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INTRODUCTION TO THE NEW TEST & #lELD
EDITION OF THE B!1700 HARDWARE RULES

This Test and Field edition of the B1700 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 B1700 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 Introduction (below) states
the scope of the book; only omissions are references to design matters
not-included in this edltlon.

INTRODUCTION to the B1700 HARDWARE RULES

This is the fourth issue of Bl700 Hardware Rules for use in the design of the:
B1700 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 B1700 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 comprehensive set of terms are defined so that consistent understanding, in-
terpretation and application of the rules will result. B

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 1ncorporated
Delay lines, resistor and capacitor networks are included due to their usage in
the systems.,

A comprehensive summary 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 B1700 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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INTRODUCTION to the B1700 HARDWARE RULES (Continued)

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.

i /@ N %wuma@

P. N. Venkatachalam
Section Manager
Standard Circuits, SBP

APPROVAL:

Uk

" R. L. Rehfel

Manager Tl
Standard Circuits and Packaging, SBP

AL

R. E. Packard
Manager
Hardware Development Activity
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DEFINITION OF TERMS

The following is a partial list of definitions for those terms that are used in
the B1700 Circuit Rules,

Power Supply Voltages: The power supply voltages used in the B1700
: are as follows:

VEE Negative Logic Power Supply Voltage

noninal -2,0 volts
tolerance +0.1 volts

Vcc Positive Logic Power Supply Voltage

nominal 4,75 volts
tolerance 19.25 volts

Negative Line Driver/Receiver Power
11
Supply Voltage

nominal =12.0 volts
tolerance +0.6 volts

Positive Line Driver/Receiver Power
22
Supply Voltage

nominal 12.0 volts
tolerance +0.6 volts

Guaranteed Input Thresholds: 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 0.8V @ TJ 25° C
= 0.65v @ Tj = 100° C
= = °
VIH 1.25v @ Tj 25° C
= 1,10V @ T, =100°C¢C

: 3
‘Where T, is the temperature of the semiconductor
junctions on the chip
Example: At Tj = 25° C
Input voltage greater than 1.25 volts is a logical .

" 1" .

Input voltage less than 0.8 volts is a logical "0".

Threshold Sensitive: Any input to a logic element whereby the input
voltage is quantized to represent a logical "0"
or logical "1'" 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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DEFINITION OF TERMS (Continued)

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

2.9V, <335V @ Ty =250 C
2.3VV, <3.35V @ Ty = 100° C

Where VoH is the logical "1'" voltage at the
output,

i}

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

Restored False Level: Voltage levels at the output of a logic element
that satisfy the following conditions:
-Lov<{y < -0.55V @ Ty =250 C
-LovsKv < -0.40V @ T 100° ¢

Where V L is the logical "0" voltage at the
output.

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

Nominal True Level: 2,5 volts
Nominal False Level: -0.7 volts
"Restorer: A logic element that will always have output

voltages which correspond to either a Restored
False Level or a Restored True Level,

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

Gate Offset:’ 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,

Logic Level: - 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 restored 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 is being
driven by a restorer
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'AND' Function (+):

'OR' Function (+):

Exclusive 'OR' Function (@):

Risetime (TR):

‘Falltime (TF)z

Propagation Delay Time (Td):
Pulldown Resistor:

- CTL Gate Load:

DC False Level CTL Load (nf):
DC True Level CTL Load (nt\:

DC Input Loadipg:

DC Output Loading:

Qutput Drive Capabiiity:

A 2209 6150 A
SECTION 2
PAGE 3 REV. A

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 time difference between the 107 voltage point
and the 907 voltage point on the positive going

edge of a waveform.

The time difference between the 90% voltage point
and the 107 voltage point on the negative going

edge of a waveform.

The time difference between the +1.0 volt point
on the input waveform and the +1.0 volt point on

the resultant output waveform.

A resistor connected from the output of a logic
The purpose
of the pulldown résistor is to reduce the output

element to the V

falltime,

supply voltage.

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 & 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 Level CTL Loads that a logic
element will be able to drive at its output and
still maintain the proper logic level.
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DEFINITION OF TERMS (Continugd)

DC Output Drive Capability/Package:

Logic String:
Clocked Logic String:

Line:

Source:

Line Loads:

Tap:

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.

Gate logic between two restorers.
Logic between two clocked restorers,

Wire or etching that connects two or more

- circuits or pulldowns.

Circuit driving a line,

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

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.

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 B1700 Hardware Rules carries
functional descriptions of those integrated circuits approved for use
in the B1700 systems, Both passive and active devices are included.

CTL (Complementary Transistor Logic) Circuits. Those integrated
circuits which have CTL input or output levels are described in .
subsection 3,1, - ‘ ‘

TTL or T2L (Transistor-Transisﬁor ngic) Circuits, Describes
those TIL. integrated circuits to be used in the B1700. Sub-
section, 3,2, :

MOS (Metal Oxide Semiconductor) Integrated Circuits. Describes
serial and random access memory devices for the Bl700., Sub-
section' 3‘30

Interface Circuits. Line drivers, receivers, and sense ampli-
fiers are described herein. Subsection 3.4.

Miscellaneous Circuits. Descriptions of passive components,
networks and linear amplifiers used in the B1700, Subsection 3,5,
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3.1 CTL Integrated Circuits
Element Type: AFAn
Standard Assembly Number: 1904 0179
Manufacturer's Type: 9822 -

pe——
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‘Dual Full Adder/Subtractor

The AFAn consists of two separate adder/subtractor circuits with a common mode control,

MO.

All inputs are threshold sensitive, Outputs are restored.

to be added (subtracted) and C is the carry (borrow) input.

A+ B or A - B,
with the CFBn Carry Logic Gate to comprise a fast adder,

Type of Package:
DC Input Loading:

A0 BO Al Bl Data Inputs

Cco Cl Carry/Borrow Inputs

MO Mode Control Input
DC Output Loading:

S0 S1 Sum Outputs

PO P1 Propagate Outputs

GO Gl Generate Outputs

DC Output Drive Capability:

DC Output Drive Capability/Package:
Input Levels Allowed: _

Output Levels Generatéd:

Propagation Delay Time:

Pin Locations:

TOP VIEW
U

Gl -a— | A p| —» s1 3
G0 <«—— | B N| —* p1

S0 -€—— | C E Vee

PO <—— | D L VEE

cromp [ E| K| -— A1

A0 — | F J| -<*—B1

B0 —» | G H| < cI

c0O — | R S| --— M0

AFAn

A logical zero (one) input to the MO line will cause the circuit to add (subtract).

Inputs A and B are the bits

16 Pin Dual In-line

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

12 CTL Loads
72 CTL Loads

Levels 0, 1, 2, 3, &

Level O
22 us

Logic Equations:

G = MO'An. Bn%'Ano Bn

-

MO —

¢ HS N
J: A

Bl &% P

Al

co _R_| AFANL_D_

go_G| LB

A0 _F C

FUNCTIONAL DI AGRAM

The functions computed are
Output S is the sum or difference output, and outputs P and G are used

s, = C_+(R B +A +B W4T - (R B +A -B)

Pn = MO.(An'Bﬂ+Ah'Bn)+Mo.(An‘Bn+An.Bn)
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Element Type:

Standard Assembly Number:
Manufacturer's Types
‘Circuit Designation:
Description of Operation:

B1700 HARDWARE RULES

i
L

AMCN

AMCn

1123 9134
CTL 9030

8 Bit Memory

Wiy

"A 2209 6150 A
 SECTION 3.1
.PAGE 3 'REV, C

The AMCn 8 Bit Memory is a semiconductor active ﬁembry 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 levels of

degradation. Reading one word is possible, while writing a second word. Also, the
same information can be stored into four Iwords simultaneously. Each output must be
fully loaded with 3,5 CTuL loads to -2V,

Type of Package:

: 14 Pin Dual In-line
DC Input Loading @ v, = -0.7V/2.5Vs

10 I1 Data Inputs 0/1.5 CTL Loads

RO R1 R2 R3 Read Enable Inputs 0/1.5 CTL Loads

WO W1 W2 w3 Write Enable Inputs 0/2.5 CTL Loads
' DC Output Loading: '

Q0 Q1 Data Outputs No Load

DC Output Drive Capability:
DC Output Drive Capability/Package:
Input Levels Allowed:

3,5 CTL Loads

-7 CTL Loads

Levels 0, 1, 2, 3, 4

Output Levels Generated: Level 2
Propagation Delay Times:

Read Access 27 ns

Data Set-up 17 ns

Minimum Write Pulse Width 27 ns
Pin Locations:

TOP VIEW Sg —
R3 —» | A Pl —»q1
J RO
ra — [ 2] N <—n plc/s|A
— | C MV
. [ Ve 1 — P gl
RO /™™ | D L| <*— W3 G F
10 —— ——— QO
GROUND E :_S] w2 AMCN
QO ~— F J| -€— yl
10 > |G H < wo wo —HIIIKEL
Wh —
| W2 — | )
AMCn . W3 . ‘ !

FUNCTIONAL DIAGRAM
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3.1 CTL Integrated Circuits (Continued)

Element Type: BF-n/BG-n

Standard Assembly Number: 1705 7563

Manufacturer's Type: 9856

Circuit Designation: Dual Buffer (2,2)

Description of Operation:

Each buffer has two inputs and performs the AND function. All inputs are threshold
sensitive and the output level is restored. The package includes two separate
resistors connected to VEE' representing 2 CTL loads.

Type of Package: 14 Pin Dual-in-line
DC Input Loading: 0.8 CTL Loads

DC Output Loading: No Load

DC Output Drive Capability: 24 CTL Loads

DC Output Drive Capability/Package: 48 CTL Loads

Input Levels Allowed: 0, 1, 2, 3, 4
Output Levels Generated: 0

Propagation Delay Times: 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 equivalent.

Pin Locations: Logic Equations:
TOP VIEW N = P*B
|\
B ] -—
—[x | — .
1
<] ] Ve v
» '"7;" L N
E L | VeE Lze-o
GROUND [ E E]
~E
- ! ; - 1 S S
. BG~1
B - __F

BG-n . . FUNCTIONAL DI AGRAM
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"3.1 CTL Integrated Circuits (Continued)

Element Type:

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

The BHAn Hex Restorer contains six independent
Each circuit is non-inverting and provides a restored output.

has two inputs and produces an "AND" function.
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

— L
— {1 b
— [ ?
— [0}

GROUND E

|

<

0
[¢]

<
2]
t

[T [T Ia] e =] =] L=
:

—= [G 14 | -~
PRSI =y [E{ l 5 } e ot
BHANn

B1700 HARDWARE RULES

E SECTION 3.1

BHAn

1904 0245
CTL 9816
Hex Restorer

circuits Iin one package.

One of the six circuits

All Inputs are threshold sensitive.

16 Pin Dual In-line
0.8 CTL Loads
No Load (diode to ground)

12 CTL Loads
48 CTL Loads
Levels 0, 1, 2, 3 or &
Level O
12 ns
A
P
BHAO
B.
N
BHAI
<
K
DlsHa2
F
)
BHA3
G .
H
BHAL
R
S
BHAS

FUNCTIONAL DIAGRAM
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CFAN

3.1 CTL Integrated Circuits (Continued)

Element Type: CFAn
Standard Assembly Number: 1904 0195
Manufacturer's Type: CTL 9824

Circuit Designation:
Description of Operation:

4 Bit Comparator

The CFAn 4 Bit Comparator performs a parallel comparison of two binary numbers
AOy.se A4 and BO,...,B4 where AO, BO are the least significant and A4, B4 are

the most' significant bits of the two numbers,

The three 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:

A0 Al A2 A3 A4
BO Bl B2 B3 B4

DC Output Loading:

. AL AE AG

DC Output Drive Capability:

DC Outpht Drive Capability/Package:
Input Levels Allowed:

Data Inbut-A
Data Input-B

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 0, 1, 2, 3, 4

Output Levels Generated: Level O
Propagation Delay Times:
Any Input to Any Output ' 28 ns
Inputs Outputs
(AD, o 00,A) VS (BO,seoy,B4) AG AL AE
A Equal B 0 0 1
A Less Than B 0 1 0
A Greater Than B 1 0 0
Pin Locations:
TOP VIEW"
™ - B
Al —P> | A P — A0 AL
‘ DlF
A2 —™ B N| —> ac . B3 ._%%_ )
B2 —c ———— AE.
A —|C Mi Vee Bl ——é}~
BO ——
A4 —|D 1] Ve A3 L | N AG
. A2 __B |CFAN
GROUND E K| —»
Al —8 L AL
B4 —m |F J| —» AL A0 — '
H | -€—— BO
B¢ FUNCTIONAL DIAGRAM
B2 —® | R S | =<&—— Bl

CFAn




Burroughs Corporation @

I

B1700 HARDWARE RULES

COMPUTER SYSTEMS GROUP
SANTA BARBARA PLANT

A 2209 6150 A
SECTION 3.1
PAGE 7 REV. C

T

1

CFBN
3.1 CTL Integrated Circuits (Continued)
Element Type: . CFBn
Standard Assembly Number: 1909 0513
Manufacturer's Type: CTL 9823
Circuit Designation: Carry logic Gate

Description of Operation:

The CFBn Carry Logic Gate provides the necessary gating for & "high speed” 1nok ahead
carry (borrow) for an adder (subtractor) circuit. Each Carry Logic Gate is used in
conjunction with a group of four full adder/subtractors. TInputs to the jate are the
propagate and generate outputs of the adder/subtractor., Outputs of the pgate will be
the carry inputs to the adder/subtractor circuits, Inputs arec not threshold sensitive

and outputs are degraded one offset level below the inputs. .
Type of Package: . 16 Pin Dual In-line
DC Input Loading:
GO Gl G2 G3 Generate Inputs 1 CTL Load
PO P1 P2 P3 Propagate Inputs 1 CTL Load
- CI ) Carry Input 1 CTL Load
DC Output Loading: No Load
DC Output Drive Capability: 12 CTL Loads
DC Output Drive Capability/Package: 48 CTL Loads
Input Levels Allowed: : Levels 0, 1, 2, 3
Output |Levels Generated: Input Level +1
Propagation Delay Times: 6 ns
Pin Locations: Logic Equations:
TOP VIEW = .
4 CO GO + PO C1
U = .
c2— [ A p| <— 63 € =6 * P
Cc, = G, +P,-C
gl—>» | B N —% o 2 2 271
:E] v C3 =63+ P3-(GZ+P2'(CI+P1-CO,;
Go ¢ cc NOTE: CI does not propogate
::] thru to C3.
— -
CI D L VEE ‘ S H
: =] — Pp3 —C3
. GROUND E K > c1 P
: G3 R J
po — [ 5] == P2 — : ce
: G2 — A
pL — > E H ™3 P1 G ' _If_...__m
: . | B
——T ’
p2 —> [&] s =" e ¢t N co
- : ~ PO —
~ CJCFBN
CFBn GO — 5
CI

FUNCTIONAL DIAGRAM
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DFAN
3.1 CTL Integrated Circuits (Continued)
Element Type: : DFAn
Standard Assembly Number: 1904 0161
Manufacturer's Type: CTL 9838 .

"Circuit Designation:
Description of Operation:

1 of 8 Decoder

The DFAn 1 of 8 Decoder converts a three bit address A0, Al, A2 to one of eight
‘mutually exclusive outputs.Z0, ..., 27, The circuit has an enable line E0 and

an inhibit line ET. TInputs are threshold sensitive and outputs are restored.
Type of Package: 16 Pin Dual In-line

DC- Input Loading:

AQ Al A2 Address Inputs 0.8 CTL Loads
EO ET Enable, Inhibit 0.8 CTL Loads
DC Output Loading:
20 71 72 73 Decoded Outputs No Load (diode to ground)
24 25 26 77 Decoded Outputs No Load (diode to ground)

DC Output Drive Capability:
DC Output Drive Capability/Package:
Input Levels Allowed:

12 CTL Loads
96 CTL Loads
levels 0, 1, 2, 3, 4

Output Levels Generated: Level 0
Propagation Delay Times:
Address to Output : 12 ns
Enable/Inhibit to Output 12 ns

The data inputs (A0, Al, A2) must be
stable a minimum of 5ns prior to en-
abling the decoder if elimination of
logic noise is necessary.

Pin Locatiqns:

TOP VIEW
U
21 -— | A p| — 22
20 ¢ [B N| — 23
Bl —»|cC ElvcC
EO —p [D EVEE
GROUND | E K| —> 24
A2 —» |F J| —» 25
Al —» |G H|— 26
a0 —[® s| —= 27

DFAn
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DFAn Continued

A2
Al

ET
€O

A0 —=16lF

DFAN

T

"FUNCTIONAL

77
76
L5
Zh
| Z3
Z\
Z0

PR

DI AGRAM

12

DFAN

‘Truth Table:

- Inputs Outputs
EO FI A2 Al AOf 20 Z1 72 23 Z4 25 26 27
1 00 001 0 00 0 OO0 O
1 000 1}01 00 00O0O00O
1 0010}0o01 00000
1 e 011400 01 0000
1 010 0f}0 0001000
1 01 0110000010 0
1 o011 0}00 000010
1 011140000000 1
00X X X xX}0 0 00 00 0 ©
X 1 XX X}0 o000 O0O0OO0O
X = don't care bits - may be 0 or 1.
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3,1 CTL Integrated Circuits (Continued)
Element Type: EFAn
Standard Assembly Number: ' 1914 0748
. Manufacturer's Type: ' CTL 9883
Circuit Designation: ’ Priority Encoder

Description of Operation:

The EFAn Priority Encoder is designed to provide a three bit address 20, Z1 and Z2 which
‘corresponds to the highest priority true input that exists on data inputs I0, ... I7.
The circuit has an inhibit line EO. When the inhibit is true, the address outputs
remain at a logical zero. An output AI will be true if any one of the data lines is
true. Inputs are threshold semsitive and outputs are restored.

- Type of Package: . 16 Pin Dual In-line
DC Input Loading: ' '
10 I1 12 13 Data Inputs 0.8 CTL Loads
14 15 16 17 Data Inputs 0.8 CTL Loads
EO ' Inhibit Input 0.8 CTL Loads
DC Output Loading:
Z0 21 22 ' Address Outputs No Load (diode to ground)
“AX Input Indicator No Load (diode to ground)
. DC Output Drive Capability: 12 CTL Loads
DC Output Drive Capability/Package: " 48 CTL Loads
Input Levels Allowed: ' : Levels 0, 1, 2, 3, &4
Output Levels Generated: Level 0

Propagation Delay Times:

Input to Address Output 16 ns
Input to AI Output 16 ns
Inhibit to Address Output 16 ns

Pin‘Locations"

TOP VIEW
U
Il —o= | A p| - I0
12— |B YN -—— EO
I3—» | C M Vcc
14— | D _I: VEE
GROUND [E: K| —® 20
15 —» | F J| —» 21
66— iG H| —™ 22
I7 —» IR S| —® Al

EFAn
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EFAn Continued

Truth Table:

INPUTS OUTPUTS |
I7 16 I5 14 I3 12 T1 10 ¥O| AL 22 21 20
17 B¢ X X X X X X X X 1|% 0 00
16 -G | S AT 0 00 0O0O0TGO0GOTO|OO OO
}i—g— 0 0000O0O0O0TLGO|LoOGOoO
13 _C_ H 79 00000O0GO0TLTXO0|100T1
|2-—-§.-—EFAN——‘!———Z| 0 00001 X X 0|1 010
[ A K70 0 000T1XGXZXGO0|1 o011
1o b 0001 XX XX 0|1 100
) N 0 01 X X X XX O0/[|1 101
_ o 01 XX X X X X 01110
FUNCTIONAL DIAGRAM 1 XX X XX XXo0|f1l1111
X don't care bits - may be 0 or 1,
* AT = IO+II+I24I3+T4+IS+I6+I7
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FFAN
3.1 CTL Integrated Circuits (Continued)
Element Typé: FFAn
Standard Assembly Number: , 1779 6137
Manufacturer's Type: : CTL 9828 |
Circuit Designation: : Dual JK/D Flip-Flop

Description of Operation:

The FFAn Dual JK/D Flip-Flop contains two storage elementc that may be used in the JK
or D-set mode depending upon the state of the mode control lines. Each flip-flop has

a separate mode control. A false (true) input to the node control line will enable the
JK (D-set) modes of operation. A common clock is provided for the flip-flops. Transi-
tfon will occur on the negative going edge of the clock. Inputs are threshold sensitive
and outputs are restored. ‘

Type of Package: 16 Pin Dual In-line
DC Input Loading:
JO KO DO Data Inputs 0.8 CTL Loads
J1 K1 D1 Data Inputs 0.8 CTL Loads
MO M1 Mode Control Inputs 0.8 CTL Loads
PO Clock Inputs 0.8 CTL Loads
DC Output Loading:
00 Q0 F/F Outputs ' No Load (diode to ground)
Q1L Q1 F/F Outputs No Load (diode to ground)
DC Output Drive Capability: 12 CTL Loads
DC Output Drive Capability/Package: 48 CTL Loads
Except Clock ‘
Input Levels Allowed: Levels 0, 1, 2, 3, 4
P Clock Levels 0; 1) 2* 7’
Output Levels Generated: Level 0
Propagation Delay Times:
Clock (-) to Output ’ 17 ns
Data Set-up Time 10 ns
JK to D Enable Set-up Time 10 ns
D to JK Enable Set-up Time 10 ns
Minimum Clock Pulse Width 17 ns
Pin Locations: N
TOP VIEW v : Mode Control Logic:
\J My ode of 0 T
. A -—_;] a0 Mp Mb eso pe_rat on
0 f UK (K QN Q)Y
.55 .
ko B B e 1 | p-se D—>Q,
o —= 5 R,
Mo —™ E ] Ver M
GrOUND [E ~——p0 MO —51
13 P 40 A ). FlL p Q0 M _______]
Ml — | F 7| —>a1 [ J S o
ko B N G0 J Q
Dl e | wj — FE AN D —
s '| K FFAN )
Rl —* |R s| *—an g: 3 H_q b
Ki R J ar
FFAn PO ——'&] .
FUNCT!IONAL DI AGRAM FUNCTIONAL DIAGRAM
ENTIRE CHIP ONE DEVICE

When the same single ended cutputs of both flip-flops are loaded with more than 3 MSI
loads and both outputs cam switch simultanecusly then both Vcc and Vee must be bypassed
with .1 uf within 1.5" of the device (see std ckt section for details).



Burroughs Corporation @

COMPUTER SYSTEMS GROUP
SANTA BARBARA PLANT

B1700 HARDWARE RULES A 2209 6150 A

SECTION 3.1
PAGE 13 REV, D

—_—
——
—
——
——
o——
—_—
——
—
——
—_—
——
——
—
——
—
——
—

I

_—

B e —
e e e e

GFBN

3.1 CTL Integrated Circuits (Continued)

GROUND [E:

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

Circuit Designation:
Description of Operation:

Type of Package:

DC Input Loading:

DC Output Loading:

DC Output Drive Capabiiity:

DC Output Drive Capability/Package:
Input Level s Allowed: ‘

Ouﬁput 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 = 8.5ns
n=3 Td = llns
n=4 Td = 12ns
Pin Locations:
TOP VIEW
—
—_— | A Lg 34————
— G D —
O
cc
B ] v,

B F

——*G

GFBn

=
[
|

GFBn

1916 5851

CTL 9854

Dual AND Gates (4,4)

14-Pin Dual-in-Line
1 CTL Load
1 CTL Load

12 CTL Loads

24 CTL Loads
0, 1, 2, 3.
Input Level +1

6 ns

Logic Equations:
N = A.B.C.P
K.= FeGeHeJ

GFBO

GFBI R

i i

FUNCTIONAL DIAGRAM
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GFEN

3.1 CTL Integrated Circuits (Continued)

Element Type: GFEn

Standard Assemblv Number: 1916 5133
'Manufacturer's Type: : CTL 9865

Circuit Designation: Quad Gates (1,1,1,1)

Description of Operation:

Type of Package: , _ 14 Pin Dual-in-Line
DC Input Loading: » 1 CTL Load
DC Output Loading: . 1 CTL Load
DC Output Drive Capability: ’ 12 CTL Loads
| DC Output Drive Capability/Package: 48 CTL Loads
Input Levels Allowed: o, 1, 2, 3
Output Levels Generated: Input Level +1
Propagation Delay Times: 6 ns

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

n=1 Td = 6ns
n=2 Td = 8.5ns
ns=3 Td = llns Logic Equations:
n=4é4 Td = 12ns
B=A
F=20G
J=H
N=P
Pin Locations:
TOP VIEW
U
— | A P| -
A B
. —{GFEO
€] ) v 3
' : cc GFEI
D L v
GROUND E :g] '
-t— | F _J_] e - |
L 3 H J
) 1= —GFE3
— | H| +— .

