11( l/4 1111 8734 RG27 RX\> 2 R404 R50l 
1. t I( 1/4 1\11 ·8742 RG01 RX56 R439 

1.ZlK. 1/4 1111 8159 RG57 RX53• R456 
1.3JK 114 1111 8767 RG58 R445 
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DISCRETE. COMPO'-EHT N•ME LtST <CONTINUED> 

ft OW.ER TO TO .TO TO TO 
YALU( 01~$IP. 'PAIT· NUMBER GROUND •2V 4.75 -12 •12 

--------··-···--~-~.~-~---·-··------------~-----~----~----------------1. 471( 1/4 lll 1 8775 RG&O RXl 3• R407 1.raK 1/4 '1111 1791 ~458. 
1 .• 96K l/4 1Ul 8809 tUOl•. R414 
2.lSK l/4 11.l l 8817 RX47• R459 R502 
2.371( 1/4 t.111 8825 R457. 
2.&lK l/4' 1111 8833 ·R446 
3. t6K · ' lilt '111 l 8858 .RG36 R447 
3.83K l/4 1111 5574 
5.62K l/4 ll~i 8916 RX5.9• Rlt52 
Zt.5K 114 ·. 1111 9054 ft45 3 

MISCELL~NEOUS . COM.PONE NT S 
p 

JOO PF CAP 192U Zl34 .RG40 
-41').~f CAP 23~0 5531 RG51 
lQOOPr CAP 2300 5572 RG52 
lUF CAP 19078815 RG5SJ 
33UF C~P ·2010 0715 RGSJZ 
.01ur CAif 2300 56~7 RG53 
.1ur CAP .. 2300 58·20 RG39 · 
1.0Uf CAP 2Zl»O 7058 RG54 
DIODE 2208 6011 RG9l RX91 

* nus DEVICE IS A 1/2 WATT RESISTOR IN A l/4 WATT BODY. 
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FRONTPLANE RESISTOR LIST 

-----·---- ----·--· -----· 
···················~·················································· • G~D •ZV GNO •2V GNO -2." GND ""2V • • t>IN +lt.75 ·tzv f> IN +4.75 •1zv PtN + 4. 15. • l 211 PIN +4. 75 ·12v • •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

SAX 250 375 IA)( 275 400 SAY 300 425 '4. y 325 4 5:) 9 251 376 B 276 401 0 3'J1 42.6 8 326 451 c 252 377 c 2 77 402 c 302 427 c 327 452 0 253 378 a 218 40 3 0 30 3 426 0 328 453 E 254 319 E 279 404 E 304 429 E 329 454 F 255 380 r 260 405 F 305 It lO F 330 455 G 256 381 G 281 406 G 306 431 G 331 456 H 257 382 H 282 ft() 7 H 307 432 11 332 457 I 256 383 I 283 408 I 308 433 I 333 458 J 25~ 384 J 264 409 J 309 434 J 334 459 K 26 !) 365 I( 2d5 410 I\ 310 455 K 335 460 ·L 261 386 l 266 411 L 311 436 L 336 .461 M 262 387 frl 267 412 M 312 437 M 337 ,. 62 
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