GFEn FUNCTIONAL DI AGRAM
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GFFN

3.1 .CTL Integrated Circuits (Continued)

Element Type: GFFn

Standard Assembly Number: 1916 5794

Manufacturer's Types CTL 9866

Circuit Function: Quad AND, AND/OR Gates (2,2,2+2)

Description of Operation:

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: ' 14 Pin Dual In-line
DC Input Loading: 1 CTL Load

DC Output Loading: 1 CTL Load

DC Output Drive Capability 12 CTL Loads

DC Output Drive Capability/Package: 36 CTL Loads

Input Levels Allowed: 0o, 1, 2, 3

Output Levels Generated: . Input Level +1
Propagation Deley Times: : 6 ns '

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

n=1 Td = 6ns
= 2 Td = 8,5 .
z =3 Td = llnsns Logic Equations:
n=4 Td = 12ns
P = A.B
N = C.D
K= F<G + HeJ
Pin Locations:
TOP VIEW
: UJ _A P
— |A jj)——f—zl — B IGFFO
—[: ] — .
A N
— } ] Ve —LD 1GFFI
—p | D :g] VEE
—"‘E K
GROUND| E __ﬂ — —=GFF2
[ 3] ~— y
— ¢ 34——— J IGFF3

GFFn FUNCTIONAL DI AGRAM
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GFIN

3,1 CTL Integrated Circuits (Continued)

Element Type:

Standard Assembly Number:
Manufactuter s Type:
Circuit Designation:
Description of Operations

Type of Packages

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 dev;ces, the
delay of a cascade of gates is:

n=1 Td = 6ns .
n=2 Td = 8.5ns
n=3 Td = llns
n=4a4 Td = 12ns
AND GATE L, 3, 3
CTL 9875 GFIN
Pin Locations:
TOP.VIEW
— A __—_—_1~:::>J~:E] —
— | C D_[E '
L ’J’__’ cC
- | D :E]v VEE
GROUND |E jg] —_—
—— | :z]‘dh———
—F ] ~—
— | R E e

GFIn

GFIn

1911 9098

CTL 9875
Triple AND Gates (4,3,3)

14 Pin Dual-in-Line
1 CTL Load

1 CTL Load

12 CTL Loads

36 CTL Loads

o, 1, 2, 3

Input Level +1

6 ns

Logic Equations:
*BeC
*F<G
*S°*H*J

nounou

P
N
K

GFI0 X

GFII

gl Bl i

GFI2

FUNCTIONAL DIAGRAM
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GFJN or GLIN *

3,1 CTL Integrated Circuits (Continued)

Element Type:
Standard Assembly 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 Levels Allowed:

OQutput Levels Generated:
Propagation Delay Times:

Because these gates are linear devices, the

delay of a cascade of gates is:

ne=1 Td = 6ns
n= 2 "Td = 8,5ns
n=3 T™d = llns
n= 4 Td = 1l2ns

Pin Locations:
TOP VIEW

[

Phyde e

A
ALY

TA =T = =]

GFJn

PAGE 17 REV, C

GFJn

1911 9106

CTL 9874

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

16 Pin Dual-in-Line
1 CTL Load

1 CTL Load

12 CTL Loads

48 CTL Loads

0,1, 2,3

Input Level+l

6 ns

Logic Equations:
P = A‘B
N = C*D
K = F*G°R
J = HS

&

GFJO

GFJI

Y

|c: Lﬁ w | ;U]cﬁ -

b il (72 ]
o
"'!
[
W
[ S

FUNCTIONAL DIAGRAM

GFJIN 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.
results through DA processing.

Both designations currently yield exactly the same
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3.1 CTL Integrated Circuits (Continued)
Element Type: - GFKn
Standard Assembly Number: : 1918 4282
Manufacturer's Type: : CTL. 9863
Circult Designation: ' Quad AND Gates (3,2,2,2)

Description of Operation:

Type of Package: - 16 Pin Dual-in-Line
DC Input Lbading: ’ No Load

DC Output Loading:' ' No Load

DC Output Drive Capability: » 12 CTL loads

DC Output Drive Capability/Package: 48 CTL loads

Input Levels Allowed: 0o, 1, 2, 3

Output Levels Generated: Input Level +1
Propagation Delay Times: , 6 ns

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

n=1 Td = 6ns,
n=2 Td = 8.5ns
n=3 Td = 1llns
n=4 Td = 12ns
Pin Locations: Logic Equations:
TOP VIEW P = A*B
UJ , N = CeD
— API—P—“* K = FeGR
° L J = HeS
—p- | B N| —>»
i ﬁ:) _F
— | C M vcc G K
—|D Ll v R _IGFKO
. . EE
GROUND E K| — A
o [F 7l ___B__GFK|>"“'
—_— | G . H| % ,__Q_J N
D _IGFK2
— | R S| -——
H | ' J
GFKn S ,GFKB)

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:

IF-n

1705 7480
CTL 9852
Dual Inverter (2,2)

Fach inverter has two inputs and performs the NOR function. All inputs are threshold

sensitive and the output level is restored.

connected to VEE'
Type of Packagce:
DC Input Loading:
DC Output Loading:
DC Output Drive Capability:

DC Output Drive CapabilitY/Package:
Input Levels Allowed:

Output Levels Generated:

Propazation Delay Times:

Pin Locations:
TOP VIEW
U

——t | A

o
e ER
Bl wed [Hn

B

CRO(NDE' 1k :;(_—_l

— [E:_.r“"‘I\ , :zl -
— [c] LIJ. |

IF-n

The nackage includes two separate resistors
each representing 2 CTL loads.

14 Pin Dual-in-Line
0.8 CTL Loads

1 CTL Load

24 CTL Loads

48 CTL Loads

0, 1, 2, 3, 4

0
12nS Fan out of 12
15nS Fan out of 24

Logic Equations:

HRP

el

FUNCTIONAL DIAGRAM
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1HAN

3.1 CTL Integrated Circuits (Continued)

Element Type:

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

The IHAn Hex Inverter contains six inverting circuits in one package.
function.

circuits has two inputs and produces a 'NOR"
and outputs are restored,

Type of Package:

DC Input Loading:

DC Output Loéding:

DC Output Drive Capability:

DC Output Drive Capability/Package:
Input Levels Allowed:

Output Levels Generated:

Propagation Delay Times:

’

Pin Locations:

TOP VIEW
U

— | A 0 p| —™

— | C :E] Vcc

— y

——t D _EJ EE
GROUND E l >——— K| —»
— | F ———{::)———————-J —
- |G - E;>> H| —»
P |R [;>* s| —™

IHAn

1904 0252
CTL 9806

Hex Inverter

One of the six
Inputs are threshold sensitive

16 Pin Dual In-line

0.8 CTL Loads

No Load (diode to ground)
12 CTL Loads

48 CTL Loads

Levels 0, 1, 2, 3, &4
Level O

12 ns

A P
L
B N

L]

K
1
D \’\g&

J

W

G H

R S
9_

FUNCTIONAL DI AGRAM
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LFAN

3.1  CTL Integrated Circuits (Continued)

Element Type: LFAn
Standard Assembly Number: 1779 6145
Manufacturer's Type: : CTL 9834
Circuit Designation: Quad Latch

Description of Operation:

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 between 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: 16 Pin Dual In-line
DC Input Loading:
10 11 12 13 Data Inputs 0.8 CTL Loads
MO ML Mode Control Inputs 0.8 CTL Loads
PO Pl Clock Inputs 0.8 CTL Loads
EO Read Enable Input 0.8 CTL Loads
DC Output Loading:
Q0 Ql Q2 Q3 Latch Outputs No Load (diode to ground)
DC Output Drive Capability: : 12 CTL Loads
DC Output Drive Capability/Package: 48 CTL Loads
Input Levels Allowed:
pata Imputs 10, Il, I2, I3 Levels 0, 1, 2, 3, &4
Mode Controls MO, Ml Levels 0O
Clock Inputs PO, Pl, Level O
Read Enable Levels 0, 1, 2, 3

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

Output Levels Generated: Level 0

~ Propagation Delay Times:

Data to Output 22 ns
Mode Controls to Output ' 22 ns
Clock (4) to Output 22 ns
Read Enable to Output 12 ns
Data & Mode Control Set-up Time 12 ns
Minimum Clock Pulse Width | . 17 ns
Pin Locitions:
TOP VIEW
— ]
100 —»| A p| —» Q0
11— s N| /™ Q1
n —=|[c¢ KR
I3 — = |D '_T] VeE
GROUND r; K| —» Q2
e
Mo —® | F ' 3| —= Q3
—
M — | G| : H| -=— EO
pL —m® | R ) S <—P0>
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MFAN
3.1 CTL Integrated Circuits (Continued)
Element Type: MFAn
Standard Assembly Number: 1904 0187
Manufactuer's Type: . _CTL 9881
Circuit Designation: 8-Input Multiplexer

Description of Operation:

The 8-input multiplexer contains fully on-chip binary decoding data selection, 'The
Enable input performs the enabling function for the chip.

Type of Package: 16 Pin Dual To-liue
DC Input Loading:

10 11 12 13 . Data Inputs 0.8 CTI. loads

14 15 16 17 Data Inputs 0.8 CI1. Loads

A0 Al A2 EO Address/Enable 0.8 CTL Luad
DC Output Loading: No Load (Diode connected to ground)
DC Output Drive Capability: 12 CTL loads
DC Output Drive Capability/Package: 12 CTL loads
Input Levels Allowed: 0, 1, 2, 3, 4
Qutput Levels Generated: 0
Propagation Delay Times:

Data to Output ’ 16 ns

Address to Output ‘ 20 ns

Enable to Output _ 16 ns

The data and address inputs must be stable a
minimum of 5ns prior to enabling the multi-
plexor for eliminating inputs logic noise

effects. Logic Equations:
2y = (TgrAgrAymay + Tyshgrhytiy +
1,-RyoA R, + TyeAgeA R, +
Pin Locations: 0P VIEW IA'AO'AI'AZ + Is—AOoAI-A2 +
PE—— T Ky-Ay A, + TomAgeA =4,)-EO
N o
— |
2 —[5] D~ | o —
- Al
o—[a I A -
o - Bk o I
4 — | __] _R
I D LI Veg 16 G
— F
GROUND E _£J a0 1> 55— S
’ 14 - > 70
5[ S~ 3 T
13 _B_|MFAN
16— [ w2 1A
- to _P_|
17 —# | r s T - 70 N l
EO

MFAn ' FUNCTIONAL DI AGRAM
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LFAN

3.1 CTL Integrated Circuits (Continued)

Mode Control Logic:

ﬂé M1 | MO Modes of kOQeration
13 F IG Q3 0 0 No Action Qn--» Qn
L —D—-—~ —l 0 |1 Bit Set (L) — Q
12 _C K__ Q2 1 [0 | Clear 0 —=Q_
v [ B N al 1 }1 D-Set .In —> Q.
LFAN ‘ e e .
A P NOTE: 1. When the circuit is in the Bit Set mode
10 QO during the clock pulse, the latch traps the
. true input and does not change state again,

Y RIS|H
PO '
EO

Operation of the LFAn Quad Latch during the
D-Set mode will be as follows:

a) - After both clock lines become true, the
L o ’ " output On will follow the inputs In.
FUNCTIONAL__DIAGRAM b) After 1 or both.clocks become false,
the output will remain latched in that state
which occurred immediately prior to the ne-
gative transition of the clock (S).

TIME t TIME (t+1 ‘)

EO PO Pl MO Ml I Q Q

’,

Pt b (s et b ot it et pd Pt
HHHHHHHHOOK
o b e e e = O O
;—»-powy;-ooxx
OO O0OO0O0O XX
HOH%O.-OXXXXV

M NN OROHO M
FOHOOMOMOM

Qy (t + 1) = (PO-PJ.-MO-Ii+Qi.ﬁl+Qi~PO~Pl)‘

i=0,1,2,3

. : i ested that the mode lines be steady a mode control set-up
NOTES tzm:sbzziic the positive edge of the clock and he1§ till the trailing
edge with the hold time = OnS. This is important if the st?red data
is important otherwise the mode controls may be changed‘durlng the. )
positive clock time, If the mode lines are changed during the positive
clock the previously stored data will be loste.
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" Element Type:

Standard Assemblv Number-
Manufacturer's Type:

" Circuit Designation:

Description of Operation:

MOPN

3.1 CTL Integrated Circuits (Continued)

MOPn
1916 6115
CTL 9877

Micro-operator

A 2209 6150 A
SECTION 3.1
PAGE 2% 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-operator has four inputs 10,

I1, 12 and

I3. One AND gate has five isolated outputs (inputs are 10, Il and 12) while the

second AND gate has four isolated outputs (inputs are Il, 12 and 13).
threshold sensitive and outputs are restored.

Type of Package:

DC Input Loading:
10 11 12 13

DC Qutput Loading:

YO Y1 Y2 Y3
20 Z1 Z2 23 24

DC Output Drive Capability:

DC Output Drive Capability/Package:
Input Levels Allowed:

Output Levels Generated:
Propagation Delay Times:

Pin Locations:

TOP VIEW
o

Y2 -=— | A p| —»
Y3 -#—— | B N| ——
13 —®|cC E Ve
n —=[o v,
GROUND E K| —»
1L —>|F 7| —
10 —-—-»‘ G H| —»
20 -4— | R S| —»

MOPn

16 Pin Dual In-line

No

No
No

12
60

Load

Load (diode to ground)
Load (diode to ground)

CTL Loads
CTL Loads

Levels 0,1, 2, 3, 4
Level O

14

ns

Logic Eduations:

Inputs are

YO = I1+I2-13
Yl = I112.13
Y2 = I1.12-13
Y3 = T1-12.13
20 = 101112
21 = 10-I1-12
22 = I0-Il.12
23 = I0-I1-12
24 = T0.I1.12
13-C B v3
LA v?
D P
12 Yl
N vo
- K__ 74
MOPN_J___73
10_G- H 72
[ S 7]
R 70

FUNCTIONAL DIAGRAM



.Burroughs Corporation @

COMPUTER SYSTEMS GROUP
SANTA BARBARA PLANT

T

B1700 HARDWARE RULES

RFAN

3.1 CTL Integrated Circuits (Continued)

Element Type:

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

The RFAN 3 Bit Register consists of three s
with the necessary internal gating to perfo
upon the states of three mode control lines Mo,
2) Bit Reset

ares 1) No Action;
6) Binary Subtraction; 7
synchronous reset line RO.

going edge of the clock PO.

asynchronous,

Outputs are restored,

The carry output of a chip should not be fedback

same chip.

Type of Package:

and is valid a maximum of 24 n
CO are synchronous when shifting.

) Shift Up;

Im severa

Ml and M2 .
4) Bit Set;

and 8) Shift Down.

3) 'D-Set;

RFAn
2201 4096

3405,
3 Bit Register

A 2209 6150 A
SECTION 3,1
PAGE 25 REV, E

torage elements (Flip-Flops) together

1 logical operations depending

The functions available
5) Binary Addition;

The circuit also has a

The QO0, Ql and Q2 transitions will occur on the negative

DC Input Loading @ V{=—0.7V/2.5v

I0 11 12
CI
co
MO M1 M2
PO RO
DC Output Loading:
Q0 Q1 Q2
CI
co
DC Drive Capability:

Q0 Ql Q2
CI co

Data Inputs

Carry In

Carry Out

Mode Control Inputs
Clock, Clear Inputs

. Register Outputs

Carry In
Carry Out

Register Qutputs
Carry In, Carry Out

DC Drive Caﬁability/Package:

Q0 Q1 Q2
CI co

Input Levels Allowed:
1011 12
CI,Co

MO M1 M2

PO
RO

Output Levels Generated:

Q 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

into the inputs of the

16 Pin Dual In-Line

0.4/0.8
0.4/0.8
0.4/0.8
0.4/0.8
0.4/0.8

CTL Loads
CTL Loads
CTL Loads
CTL Loads
CTL Loads

The carry output during addition and subtraction is
s after the inputs are stable,
-The inputs are not fully threshold sensitive. ,

CI and

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

No Load

12 CTL Loads

8 CTL Loads
36 CTL Loads
16 CTL Loads
Levels 0, 1, 2
Levels 0, 1, 2
Level 0, 1, 2
Level 0, 1, 2
Levels 0, 1, 2
Level O

Level 1 (Not

Input +1)



I

Burroughs Corporation @

COMPUTER SYSTEMS GROUP
SANTA BARBARA PLANT

?;qugatiqn Delay Times:

hHHHUHHHHH

B1700 HARDWARE RULES

{

3.1 CTTL Integrated Circuits (Continued)

RFAN

Clock (-) to Output 21 ns
Clock (=) to CO 39 ns
Clock (=) to CI 39 ns
Carry In to Carry Out 24 ns
Mode Control to CO 38 ns
Data Set-up Time (Add & Subtract) 24 ns
Data Set-up Time (other modes) 11 ns
Clear Set~up Time 17 ns
Mode Control Set-up Time 28 ns

Data, Mode and Clear Hold Times 6 ns
Minimum Clock Pulse Width

* Clock Pulses less than this minimum ma

""NO-ACTION" mode).

Pin Locations:

10 —» | A
11 —» B

12 —» | C

17 ns*

A 2209 6150 A
SECTION 3,1
PAGE 26 REV.C

y cause loss of stored data (even in

RFAN
Mode Control Logic:
TOP VIEW
b M2{ ML MO Modes of Oneration
e QO
0 |0 |0 | No Action Qn-—-> Qn
—# Ql 0 [0 |1 | Bit Reset (I + Q)T
E vcc 0|10 | D=Set. In—’Qn
0 |11{1 | Bit Set (I, + Qn)—"‘Qn
1] v, T [0]0 | Add (See Below)
1 {01 | Subtract (See Below)
—" Q2 T
1 {10 | Shift Up Ci—rQo—le—sz =C,
-¢—— RO 1 |11 | Shift Down CO"QZ"'QI_’Q():C,‘_
~¢—— PO ADD The bits I0, Il and 12 are added to QO0,
Ql and Q2, and the result will replace QO,
-y Ql and Q2.° CI is the carry input and CO
§ co the carry output. [0 and QO are the least
significamt bits.
RFAn SUBTRACT The bits 10, Il and I2 are subtracted

from Q0, Ql and Q2 and the result will

replace Q0, Ql and Q2.

input and CO is the borrow out?ut.
Q0 are the least significant bits.

Ci is the borrow

10 and
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RFAN Continued : : RFAN
M2 ML MO In u(t) Cn(t+l) FUNCTION
0 0 0 X 0 0 NO ACTION Jn=0,Kn=0
X 1 1 .
0 0 1 0 -0 0 BIT RESET Jn=0,Kn=In
0 1 1 '
1 X 0
0 1 0 0 X 0 D-SET Qn «1In-
1 X 1
0 1 .1 0 0 0 BIT SET Jn=In, Kn=0
1 0 0 ADD: Qn+In4CI
Cn(t+l) «— SUM
CO = CARRY OUTPUT
1 0 1 SUBTRACT: Cn-In and Ci is
BORROW INPUT
Cn(t+1)+— DIFFERENCE
CO = BORROW OUTPUT
1 1 0 ' SHIFT UP: C0=Q2 + Q24¢Qle CO+Ci

1 1 1 SHIFT DOWN: CO-»Q2+QlsQ0,Ci=QC
3) The Carry Input Ci and Cariy Output CO are Bidirectional lines. »

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

M2
Mo -
—_— .
G|F{D
-5 o
12 —L ....’5.__...Q2
11 —Blrran | —q
-—-j AN , Q
10 —2 P oo
Cl e&p .
X
PO ‘
RO

'FUNCTIONAL DI AGRAM
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RFBN
3.1 CTL Integrated Circuits (Continued)
Element Type: ' RFBn
Standard Assembly Number: 2201 4062
Manufacturer's Type: o 3406.
Circuit Designation: ' 4 Bit Register

_Description of Operation:

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 mode control lines MO, M1, 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 absclute, it overides any concurrent Mode Control.
Transitions of the storage elements will occur on the negative going edge of the
.clock pulse. Inputs 10, I1, I2, and I3 are fully threshold sensitive, while the
mode lines MO, M1, 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: 16 Pin Dual In-line
DC Input @ Vi = -, 7V/2,5V:
10 I1 12 13 Data Inputs 0,4/0.8 CTL Loads
MO M1 M2 Mode Control Inputs 0.4/0,8 CTL Loads
PO RO Clock, Clear Inputs 0.4/0.8 CTL Loads
DC Output Loading:
Q0 Q1 Q2 Q3 ' Register Outputs No Load (diode to ground)
DC Output Drive Capability: 12 CTI. Loads
DC Output Drive Capability/Package: 48 CTL Loads
Input Levels Allowed: _
10 11 12 13 Data Inputs Levels 0, 1, 2, 3, 4
MO M1 M2 M3 , Mode Control Inputs Levels 0, 1, 2
PO Clock Input Level 0O
RO Clear Input ’ Levels 0, 1
Qutput Levels Generated: ’ Level O

Propagation Delay Times:

Clock (=) to Output 21 ns
Data Set-up Time » 6 ns
Clear Set-up Time 19 ns
Mode Control Set-up Time 28 us
Data, Mode and Clear Hold Times 7 ns
Minimum Clock Pulse Width 20 ns
Pin Locations: : : . ToP VIEW
U

10— | A P| —> Q0

In—|p N > Ql

12— | ¢ Evcc

13—>» 1D B vEE

E Kl — Q2

M2 ~—p~ p‘ 3| —» Q3

ML—>1G H| =+— RO

MO— | R g | --— PO

RFBn
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PAGE 29 Rev. B
RFBN Continued: RFBN ‘

MZ Mode Control Logic:
Ml _
MO M2| ML| MC | Modes of Operation
13 -0 RIG|F J Q3 0]o]o |Bitset (ImQn)—=Qn
0jo}1 D-Set In—+Qn
12 _C K__ Q2 0]1]0 |complement In®Qn-=@n
oj1}1 Not Defined
I ' B N QI 1 o}jo Shift Up 10--Q0—-Ql-+Q2-+Q3
RFBN t {o]1 | wot pefined
10 A p Q0 1 1|0 | Not Defined
1111 Not Defined .
__S-J H The undefined mode control combinations
PO should never exist while the 4 Bit
RO . Register {s being clocked,

FUNCTIONAL DIAGRAM

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)

Element Type: RFZN
Standard Assembly Number: 1779 6152
Manufacturer®s Type: 9843

Circuit Designation™

3 Bit Register
Description of Operation:

The RFZN is a CTL III 3-bit register.

identical to that of the RFAN.
details of usage.

_ Its operation is exactly
kRefer to page 25 of this Section for
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J.1 CTL Integrated Circuits (Continued)

Etement Type:

Standard Asseably Nuamber:
Manuf acturer?®s Type:
Circuit Designation:
Description of Operationt

The RF-N §s a CTL IIl 4-bit register.
identical to that of the RFBN. Refer
det ai ls-

RF=-N

1779 6160

9844

4 3it Register

Its operation is exactly
to page 28 of this Section for

A
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3.2 TTL/DTL INTEGRATED CIRCUITS - DFBN

Element Type: DFBN
Standard Assembly No: 2205 8242
Manufacturer/Manufacturer's Type: Fairchild U6B930759X

Circuit Designation: Seven Segment Decoder

Description of Operation:

A3
A2
Al

AO

GAIBIEL M s¢

N 7F

S 7

(H 7D

& ¢

ZB

L 74

DFBN [ D RBO

ClE

LT ——
RB] ———

FUNCTIONAL DIAGRAM

(7) TRUTH TABLE

INPUTS ' OUTPUT
LT RBI A3 A2 Al AO ZA 2B 2C 2D 2E 2ZF 2G_ RBO
0o X X X X X 1 11 11 L 1 1
! 1. o0 0o 0 0 O 0 0 0 0 0 0O O O
1 1 0 0 0 0 {11 1 1 1 0 1
' 1 x 0o 0 0 1 o 1L 1 0 0 0 0 1
~ 1 X o 0o 1 0 1 1 0 1 1 0 1 1
A —9!“ +h.8F—— P 1 x o0 o0 1 1 1 1 1 1 0 o 1 1
B —A2 IF }—> N 1 x o 1 0 0 o 1 1 0 0 0 1 1
C—LT IG——> M 1 x o 1 0 1 1 0o 1 1 0 1 1 1
D «<——RBO IA—> L 1. x 0 1 1 0 1 0 1t 1 1 1 1 1
E —>{RBI IB——> K 1 x o 1 1 1 1 1 1 0 0 0 0 1
F A3 IC——> J 1 X 1 0 0 o© 1 1 1 1 1 1 1 1
G —3{A0 ID}l——> H 1 X 1 0 0 1 1 1 1 1 0 1 1 1
R ——{GND. ZEL—> S 1 x 1 0 1 0 o 0 0 1 1 0 1 1
T x 1 0 1 1 o 0 0 1 0 O 1 1
i1 X 1 1 0 0 c 1 1 0 0o 1 1 1
1 x 1 1 0 1 1 o 1 1 0o 1 1 1
PIN LOCATION DIAGRAM 1 x 1.1 10 o 0 0 1 1 1 1 1
‘6 PIN DIP 1 X 1 1 1 1 o 0 0 0 0 0 o0 1

X3 Don't care bits
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TTL 9307

(1)

(2)

(3)

(4)

(5)

(6)

DFBN

SEVEN SEGMENT DECODER

The device is a T2L compatible logic circuit, It accepts
4-bit BCD 8421 code input and produccs appropriate outputs
for selection of scgments in a seven segment matrix dis-

play.

The BCD code input is applied to four address iﬁputs (A0
thru A3). The outputs for segment selection (ZA thru ZG)
will be true according to the truth table given below.

Two additional inputs provide facilities for lamp test (LT)
and ripple blanking (RBIL). A ripple blanking output is also
available (RBO). The proper interconnection of RBL and RBO
in multidigit displays allows for automatic blanking of the
leading and/or trailing edge zeroes in a multidigit decimal

number,

-To interface the Seven Segment decoder with CTL logic, consult Section 5.

The . Seven Segment Decoder drives Fairchild FND 10, Single
Digit Numeric Display. A 5000 pull-up resistor to the

- 44,75v supply is required.

Propagation delay td = 550ns max.

PAGE 2 REV, C
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1024-BIT READ ONLY MEMORY .

3.2 TTL/DTL Integrated Circuits
ELEMENT TYPE PART NO,
MILIN 1918 3599
MI2N 1918 3607
MI3N 1918 3615
MI4N 1918 3623
MHLN 2201 4146
MH2N 12201 4153
MH3N 2201 4161
MH4N 2201 4179
MJLIN 2204 4200
MJ2N 2204 4218
MJ3N 2204 4226
MJ4N 2204 4234
MKIN 2204 5124
MK2N 2204 5132
RMIN 2208 0014
2208 0022

RM2N

FUNCTION

EBD1C/ASCII
EBCDIC/ASCII
ASCII/EBCIC
ASCTI/EBCDIC

HOLLERITH/EBCDLC
HOLLERITH/EBCD1C
EBCD1C/HOLLERLTH
EBCD1C/HOLLER1TH

96 COL CODE/EBCDIC
96 COL CODE/EBCDIC
EBCD1C/96<COL CODE
EBCD1C/96 COL CODE

EBCDIC/BCL + PAR
EBCDIC/BCL + PAR

EBCD1C/KATAKANA
EBCD1C/KATAKANA

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

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

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

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

(LSB)
(MSB)

(LSB)
(MSB)
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|024-BIT READ ONLY MEMORY

TTL/DTL Integrated Circuits
Element Type: TTL .
Circuit Designation: 1024 Bit ROM

Description of Operation:

(1)

(23

(3)

(4)

(5)

(6)

The circuit is a T2L logic compatible Read Only Memory organized as 256 words
of 4 bits each, The memory has 8 address lines A0 thru A7, Enable inputs Cl
and C2, and 4 outputs Ol thru O4. 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 this device is contained in Segtion 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
"1" to represent a true voltage level and Binary "0" to represent a false

voltage level,

The codes of the following ROMs are inverted and, therefore, the outputs

- must be fed through inverters to obtain the true code translationm:

Inverting Output ROM s

RMIN MK1N MILN
RM2N MK2N MI2N
MI3N
MI4N

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

Non Inverting Output ROM s

MH1IN MJ1IN
MH2N MJ2N
MH3N MJ3N

MH4N MJ4N

PAGE 4 REV.
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3.2
Type of Package:

qp Input Loading:

A0 Al A2 A3
A4 A5 A6 A7

cl@

1024 BIT READ ONLY MEMORY

TTL/DTL Integrated Circuits

Address Inputs
Address Inputs

Memory Enable Inputs

Output Drive Capability:

01 02 03 04

ROM Outputs

Output Leakage Current:

Type of Output:

Interfacing:

Propagation Delay Times:

Address to Output
Memory Enable to Output

A6 ——pm
A5 —>
AL ——p
A3 —p»
AQ —b>
Al —p
A2 —&

GND

PIN LOCATIONS

TOP VIEW
\\4 ——
Al P
[ A ) =
W ey
B N
Ic M
d
D L
—
E K
F J
—
c H
—
R S

4,75V

03

04

16 Pin Dual In-line

-1.6 mA/0.04 mA

@vj =

15 mA @ Vg = 0.45V

0.45v/

-0.10 mA @ Vg = 5.25V

Open

Refer to TTL/CTL
Interfacing Rules

60 ns

40 ns

Collector

S ok

A7 N
A6 _A__
A5
Al
A3
A2
Al
AO

MHnN

L J 02

< PPl

C2
Cl

FUNCTIONAL DIAGRAM

_*i_osv

A 2209 6150 A
SECTION 3.2
PAGE 5 REV.
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1024-BIT READ ONLY MEMORY
MIIN EBCDIC TO ASCII CODE FORMAT

-HEXA-DECIMAL

MI{N

HEXA-DECIMAL

A 2209 6150 A
SECTION 3.2
PAGE 6 REV. A

HEXA-DECIMAL

- HEXA-DECIMAL HEXA-DECIMAL
INPUT OUTPUT __ INPUT _OUTPUT __ INPUT OUTPUT _ INPUT OUTPUT INPUT _OUTPUT
00 F 20 7 40 D 60 D 80 3
o1 F 21 7 41 5 61 D 81 9
02 F 22 7 42 5 62 4 82 9
03 F 23 7 43 5 63 4 83 9
04 6 24 7 44 5 64 4 84 9
05 F 25 F 45 5 65 4 85 9
06 7 26 E 46 5 66 4 86 9
07 8 27 E 47 5 67 4 87 9
08 6 28 7 48 5 68 4 88 9
09 7 29 7 49 5 69 4 89 9
oA 7 2A 7 4A A 6A 8 8A 3
OB F 2B 7 4B D 6B D 8B 3
oC F 2C 7 4c c 6C D 8c 3
)} F 2D F 4D D 6D A 8D 3
OE F 2E F 4E D 6E C 8E 3
OF F 2F F 4F D 6F c 8F 3
10 E 30 6 50 D 70 4 90 3
11 E 31 6 51 5 71 4 91 9
12 E 32 E 52 5 72 4 92 9
13 E a3 6 53 5 73 4 93 9
14 6 34 6 54 5 74 4 94 9
15 7 35 6 55 5 75 4 95 9
16 3 36 6 56 5 76 3 96 9
17 ? 37 F 57 '5 77 3 97 8
18 - E 38 6 58 4 78 3 98 8
19 E 39 6 59 4 79 9 99 8
1A 6 3A 6 5A A 7A C 9A 3
1B 7 3B 6 5B D 7B D 9B 3
1C E 3c E 5C D 7C B 9C 3
1D E 3D E 5D D 7D D 9D 3
1E E 3E 6 5E o 7E c 9E 3
1F E 3F E SF A "7F D 9F 2
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lOZ&-BIT READ ONLY MEMORY
MIIN EBCDIC TO ASCII CODE FORMAT (CON'T.):

MITN

A 2209 6150 A
SECTION 3.2
PAGE 7 REV. A

HEXA-DECIMAL

HEXA-DECIMAL  HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL
INPUT OUTPUT INPUT QUTPUT INPUT OUTPUT INPUT OUTPUT INPUT OUTFUT |
A0 2 B3 2 c6 B DB 1 EE 0
Al 8 B4 2 €7 B C 0 EF 0
A2 8 BS 2 c8 B 1) S FO c
A3 8 B6 2 c9 B DE 0 F1 c
A4 8 ' B7 2 cA 1 DF 0 F2 c
AS 8 B8 1 B 1 E0 A F3 c
A6 8 B9 1 ¢ 1 El 6 F4 c
A7 8 BA 1 c 1 E2 A F5 c
A8 8 BB 1 CE 1 E3 A F6 c
A9 8 BC 1 cF 1 E46 A F7 c
AA 2 BD 1 po 8 E5 A F8 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 B8 A FB 0
AE 2 ¢t B ‘D4 B B9 A FE 0
AF 2 c2 B D5 B EA O FD 0
BO 2 c3 B D6 B EB 0 FE 0
Bl 2 c4 B D7 A i O FF 0
B2 2 - Cc5 B D8 A ED 0

D9 A
DA 1
NOTE:

1). Inputs are A0, Al, A2, A3, A4, A5, A6, A7, where A0 .is the least significant
and A7 is the most significant, '

2)

3)

Outputs are:

is the most significant digit.

In Hexa-Decimal:

0. = 0000
1 = 0001
2 = 0010
3 = 0011
4 = 0100
5 = 0101

6 = 0110
7 = 0111

M OUOW>0®

1000

1001

1010
1011
1100
1101
1110
1111

01, 02, 03, 04, where Ol is the least significant and 04
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COMPUTER SYSTEMS GROUP
SANTA BARBARA PLANT

B1700 HARDWARE RULES

s

MI2N

1024-BIT READ ONLY MEMORY
MI2N EBCDIC TO ASCII 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 F 60 2 80 c
o1 E 21 E 41 F 61 0 81 E
02 D 22 D 42 E 62 D 82 D
03 c 23 c 43 D 63 C 83 c
04 3 24 B A c 64 B 84 B
05 6 25 5 45 B 65 A 85 A
06 9 26 8 46 A 66 9 86 9
o7 O 27 4 47 9 67 8 87 8
08 8 28 7 48 8 68 7 88 7
09 2 29 6 49 7 69 6 89 6
0A 1 2A 5 4A 4 6A 3 8A B
OB 4 2B 4 4B 1 6B 3 8B A
ocC 3 2C 3 4c 3 6C A 8C 9
oD 2 2D A 4D 7 6D 0 8D )
OE 1l 2E 9 4E 4 6E 1 8E 7
OF 0 2F 8 4F E 6F 0 8F 6
10 F 30 F 50 9 70 5 - 90 5
11 E 31 E 51 6 71 4 91 5
12 D 32 9 52 5 72 3 92 4
13 c 33 c 53 4 73 2 93 3
14 2 34 B 54 3 74 1 9% 2
15 A 35 A 55 2 75 0 95 1
16 7 36 9 56 1 76 F 96 0
17 8 37 B 57 0 77 E 97 F
18 7 38 7 58 F 78 D 98 E
19 6 19 6 59 E 79 F 99 D
1A D 3A 5 SA 2 7A 5 9A 4
1B Y 3B 4 5B B 7B Cc 9B 3
1c 3 3c B 5C 5 7C F 9C 2
1D 2 3D A 5D 6 7D 8 9D 1
1E 1 3E 1 5E 4 7E 2 9E 0
ir © 3F 5 SF 1 7F D 9F F
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HEXA-~DECIMAL
INPUT _OUTPUT

QI

B1700 HARDWARE RULES

[

1024-BIT READ ONLY MEMCRY
MI2N EBCDIC TO ASCII CODE FORMAT (CON'T.)

MI2N

HEXA~DECIMAL
INPUT OUTPUT

HEXA-DECIMAL
INPUT OUTPUT

HEXA-DECIMAL

A 2209 6150 A
SECTION 3.2
PAGE 9 REV. A

HEXA-DECIM/.L
INPUT. OUTPUT

A0
Al
A2
A3
Ab
A5
A6
A7

Bl
B2

BREEB3EETE

WO N ® W > B OUT UL O N ® V> WO

NOTE:

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

B3
B4
B5

- B6

B?
B8
B9
BA

* BB

BC
BD
BE
BF
co
Cl
c2
Cc3
C4
Cc5

2) Outputs are:
is the most significant digit.

3)

In Hexa-Decimal:

0 = 0000

0010
0011
0100
oic1
= 0110
7 = 0111

o LS W

= 0001.

> @ O O M & © 0P ® O U EH™W O N W S

cé
c?
c8
c9
CA
CB
ccC

Cch

CE
CF
DO
D1
D2
D3
D4

D5

DO > 0®

D6
D7
D8
D9
DA

- O B MO = NW S LN WS U NN ®oV

1000
1001
1010
1011
1100
1101
1110
1111

INPUT OUTPUT

DB
DC

DD
'DE

DF
EO
El
E2
E3
E4
E5
E6
E7
E8
E9
EA
EB
EC
ED

m W P W LN ® V> ®OOWOU MmO

EE
EF
FO
Fl
F2
F3
¥4
F5
F6
F7
F8
F9
FA
FB
FC
FD

FE

FF

O = N W H o N YW P OO M TN

01, 02, 03, 04, where 01 is the least significant and 04
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MI3N
1024-BIT READ ONLY MEMORY

MI3N ASCII TO EBCDIC CODE FORMAT

llllllllllllllllllll

(I

HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL -
INPUT OQUTPUT INPUT OUTPUT INPUT OUTPUT INPUT _OUTPUT INPUT _OUTPUT

00 F 20. B 40 8 60 8 80 D
o1 F 21 B 41 3 61 7 81 D
02 F 22 8 42 3 62 7 82 D
03 F 23 8 43 3 63 7 83 D
04 c 24 A 44 3 64 7 84 D
05 D 25 9 45 3 65 7 85 E
06 D 26 A 46 3 66 7 86 F
07 D 27 8 47 3 67 7 87 E
08 E 28 B 48 3 68 7 88 D
09 F 29 A 49 3 69 7 89 D
0A D 24 A 4A 2 6A 6 8A D
oB F 2B B 4B 2 6B 6 8B D
oc F 2¢ 9 4 2 6C 6 8c D
oo F 2D 9 4D 2 6D 6 8D F
OE F 2E B 4E 2 6E 6 8E F
OF F 2F 9 4F 2 6F 6 8F E
10 E 30 0 50 2 70 6 90 C
11 E 31 Y 51 2 71 6 91 c
12 E 32 0 52 2 72 6 92 E
13 E 33 0 53 1 73 5 93 c
14 c 34 0 54 1 74 5 9% c
15 c 35 0 S5 1 75 5 95 c
16 c .36 0 56 1 76 5 96 c
17 D 37 0 57 1 77 5 97 F
18 E 38 o 58 1 8 5 98 c
19 E 39 0 59 1 79 5 99 c
1A ¢ 3A 8 5A 1 7A 5 9A c
1B+ D 3B A SB B 7B 3 9B c
1c E ac B 5C 1 7C 9 9C F
i E 3D 8 5D A 7D 2 9D E
1E E 3E 9 SE A 7E 5 9E c
ir E 3F 9 SF 9 IF F 9F 1
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MI3N

1024~BIT READ ONLY MEMORY
MI3N ASCII TO EBCDIC CODE FORMAT (CON'T.)

COMPUTER SYSTEMS GROUP
SANTA BARBARA PLANT

W
(I

HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL

INPUT OUTPUT _ INPUT OUTPUT __ INPUT OUTPUT INPUT OUTPUT  INPUT OUTPUT
A0 B B3 9 c6 7 DB 4 EE 2
Al B B4 9 c7 7 DC 4 EF 2
A2 B BS 9 c8 7 DD 4 FO 2
A3 B B6 9 ¢ 7 DE 4 F1 2
A4 B B7 9 cA 6 DF 4 F2 2
A5 B B8 9 cB 6 EO 4 F3 2
A6 B B9 9 cc 6 El. &4 P4 1
A7 B BA 8 e 6 E2 4 F5 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 ES 4 F8 1
AB A BE 8 pL 5 E6 A F9 1
AC A BF 8 p2 5 E7 4 FA 0
AD A co 8 D3 5 ES8 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 ch 7 D7 5 EC 3 FF 0
B2 9 c5 7 D8 &4 ED 3

D9 4

DA 4
-NOTE:

1) Inputs are AO, Al, A2, A3, A4, A5, A6, A7, where A0 is the least significant
and A7 is the most significant.

2) ‘Outputs are: 0L, 02, 03, 04, where Ol is the least significant and 04
is the most significant digit.

3) 1In Hexa-Decimal:

0 = 0000 8 = 1000
1 = 0001 9 = 1001
2 = 0010 A = 1010
3 = 0011 B = 1011
4 = 0100 C = 1100
5 = 0401 D = 1101
6 = 0110 E = 1110

F = 1111

7 = 0111
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MILN

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 20 F 40 3 60 6 80 F
o1 E 21 0 41 E 61 E 81 E
02 D 22 0 42 D 62 D 82 D
03 € 23 4 43 c 63 C 83 o
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
o7 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
0A A 2A 3 4A E 6A E 8A 5
0B 4 2B 1 43 D 6B D 8B 4
oc 3 2C 4 4c C 6C Cc 8c 3
oD 2 2D F 4D B 6D B 8D 6
OE 1 2E 4 4E A 6E A 8E 5
OF Y 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 ¢ 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
1A Y 3A 5 5A 6 7A 6 9A 5
1B 8 3B 1 5B 5 7B F 9B 4
1c 3 ac 3 5¢C F 7¢ 5 9 B
b 2 3D 1 5D 5 7D F 9D B
i ! 3E 1. SE 0 7E E 9E 1
1F 0 3F 0 SF 2 7F 8 9F E
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MILN
1024-BIT READ ONLY MEMORY
MI4N ASCII TO EBCDIC CODE FORMAT (CON'T.)

HEXA-DECIM HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL

INPUT OUTPUT _ INPUT OUTPUT _ INPUT QUTPUT . INPUT OUTPUT  INPUT OUTPUT
A0 E B3 c cé 3 DB c EE 5
Al D B4 B c7 2 o B EF A
A2 c BS A c8 1 DD A FO 3
A3 B B6 9 9 0 DE 9 Tl 2
- A4 A "B7 8. CA F DF 8 F2 1
A5 9 B8 7 CB 5 EO 7 F3 0
A6 8 B9 6 cc 4 ' Rl 6 F4 5
A7 7 BA F cD 3 E2 5 F5 4
A8 6 BB E CE 2 E3 4 F6 3
A9 E BC D" CF 1 E4 3 F7 2
AA D BD c DO 0 ES 2 F8 1
A c BE B DI F E6 1 F9 0
AC B BF A D2 5 E7 0 FA 5
AD A co 9 D3 4 E8 5 FB 4
AE 9 Ko 8 D4 3 E9 4 FC 3
AF 8 - C2 7 D5 2 EA 3 FD 2
BO 7 c3 F D6 1 EB 2 FE 1
Bl 6 c4 5 D7 0 EC 1 FF 0
B2 D c5 4 D8 F ED 0
D9 E
DA D

NOTE:

1) Inputs are A0, Al, A2, A3, A4, A5, A6, A7, where AD is the least significant
~and A7 is the most significant.

2) Outputs are: 01, 02, 03, 04, where Ol is the least significant and 04
-1s the most significant digit. :

3) 1In Hexa-Decimal: .

0 = 0000 8 = 1000
1 = 0001 9 = 1001
2 = 0010 A = 1010
3 = 0011 B = 1011
4 = 0100 C = 1100
5 = 01C1 D = 1101
6 = 0110 E = 1110

7 = 0111 F=1111
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MH1N

1024-BIT READ ONLY MEMORY
MHIN HOLLERITH TO EBCDIC LSB CODE FORMAT

HEXA-DECIMAL HEXA-DECIMAL - ‘HEXA-DECIMAL HEXA-DECIMAL HEXA—DECIMAL
INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT
00 0 20 0 40 0 60 0 80 0
01 1 21 1 41 1 61 1 81 1
02 2 22 2 42 2 62 2 82 2
03 3 23 3 43 3 63 3 83 3
04 4 24 4 44 4 64 4 84 4
05 5 25 5 45 5 65 5 85 5
06 6 26 6 46 6 66 6 86 6
07 7 27 7 47 7 67 7. 87 7
08 8 28 8 48 8 68 8 88 8
09 9 29 9 49 9 69 0 89 9
0A A 2A 0 4A A 6A A 8A A
0B B 2B B 4B B 6B B 8B B
oc c 2C c 4 c 6C c 8C c
0D D 2D D 4D D 6D D 8D D
OE E 2E E 4E E 6E E 8E E
OF F 2F F 4F F 6F F 8F F
10 9 30 9 50 9 70 9 90 9
11 1 31 1 51 1 71 1 91 1
12 2 32 2 52 2 72 2 92 2
13 3 33 3 53 3 73 3 93 3
14 4 34 4 54 4 74 4 94 4
15 5 35 5 55 5 75 5 95 5
16 6 36 6 56 6 76 6 96 6
17 7 37 7 57 7 7 7 97 7
18 8 38 8 58 8 78 8 98 8
19 9 39 9 59 9 79 0 99 9
1A A 3A A 54 A 7A A 9A A
1B B 3B B 5B B 7B B 9B B
1C c 3¢ c 5C c 7¢C c 9C c
1D D 3D D 5D D 7D D 9D D
1E E 3E E SE E 7E E 9E E
1F F 3F F 5F F 7F F 9F F



Burroughs Corporation @

COMPUTER SYSTEMS GROUP
SANTA BARBARA PLANT

I

B1700 HARDWARE RULES

A 2209 6150 A
SECTION 3,2
PAGE 15 REV. A

II.IIHIIIIHIIHIIII

(i

MH1N

1024-BIT READ ONLY MEMORY
MH4N HOLLERITH TO EBCDIC LSB CODE FORMAT

HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL

INPUT _OUTPUT INPUT _OUTPUT __ INPUT _OUTPUT INPUT _OUTPUT __ INPUT _OUTPUT
A0 0 B3 3 c6 6 DB B EE E
Al 1 B4 4 c7 7 DC c EF F
A2 2 BS 5 c8 8 DD D FO 9
A3 3 B6 6 c9 0 DE E F1 1
Ab 4 B7 7 CA A DF F F2 2
A5 5 B8 8 cB B EO 0 F3 3
A6 6 B9 0 cc c El 1 F4 4
A7 7 BA A cD D E2 2 F5 5
A8 8 BB B CE E E3 3 F6 6
A9 0 BC c CF F E4 4 F7 7
AA A BD D DO 9 E5 5 F8 8
AB B BE E Dl 1 E6 6 F9 0
AC c BF F D2 2 E7 7 FA A
AD D co A D3 3 ES 8 FB B
AE E cl 1 D4 4 E9 0 FC c
AF F c2 2 D5 5 EA A FD D
BO 9 c3 3 D6 6 EB B FE E
Bl 1 c4 4 D7 7 EC c FF F
B2 2 cs 5 D8 8 ED D

D9 0
NOTE: DA A

1) 1Inputs are A0, Al, A2, A3, A4, A5, A6, A7, where A0 is the-least significant
i and A7 is the most significant,

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

3) 1In 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
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MH2N

1024-BIT READ ONLY MEMORY
MH2N HOLLERITH TO EBCDIC MSB CODE FORMAT

HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL

CINPUT _OUTPUT INPUT OUTPUT __INPUT OUTPUT __ INPUT OUTPUT  INPUT OUTPUT
00 4 20 F 40 6 60 D 80 5
o1 F 21 6 41 D 61 A 81 c
02 F 22 E 42 D 62 A 82 c
03 F 23 E 43 D 63 A 83 c
04 F 24 E 44 D 64 A 84 c
05 F 25 E 45 D 65 A 85 ¢
06 F 26 E 46 D 66 A 86 c
07 F 27 E 47 D 67 A 87 c
08 F 28 E 48 D 68 A 88 c
09 7 29 6 49 5 69 A 89 4
0A 7 2A E 4A 5 6A A 8A 4
0B 7 2B 6 4B 5 6B A 8B 4
oc 7 2¢ 6 4c 5 6C A 8C 4
oD 7 2D 6 4D 5 6D A 8D 4
OE 7 2E 6 4E 5 6E A 8E 4
OF 7 2F 6 4F 5 6F A 8F 4
10 F 30 E 50 D 70 A 90 ¢
11 3 31 2 51 1 71 E 91 0
12 3 32 2 52 1 72 6 92 0
13 3 33 2 53 1 73 6 93 0
14 3 34 2 54 1 74 6 94 0
15 3 35 2 55 1 75 6 95 0
16 3 36 2 56 1 76 6 96 0
17 3 37 2 57 1 77 6 97 0
18 3 38 2 58 1 78 6 98 0
19 3 39 2 59 1 79 2 99 0
1A 3 34 2 54 1 7A E 94 0
1B 3 3B 2 5B 1 7B E 9B 0
1c 3 ac 2 5¢ 1 7C E 9C 0
1D 3 3D 2 5D 1 7D E 9D 0
1E 3 3E 2 SE 1 7E E 9E 0
1F 3 3F 2 5E 1 7F E 9F 0
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MH2N

1024-BIT READ ONLY MEMORY
MH2N HOLLERITH TO EBCDIC MSB CODE FORMAT

HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL

INPUT _QUTPUT INPUT _OUTPUT ___INPUT _OUTPUT INPUT OUTPUT  INPUT OUTPUT
A0 c B3 4 cé 9 DB D EE B
Al 8 B4 4 c7 9 DC D EF B
A2 8 B5 4 c8 9 DD D FO B
A3 8 B6 4 C9 9 DE D Fl 7
A4 8 B7 4 cA 9 DF D F2 7
AS 8 B8 4 CB 9 EO 7 F3 7
A6 8 B9 0 cc 9 EL B F4 7
A7 8 BA c CD 9 E2 B F5 7
A8 8 BB c CE 9 E3 B F6 7
A9 8 BC C CF 9 E4 B F7 7
AA 8 BD o DO 9 E5 B F8 7
AB 8 _ BE c D1 5 E6 B F9 3
AC 8 BF c D2 5 E7 B FA F
AD 8 co 6 ‘D3 5 E8 B FB F
AE 8 cL 9 D4 5 E9 B FC F
AF 8 2 9 D5 5 EA B FD F
BO 8 c3 9 D6 5 EB B FE F
Bl 4 C4 9 D7 5 EC B FF F
B2 4 c5 9 D8 5 ED B

D9 1

DA 0
NOTE:

1) Inputs are A0, 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 Ol is the least significant and 04
is the most significant digit.

3) 1In 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
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MH3N

1024-BIT READ ONLY MEMORY
MH3N EBCDIC TO HOLLERITH LSB CODE FORMAT

HEXA-~DECIMAL HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL
INPUT _OUTPUT INPUT _OUTPUT INPUT _OUTPUT INPUT _OUTPUT __ INPUT _OUTPUT
00 9 20 9 40 0 60 0 80 9
o1 1 21 1 41 1 61 1 81 1
02 2 22 2 42 2 62 2 82 2
03 3 23 3 43 '3 63 3 83 3
04 4 24 4 44 4 64 4 84 4
05 5 25 5 45 5 65 5 85 5
06 6 26 6 46 6 66 6 86 6
07 -7 27 7 47 7 67 / 87 7
08 8 28 8 48 8 68 8 88 8
09 9 29 9 49 9 69 9 89 0
0A A 2A A 4A A 6A 0 8A ‘A
0B B 2B B 4B B 6B B 8B B
0c C 2C C 4C C 6C C 8C C
0D D 2D D 4D D 6D D 8D D
OE E 2E E. 4E E 6E E 8E E
OF F 2F F 4F F 6F F 8F F
10 9 30 9 50 0 70 0 90 9
11 1 31 1 51 1 71 1 91 1
12 2 32 2 52 2 72 2 92 2
13 3 33 3 53 3 73 3 93 3
14 4 34 4 54 4 74 4 94 4
15 5 35 5 55 5 75 5 95 5
16 6 36 6 56 6 - 76 6 96 6
T 17 7 37 7 57 7 77 7 97 7
18 8 38 8 58 8 78 8 98 8
19 9 39 9 59 9 79 9 99 0
1A A 3A A 5A A 7A A 94 A
1B B 3B B S8 - B 7B B 9B B
1c C 3C < 5C c 7C C 9C C
1D D 3D D 5D D 7D D 9D D
1E E 3E E 5E E 7E E 9E E
1F F 3F F S5F F 7F F 9F F
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COMPUTER SYSTEMS GROUP
SANTA BARBARA PLANT

I

B1700 HARDWARE RULES

(I

HEXA-DECIMAL
INPUT _OUTPUT

1024-BIT READ ONLY MEMORY

MH3N

MH3N EBCDIC TO HOLLERITH LSB CODE FORMAT

HEXA-DECIMAL
INPUT _OUTPUT

HEXA-DECIMAL
INPUT OUTPUT

HEXA-DECIMAL
INPUT OUTPUT

A 2209 6150 A
SECTION 3.2
PAGE 19 REV., A

HEXA-DECIMAL
INPUT _ QUTPUT

A0
Al
A2
A3
A4
A5
Ab
A7
A8
A9
AA
AB
AC

AD
AE
AF
BO

Bl
B2

NOTE:

N O M MY O > O 0N WD WN -~ O

B3

B4

B5
B6
B7
B8

‘B9

BA
BB
BC
BD
BE
BF
Cco
Cl
C2
- C3
C4
C5

v LR O MmO 0w 0 00N O D W

Cé6
c7
c8
C9
CA
CB
CcC
CcD
CE
CF
DO
D1

D2

D3
D4
D5
D6
D7

D8
D9
DA

> O 00 N oS W N RO MmO O W > 0 N O

DB
DC
DD
DE
DF
EO
El
E2
E3

E4

E5
E6
E7
E8
E9
EA
EB
EC
ED

YU O w o> O 0o N o wN - o»momg O W

EE
EF
FO
F1

F2
F3
F&
F5
F6
F7
F8
F9
FA
FB
FC
FD
EE
FF

M E O 0 ® > 0 ® N WL, WN = O m om

1) Inputs are A0, Al, AZ,LAS, A4, A6, A7, where AQ is the least significant
and A7 is the most significant.

2)

3)

OQutputs are:

~No UM w0

Bouwononounon

0000
0001
0010
0oil
0100
0101
0110

= 0111

- In Hexa-Decimal:

im0 > oo

won

ononon oo

1000
1001
1010
1011
1100
1101
1110
1111

01, 02, 03, 04, where Ol is the least si
is the most significant digit,

gnificant and 04 - .
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HEXA-DECIMAL
INPUT OUTPUT

'IIIIHHIIIIH!I!H

B1700 HARD WARE

RULES

|

1024-BIT READ ONLY MEMORY

 MHUN

MH4N EBCDIC TO HOLLERITH MSB CODE FORMAT

HEXA~DECIMAL
INPUT OUTPUT

HEXA-DECIMAL
INPUT _OQUTPUT

HEXA-~DECIMAL
INPUT OUTPUT

A 2209 6150 A
SECTION 3.2
PAGE 20 REV. A

HEXA-DECIMAL
INPUT _OUTPUT

00
01

02

03

04

b e e e e e e b= e e b e 1 W W W W W W W W WW WL WWWw

40
41
42
43
44
45
46
47
48
49
4A
4B
4C

4D
4E
4F
50
51
52
53
54
55
56
57
58
59
5A
5B
5¢

- 5D
5E
5F

s & M DS MU DU U U U U U ® ® 0 0 ® 000 ®wwWwww w w w O

60
61
62
63
64
65
66

67
68

69
6A
6B
6C
6D
6E
6F
70
71
72
73
14
75
76
77
78
79
7A
7B
7C
7D
7E
7F

80
81
82

83

84
85
86
87
88
89
8A
8B
8c
8D
8E
8F
90
91
92
93
94
95
9
97
98
99
9A
9B
9¢C
9D
9E
9F

OOOOOOUOOOOOQOOO>>>>><.>m'>>>>>>>>>
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Burroughs Corporation

COMPUTER SYSTEMS GROUP
SANTA BARBARA PLANT

D

HEXA~DECIMAL

INPUT __OUTPUT

B1700 HARDWARE RULES

(I

1024-BIT READ ONLY MEMORY

MHLN

MH4N EBCDIC TO HOLLERITH MSB CODE FORMAT

HEXA-DECIMAL
INPUT QUTPUT

HEXA~DECIMAL
INPUT _OUTPUT

HEXA-DECIMAL
INPUT _OUTPUT

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

HEXA-DECIMAL
INPUT OUTPUT

A0
Al
A2
A3
A4
A5
A6
A7
A8
A9
AA
AB
AC
AD
AE
AF

BO
Bl
B2

NOTE:

mmNO*O\O\O‘O‘O‘\lO\O\C"G\O‘O\O\O\O\

maooooooo:>rrl'mmmmm'=ammmmmm

c6
c7
cs
9
CA
CB
cc
cp
CE
CF
)
DL
D2
D3
D&
D5
D6
D7
D8
D9
DA

uw.bbbbbbbbmwwwmwwxooooooo

DB
DC
DD
DE
DF
EO
El
E2
E3
E4
E5
E6
E7
E8
E9
EA
EB
EC
ED

D
D
D
D
D
2
7
2
2
2
2
2
2
2
3
7
7
7
7

EE
EF
FO
Fl
F2
F3
F4
F5
F6
F7
F8

FF9
FA
FB
FC
FD
FE
FF

M m oMm oM oMM oM 2 O O O O 0O O O O NN

1) Inputs are AD, Al, A2, A3, A4, A5, A6, AJ, where A0 is the least significant
and A7 is the most significant,

..2)

3)

Outputs are; 01, 02, 03, 04, where 01 is the least significant and 04

is the most significant digit.

In Hexa-Decimal:

N oOuUsWNHO

wouwonow o o#n

0000

0001
oell
0011
9100
0101

0110 -

0111

m MmO Ow>» oo

1000
1001
1010
1011
1100
1101
1110
1111



————

S o
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Burroughs Corporation @

COMPUTER SYSTEMS GROUP
SANTA BARBARA PLANT
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B1700 HARDWARE RULES

Wi

MJIN

1024-BIT READ ONLY MEMORY
MJ{N 96 COL CODE TO EBCDIC LSB CODE FORMAT

HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL
INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT
00 0 20 0 40 0 60 0 80 0
o1 1 21 1 41 1 61 1 81 1
02 2 22 2 42 2 62 2 82 2
03 3 23 3 43 3 63 3 83 3
04 4 24 4 44 4 64 4 84 4
05 5 25 5 45 5 65 5 85 5
06 6 26 6 46 6 66 6 86 6
07 7 27 7 47 7 67 7 87 7
08 8 28 8 48 8 68 8 88 8
09 9 29 9 49 9 69 9 89 9
0A A 2A A 4A A 6A A 8A A
0B B 2B B 4B B 6B B 8B B
oc c 2. c 4C c 6C C 8C C
oD D 2D D 4D "D 6D D 8D D
OE E 2E E 4E E 6E E 8E E
OF F 2F F 4F F 6F F 8F F
10 0 30 0 50 0 70 0 90 0
11 1 31 1 51 1 71 1 91 1
12 2 32 2 52 2 72 2 92 2
13 3 33 3 53 3 73 3 93 3
14 4 34 4 54 4 74 4 94 4
15 5 35 5 55 5 75 5 95 5
16 6 36 6 56 6 76 6 96 6
7.7 37 7 57 7 77 7 97 7
18 8 38 8 58 8 78 8 98 8
19 9 39 9 59 9 79 9 99 9
1A 0 3A A 5A 0 7A A 94 A
1B B 3B B 5B 'B 7B B 9B B
1c c 3c C 5¢C C 7¢C c 9C c
1D D 3D D 5D D 7D D 9D D
1E E 3E E 5E E 7E E 9E  E
1F F 3F F 5F F 7F F 9F F
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COMPUTER SYSTEMS GROUP
SANTA BARBARA PLANT

B1700 HARDWARE RULES A 2209 6150 A

SECTION 3.2
PAGE 23 REV, A

(i

IHIIHHHNHIHI
I

|

e

MJIN

1024~BIT READ ONLY MEMORY
MJIN 96 COL CODE TO EBCDIC LSB CODE FORMAT

HEXA-DECIMAL HEXA-DECIMAL -  HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL
INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT __ INPUT OUTPUT INPUT _OQUTPUT
A0 0 B3 3 cé 6 DB B EE E
Al 1 B4 4 c7 7 DC c EF F
A2 2 BS 5 cs 8 DD D FO A
A3 3 B6 6 ) 9 DE E F1 1
A4 4 B7 7 cA A DF F F2 2
A5 5 B8 8 CB B EO 0 F3 3
A6 6 B9 9 cc c El 1 F4 4
A7 7 BA A CcD D E2 2 F5 5
A8 8 BB B CE E E3 3 F6 6
A9 9 BC C CF F "E4 4 F7 7
AA A BD D DO 0 ES 5 F8 8
AB B BE E D1 1 E6 6 F9 9
AC c BF F D2 2 E7 - 7 FA A
AD D co 0 D3 3 E8 8 FB B
AE E cl 1 D4 4 E9 9 FC C
AF F c2 2 D5 5 EA A FD D
BO A c3 3 D6 6 EB B FE E
Bl 1 C4 4 D7 7 EC C FF F
B2 2 c5 5 D8 8 ED D

D9 9

DA A
NOTE:

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

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

3) 1In Hexa~Decimal:

0 = 0000 8 = 1000
1 = 0001 9 = 1001
2 = 0010 A = 1010
3 = Q011 B = 1011
4 = 0100 C = 1100
5 = 0101 D = 1101
.6 =.0110 E = 1110
7 = 0111 F = 1111
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SECTION 3,2
PAGE 24 REV. A

it

i

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
00 4 20 6 40 0 60 2 80 c
01 F 21 D 41 B 61 9 81 7
02 F 22 D 42 B 62 9 82 7
03 F 23 D 43 B 63 9 83 7
04 F 24 D 44 B 64 9 84 7
05 F 25 D 45 B 65 9 85 7
06 F 26 D 46 B 66 9 86 7
07 F 27 D 47 B 67 9 87 7
08 F 28 D 48 B 68 9 88 7
09 F 29 D 49 B 69 9 89 7
0A 7 24 5 44 3 6A 1 8A F ]
0B 7 2B 5 4B 3 6B 1 8B F
oc 7 2¢ 5 4c 3 6C 1 8C F
oD 7 2D 5 4D 3 6D 1 8D F
OE 7 2E 5 4E 3 6E 1 8E F
OF 7 2F 5 4F 3 6F 1 8F F
10 F 30 D 50 B 70 9 90 7
11 6 31 c 51 2 71 8 91 E
12 E 32 c 52 A 72 8 92 6
13 E 33 c 53 A 73 8 93 6
14 E 34 c 564 A 74 8 94 6
15 E 35 c 55 A 75 8 95 6
16 E 36 c 56 A 76 8 96 6
17 E 37 C 57 A 77 8 97 6
18 E 38 c 58 A 78 8 98 6
19 E 39 c 59 A 79 8 99 6
14 5 3A 4 5A 1 74 0 9A E
1B 6 3B 4 5B 2 7B 0 9B E
1c 6 3c 4 5¢ 2 7C 0 ‘9C E
1D 6 3D 4 5D 2 7D 0 9D E
1E 6 3E 4 5E 2 7E 0 9E E
1F 6 3F 4 5F 2 7F 0 OF E
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B1700 HARDWARE RULES A 2209 6150 A

, : : SECTION 3.2
——— PAGE 25 REV, A

llIIIIIIHIIiIIHHI

(I

MJ2ZN

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
A0 E B3 4 cé 3 DB A EE 9
Al 5 B4 4 7 3 DC A EF 9
A2 5 BS 4 c8 3 DD A FO 2
A3 5 B6 4 c9 3 DE A F1 0
A4 5 B7 4 CA B DF A F2 0
A5 5 B8 4 cB B EO A F3 0
A6, 5 B9 4 cc B El 1 F& 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 1 F7 0
AA D BD c DO 3 ES 1 8 0
AB D BE c Dl A E6 1 F9 0
AC D BF c D2 2 E7 1 FA 8
AD D co 8 D3 2 E8 1 FB 8
_AE D cl 3 D4 2 E9 1 FC 8
AF D c2 3 D5 2 EA 9 FD 8
BO 6 c3 3 D6 2 EB 9 FE 8
Bl 4 ca 3 7 2 EC 9 FF 8
B2 4 cs 3 D8 2 ED 9

D9 2

DA A
NOTE:

1) Inputs are A0, Al, A2, A3, A4, A5, A6, A7, where AQ is the least significant
and A7 is the most significant.

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

3) 1In Hexa-Deciaml:

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
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Burroughs Corporation @

COMPUTER SYSTEMS GROUP
SANTA BARBARA PLANT

HEXA=DECIMAL
INPUT__OUTPUT

HEXA~-DECIMAL

IHHIIH!IH!IHIH

1024-BIT READ ONLY MEMORY
MJ3N EBCDIC TO 96 COL CODE LSB CODE FORMAT

B1700 HARDWARE RULES

P
e
e
e

MJ3N

HEXA~-DECIMAL
INPUT OUTPUT

HEXA-DECIMAL
INPUT _OUTPUT

A 2209 6150 A
SECTION 3.2
PAGE 26 REV, A

HEXA-DECIMAL

00
o1
02
03
04
05
06
07
08
09
0A
0B
oc
oD
OE
OF
10
11
12
13
14
15
16
17
18
19
1A
1B
1C
1D
1E
LF

0

Mo O O W R O N O LR WN M EME DO W > O 0N WD WN

INPUT__OUTPUT
20 0 40
21 1 41
22 2 42
23 3 43
24 4 44
25 5 45
26 6 46
27 7 47
28 8 48
29 9 49
2A 0  4A
2B B 4B
2C c 4C
2D D 4D
2E E 4E
2F F 4F
30 0 50
31 1 51
32 2 52
33 3 53
34 4 54
35 5 55
36 6 56
37 7 57
38 8 58
39 9 59
3A A 5A
3B B 5B
ic d 5C
3D D 5D
3E E SE
3F F 5F

o

MmO 0w 00N U R W N> EDOW >0 N0 WN

60
61
62
63
64
65
66
67
68
69
6A
6B
6C
6D
6E
6F
70
71
72
73
74
75
76

7

78
79
7A
7B
7C
7D
7E
7F

O @ » VW 0 N OV P WO M BE Y 0O O W DN oW N~ O

m O

80
81

82

83

84

85
86
87
88
89

8A

8B
8C
8D
8E
8F
90
91
92
93
94
95
96
97
98
99
9A
98B
9c
9D
9E
9F

INPUT _OQUTPUT

0

MmO O W > 0 0N UL R LN~ O HEY O ® >0 0 ~NOW s W
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B1700 HARDWARE RULES

COMPUTER SYSTEMS GROUP
SANTA BARBARA PLANT

= A 2209 6150 A
: = SECTION 3.2
= = PAGE 27 REV, A

HWHWHMHNH

H

MJ3N

1024~BIT READ ONLY MEMORY
MJ3N EBCDIC TO 96 COL CODE LSB CODE FORMAT

HEXA~DECIMAL HEXA-DECIMAL . HEXA-DECIMAL HEXA-DECIMAL "HEXA-DECIMAL
INPUT OQUTPUT INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT
A0 0 B3 3 cé 6 DB B EE E
Al 1 B4 4 c7 7 DC c EF F
A2 2 B5 5 cs 8 DD D FO 0
A3 3 B6 . 6 9 9 DE E . F1 1
Ab 4 B7 7 CcA A DF F F2 2
A5 5 B8 8 CB B E0 .0 F3 3
A6 6 B9 9 cc c E1 1 Fé 4
A7 7 BA A ) D E2 2 F5 5
A8 8 BB B CE E E3 3 F6 6
A9 9 BC C CF F E4 4 F7 7
AA A BD D DO 0 E5 5 F& 8
AB B BE E D1 1 E6 6 F9 9
AC c BF F D2 2 E7 7 FA A
AD D co 0 D3 3 E8 8 FB B
AE E c1 1 D4 4 E9 9 FC c
AF F c2 2 D5 5 EA A FD D
BO 0 c3 3 D6 6 EB° B FE E
Bl 1 ca 4 D7 7 EC c FF F
B2 2 c5 5 D8 8 ED D

D9 9

DA A
NOTE:

1) 1Inputs are A0, Al, A2, A3, A4, A5, A6, A7, where A0 is the least significant
and A7 is the most significant.

2) Outputs ares O0l, 02, 03, 04, where 0l is the least significant and 04
is the most significant Qigit.

3) 1In Hexa-Decimalg

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 = 0l1l1 F= 1111
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B1700 HARDWARE RULES A 2209 6150 A

SECTION 3.2 .
PAGE 28 REV, A

Wi

" (I

MJILN

1024-BIT READ ONLY MEMORY
MJ4N EBCDIC TO 96 COL CODE MSB CODE FORMAT

HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL
INPUT _OUTPUT ___ INPUT _OUTPUT INPUT _OUTPUT ___ INPUT _OUTPUT INPUT _OUTPUT
00 . 4 20 6 40 0 60 2 80 C
01 F 21 5 41 B 61 1 81 7
02 F 22 D 42 B 62 9 82 7
03 F 23 D 43 B 63 9 83 7
04 F 24 D A B 64 9 84 7 -
05 F 25 D 45 B 65 9 85 7
06 F 26 D 46 B 66 9 86 7
07 F 27 D 47 B 67 9 87 7
08 F 28 D 48 B 68 9 88 7
09 F 29 D 49 B 69 9 89 7
0A 7 2A F 4A 3 6A B 8A F
0B’ 7 2B 5 4B 3 68 1 8B F
oc 7 2C 5 4C 3 6C 1 8C F
0D 7 2D 5 4D 3 6D 1 8D F
OE 7 2E 5 4E 3 6E 1 3E F
OF 7 2F 5 4F 3 6F 1 8F F
10 5 30 D 50 1 70 9 90 7
11 E 31 C 51 A 71 8 91 6
12 E 32 C 52 A 72 8 92 6
13 E 33 C 53 A 73 8 93 6
14 E 34 c 54 A 74 8 94 6
15 E 35 c 55 A 75 8 95 6
16 E 3  C 56 A 76 8 96 6
17 E 37 c 57 A 77 8 97 6
18 E 38 c 58 A 78 8 98 6
19 E 39 c 59 A 79 8 99 6
1A 6 3A 4 5A 2 74 0 94 E
1B 6 3B 4 5B 2 7B 0 9B E
1C 6 3C 4 5C 2 7¢C 0 9C E
1D 6 3D 4 5D 2 7D 0 9D E
1E 6 3E 4 SE 2 7E 0 9E E
1F 6 3F 4 5F 2 7F 0 9F E
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B1700 HARDWARE RULES A 2209 6150 A
SECTION 3.2
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IIIHIIHHIIIHHII

T

MILN

1024-BIT READ ONLY MEMORY
~MJ4N EBCDIC TO 96 COL CODE MSB CODE FORMAT

HEXA-DECIMAL - HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL . HEXA-DECIMAL

INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT
A0 E B3 4 cé 3 DB A EE 9
AL D B4 4 c7 3 DC A EF 9
A2 5 B5 4 cs 3 DD A FO 1
A 5 B6 4 c9 3 DE A F1 0
A4 5 B7 4 cA B DF A. F2 0
A5 5 B8 4 CB B EO A F3 0
A6 5 B9 4 cc B El 9 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 1 F7 0
AA D BD c DO 3 ES 1 F8 0
AB D BE c Dl 2 E6 1 F9 0
AC D BF C D2 2 E7 1 FA 8
AD D co 8 D3 2 ES 1 FB 8
AE D c1 3 D4 2 E9 1 FC 8
AF D c2 3 D5 2 EA 9 FD 8
B0 5 c3 3 D6 2 EB 9 FE, 8
Bl 4 C4 3 D7 2 EC 9 FF 8
B2 4 c5 3 D8 2 ED 9
D9 2
DA A
NOTE:

1) Inputs are AD, Al, A2, A3, A4, A5, A6, A7, where AQ is the least signlflcant
and A7 i.s the most significant.

2) Outputs are: Ol 02, 03, 04, where 0l is the least significant and 04
is the most signlficant diglt.

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
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= = T— == PAGE 30 REV., B
MKAN
1024-BIT READ ONLY MEMORY
MKIN EBCDIC TO BCL+PAR LSB 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 F 60 F 80 F
01 F 21 F 41 F 61 E 81 F
02 F 22 F 42 F 62 F 82 F
03 F 23 F 43 F 63 . F 83 F
04 F 24 F 44 F 64 F 84 F
05 F 25 F 45 F 65 F 85 F
06 F 26 F 46 F 66 F 86 F
07 F 27 F 47 F 67 F 87 F
08 F 28 F 48 F 68 F 88 F
09 F 29 F 49 F 69 F 89 F
0A F 2A F 4A 3 6A F 8A F
0B F 2B F 4B 4 6B 4 8B F
oC F 2C F 4C 1 6C 3 8C F
oD F 2D F 4D 2 6D 5 8D F
OE F 2E F 4E 5 6E 1 8E F
OF F 2F F 4F 0 6F F 8F F
10 F 30 F 50 F 70 5 90 F
11 F 3l F 51 F 71 F 91 F
12 F 32 F 52 F 72 F 92 F
13 F 33 F 53 F 73 F 93 F
14 F 34 F 54 F 74 F 9% F
15 F 35 F 55 F 75 F 95 F
16 F 36 F 56 F 76 F 96 F
17 F 37 F 57 F 77 F 97 F
18 F 38 F 58 F 78 F 98 F
19. F 39 F 59 F 79 F 99 F
1A F 3A F 5A 1 7A 2 94 F
1B F 3B F 5B 4 7B 4 9B F
1c F 3c F 5C 3 7C 3 9c F
1D F 3D F 5D 2 7D 0 9D F
1E F 3E F SE 1 7E 2 9E F
IF F 3F F SF 0 7F 0 9F F
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COMPUTER SYSTEMS GROUP
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(s

B1700 HARDWARE RULES

(i

HEXA~-DECIMAL

INPUT _OUTPUT _

1024~BIT READ ONLY MEMORY

MKIN

MKLN EBCDIC TO BCL+PAR LSB CODE FORMAT

HEXA-DECIMAL
INPUT OUTPUT

HEXA-DECIMAL
INPUT QUTPUT

" HEXA-DECIMAL
INPUT OUTPUT

A 2209 6150 A
SECTION 3.2
PAGE 31 REV. A

HEXA-DECIMAL

AO
Al
A2
A3
A4
a5
A6
A7

RB8EBEEBEED B

B2

NOTE:

LI T T T T T T I I T T I B I T B B B

B3
B4
B5
B6
B7
B8
B9
BA
BB
BC
BD
BE
BF
co
c1
c2
c3

Cc4
c5

b}

> ®w O U m v =™ m o mom m oy omom oy M

c6
c7
cs
C9
CA
CB
cC
CD
CE
CF
DO
D1
D2
D3
D4
D5
D6
D7
D8
D9
DA

Mo~ ® O > PO YU M GLMm ™Y om om0 N ®© 0

DB
DC
DD
DE
DF
EO
El
E2
E3
E4
E5
E6
E7
ES
E9
EA
EB
EC
ED

T - R - R - R - T - T T I T

INPUT OUTPUT

EE
EF
FO
Fl
F2
F3
F4
F5
F6
F7
F8

F9

FA
FB
FC
FD
FE

.

FF

W omom oM oo o N O > 0D m Lo

1) Inputs are A0, Al, A2, A3, A4, A5, A6, A7, where AD is the least significant
and A7 is the most significant,

2) Outputs are:

3) In Heka-Decimal:

Nouwupwwor~O

WoWomowouw RN

0000

0001 -

0010
0011
0100
0101
0110
ol1t

Mmoo O mwP e o

Wononouwon RN

1000
1001
1010
1011
1100
1101
1110
1111

01, 02, 03, 04, where Ol is the least significant and 04
is the most significant digit,
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1024~BIT READ ONLY MEMORY
" MK2N EBCDIC TO BCL+PAR MSB 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 A 60 9 80 F
o1 F 21 F 41 F 61 E 81 F
02 F 22 F 42 F 62 F 82 F
03 F 23 F 43 F 63 F 83 F
04 F 24 F 44 F 64 F 84 F
05 F 25 F 45 F 65 F 85 F
06 F 26 F 46 F 66 F 86 F
07 F 27 F 47 F 67 F 87 F
08 F 28 F 48 F 68 F 88 F
09 F 29 F 49 F 69 F 89 F
0A F 24 F 4A c 6A F 8A F
0B F 2B F 4B 8 6B E 8B F
oc F 2C F 4C 8 6C A 8C F
oD F 2D F 4D 8 6D A 8D F
OE F 2E F 4E C 6E B 8E F
OF F 2F F 4F c 6F F 8F F
10 F 30 F 50 c 70 9 90 F
11 F 31 F 51 F 71 F 91 F
12 F 32 F 52 F 72 F 92 F
13 F 33 F 53 F 73 F 93 F
14 F 34 F 54 F 74 F 9% F
15 F 35 F 55 F 75 F 95 F
16 F 36 F 56 F 76 F 96 F
17 F 37 F 57 F 77 F 97 F
18 F 38 F 58 F 78 F 98 F
19 F 39 F 59 F 79 F 99 F
1A F 3A F 5A E 7A B 9A F
1B F 3B F 5B D 7B B 98 F
1C F 3C F 5¢C 9 7¢C F 9¢c F
1D F 3D F SD D 7D F 9D F
1E F 3E F SE D 7E E 9E F
1F F 3F F 5F 9 7F A 9F F
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MK2N

1024~BIT READ ONLY MEMORY
'MK2N EBCDIC TO BCL+PAR MSB CODE FORMAT

HEXA-DECIMAL HEXA-DECIMAL HEXA~DECIMAL HEXA~DECIMAL HEXA-DECIMAL

~ INPUT _OQUTRUT INPUT _OUTPUT ___INPUT _OUTPUT INPUT _OUTPUT __ INPUT _OUTPUT
A0 F B3 F cé c DB F EE F
Al F B4 F'o @ 8 DC F EF F
A2 F B5 F c8 8 DD F FO F
A3 F B6 F 9 c DE F F1 B
Ad F B7 F CcA F DF F F2 B
A5 F B8 F cB F EO 7 F3 F
A6 F B9 F cc F El F Fb4 B
A7 F BA F cD F E2 E F5 F
A8 F BB F CE F E3 A F6 F
A9 F BC F CF F E4 E F7 B
A F BD F DO 9 ES A F8 B
AB F BE F D1 D E6 A F9 F
AC F BF F D2 D E7 E FA F
AD F co c D3 9 ES E FB F
AE F 1 8 D4 D E9 A FC F
AF F c2 8 D5 9 EA F FD F
BO F c3 c D6 9 EB F FE F
Bl F c4 8 D7 D EC F FF F
B2 F cs ¢ D8 D ED F
D9 9
DA F
NOTE:

1) Inputs are A0, Al, A2, A3, A4, A5, A6, A7, where A0 is the least significant
and A7 is the most significant, '

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

3) In Hexa-Decimal:

0 = 0000 8 = 1000
1 = 0001 9 = 1001
2 = Q010 A = 1010
3 = 0011 B = 1011
4 = 0100 C = 1100
5 = 0101 D = 1101
6 = 0110 E = 1110
7 = 0111 ‘F = 1111
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RMIN

1024-BIT READ ONLY MEMORY
RMIN EBCDIC TO KATAKANA LSB 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 F 60 2 80 F
o1 F. 21 F 41 F 61 0 81 9
02 F 22 F 42 F 62 F 82 8
03 F 23 F 43 F 63 F 83 7
04 F 24 F A F 64 F 84 6
05 F 25 F 45 F 65 F 85 5
06 F 26 F. 46 F 66 F 86 5
07 F 27 F 47 F 67 F 87 4
08 F 28 F 48 F 68 F 88 0
09 F 29 F 49 F 69 F .89 F
0A F 24 F 4A F 6A F 8A 4
0B F 2B F 4B 1 6B 3 8B F
oc F 2C F 4C 3 6C F 8C 3
oD F P3) F 4D F 6D F 8D 2
OE F 2E F 4E 4 6E 1 8E 1
OF F 2F F 4F F 6F F 8F 0
10 F 30 F 50 F 70 F 90 " F
11 F 31 F 51 F 71 F 91 E
12 F 32 F 52 F 72 F 92 D
13 F 33 F 53 F 73 F 93 c
14 F 34 F 54 F 74 F 94 B
15 F 35 F 55 F 75 F 95 A
16 . F 36 F 56 F 76 F 96 9
17 F 37 F 57 F 77 F 97 8
18 F 38 F 58 F 78 F 98 7
19 F 39 F 59 F 79 F 99 6
1A F 3A F 5A F 7A F 94 5
1B F 3B F 5B A 7B C 9B F
1c F 3c F 5¢C E 7¢C F 9C F
1D F 3D F 5D F 7D F 9D 4
1E F 3E F 5E F 7E 2 9E 3
1F F 3F F SF F 7F 0 9F 2
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1024-BIT READ ONLY MEMORY
RMIN EBCDIC TO KATAKANA LSB CODE FORMAT

- HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL

_INPUT OUTPUT _ INPUT OUTPUT _ INPUT OUTPUT __ INPUT OUTPUT __ INPUT OUTPUT
AD F B3 F cé 9 DB F EE F
Al 'F B4 F c7 8 nC F EF F )
A2 1 B5 F c8 7 DD F " FO F
A3 0 B6 F c9 6 DE F F1 E
A4 F B7 F cA F DF F F2 D
A5 E B8 F CcB F EO F F3 c
A6 D B9 F cc F El F F4 B
A7 C ‘BA 4 (o)) F E2 C F5 A
A8 B BB 3 CE F E3 B F6 9
A9 A BC 2 CF F E4 A F7 8
A9 BD 1 DO F E5 9 F8 7
AB F “BE D D1 5 E6 8 " F9 6
AC 8 BF B D2 4 E7 7 FA F
AD 7 co F D3 3 E8 6 FB F
AE 6 c1 E D4 2 E9 5 FC F
AF 5 c2 D D5 1 EA F FD F
BO F c3 c D6 0 EB F FE F
Bl F A B D7 F EC F FF F
B2 F c5 A D8 E ED F

D9 D
DA F
NOTE:

1) 1Inputs are A0, Al, A2, A3, A4, A5, A6, A7, where A0 is the least significant
' and A7 is the most significant,

2) Outputs are: 01, 02, 03, 04, where Ol 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 = 00L1 B = 1011
4 = 0100 C = 1100
5 = 0101 D = 1101
6 = 0110 E = 1110
7 = 0111 F = 1111
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RM2N
1024-B1T READ ONLY MEMORY
RM2N EBCDIC TO KATAKANA MSB CODE FORMAT

HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL HEXA-DECIMAL
INPUT _OQUTPUT INPUT _OUTPUT INPUT _OUTPUT INPUT__QUTPUT INPUT _OUTPUT
00 F 20 F 40 D 60 D 80 F
ol 'F 21 F 41 F 61 D 81 D
02 F 22 F 42 F 62 F 82 D
03 F 23 F 43 F 63 F 83 D
04 F 24 F 44 F 64 F 84 D
05 F 25 F 45 F 65 F 85 D
06 F 26 F 46 F 66 F 86 C
.07 F 27 F 47 F 67 F 87 C
08 F 28 F 48 F 68 F 88 o
09 F 29 F 49 F 69 F 89 B
0A F 24 F 4A F 6A F 8A A
0B F 2B F 4B D 6B D 8B F
oc F 2C F 4C c 6C F 8C A
0D F 2D F 4D F 6D F 8D A
OE F 2E F 4E D 6E o 8E A
OF F 2F F 4F F 6F F 8F A
10 F 30 F 50 F ' 70 " F 20 9
11 F 31 F 51 F 71 F 91 9
12 F 32 F 52 F 72 F 92 9

13 F 33 F 53 F 73 F 93 9
14 F 34 F 54 F 74 F 94 9
15 F 35 F 55 F 75 F 95 9
16 F 36 F 56 F 76 F 96 9

17 F 37 F 57 F 77 F 97 9
18 F 38 F 58 F 78 F 98 9

19 F 39 F 59 F 79 F 99 9
1A F 3A F 5A F 7A F 9A 9
1B F 3B F 5B D 7B D 9B F
1C F 3C F 5C D 7¢’ F 9C F
1D F 3D’ F 5D F 7D F 9D 9

1E F 3E 'F SE F 7E C 9E 9

LF F F SF F 7F 8 9F 9

3F
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1024-BIT READ ONLY MEMORY
RM2N EBCDIC TO KATAKANA MSB CODE FORMAT

HEXA-DECIMAL HEXA-DECIMAL HEXA=DECIMAL HEXA-DECIMAL - HEXA-DECIMAL
INPUT OUTPUT __ INPUT _OUTPUT INPUT OUTPUT - INPUT_ OUTPUT INPUT _ OUTPUT
A0 F B3 F cé6 B DB F EE F
Al F B4 F c7 B DC F EF F
A2 9 BS F c8 B DD F FO c
A3 9 B6 F c9 B DE F F1 c
AL 8 B7 F cA F DF F F2 C
A5 8 . B8 F CB F EO F F3 C
A6 8 B9 F cc F El F F4 C
A7 8 BA 8 CD F E2 A F5 C
A8 8 BB 8 CE F E3 A F6 c
A 8 BC 8 CF F E4 A F7 c
AA 8 BD 8 DO F ES A F8 c
AB F BE D DL B E6 A F9 c
AC 8 BF D D2 B E7 A FA F
AD 8 co F D3 B E8 A FB" F
AE 8 cl B D& B E9 A FC F
AF 8 c2 B D5 B EA F FD F
BO F c3 B D6 B EB F FE F
Bl F Ch B D7 A EC F FF F
B2 F c5 B D8 A ED F

D9 A

DA F
NOTE:

1) Inputs are A0, Al, A2, A3, A4, A5, A6, A7, where A0 is the least significant
and A7 is the most significant.

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

3) 1In 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
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256 -BIT READ-ONLY MEMORY

MuL 9034 -NOTED  MFaN SA 1918-NOTED

MFnN;

IR

b

N

FUNCTIONAL DIAGRAM

ELEMENT TYPE FAIRCHILD NO. PART NO. FUNCTION

N 40249 3516 XLTR.-EBCDIC TO BCL I/4
R%N 40250 3524 XiLTR.-EBCDIC TO BCL 274
MFBN 40251 3532 XLTR.-EBCDIC TO BCL ¥4
MF7N 40252 3540 XLTR.-EBCDIC TO BCL4A
MFSN 40253 3557 XLTR.-BCL TO EBCDICI/2
MFON 40254 3565 XLTR.-BCL TO EBCDIC2/2

S’

A<—08 +4.8Vj«=—P
Be=——07 EQj=—N
C=—— 06 Adfe—M
De——05 Adpe— L
Ee=—04 A2le— K

Fe—-]03 Aljfe—J
Ge—02 AQpe—— H
R——— GND. Ol——=5

PIN LOCATION DIAGRAM
16 PIN DIP
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MFNN

256-BIT READ ONLY MEMORY

(1) The circuit is a T2L Loglc Compatible organized as 32 words of 8-bits
each. The memory has 5 address lines A0 thru A4, ome Enable input,
£0, and 8 outputs Ol thru 08. The words are selected by the five
address lines.

(2) The codes of these ROMs are not inverted, and thus code trans-
lation is obtained directly. MF4N, MF5N, MF6N, and MF7N should be
combined to translate from EBCDIC, 8-bits code to BCL, 6-bits code,
MF8N and MFIN should be combined to tranmslate from BCL, 6-bits
code to the EBCDIC, 8-bits code. :

(3) 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.

(4) Consult Section 5 for interface information.

-(5) Address inputs or Enable input maximum current is -1.6ma at +.4 volts,
' and .10ma at +4.5 volts. ‘

(6) The memory outputs offer the possibility of the wire-OR connection.
(7) Output current is 1lOma at +.4 volts and -.20ma at +5.5 volts. -

(8) Both inputs and outputs are shown in the bit code format tables using
- Binary 1 to represent a true voltage level and Binary O to represent
false voltage level. ’

(9) Maximum delay time:

Address to output, td=50ns.
Memory Enable to output, td=50ns.
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256 BIT READ ONLY MEMORY

EBCDIC

MF4N CODE FORMAT

BINARY INPUT
00000
01010
01011
01100
01101
01110

01111
10000
11010
11011
11100
11101
11110
11111
NOTE:

BINARY OUTPUT
010000
111100
111011
111110
111101
111010
111111
110000
011120
101011
101100
101101
101110
101111

- BCL

MF5N

MF3N CODE FORMAT

BINARY INPUT
00000
00001
01011
01100
01101
01110
11010
11011
11100
11101
11110
11111

BINARY OUTPUT
100000
010001
011011
011100
011010
001110
001101
001011
001100
001111
011101
011111

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

2) Outputs are 01, 02, 03, 04, 05, 06 where Ol is the least
significant digit and 06 is the most significant.

3) Inputs that are not tabulated have ZERO outputs.

A 2209 6150 A
SECTION 3.2
PAGE 40 REV. A
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256 BIT READ ONLY MEMORY
EBCDIC - BCL

MF6N CODE FORMAT

BINARY INPUT
00000

00001
00010
00011
00100
00101
00110
00111
01000
01001
10000
10001
10010
10011
10100
10101
10110
10111
11000
11001

NOTES:

BINARY OUTPUT
111010
110001
110010
110011
110100
110101
110110
110111
111000
111001
101010
100001
100010
100011
100100
100101
100110
100111
101000

101001

MFIN

MF7N CODE FORMAT

BINARY INPUT
00000
00010
00011
00100
00101
00110
00111
01000
01001
10000
10001
10010
10011
10100
10101
10110
10111
11000

11001

BINARY OUTPUT
000000
010010
010011
010100
010101
010110
010111
011000
011001
001010
000001
000010
000011

- 000100
000101
000110
000111
001000
001001

1) Inputs are AD, Al, A2, A3, A4 where A0 is the least significant
digit and A4 is the most significant.

2) Outputs sre Oi, 02, 03, 04, 05, 06 where 01 is the least significant
digit and 06 is the most significant.

3) Inputs that are not tabulated have ZERO outputs.

A 2209 6150 A
SECTION 3.2
PAGE 41 REV, A
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MF8N ~ MFON

256 BIT READ ONLY MEMORY
BCL =+ EBCDIC

i

' |IIHIIIHIHHI!III

1}

MF8N CODE FORMAT MF9N CODE FORMAT
BINARY INPUT BINARY OUTPUT 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
©1000 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
0ll11 : 01111101 0ll11 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 o 11101000 11000 11001000
11001 11101001 11001 11001001
11010 01101101 11010 11000000
11011 01101011 11011 01001011
11100 01101100 11100 01001010
11101 01111110 11101 01001101
11110 01011010 11110 01001100
11111 - 0l1111ll 11111 01001111
NOT!S:

1) Inputs are A0, Al, A2, A3, A4 where AO is the least significant
digit and A4 is thc most significant.

2) Outputs are 01, 02, 03, 04, 05, 06, 07, OB where Ol is the least
significant digit and 08 is the most significant.
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3.2 TTL/DTL Integrated Circuits

Element Type:

Standard Assembly Number:
Circuit Designation:
Description of Operation:

A3
A2
Al

AO
13
12

Il

10

CS
WE

OO MMO O >

RFCN
RFCN
_ K ANIMILL § o3
H S Q2
G .
— reen Ql
D - Q0
B ] C
FUNCTIONAL DIAGRAM
2
—>} A0 +4 .8V b—o
—>{ CS Al &
—> WE A2 &—o
—>{ 10 A3 |&—
<— Q0 D jc—
o nl—
1Q1
' cGZND. 02 —>

2205 2609
64 Bit Memory

PIN LOCATION DIAGRAM

16 PIN DIP

NT e XrX=2 70

A 2209 6150 A
SECTION 3,2
PAGE 43 REV, B -
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RFCN

SA 2205 2609
64~BIT MEMORY

The circuit is T2L organized as 16 words of 4-Bits each.  Inputs to the
chip are 4 Data Input lines 10 thru I3, 4 Address Lines A0 thru A3, one
Chip Select C5, and one Write Enable line WE. Outputs of the chip are
Data Output lines Q0 thru Q3. '

2) A logic zero on the Chip Select line permits addressing of each of the

3)

L 4)
5)

6)

7)

8)

9)
10)
11)

12)

13)

sixteen words thru the address lines. A logic one on the Chip Select
input forces the outputs HIGH, and prevents addressing of the sixteen words.

A logi¢ 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) WRITE ENABLE (WE) " FUNCTION
0 0 © WRITE
0 1 READ
1 X NO ACTION

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.

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

The outputs shall always be connected to CTL restoring elements and an
external pull-up resistor, connected from the memory outputs to the
Vee supply voltage.

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

Maximum Read access time measured from the‘ieading édge of the address
= 45 ns.

Maximum access time measured from the negative going edge of the chip
select = 27 ns, ’ .

Minimum Write Enable pulse width = 30 ns.
Maximum recovery time after Write Enable trailing edge = 45 ns.

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.

Data Set-up time is 30 ns; data Hold time is 5 ns. Both are measured
relative to the positive going edge of the WE pulse.

The CTL interface rules within section 5, Hardware Rules Book, should be
complied with.
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3,2 TTL/DTL Integrated Circuits

Element Type:

Standard Assembly Number:
Circuit Designation:
Description of Operation:

RFDN

RFDN )
2206 1626
256-BIT MEMORY

€S2 ———

CSl

€SO

A7 SCIDLE

A6 _H]

A5 S|

AL _G_ F.po

A3 _M]

A2 _N|

Al _A_

A0 _B |RFDN

N

WE

FUNCTIONAL DIAGRAM

A —>{ Al A v
B ] A0 A2 N
C >y Cso ABE:M
D —>i CS! DIle L
E €S2 WE K
Fre— DO A7 J
G —>f Ak A6 H
R — GND. AS S

PIN LOCATION DIAGRAM

16

PIN DIP

A 2209 6150 A
SECTION 3.2 ,
PAGE 45 REV. B
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RFDN

256 BLT MEMORY - SA 2206 1626

1. This is a TTL monolithic circuit organized as 256 x 1-bit words. Inputs

' to the chip are eight address lines, A0 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 WE 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 device operation:

€SO CS1 €S2 WE . FUNCTION
0 0 0 0 WRITE
0 0 0 1 READ
X X 1 X NO ACTION
X 1 X X NO ACTION
1 X X X NO ACTION

note:s X = don't care.

'6. Inputs shall always be driven by CTL restoring elements with an external
pull-down resistor, comnected 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 Vcé supply voltage shall

dlways be used.
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_RFDN_
: T SA 2206 1626
8. The open~collector output can be wired-OR together with other packages.
9. Maximum access time from Address inputs is 70 ns.
10, Maximum access timevfrom Chip Select input is 55 ns.
11, Minimum Write Enable pulée width is 55 ns.

12, Write Enable negative going edge shall follow the address and/or chip-
select 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
minimum Data Hold time relative to the positive going transition of WE
ig 15 ns minimum.

14, Maximum Write Recowry time, after the positive going transition of WE,
is 70 ns.

15, See section 5, Hardware Rules Book, for the circuitry to 1ntuerface
CTL to TTL. ' '

16. The false level input current for this device is -1.0 mA @ Vfﬂi =+.4V.
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3.2 TTL/DTL Integrated Circuits TAON
Element Type: ‘ TAON
Standard Assembly Number: 1901 7102
Circuit Designation: Monostable Multivibrator
Description of Operation:

101 A !

102 —

NoI C | \

| L P Fol
N0O2 -
TAON

[N Ll o
VCC— ‘}—CA

NOTE: 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. E@

FUNCTIONAL DIAGRAM

VALUES OF EXTERNAL RESISTOR AND
CAPACITOR DETERMINED BY DESIGNER.

./

A 1o +b.svieP
B__-l102 RC kN

C —=INOI M
D —=NO2 CA  je——1L
E — K
F «<—FO01 e J
G ——GND. TO! }—=H

PIN LOCATION DIAGRAM
It PIN DIP
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TAON

MONOSTABLE MULTIVIBRATOR

The circuit is T2L logic compatible multivibiato:r with four inputs, two of
which I01 and 102 are active level low and two, NOl and NO2 are active level
high, The multi has two complementary outputs TOl and FOL,

The multi may be used as a leading edge trigger thru NOL and NO2 inputs or a
trailing edge trigger thru I0l and 102 inputs,

When the triggering conditions are met, the external effective capacitor is
discharged and a new cycle begins, 3

The triggering conditions are (I0L+102) NO1+NO2 or as <hown in the following
table: '

101 102 NO1 NO2
0 0 1 1
0 1 1 1
1 0 1 1

Successive inputs with a period shorter than the time delay results in a
continuous true output,

Consult Section 5 for interface information.

Inpﬁt maximum current is -l.6 ma at +.45 volts and .06 ma at +4,5V,

TOl output gives a true level output during the timing period and false
level during the quiescent time. FOl gives the complement of TOL,

The'used outbuts shall always be connected to CTyL restoring elements and
external pull-up resistors, connected from the multi output to the VCC
supply voltage,

Output current is 9,1 ma at .45 V, -6.66 ma at 1.6V, and -.72 ma at 2.4V,

External timing resistor and ‘capacitor are recuired to obtain the right
pulse width., The resistor may vary from 5K to 50K ohms.

Minimum input pulse width is 40 ns.
Minimum output pulse width is 65 ns,

Maximum time delay between the 41,5 V point on the negative going edge of
the input pulse and the +1.5V point on the positive going edge of TOl out-
put or negative going edge of FOl, td = 50 ns.

The formula for the output pulse width is:

T=.32 RC [1 + %1
C >1000 pf, R is Kohms, C in pf, T in ns,
R and C are the external timing resistor and capacitor,
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TAON

ESISTANCE AND CAPACITANCE FOR Cx << 103

. ~ap3 - 0.7y |
Eor Cy =107 pF, t = 0.32 R.C, (1.+ )

4
10
2
//////)/ J
3 // /¢// / 1/’
10 Z X
m.w/,(“ 1. 71 7
//50\;1“ . v //
" S
102
80 L.
60 |
4o ==
20.
10
1 2 4 6 810 ‘102 103

s

Cx = TIMING CAPACITANCE - pF

o o P>

LOGIC DIAGRAM

—H

pF
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3.2 TTL/DTL Integrated Circuits IHCN

Element Type: IHCN

Standard Assembly Number: ‘ 1471 4356
Manufacturer's Type: o DTL~9936
Circuit Designation: ' DTL Hex Inverter

Description of Operation:

DTL HEX INVERTER

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

(2) 1Inputs:
vi (Low) = +1.1 volt maximum

Vi (High) = +1.9 volt minimum
Iin (max) = -1.5ma at Vi (Low)
Iin (max) = +5,4a at Vi (High)

(3) Outputs:
Vo (Low) = +.6 volt maximum
Vo (High) = +2.6 volt minimum
Io (max) = -30ma at Vo (Low)
Io (max) = 300 ua 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 %%@] +475VH— P @DB— —L@oﬁ—
B<10B 1 m51L | L

| c
e s ey e A ) ol T

D< ,@—A'—'—’:——-L

21 4K - £ F N | M
T

F < (3] le— J
G —— GND. SHI S
PIN LOCATION DIAGRAM FUNCTIONAL DIAGRAM

14 PIN DIP
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3.2 TTL /DTL Integrated Circuits THDN
Element Type: IHDN
Standard Assembly Number: 1674 4963

Circuit Designation:

‘TTL Open Collector
Description of Operation: :

Hex Inverter

TTL HEX INVERTER

{1) Six TTL inverter drivers with open collector, high 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.

(3) 1Input is fully compatiblevwith TTL-

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

(5) At VCC = +4.75
Vin (Low) = +.8 volt maximum
Vin (High) = 4+2.0 volts minimum

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

(7) At CL = 15pf, RL = 100 ohms, Voh = +20 volts:
Delay time from +1.5V level of input positive transition
to 50% point of output negative transition, td = 15 ns max.

Delay time from -1.5V level of input negative transition to
507 point of output positive transition, td = 23 ns max.

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

oy B e TP
€

“THy B \ *

'z e J . > o

G —{GND &»H

J |
PIN LOCATION DIAGRAM . }0" &'

14 PIN DIP

-

-

FUNCTIONAL DIAGRAM
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: IDCN
TTL/DTL Integrated Circuits
Element Type: IDCN
Standard Drawing Number: S 1471 4398
Circuit Designation: Dual Expandable Nand Gate

Description of Operation:

1.

. a.

5.

Two DTL 4 input nand gates with an expander input are contained in a l4 pin
dual in line package. The output is an open collector; thus a pull-up re-
sistor is required.

The expander input allows increased number of inputs by addition of discrete
dicdes or other expander elements,

Inputs:

a, V,. 51,1V

il
>4
c. HLspLshA@ '

gL = 4

H = 4,0V

i i

d. I, S5pr @V
Outputs: |

a, VoL £ +.4V @ IoL'= 36 mA

‘b. Output leakage current § 200 A @ Vou = 45V
PrOpagacion'Delay:

a, Input (-) to output (+) € 55 ns
b. Input (+) to output (-) ®€ 35 ns

Pin Location Diagram:

01;>E

:E] VCC
02— EH[F

V] <14
M] «—13
I—B <«—15

ﬁ
03 —> [ ’é

0s —> [E] :'J_r:ls__] <«

OF «— E 1] «—1

GND vc H > 1H
TDCN FUNCTIONAL DIAGRAM

" Positive Logic:
OF = 01 » 02 +« 03 + 04 -+ 05

IH= 11 » 12 13 14 = 15
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RWO6

3.2 TTL/DTL Integrated Circults

Element Type: ‘ RW06

Standard Assy Number: 1449 1104 .
Manufacturer/Manufacturer's Type: Fairchild/93415
Circuit Designation: 1024-Bit Memory

Description of Operation: Open Collector

cs
WE - 011

>

LLLL |

S
O O

=
(=]

T

>

~

’v—-
.

3
ke
N

7 .

RWO6

[
(98]

FUNCTIONAL DIAGRAM

aY

T — [o] el 4.75
A0 —p [ 5] <— b1
A —> [g3 d —
A2 @ E <+ A9
A3 —p [o) 7] «— a8
M —> [of 1] <— a7
O <— [o7] 0] «— a6
GND o8] RWO6 9] @— as

PIN LOCATION DIAGRAM
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1024 BIT RAM A RWO6 1449 1104

1.

N
.

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

A logic zero applied to the write enable input with a zero simultane-
ously at the chip select line will allow the data present at the in-
put to be written into the addressed word.

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 unin-
verted at the data output line DO,

The following table summarizes the device operation:

[ ¥ we | FUNCTION

o | o f Write

0 1 1 ? Read

1 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 pulleup
resistor, connected from the memory output to the V__ supply voltage
shall be used. Refer to Section 5.3 for details, ©°

The open collector output can be wire-ORed with other packages.
Maximum address access time tia = 70 ns,.

Maximum chip select access time t s = 55 ns.

dc

RWO6 -

A 2209 6150 A
SECTION 3.2
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' 1024 BIT RAM . RW06 1449 1104

-
o

o The minimum address set-up time (tasu) 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-(th ) 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.



i

WRITE CYCLE

READ CYCLE
CHIP SELECT [ be
: /
—— 4 1.8

i
— — | ——
} _J\ 74 "desXGhem
| YesXG e 4 ARG~
5
f

AhNYd YHVBEYR VINVYS
<dNOHD SWILSAS W2 LNdWOD

< r t4aXG
as : \| poEesn'T / <
Ao,“uu - N - - -— 1.8 ;
: . \ MATTER I / '
U _ | ) . .
Ysu— | fe— YduXG—
4aXG, Wiy
o —— ,—.—-..-.—-u«l-.—.-._..._.—---..-—ﬁ_—.m._,..._\ —] AR
DATA|IMAY / (DOESN'T MATTER | \ /
DATA IN . - -t - -— 4 1.8
[+2] : .
CHANGE ]\ / l o ./\ [9.9]
e b Z ) R A NN SR —d
T .
) 'e-tWe—->' | !,;51
r—— =
| ii
WRITE ENABLE - P - + 1.8 i i
WE . ! { e
tasu ho I ; vl
>l csure— ! i »)
-/ \ [ ‘ 2
T »
DATDAOOU . V -;L - Fis >
/ | el
’ m
— e ' il 3
o
i 1
! e r
I
i
i

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

¢°€ NOILDHS
V 0619 6077 V

TIMING DIAGRAM

4 *Add LG OVd
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3.2 TTL/DVL Integrated Circuits

Element Type:
Standard Asseably Number:

Manufacturer/Manufacturer's Type:

Circuit Designation:

Description of Operation:

POOI

PAGE 58 REV, D

PON1L

L4477 9455
Harris/7610-5
Signetics/82526

256 X & PROM
OPEN COLLECTOR

1) The POOL1 is a 1024 bit field programmable read only memory
There are eight address inputs
AOs===A7, four open collector outputs 00,==-=03, and two active

organized as 256 & bit words.

Low chip enable inputs CEl and CE?2.

2) The memory is enabled only if CEl and CE2 are both at a

Low level.
four outputs 3o high.

1f either CEl or CE2 is at a high tevels, the

3) The outputs are open collector and therefore can be wire
" KNDed™ with a single pull=-up resistor. See Section 5 for

uatorface rules.

4) Input Currents

[il = ~1.6mA 3 Vi

5) JQutput Drive
Iol =

6) Maximum Address Access Time

7) Maximua Chip Enable Delay

16mA 3 VYo =

= 0.4V

«45Y

Iih

«06mA 3 Vi = 2.4Y

Ioh = .02mA 3 Vo = 2.4Y

70nS.

40nS.

8) For interface and programming information see Section Se.

\J
A6 —p EE hel 4.75
a5 — [0 5] <—
At — [o3 VER
a3 —> [0z 3] <—
A0 —b Eé 2] —»
AL —> (o] 1] —>
A2 — @Z Eﬂ —>
oo [og] POOI 9] —>

PIN LOCATION DIAGRAM

A7
CE1
CE2
Qo0
qQl

Q3

CE1

CE2 —a 4! 13
A7 —13]
A6 ._0_.1_ _.9.2__ Q3
A5 _—.Q-g_
AL _ 031§ _]ﬁ_.. Q2
A3 04
A2 07 11 Ql
Al 06|
20 —2pgg [

FUNCTIONAL DIAGRAM
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3.2 TTL/DTL Integprated Circuits 1%“ <89
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Element Types POO?2 PR
Standard Assembly Number: _ 1449 20060 ’P *¥
Manufacturer/Manufacturer's Type: Signetics/82823 C%; ‘¥*
Harris/JM 7602<5
Circuit Designation: 32 x 8 PROM ‘
Description of Operation:
1) The P002 is a 256 bit ficld programmable ré¢ad only memory orpanized
as 32 8 bit words. There are five address inputs AD,...,A4, ci;ht
open collector outputs Q0,..., Q7, and an active low chip enable CE,
2) If the chip cnable is high, all eight outputs will go high.
3) The outputs are open collector and can therefore be wired "ANDhed'
with a single pull up resistor. Scc section 5 for interface rules.
4) Input Currents: -
1= <004 wA @V, = 0.45V 1..,.=0.08mA @V, = 2,4V
1L i 81 i
5) Output Drive:
= a = = 1 =
IOL 16 mA @ Vo 0.45v IOH 1 mA @ YO 2.4v
6) Propogation Dclays:
Address Access Time 55 ns
Chip Enable Delay 35 ns
7) For interface and programming information consult Section 5.
./ :
0 &
Q 01 Le] 4.75 & = s
Q@ <— [g] 5] -— T Ay L4 | I
.3
@ <— [ ] - e I
‘ A2 == - Q5
Q3 <— (o4 13] <— A3 AL 11 ] L 05 o4
. . ) 10 04
A2 a0 10 | Q3
% +— [o 12] <— 03 o
e «— [og] 1] <«— Al (02 o
0
o <— [o7] o] <— o P002 ®
CGND ogl P002 hg —p Q7
[: ’ :] FUNCTIONAL DIAGRAM

PIN LOCATION DIAGRAM
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3.2 TTL Integrated Circuits

Element Type:

Standard Assembly Number:
Manufacturer/Manufacturer's Type:

Circuit Designation:

Description of Operation:

S2-N

.

S2-N

1447 3797

TI/74157

FSC/9322

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 IAl, IBl, ICl, and 1Dl inputs while a low

on A selects the IAO, IBO, ICO, and IDO inputs.
input is presented uninverted at the output.

Data on the selected

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,

Propagation Delay Times: (To Output)

The $2-N comes in a 16 pin DIP.

Data to Output t 25 ns
d+
td_ 18 ns
Enable to Output tg+ 30 ns ,
tg- 25 ns
Select to Output tgy 35 ns
tg- 30 ns
TRUTH TABLE
Enable Select Inputs Output
Input .
E A IX0 IXL ZX
H X X X L
L H X L L
L H X H H
L L L "X L
L L H X H

LogicAEquation:

Zy =(K1xl + SIXZ) . E
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Pin Locations:

Ia0 —>=» [;z;

lal o
;ZO -
Ib0 =
Ibl _;5,

zZ1 v<—-—

Ia0
Ial

IbO
Ibl
IcO

Icl

Ido
Idl

th

¥

FUNCTIONAL DIAGRAM

Top View
o/
01 16 vee
=<
03 14] =<=— ICO
05 12 —=>22
06] 11| ~— 1dO
07 10| <— Id1
8 09} — 23
0 S2-N
A
02 0l
— 04
03 | 0% 70
05
—] 07 z1
06 —
14 1y 2
13
11
09  z3
10 S2-N

A 2209 6150 A
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LOGIC DIAGRAM
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3.2 TTL/DTL.Integrated Circuits
‘Element Type: . © 84-N
Standard Assembly Number: 1447 3714
Manufacturer/Manufacturer's Type: T.T., Signetics/74153
Fairchild/93153
Circuit Designation: . Dual 4-Bit Data Selector

Description of Operation:

1) The S4-N consists of two 4-Input TTL multiplexers with common
addressing A0 and Al, and independent active low enable inputs
EA and EB. Data on the selected input (10,11,12,13) -is routed
non~inverted to the Totem Pole output Z, '

2) For normal operation the appropriate emable must be at a low
level. A high on the enzable forces all outputs low regarless
of the state of the data or the address inputs,

3) Input Currents:

IIL = «1,6 mA @ Vi =-0.4V ‘ IIH = ,04 mA @ Vi = 2,4V

4) Output Drive: »

IOL = 16 mA @ VO = 0.4V IOH = n04 mA @ Vo = 2.4V

5) Propagatioﬁ Delays:

Data to Output tpd+ ‘25 ns
tpd- 27 ns
Address to Output thdt 41 ns
tpd- ‘38 ns
Enable to Output tod+ 37 ns

tpd“ 27 ns

| Al ,
=~ AO
es —» [o1] 18] vee Rz | lo2
‘ TIA3 0
. 5] €— EA
Al —b (02 1 ' ];AZ 04 07 za
1A3 —b [03 14] «— a0 1Al 02 -
IAO 0
1A2 — [04 13] ¢— 183
1Al —» [05] 2] «— 182 1B3 13
' | IB2 _ 12
- 1A0 —p [UF] 11] ¢— 1Bl 11 ") o 09 zB
za +— [o7] JI0] «— 180 180 __10] Sk-N
o [0B]  s4-N  [05] —> 28 ' EA 01? 15
EB

PIN LOCATION DIAGRAM

FUNCTIONAL DIAGRAM
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3.2 TTL/DTL Integrated Circuits

Element Type: : PR4N

Standard Assembly Nuaber : 2319 527&
Manufacturer/Manufacturer?s Type: Fairchilds93417
Circuit Designation: 256 X & PROM

OPEN COLLECTOR

Description of Operation:

1)

The PRAN is a 1024 bit field programmable read only meamory
onganized as 256 4 bit words. There are eight address inputs
AOsr===A7» tuwo active low chip enables CS1 and CS2, and four

open collector outputs Q0,=~--,Q3,

2)

3)

&)

5)

6)
7)

8)
csl
Cs2

A7
A6

A4
A3

Al
AO

The neubry is anab(edkonly if C51 and CS2 are both at a

Low Level. When either chip enable is high all four outputs
go high.

The four outputs are open cotlector and can therefore be
wire "ANDed”. Consult Section 5 for interface rules.

Input Currents
Iil = =0.48A Q Vi = L4V Iih = 04mA 3 Vi = 2.4¥

Output Drive
fol = 16mA 3 Yo = .45Y Ioh = .1mA 3 Vo = 2.4¥

Maximunm Address Access Time = 40nS.

Maxisum Chip Enable Delay = 25nSe.

Consult Section 5 for interface and programming information.

\/
46 Q1 - a6—> [o]] hel 4.75
:ﬁi: K2 o3 as—> [ ] -— a7
02 10 o2 M—p 03 4] «— cs2
o4 ] 11 p—> [0y i3] «— 5l
07 T ao—>  [o3] 2] —» QO
"g'g" 12— q0 Al—  [og] j1] — 4
1 PRL4N A [02 @ —_— Q2

e fog] PREN o] — @

FUNCTIONAL DIAGRAM PIN LOCATION DIAGRAM
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Element type:‘ | PRSN
Standard Assembly Number: _ 2319 5282
Manufacturer/Manufacturer®s Types Fatrchitds93636

Circuit Designation: v ‘ 512 X & PROM

Description of Operation:

1)

?)
3)
4)
S)

6)
7)
8)

s }
613

A8 14

A7 =13 109 o3
A6 01 ]

A5 02 20 @
a4 =031

A2 07

06 12

Al ““‘PRSN — Q0
A0 — 03] |

OPEN COLLECTOR

Tﬁo PRSN is a 2048 bit field programmable read onty nelory
organized as 512 4 bit words. There are nine address inputs
AQs===»A85s an active Llow chip select CS, and four open
callector outputs Qlr===,03,

T he nclory‘is enabled when CS is at a Low state. A high
on CS causes ail four outputs to go high;

T e outauts are open colliector and can therafore be
wire "ANDed”™.

Input Currents ‘
Iil-=~'0.6IA 3 Vi = D.65VY Tih = 04mA 2 ¥i = 2.4V

Dutput'ofiye
Iol = 16mA 3 Vo = .45V Ioh = .1mA 2 Vo = 2.4V

Meximum Address Access Time = 60nS.
Mexinum Chip Enable Delay = 35nS.

Fer interface and'progranuingiinfornation consult Section S.

FUNCTIONAL DIAGRAM - PIN LOCATION DIAGRAM
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3.2 TTL/DTL Integrated Circuits
Element Type: . LD4N
Standard Assembly Number: . © 2602 2889
Manufacturer/Manufacturer's Type: T.1./745140
Fairchild/9S140
Circuit Designation: ' Dual 4=Input NAND

Line Driver

Description of Operation:

—_
—_—
—>
—
-

GND

- PIN LOCATION DIAGRAM

[ R B [=] (=] [=]
~ IO\”U\IJL\ Lo ~ i

1)

2)

3)

4)

5)

The LD4N performs a dual 4~Input NAND function. TIts 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
+0.5V False level. '

Input Currents:

il

IIL = 4.0mA @ V1 = 0.5V 1 .08mA @ Vi = 2.4V

IH
Output Drive:

IOL = 60mA @ Vo = 0,5V IOH = 40mA @ VO = 2,1V

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

Propagation Delays:

Input to OQutput tpd+
tpd-

13 ns
13 ns

nou

0

\J
ha] 4.75
] - o
2 o] Lovo P
] — —L
—po] 12 | LD4I |28
LDUN “Nos| —# 13

FUNCTIONAL DIAGRAM
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- T3MH
3.2 TTL/DTL Integrated Circuits
'Element Tyﬁé: T3AH
Standard Asscmbly Number: 1447 3557

Manufacturcr/Manufacturer's Type:
Circuit Designation: -

Description of Operation:

T.l., Signetics/74H11
Fairchild/93H11
Triple 3-Input AND Gate

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

The outputs are Totem Pole,.

2) 1Input Currents:

IIL = "2'0 m.A. @ vi = 0.4V

3) Output Drive:
| IOL=20mA@Vo= 0.4V
4) Propagation Delays:
- tpd+
b ‘tpd-= 16 ns

= 19 ns

4,75

2

o

PIN LOCATION DIAGRAM

IRRRER.
1 R1E] R1B1 R]1E]
RIS S

T

o
8

IIH

Tow =

— T3AH 22

= .04mA@Vi = 2,4V

ZmA@Vo==2.4V-

T3AH )96

T3AH }°8

FUNCTIONAL DIAGRAM
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T2HN
3.2 TTL/DTL Integrated Circuits
Element Type: T2IIN
Standard Assembly Number: 1479 0240 :
Manufacturcer/Manufacturer's Type: T.1. Signetics/74H00
: . Fairchild/94H00
Circuit Designation: . ‘ Quad 2-Input NAND Cate

Description of Operation:

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

2) Input Currents:
| IIL =-2,0 mA @ Vi = 0.4V IIH
3) Output Drive:

]

.04 mA @ Vi = 2,4V

IOL = 20mA @ Vo = 0.4V . IOH

4) Propagation Delayss

2 mA@ Vo = 2,4V

tpd+ = 17 ns
tpd- = 14 ns
. —QL 03
02| T2HO pP———
—> Ed 4,75 |
—>  [02] 3] <— 04
05
— B G — ~
—> [92 E —> 09
_ . ' — 1 T2H2 08
— os@ -__cﬂ - v — U
s g -
12
oo fr]  T2HN Nog —> — 213 11

PIN LOCATION DIAGRAM
FUNCTIONAL DIAGRAM
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BTSN
3.2 TTL/DTL Integrated Circuits
Element Type: C ‘ ) BTSN
Standard Assembly Number: 1948 5051
Manufacturer/Manufacturer's Tupe: National/DM8097
. Signetics/8T97
Circuit Designations B Tri-State Hex Buffer

Description‘of Operation:

1)  The BTSN i's a TTL Hex Buffer with tri-state inputs and outputs.
In addition to having normal TTL 'True' and 'False' input and out-
. put levels, tri-state buffers have a high impedance OFF state,
The inputs and outputs are brought to a high impedance state by
placing the disable inputs at high level. Four of the buffers are
controlled by one disable input DIS4 and the remaining two are con=-
trolled by DIS2,

2) 1Input Currents:

02

2]
]

IIL = -1,6mA @ Vi = 0.4V a ‘ IIH = ,04mA @ Vi = 2.4V
High impedence state
Iy = -.04 mA @ vy = 0.5V ’ Liy= .04mA @ v, = 2.4v
3) Output Drive:
. = .'=' . ] =
IOL .38mA @ Vo = 0.4V . IOH =-5.2mA( Vo_ 2.4V
DC load of an output at the high impedance state
I, = -i04 MA@ V_ = 0.4V L, = .04mA @ V_ = 2.4V
o : H o
_4) Propagation Delays: \\\\\\
Data input to output . tpd+ = 23 ms 10 —22. gbl\‘OB 00
tpd- = 26 ns $1°701
_ . | D1S4
From a logic 1 Output On state to a ‘
high impedance Off state ' ) 25 ns 11 04 N 05 01
- From a logic O Output On state to a $3° 01
high impedance Off state 33 ns - 'D1s4
- From a high impedance Off state to a . 12 06 07 02
logic 1 Output On state s 40 ns g35:1<
From a high impedance Off state to a » - 'D1s4
logic O Output On stat 45 '
og utput On state _ ns 10 09
I3 —- . 03
: ' 5
D1s4 — [ 01
: D154
10 — [g -
12 11
4 —== 04
00 <+— [o3 w1
1 — [(Z D1S2
01 e— @ 15 —14 13 05
12— o Bis2
@
fos

BTSN

CemTTATAMTANAT T AAD AN
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CR4N

TTL/DTL Integrated Circuits

Elcment Type: CR4N

Standard Assembly Number: 1447 3771

Manufacturer/Manufacturer's Type: Ta1:/7416)
Fairchild/9310

Circuit Designation: 4 Bit Binary Counter

Description of Operation:

1)

2)

3)

4)

The CR4N is a synchronous, presettable, 4-Bit binary counter.
Inputs include clock (CK), an active-low clear (CL), four parallel
data inputs DO, ..., D3, and three mode controls: Load, Enable

P, and Enable T. There are four data outputs, QO, ..., Q3 and a
carry output C. To count, all three mode controls must be high.
Synchronous operation is achieved by utilizing a J~K Master-slave
flip-flop arrangment for each bit with conmon clocking. When the
clock is low, the data path to the master flip-flop is enabled, and
this data is transferred to the slave and output on the LOW-to=-
HIGH level clock transition. When the clock is HIGH, the master

is inhibited and the master-to-slave data path is enablcd. During
the HIGH-to-LOW level clock transition, the slaves arc inhibited
-while the masters are enabled to accept new data. Presctting of
the counter is accomplished by forcing the load input LOW. 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 are HIGH. See the Carry Generation
Truth table. 1In normal operation, HIGH-to~-LOW level transition

at enable P or T should only occur when the clock is HIGH, and LOW-
to-HIGH level transitions at the load input with clock LOW should
be avoided if the enable inputs are HIGH during the transition.
N-bit counters can be realized with no additional elements by cas-
cading CR4N packages. Clear is asynchrounous,:

Input Currents:

Clear, Enable P, Data
Iip = -1.6mA @ Vi = 0.4V I1y = -04mA @ Vi = 2.4V
Clock, Load, Enable T
IIL = -3.2mA @ Vi.= 0.4V I1H = .00mA @ Vi = 2.4V
Qutput Drive:
Outputs Q0, ..., Q3

IoL = 12mA @ Vg = 0.4V Ioy = 6mA @ Vo = 2.4V
Carry Output C
IoL = 16mA @ Vo = 0.4V IoH = 8mA @ Vo = 2.4V
Propagation Delays:
Clock to Output tpd+ 33 as
(Load input low) tpd- - 37 ns
Clock to Output tpd+ 28 ns
(Load input high) tpd- 31 ns
Clock to Ripple Carry tpd+ 44 ns
tpd- 43 ns
Enable T to Ripple Carry tpd+ 23 ns
tpd- 23 ns
Clear to Output tpd- 46 ns
Clear Recovery Time 28 ns
Clear Pulse Width 24 ns MIN
Clock Pulse Width , 30 ms MIN
Enable P and Data Set-up Time 22 ns
Load Set-up Time ' 28 ns

. - . TN s

ﬁ

fi
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- CRLN
MODI SELECTTON
CLEAR LOAD ENABLE P FNABLE T MODI
L X X X RESET
H L L L PRESET
H L L 1 PRESET
H L H 1. PRESET
H L I H PRESHT
H H L L NO CHANGE
H H L H NO CHANGE
‘H H H L NO CHANGE
H H M H COUNT
X = Don't Care
CARRY TNPUT GENERATTON
ENABLE T (Q0.G1.Q2.Q3) | CARRY OUTPUT
L L. L
L H - L
H L L
H H H
CL
U LOAD
CLEAR ——p» @ TS ENABLE P o
, ENABLE T
CLOCK — 3] ] —s oamry 10070
D0 —b ] —» 0 T
Pl —p [0g 3] — al
s ' D3 —08- 1L o3
D2 —& [05 — Q2
L2] Q D2 —05! 12 o
D3 —b [5_}; ] —» @ pl —04 13 1
: po —Q3] 14 Q0
ENABLE P — [07] [0] <—— ENABLE T -
e [og] CRUN  p9] <— LOAD
CR4N
PIN LOCATION DIAGRAM CLOCK 02 |
FUNCTIONAL DIAGRAM
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RWI 3
© 3.2 TTL/DTL Integrated Circuits
Element Type: ' RW13
' Standard Assy Number: 2540 0656
Manufacturer/Manufacturcr's Type: Fairchild/93415
Circuit Designation: High Speed 1024 Bit Memory

Description of Operation: Open Collector

cs
- j
14 01
pI 131
A0 02
Al 93]
A2 04
i R
a5 —09
A6 —ro]
A7 11|
" —L2 Rwi3

FUNCTIONAL DIAGRAM

./
cs —b
A0 ~—>

Al —>

A3 —p

A4 —p

GND

3
HISISISISISISIEE

PIN LOCATION DIAGRAM



1

I

Burroughs Corporation

B1700 HARDWARE RULES

COMPUTER SYSTEMS GROUP
SANTA BARBARA PLANT

L

=

N— el

ey

HIGH SPEED 1024 BIT MEMORY RWL3 SA 2540 0656

1'

2.

The device is a bipolar monolithic circuit organized as 1024 1 bit words.
Inputs to the chip are ten active high address lines (A0 thru A9), one
active low chip select line (CS), an active low write enable line (wt) and
one data input (DI). There is a single data output (DO).

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.

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 uninverted at
the data output line DO.

The following table summarizes the device operation:

cs WE FUNCTION

0 0o WRITE

0 1 ' READ

1 X NO ACTION

NOTE: X = Don't Care
inputs shall always be driven by CTL restoring elements with an external
pull down resistor, connected frow the input of the memory to ground (not
to Vee). See Sec. 5 for 1nter[ac1ng rules.

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

Maximum address access time tga = 50ns

‘Maximum chip select access time tgcs = 35ns

The minimum address set-up time (t,g,) must be 40 ns and the minimum chip
select set~up time must be 40 ns.

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

_Write enable pulse width must be a minimum of 40 ns,

Data set-up time relative to the positive going edge of WE pulse must
be 40 ns m1n1mum and data hold time relative to the same edge must be
10 ns.

Maximum write recovery time ty, is 70 ns.

See the following page for the timing diagram.

(\

|
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CHIP SELECT
cs

AO,At.,

ODATA IN
ot

WRITE ENABLE
T WE

DATA OUT

WRITE CYCLE
J e
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Do

]

/ - - —— 1.8
{ \ ‘ A tesxGle—
| WesXG [ Y AXG >
: r tdaXG
‘\ DOESN'T i /
AS a ‘ o . _ : a— s
\':MATTER’L /
N e s e e e o] - I
dsu—=1 | [ tdaXG—>
da-)za .
—— e ot o e e e o 2 S e o e e - s
"OATA[MAY DOESN'T MATTER \ / o b
; CHANGE '\ / J\ :
[V B L ; Y -
e—twe—é' l
PUS,
- - - + 1.8
tasu ‘ho ‘ .
—n l.CSU‘_— ‘
\ r |
1 - + 1.8
7/ N i
S 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, resPef:tively».

TIMING DIAGRAM
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‘PROS8
3.2 TYL/DTL Integrated Circuits
Element fypet : | v PROS
Standard Asseably Number: ' 2607 69075
- Manufacturer/Nanufacturer®s Type: Signetics/82523
_ : Harriss7602~5
Circuit Designation: 32 X 8 PROM

OPEN COLLECTOR
Description of Operation:

1) The PRO8 §s a 256 bit field programmable read only mesory
organized as 32 8 bit words. There are five address inputs
AQ»===5A4, eight open collector outputs Q0s===»Q27 and an
active tow chip enable CE.

2) If the chip enable §s high, all outputs will go high and.
the memory is disabled. )

3) The outputs are open collector and can therefore be wire
"ANDed” with a single puli-up resistor.

4) Input Currents
Iil = e 48A 23 Vi = J45V Iih = L08maA 3 ¥i = 2o4Y

5) Output Drive
Iol = 16mA 3 Yo = .45V Ioh = .1mA 3 Vo = 2.4Y

6) Naximum Address Access Time = 60nS.
7) Maeximum Chip Enable Delay = 40nS.

8) For interface and programming information consult Sectfon S.

/]

© +— [ o 4.7 CE 15

1 — [0 15] ¢— CF Ay Ao -2 o7
‘ = E s 13 ] L7 o
@ +— [ i +— n2 12 06 o5

11 0
03 ¢+— g ] ,ﬁ, 10 04 3‘;
@ +—— [ 2] ¢— a2 03 o
¢ b g e PROiji—gé
% +— B 5 — w0 |
oo | PROS o

PIN LOCATION DIAGRAM FUNCTIONAL DIAGRAM
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3.2 TTIL/DTL Integrated Circuits (Continued)

Edement Type:
Standard Asseably Number:

Manufacturer/Manufacturer®’s Type:
Circuit Designation:

Description of Operation:

STSTB —» [1| R .
HLDA —= [2] 27] —= 1/0u
W — [3] 26] —» VEMW
DBIN —s [& 5] — I/OR
DB4 <+— [5 | 24] —> MEMR
D4 «—» @: 23] —» INTA
DB7 «—» [T] 77] «—— BUSEN
D7 < [§] SCTL 71 D6
DB3 +— [9 | 20] «—DB6
p3 +— [10 19] +—ep5
DB2 +— [11 18] <+—DB5
D2+ 2 17] <—sD1
DBO +—» [13] 16] <—eDBL
GND [1Z] 15] +—eD0

PIN LOCATION DIAGRAM

SCTL
1959 5727

Intels8228
Systeama Controller

D7 ——8 7 +——DB?

D6 —21 20 —— DB6

D5 —19 18 ———DB5

D4 ——i6 5 {——DB4

D3 ——10 9 ——DB3

D2 ——12 11 -——DB2

DL —{17 16 ———DB1

DO —-115 13 ——DBO
. 27 o—1/0W
DBIN —4 26 p——MEMW
WR—43 25 p—1I/0R
HLDA ——42 24 p——MEMR
BUSEN—d22 23 b——INTA

SCTL
1

STSTB ——-—j

FUNCTIONAL DIAGRAM
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14 (R SCTL 1959 5727

1) The SCTL is a Schottky Bipolar circuit in a 28 pin ceramic DIP.
It s a single chip Systea Controller for use in microcoesputer
‘systems based on the 8080 microprocessor (MCPU). An 8 bit
parallel Bi-Directional Bus Oriver section provides isolation
of the CPU Data Bus from eemory and I/70. All deiver outputs
are tri-state with a high TTL fan-out capabilfity on the systes
side. An 8 bit Status Latch stores "status® information during
each machine cycle of the MCPU. A Gating Array decodes these
status information together with other corresponding control

" signals fros the MCPU», and issues accordingty control coamands
for the Bus Driver section ana I/0 commands for direct interface
- to the same family RAM, ROM, and I/0 coaponents.

2) The SCTL input/output pins are:

DT.~-D0 Oata Bus input/output (MCPU side)

DB87=DB0 Systes Bus fnput/output (System side)

T70R I1/0 Read output (to 1/0 components)

T /00 [/70 Hrite output (to I/0 components)

CELL Memory Read output (to RAM®*s, ROM®s, etc.)
CL:GT Memory Write output (to RAM®s, ROM?s, etcC.)
INTA Interrupt Acknowledge output (to interrupt control)
DAIN Data Bus In input (froam MCPU)

HLDA Hold Acknouledge input (from MCPU)

WR Write control input (from MCPU).

BUSEN Bus Enable input

STST8 Status Strobe input

3) At the beginning.of each machine cycle, the MCPU issues
»gt atus™ informatfon on its data bus. A Low on the Status
Strobe (STSTB) line stores this in the Status Latch.

4) The Gating Array generates the "Read” control outputs (WEWR,
170R», INTA) Dy gating the appropriate status bits with DBIN and
HLDA. It also provides bus driver control to maintain proper
bus flow on the bi~directional bus lines.

5) *Mrite” control outputs (MEMW, [/0W) are generated by the _ _
togé#cal combination of the appropriate status bits with the HR
input. Again, control {s provided to direct bus flow.

~ Correlation betueen the status word and the control outputs is
shoyn in Table 1. ALl control outputs are active Low.
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SCTL : 1959 5727

Far “Read™ operations DBIN should be Highe A Low on DBIN
disables all control outputs to a High voltage level, and all
8080 data bus output buffers to their high impedance “off"
states A High on the HLDA input will disable the control
outputs to High. It alse interrupts the communication in the
bi~direct ional bus section so that the CPU data bus outputs

wilt maintain their current contents. D7-D0 outputs are latched,

For “Mrite” operations WR should be Low. A High on WR will
diseble all control outputs to a High voltage level. It has no
effect during the Read cycle.

A High on the BUSEN Line witl asynchronously force ail control
outputs and systes data bus outputs to their high imapedance

 "of#” state. It has no effect on the CPU data bus outputs.

9) Electrical Characteristics

Input Threshold Voltages

Vil maximus : : 0.8V
Vih miniaus 2.0V
Output voltages o »
Yol maximum, D7-D0 0.45Y 3 Iol = 2 mA
' all other outputs 0.45vV 3 Iotl = 9 wmA
Voh minimumn, D7-D0 3.6V 3 Ioh = =10 uA
all other outputs 2.4V 3 Ioh = =1 gA
Input Loading
Iil maximum, STSTB =500 uA 3 Vil = 0.4V
D2, D6 =750 uA .
atl other inputs =250 uA -
Iih maximum» DB7-DBO 20 uh Q Vih = 2.4Y
all other inputs 100 uA -
Dutput Drive
ol maxisus, D7-D0 2 mA 3 Vot < 0.45V
‘ all other outputs 10 mA - »
ioh maximum, D7-DO =10 uA 3 Voh > 3.6V

all other outputs 1.0 mA 3 Yoh > Z.QV_,F
0ff State Output Current

IoC(off) aminimus =100 uA 2 Yo = Q0.4SY
saxinunm 100 uUA 3 Vo = ¥cc
Supply Current Icc maximuam 190 mA 3 ¥cc = 5,25V

Power Supply Yoltage Vcc S5Y & 5%
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T SCTL | 1959 S727

10) Snit;hing Characteristfcs

Status Strobe Pulse Width mine. tpw 25 ns
Status inputs D7-D0 Setup timermin.tss 10 ns
Status inputs D7-D0 Holtd times min.tsh 20 ns
Setup Time, Systesm Bus {nputs

DB87-080 to HLDA» minimus tds 10 ns
Hold Times, DB7=D80 to HLDA» min. tdh 20 ns

Propagation Delay Timer maximum

STSTB to Controtl outputs tdc 60 ns
DBIN to ol hd trr 35 ns
WR to bd bl tur 45 ns
DBIN to 8080 Data Bus D7-DD tre 60 ns
~Syatem Bus DB7-D80 to 8080 Data v
bus during "Read" trd 45 ns
D7=-D0 to DB7-DBO during "Write” twd &5 ns
STSTB to DB7-DBO twe 45 ns
BUSEN to D87-D8D te 35 ns
HLDA to Control outputs thd 30 ns

11) Intaerface Rules

The 8080A Data Bus has an input requirement of ¥ih ain =3,.3¥ and
an aoutput requirement of Jol max =i.9 mA. These conditions
are guaranteed by the CPU Data bus outputs of the SCTL. Hence

no external interface is required between the MCPU and the
SystenvController.

07-00 outputs are Latched so that when HLDA §s active (Highd,
these bus lines will maintain their contents. Afdd¢ bus outputs
are tri-stater, a feature to facilita:e DMA activities.

Interfacing to all fnput/output pins of the SCTL foltows rules
as defined for interfacing with TTL circuitss noting however,
the difference in output drive capabilities of the CPU Data Bus
outputs as cospared to the others. As the SCTL is a Schottky

device, the Low level output voltage limit is 0.45Y instead of
the 0.4¥ for standard TTL circuits.
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- TTL SC?L 1959 S727
TYPE OF STATUS WORD GN CPU CONTROL SIGNAL
MACHINE CYCLE DATA BUS
PREVIOUS| PREVIQUS
o D D D D DO D D SYATE STATE
NAME (N) f 6 S5 & 2 1 | NOT INTA| INTA
‘Instr Fetch 1 1 0 1 0 0 0 1 O MENR HENR
Memory Read 2 i1 9 0 0 O 9 1 NENR INTX
Memory MWHrite 3 O 0 0 0 O 0 O O MENN MEMN
Stack Read & T 0 0 0 O 1 1 9 HEAR INTR
Stack Mrite 5 o 0 0 0 0 1 0 O ﬂ MW WEWR
Input Read 6 6 1.0 0 92 0 1 2O T70R 170R
Output WHrite 7 ¢ 0 0 1t ¢ o0 O 9 1/0¥ [/0%
Interrupt 8 o 01 0 0 0 1t 1 IN INTA
Acknouledge
Halt 9 Tt 0 0 0 1 0 1 O NONE INTA
Acknonledge
Interrupt 10/ 0 0 1 9% 1 0 1 1 INTA INTA
Acknowledge
While Halt
STATUS WORD CHART
STSTB \ [
WR
IOW,MEMW
soso BUs -

WRITE TIMING
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STSTB
- thold

8080
DATA BUS

o — w— - -
DBIN /_ :

INTA,IOR,
MEMR

(with DBIN high) e >

HLDA

INTA,IOR,MEMR
during HLDA

— — — — —

SYSTEM BUS

during Read___ __

8080 BUS ___
during Read

- READ TIMING
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CRC1

3«2 TYVL/DTL Integrated circuits (cont inued)

Element Type:s CrRC1

Standard Assembly Number: 1269 7561
Manufacturer /Manufacturer®s Type: _ FSC/9401

Circuit Designation: CRC Generator/Checker

Description of Operation:

1) The CRC Generator/Checker is used for error detection in
serial digital data transmissione. It is a macrologic TTL chip
in a 14 pin DIP. The input/output pins are:?

§$2-30 Polynomi al Select Inputs

D Data Input

ce Clock Input (operates on falling edge)
CNE Check Word Enabile Input

7 Preset [nput (Active Low)

MR Master Reset Input

Q Data Output

ER Error Qutput

\ | 53 —————J
cp —> G: ~ 1‘ \' R ]

cC 4 2
P — [2 3 —» ER b — 11
 CME 1o I3 ER
s0 —» [3] 13 — Q CRC
MR —® [4] 1] <¢— D
- s2 —/8

s1 —» [5] | 10 «6— CWE s1 —i5 12— q

N.C. E6: P] N.C. SO0 ——

oD . [7] CRCY 5] «— S2 ' 1

' cp

PIN LOCATION DIAGRAM ‘ FUNCTIONAL DIAGRAM
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CRCL : 1269 7561

hen used at the transsitter end' it accepts an input data
stream via D when CKE is high. Data is entered at the falling
edge of the clock CP. When CWE goes 1owsr it signais the end of
the data stream. A 16 bit check sum generated internally {s
then shi fted out via Q» to be appended to the original data
stream. This check sum is actually the remainder of dividing
the data stream by a chosen polynomial. A set of eight
polynomi als can be choosed froms through the select inputs
$2=50. They are Listed in Table 1.

SELECT . CODE CHECK POLYNOMIAL : REMARKS
Sz S1 S’O '
o [ o] ofx+xPex?sr CRC-16
0 0 1 | e e xe | crc-16 REVERSE
0 1 o | X axBP e st et
0 1 VR D O L R N R CRC-12
1o o e et exer .
1 o 1]+ LRC-8
1 1] o xR ‘ CRC-CCITT |
1 R T I G L | : CRC-CCITT REVERS1

Table 1

When used at the receiver endr the CRC1 monitors an input data
stream plus the corresponding check sum via input D. If the
input contains no errors, the Error OQutput ER will go lowe ER

is valid only after the Llast check bit has been entered and
remains so until the next high=iow transition of CP or untit the
device has been preset or reset.

A high on the Master Reset (MR) asynchronousiy clears the 16
internel registers. A low on the Preset (?) asynchronously

sets all the registers for the case of 16 bit check polynomiatlss
or only the most significant 12 or 8 registers for the case of
12 or 8 bit check polynomials, uith the remaining bits being
cleared. :
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5) Electrical Characteristics

Input Threshold vottages
Vil maxiaua

Vih miniaun

Output Voltages
~ VYol maxiaum
Voh minimunm

Input Loading
Iil maximum
I1ih maximunm

Output Drive
Iol
1oh

6) Switching Characteristics

Ctock Frequency
Minisum clock pulse width (low) tw(lL)

Propagation Delay, maximum
Clock CP to Data output @ td=~-

td=»
Clock CP to Error output ER td~--

‘td=+
Preset P to Q or ER td=+
Reset ntho Q@ ro ER tde~

Set~up Timer minimum
Data D to Ctock CP
Check Word Enable CWE to CP

Hold Timer mininua
Data-D to CP
CWNE to CP

Preset pulse width, minimun
Master Reset pulse width, minimum

Recovery Time
P or MR to CP, maximum

PAGE 84 REV, A

1269 7561

0.8Y
2.0V

DoV 3 I0l = 4 aA
2e4V 3 Ioh = =400 uA

0.

40

25 mA 3 Vil = 0.4V,
UA 3 Vih = 2.4V,

4 mA 3 Vol = 0.4y
=400 uA 3 VYoh = 2.4V

DC
35

55

55
60
60
60
60

55

55 -

35
35

45

to 12 MH2
ns

ns
ns
ns
ns
ns
ns

ns
ns

ns
ns

‘ns

ns

ns
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7) Interface Rules ‘
Rul es pertaining to standard TTL dévices'applias when inter-~
facing the CRC1 with other circuits. Note that output drive
capabitlities in the False state is only about 3 TTL loads
Ctaking 1.6 eA as a standard TTL Low tevel input Load)
instead of 10, cosmon for other TiL devices.

8) Functionalify tests had been conducted on the CRC-CCITT check

polynosial only. Use of this device under any other choice of
polynomial must be consulted with Circuits.

e—1/f_, —>

< ey D or CWE | l |
cP R ‘
' I o v
' ' . —Sle— ¢ =0
- E;ftn-+ t == > \je— | e T3 hold
' : 1.5y P N 1.5v
Q or ER 1 ‘r . N i
PROPAGATION DELAYS, CP TO Q OR ER © SET-UP AND HOLD TIMES, D AND CWE TO CP

E 1.5V
MR L]
t -+ trec 7 ->l € +-
p .
Q ro ER ;%z 1.5V : Q or ER 1.5V
, ‘ - ‘
rec

i/ R //////

PROPAGATION DELAYS, P TO Q OR ER; PROPAGATION DELAYS, MR TO Q OR ER;
RECOVERY TIME, P TO CP ‘ RECOVERY TIME, MR TO CP
= 50 pF
CL- p

TIMIMG DIAGRAMS
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TIL/DTL Integrated Ciréuits (Continued)
Element Type: B2CN
St andard Assembly Number: 1447 3581
Manufacturer/Nanufacturer?s Type: Tl,Signeticss/7438
: Fairchilds/9IN3s
Circuit Designation: Quad 2=Input NAND
Buffers, open collector
Description of Operation:? ’
1) The B2CN provides four 2=input NAND buffers in a 14 pin DIP.
Each of the open collector outputs requires an external puli-up
resistor to supply the TRUE tevel drive current. Outputs can
be tied together to perform a wired positive AND function.
2) Input Loading
140 = =1.6 mA 3 Vil=0.4V I1ih = 60 uh 2 Vih=2.4v
3) Output Drive _
Iol = 48 mA 3 Vol=0.4V Ioh = 250 uA 3 Vohz2.4V
4) Output VYoltage maximum 5.5V
5) Propagation Detay Times:
Input to Output td=+ 30 ns
td+- 26 ns
A0 01 |
B2CO 03 zo
: BO —02
N
A0 —> [01] E Vee
0 ) .
—> [07] 13] <— a3 AL_04 o 0
20 «— o3 12] <— B3 Bl —05 ]
Al = [07] E] — 23
Bl —> [05 < A2 A2 10
E za —B2C2 08,
z2l €— Q6 09| <— B2 B2 __Q9 |
L B2CN L
e [o7 bg] —> %2
A3 13
PIN LOCATION DIAGRAM N B2C3 1123
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TTL/DTL Integrated Circuits (Continued)

Element Type:
Standard Assembly Number:
Maunfacturer/Manufacturer®s Type:

Circuit Designation:
Description of Operation:

I

A 2209 6150 A
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(i

S ———

ITSN

1948 5069

NS/0M8098
Signetics/8T98
Tri=State Hex Inverter

1) The ITSN is a TTL hex inverter with tri-state inputs and outputs
in a 16 pin DIP. In addition to having normal TTL TRUE and
FALSE input and output Levels, it has a high impedance off
state. The inputs and outputs are brought to this off state by
placing the disable inputs at High.
controlted by a single common disable input DIS& and the

"remaining two by DIS2.

2) Input Loading
I“ = *le6 mA 3 Vil=0.4Y

I

Four of the inverters are

fh = 40 uA 3 Vvih=2.4V

High Impedance State (Inverter Inputs Only)

TilCHi=2)= ~-40 uA 3 Vil=0.5V

3) Output Drive
Iol = 32 mA 3 Vol=0.4YV

I

I

Th(Hi=Z)= 40 uA 3 Vih=2.4v

oh = =5.2 mA 3 Voh=2.4YV

Output Loading in the High Impedance State

Iol(Hi=Z)= =40 uA 3 Vol=0.4V
4) Propagation Delay Times:

Data Input to Output

Qutput High On state to
Hi=2 Off state

Output Low On state to
Hi=Z Off state

Hi=2Z Off state to
Output High On state

Hi=Z Off state to
OQutput Low On state

td~e
tde-

tHZ
tLz
tZH

tL

oh(Hi=2)= 40 uA 3 Voh=2.4V

23 ns
22 ns

17 ns
33 ns
1 ns

43 ns
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15

14_,12_.&le* 74
DIS2 '

15 14 6;)15 13 25

FUNCTIONAL DIAGRAM

Ii

DIS4 —= PI] - L_i}] Vee

10 —> EZ: 15] <—p1s2

20<— P37 1 <15

11 —> p4| 13] —>z5

Zle— P5] 12] <—14

12> p“e_‘ E] —>74

22 <— [07] 10] <—13
GND @. sy PO —>123

PIN LOCATION DIAGRAM



L

Burroughs Corporation @

|

B1700 HARDWARE RULES

COMPUTER SYSTEMS GROUP
SANTA BARBARA PLANT

i

(i

A 2209 6150 A
SECTION 3,2

|

B2TS
3.2 TTLIDTL thtogratad Circuits (Continued)
Etil-nt Typé: B27S
Standard Assembly Number: 2602 7300
Manufacturer/Manufacturer’s Type: TI/T4126
' NS/DMBO094&

Circuit Designation:
Description of Operstion:

1)

2)

3

4)

Quad Tri~State Quffor

The B2TS provides four tri-states single~input puffers in a 14
pin DIP. A separate control input Dn for each buffer is used
to gate the output onto the high impedance state when the

control input is Low. MWith the control input Highs the other

input sisply passes the non-inverted data through the buf fer,

input Loading
I8t 1.6 mA 3 Yil=D.4vV

fih = 40 uA 2 Vin=2.4V

Output Drive

Iol = 16 mA 3 Vol=0.4V Ioh = =2 mA 3 Voh=2.4Y

Output Loading in the high impedance state
IolC(Hi=Z)= =40 uA 3 VYol=0.4Y Toh(Hi=Z)= 40 uA 2 Voh=2,.4¥

Propagation Delay Times:
Data Input to Output topde 22 ns
‘ tpd- 24 ns
Output High On state to
Hi=Z Off state tHZ 25 ns
Qutput Low On state to
Hi=Z Off state tLz 24 ns
HE=Z Off state to :
Output High On state tIH 27 ns
Hi=Z O0ff state to
'Output Low On state tZL 31 ns
50 .
. 10 02 0 03 20
N’
‘ : P
DO—> [5_{ E Vee b1
10—> [02] [13] <—o3 ::104
1
2 3 T <—1 11 05 /i//”/ z1
p1—> [o4] ) —2 b
11—=> [o5 10 <—nm 10
[:_ :] 12 09 |2 22
21— [06] 09] <—12
o [o7]  m2rs  [og] —>z2 D3 |
13
13 12 |3 11 23
PIN LOCATION DIAGRAM ] ’/////
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RAMI
3.3 MOS INTEGRATED CIRGUITS (continued)
Element Type: RAML
Standard Assembly Number: 1674 5150
Circuit Designation: 1024 BIT MEMORY
DI-—-—-I'
AO—AD H
A{—C
A2—B
A3—A
A4—iL —
as—ir  K[PO
A6—G
A7 T
A8 —J
AQ—FEMP
PC
CE
R/W
FUNCTIONAL
DIAGRAM
A3 — A 7 pl— R
A2 — B N — VSS (+20V)
Al — C M b CE
AO —{ D L A4
PC — E KH—— DO
AS — F J — A8
A6 — G HfF— DI
A5 — R s — VDDGHND
AT — T U —— VBB (+22V)

PIN LOCATION DIAGRAM
18 PIN DIP
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1024-BIT MOS DYNAMIC MEMORY

(1) MOS silicon 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 = GND|
- Vss, Source voltage = +19V
Vbb, Substrate voltage = +23V

(4)4 Inputé-are: 10 address lines A0 thru A9, Precharge input (PRE),
Chip Enable (CE), Read/Write (R/W), and Data input line (p1).

(5) Address, Clock and Data input voltages are:
VH = 419 volts minimum
VL = 43 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 is non-destructive and the output voltage swing
= 40mv minimum at RL = 100n.and CL = 100pf.

(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 A0 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 PC signal without destroying stored data.

(11) For .interfacing with CT«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.

(13) For timing see READ/WRITE cycle.
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: RAMI1
READ/WRITE CYCLE MOS DYNAMIC MEMORY
ADDRESS /N ‘ ' :];x<i—ﬁ
. —_
| — - be— TOVH — TCA D] W

‘\\\\ o= TAC > -
PRECHARGE '\ ‘
I~ e - TPW

S mDC .—{,\

F-3

9

C. ENABLE

- -
TW"VZ

Jx‘: — TOV1

'READ/WRITE

e e

" DATA IN

et oufumcan

DATA OUT

DATA CAN CHANGE

- ey wmew e arow — o wceen

'\Lm w7

TDW _——& ewew erome cmum  cwaes

/-

X STABLE DATA | IN
-
AN

—— @

\ DATA OUT N\

\. NOY VALID N

DATA

» OUT petfe

(< . TACC2

g TACC1

VALID

. TAC (address to cenable set up time)= 30nS MIM

TPC (preéhérge‘to cenable delay)= 60nS MIN

TOVH (precharge & cenable overlap, high)= 80nS MAX

f'TOVl (precharge & cenable overlap, low)= 5nS MIN

10 nS MAk

TEW (precharge to read/write delay)= 110nS MIN

500nS ¥AX

TWP (read/write pulse width)=.20nS.MIN

TW (read/write set up time)= 20nS MIN

TDW (data set up time)= 40nS MIN
TDH (data hold time)= 10nS MIN,
TP (relationship between cenable,
and read/write)= OnS MAX
TCP (cenable to precharOE delay)= 40nS MIN
TCA (cenable to address hold time)= 10nS MIN
TACC1 (address to output access)= 150aS ¥
TACC2 (precharge to.output access)= 180nS MIN |
TPO ( end of precharge to output delay)= 7508 MAX
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SSAN

3.3 MOS INTEGRATED CIRCUITS (continued)

Elemeht Type:

Standard Assembly Number:
. Manufacturer's Type:.

Circuit Designation:

Description of Operation:

SSAN

2207 1716
5061 D
Quad 100 Bit

I3 -G 73
12 _E | K72
11 L D7y
10 _B | | M 70
SSAN
AlS
RO
co

FUNCTIONAL DIAGRAM

RO

10

z1

12

23

TOP VIEW
\ 4

|0 L| - 11
—[ x| — 22
—F J|-— 13
-+ | ¢ E] -12v
vccE s | -— co

PIN LOCATION DIAGRAM
I6 PIN DIP

PAGE 4 REV.B

Shift Register -
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SSAN

QUAD 100-BIT SHIFT REGISTER

1. The SSAN is a Quad 100-Bit MOS Static Shift Register. Imputs to the chip are
the 4 Data input lines, IO thru I3, the Clock line CO and the Recirculate in-
put RO. Outputs are lines Z0 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 VCC and V.. is nominally

v
cC
4,75V and VGG is nominally -12V. 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 T“L device with a pull-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 ome 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 Ms.

9. Clock to Output delay is 295ns, measured from the clock negativé going
transition.

10. Set-up time for all inputs (Data and Recirculate) is 120 ns measured rela-
tive to the clock negative going transition.

11. 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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SSRN
3.3 MOS INTEGRATED CIRCUITS (continued)
Element Type: : SSRN
Standard Assembly Number: 2204 9761
Circuit Designation: Dual 100 Bit Shift Register

Description of Operation:

13 £ S 73
&/\% 12 B J 72
X\ ,
Qﬁﬁ§) ﬁs\ 11 _EL lL. Z1
\2 QC§F 10 L. C 70
K3 SSRN
e Y o[ K
< ,\‘6 ¥ c2 —
O c)-\c”' Cl

FUNCTIONAL DIAGRAM
% THIS REPRESENTS A TMS3101LC

TOP VIEW

oo Mmoo O >
NT . x— XZ O

PIN LOCATION DIAGRAM FOR 2 SSRN
IN A 16 PIN JUMPER CHIPS
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MOS TMS 3101LC
"SA 2204 9761

100 BIT SHIFT REGISTERS

1) SSRN 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 10, Il, I2 and I3. The out-
puts are 20, Z1, Z2 and 23.

2) The Dual 100-Bit shift register is P-channel MOS low threshold device
packaged in 2 hermetic 10 lead TO-100 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 + 57, VKN = -12 V + 5%, and ground potential

4) Data present at the input during the positive-going transition of the
clock Cl is the information 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 not shifting data.

6) Input levels:

Data Input
+2,5 V £ True Level € +5.0 V

False = -(;_ 55 VDlts mininmm"""_"

Clock Input

+3,0 € True £ 45,0 V
- =12.6 £ False S ~10.5 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) \iﬁgui 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

€ = 15 s Min,
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ubs TMS 3101LC SSRN

SA 2204 9761

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 1 CTuL load

True = +2.00 volt min.
False = +,25 volt max.

13) Possible CTulL to MOS interface for Data input is described in
FPigure 1.

14) Clock driver for Phase 2 and Phase 1 which can drive up to 8 dual
MOS registers is described in Figures 2 and 4. ’

15) Registefs can be connecféamia.é;E;iI;Imo;Aih 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 0,47uf capacitor (part number 2010 2240) for every four
individual dual 100 Bit Shift Registers, 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 GBIN (Figures &
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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GB4N: 7 Resistors (178,196, 681, 681, 1.47K, L.47K, l.47K) %W,
One Diode (Type 4).’

GB5N: Four type BJ transistbrs, 727_Re:sri_s_t;q_r§_“(‘2_87. Olgq\s). .

GB6N: Two type AT transistors
: Two lf capacitors o
‘Two 287 Ohm Resistors
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DETAIL SCHEMATIC FOR MOS
CLOCK DRIVER CIRCUITS PHASE 1 AND

PHASE 2 USING GB4N, GB5N, GB6N

FIG. 3
INTERFACE.
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GB4N: 7 Resistors (178, 196, 681, 681, 1.47K,
1.47K, 1.47K) 1/4 W,One Diode'g?ygg 52:”

GB7N: 7 Resistors (178, 750, 681, 681, 1.47K,
1.47K, 1.47K) 1/4 W, One Diode (Type 4).

GB8N: Four Type BJ transistors, one 82 pf capacitor, one 287 Ohm Resistor.
GB9N: Two Type AT transistors, Two 1 Mf capacitors
One Type 23 Diode, One 3.16K Resistor.
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FIGURE 6
CLOCK PULSE TIMING
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3.3 MOS Integrated Circuits (continued)
Element Type: UART
Standard Assembly Nuwber: 2315 2127
Manufacturer's Type: . W.D./TR1602A ,
Circuit Designation: Asynchronous Receiver/Transmitter

~ Pin locations:’

MR

SFD ————————

TOP VIEW

RRD oo -
1]

. AR RS N
vss 1 » " 40 | me .o
Voo []2 39 |77 epE RI ——{20 12 — RR,
. 7 WLS, 18 11 — RR
Voo 3 ‘ 38 [ WLS, ~ DRR —O . ] 2
RRD [~ 7 [ WLS 10— RR
Lia 7L 2 CRL ——] 34 , 9 b mR1
R -~ _— ‘
kg s 36 [~ sBs PI .35 s | — pa?
RR, L]e 35 | PI SBS —— |36 7 |-— RR,
RR, [17 34 [T, cRL WLs, —-137 61— RR,
6 b ! 2 5 b RR
RRg (118 3317 TR WLS) =18 8
> 4 EPE — | 39
RR, (]9 »——-——-»«2 32 v:! R, : |
RR, [110 ! 31§ TR TRy ——]26 19 }—- DR
RR2 T E 30 [ TR5 TRZ — 27 ‘ 15 }—- OE
i - TR, ——28 14 | FE
SRRy T2 2917 M, 3 L3 ox
PE T]13 28 [ TR, TRy =120 “
] . TR, —— 30
» - 5
FE g;__ 14 27 fj IR, ™, 3 |
OE
OF 115 26 _3 TRy TR, -——32 25 {—— TRO
116 25 ’
SFD - 1 - TRO TR8 —1q33 24 t--— TRE
RRC [f17 - 24 [7] TRE THRL —Q) 23 22 THRE
DRR {_]18 23 |71 TIRL 17 40
DR )19 22 |1 TIRE RRC ]
rR1 [Z]20 ‘ 21 ] mr  TRC

FUNCTIONAL DIAGRAM
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MOS UART , 2315 2127

Universal Asynchronous Receiver/Transmitter

(1) 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‘buffered, 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 receiver controls are both programmed from the
common control lines, A high on the Control Register Load (CRL) will
strobe the bits inputed at PI (Parity Inhibit), SBS (Stop Bits Select),
WLS3 - WLS, (Word Length Select), and EPE (Even Parity Enable) into
their corresponding control flip-flops. The CRL can also be hardwired
high, 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 one or two, except when transmitting a
5 bit code, one and one half are generated.

(6) Loading of parallel data (from TRg-TR1 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 returning to High and the Transmitter Register being
empty (TRE goes high). The new character, once aszembled and
complete with start, parity, and stop bit(s) is outputed automatically
through the TRO (Transmitter Register Output). Characters of less
than 8 bits are right justified, with TR; 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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- UART 2315 2127

Serial data is received on the Receiver Input (RI). RI must be
held high when data is not being received. A start detect cir-
cuitry locates the start bit (high~low) transition. 1t then checks
the center of the start bit. [f the input is still low, the sig-
nal is considered valid and subsequent data bits are loaded into

the Receiver Register. The receiver data is checked for Parity

Errer (PE) and Framing Error (FE), and the corresponding 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 RR1 as the least significant bit and the trunca-

ted bits forced to a low level output voltage. The completed 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 (RRg-RRj) 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 RRg-RR} data cutputs are tri-state outputs and can be disconnected
from those of the RHR by applying a high level voltage to Receiver
Register Disconnect (RRD).

All sctatus flags (PE, FG, OE, THRE, and DR) are tri-state outputs
and can be disabled by setting the Status Flags Lisconnect (SFD)
high.

Strobing the Mast=r 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. .
The Transmitter Register Clock (TRC) and the Receiver Register Clock
(RRC) are the timing elements used to determine the length of bits
transmitted and the center location of bits received. These clocks
operate at 16 times the desired bit. shift rate. ‘
Three power supplies are used:

Vpp = GND Vg™ 4.75V40,25V Veg = =12V + 0.6V (5%)
Electrical Characteristics:

Input Currents:

I1p = -1.6mA @ Vip = 0.4V - Iy

it

40 pA @ vy = 2 Ly
Output Drive:
IoL = l.6mA @ Vg = 0.4V IoH

-100 HA @ Voy = 3.75V

A 2209 6150 A
SECTION 3,3
PAGE 17 REV, B
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MOS . - UART

(12) Continued:
Input Voltages are:

VIH minimum
Vip maximum

Output Voltages are:

Voy minimum

VoL maximum
(13) Switching Characteristics:

Clock Frequency ) ) .
Clock Pulse Width (TRC,RRC) minimum
CRL, THRL, DRR Pulse Width minimum
MR pulse width pinimum
Coincidence Time, te minimum
Hold Time, ty,14 minimum
Set Time, t ., minimum
Propagation Delay
SFD to Output, RRD ' to Qutput
t4Ly maximum
tdHL maximum
AC input load maximum at 1 MHz
AC output load maximum at 1 MHz

(14) Interface with CTL and Standard TTL devices:

n ]HHH!HNIN

PAGE 18 REV, B

2315 2127

Vssﬁ- 1.5V
0.8V @ Vss = 4,75V

Vss- 1.0V @ Iy = -100 pA
OQL'V @ IOL = 1.6 mA

DC to 320KHz max.
1 Hs
200 ns
500 ns
200 ns
20 ns
0 ns

800 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 should be

used.

None of the CTL devices can-be used at the input of the UART, since
the CTL outputs need to be pulled down, and the internal pull-up of

the UART input 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 1eft open-where a high is needed.

iniérfacing UART with Schottky TTL or other special circuits
should be consulted with the Circuits Section.
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MOS UART 2315 2127
PIN DEFINITIONS

PIN
NUMBER NAME SYMBOL ~ FUNCTTON

[~

Vgs Power Supply Vss +5 volts supply

2 Vg Power Supply VGG -12 volts supply
3 Vbp Power Supply VpD Ground

4 Receiver Register RRD A high level input voltage, Viyg, applied to
Disconnect this line disconnects the RECEIVER HOLDING
REGISTER outputs from the RRg-RR] data outputs. A

5-12 Receiver Holding RRg~  The parallel contents of the RECEIVER HOLDING

' Register Data RR; REGISTER appear on these lines if a low-level
input voltage, Vi1, is applied to RRD. For
character formats of fewer than eizht bits
received characters are right-justified with
RR} as the least significant bit and the trun-
cated bits are forced to a low level output
voltage, Vpr,.

13 Parity Error PE A high level output voltage, Vgoy, 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. .

14 Framing Error FE A high-level output voltage, Vo, 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 time 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 Disconnect line.

15 Overrun Error OE A high-level output voltage, Voy, on this line
: ' : indicates that the Data REceived Flag was not
reset before the next character was transferred
to the REceiver 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.

16 Status Flags SFD A high-level input voltage, Viy, applied to this
~Disconnect pin disconnects the PE, FE, OE, DR and THRE
allowing them to be buss connected.

17 Receiver Register RRC The receiver clock frequency is sixteen times
Clock the desired receiver bit shift rate.
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MOS  UART i 2315 2127

PIN DEFINITIONS (CONT)

NUMBER NAME SYMBOL  FUNCTION

18 Data Received DRR A low-level input voltage, ViL, applied to this
Reset . line resets the DR line.

19. Data Received DR A high-level output voltage, Vpoy, indicates that
: : an entire character has been received and trans-
ferred to the RECEIVER HOLDING REGISTER.

20 Receiver Input 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, Viy,
must be present when data is not being received.

21 Master Reset MR This line is strobed to a high-level input volt=-
age, Viy, 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-level output voltage, Vgy.

22 , Transmitter THRE A high-level output Voltage, Vgii, on this line
Holding Register indicates the TRANSMITTER HOLDING REGISTER has
Empty - transferred its contents to the TRANSMITTER
: ' " REGISTER and may be loaded with a new character.

23 Transmitter . THRL A low-level input voltage, ViL, applied to this
Holding Reglster line enters a character into the TRANSMITTER -~
Load - ) HOLDING REGISTER. A transition from a low-level

: input voltage, Vi, to a high-level input voltage,
ViH, transfers the character into the TRANSMITTER
REGISTER if it is not in the process of transmitting
a character. If a character is being transmitted,
the transfer is delayed until its transmission is
completed. Upon completion, the new character is
automatically transferred simultaneously with the
initiation of the ser1al transmission of the new
character.

24 Transmitter TRE A high-level output voltage, Vpoy, on this line
Register indicates that the TRANSMITTER REGISTER has com-
Empty . pleted serial transmission of a full character
: ' including STOP bit(s). It remains at this level
until the start of transmission of the next charac-
ter.

25 Transmitter . - TRO The contents of the TRANSMITTER REGISTER (START
Register bit, DATA bits, PARITY bit, and STOP bits) are
Output - . . serially shifted out on this line. When no data
) is being transmitted, this line will remain at a
high-level output voltage, Voy. Start of trans-
mission is defined as the transition of the START
bit from-a high-level output voltage, Vgy, to a
low-level output voltage, Vgr.
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MOS _ UART 2315 2127

PIN DEFINITICNS (CONT)

PIN :
NUMBER. NAME SYMBOL.  FUNCTION

26 - 33 Transmitter TRy-  The character to be transmitted is loaded into the

Register TRg TRANSMITTER HOLDING REGISTER on these lines with

Data Inputs the THRL Strobe. If. a character of less than 8
bits has becn selected (by WLS} and WLS2), the
character is right justified to the least signifi-
cant bit, TRy, and the excess bits are disregarded.
A high-level input voltage, Viy, will cause a high-
level output voltage; Vg, to be transmitted.

- 34 Control Register CRL A high-level input voltage, Viy, on this line loads
Load the CONTROL REGISTER with the control bits (WLSj,
‘ WLS2, EPE, Pl, SBS). This line may be strobed or
hard wired to a high-level input voltage, Viy.

35 Parity PI A high-level input voltage, Viy, on this line
Inhibit inhibits the parity generation and verification
circuits and will clamp the PE output to Vgyy.
If parity is inhibited the STOP bit(s) will
jmmediately follow the last data bit on trams-
mission.

36 Stop Bit(s) SBS This line selects the number of STOP bits to be
Select ‘ transmitted after the PARITY bit. A high-level
input voltage, Viy, on this line selects two
STOP bits, and a low-level input voltage, ViL,
selects a single STOP bit. Selection of two
STOP bits when programming a five bit word gener-
ates 1.5 STOP bits.

37 -~'38 Word Length WLS;- These two lines select the character length
Select ) WLS;  (exclusive of parity) as follows:

WLS) WLS1 “ Word Length

ViL Vii, - 5 bits.
Vig ViH 6 bits
Vin VIL 7 bits
Vin Vi 8 bits
39 Even Parity i EPE This line determines whether even or odd PARITY
Enable is to be generated by the transmitter and checked
by the receiver. A high-level input voltage,

Viy, selects even PARITY and a low-level input
voltage, Vi1, selects odd PARITY.

40 Transmitter TRC The transmitter clock frequency is sixteen times
Register Clock the desired transmitter shift ratc.



COMPUTER SYSTEMS GROUP
SANTA BARBARA PLANT

I

Burroughs Corporation @

B1700 HARDWARE RULES

I

A 2209 6150 A
SECTION 3.3

_

= PAGE 22 REV, A

Il

2315 2127

MOS

UART

WLS), WLS, SBS, Pl, EPE

Y ininie *...“: '\/—

CRL STROBE [

tset Ol te tset pp0e tpw _____l_‘,{i M b thold
le— thold
et
! tow > ' < —
DATA IN?UT LOAD CYCLE CONTROL REGISTER LOAD CYCLE
SFD RRD )
\+V1L .
PN———
e “—tpd1~il
*PE,FE,OE, DR, THRE | Sl i
N
Mo
' l‘-tpdo

* *QUTPUTS PE, FE, OR, DR, THRE ARE DIS-
CONNEC']?ED AT TRANSITION OF SFD FROM
vIL TO Viy

*RRg = RR] ARE DISCONNECTED AT
TRANSITION OF RRD FROM Vip TO Viy

STATUS FLAG OUTPUT DELAYS DATA OUTPUT DELAYS
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MCPU
3.3 MOS Integrated Circuits (continued)
Element Type: _ MCPU
Standand Assembly Number: 1959 5719
Manufacturer/Manufacturer®s Type Intel/8080A
Circuit Designation: _ 8 bit Microprocessor
Description of Operation: ‘
A10 «— [o1] [40] — A11 36 Al5
: 39 jree A14
Vss E’Z Bd — 4w 38— A13
D4 <— [03] 38 — Al13 VBp— 11 37— Al2
D5 <— [04] |31 — a12 40— Al1
: . . Vpp—™1 28 Ol p—— A1l0
D6 <+— [05] [36] — a15 35 A9
D7 s E)E EMAQ 34 e A8
— i _ | 33 |—— A7
D3 <— [07] 34 — as 32 f—— a6
D2 <— [03] [33] — a7 ‘ . 31 f—— A5
4 | | Pl—dJ22 30 p—— A4
p1 <+— [09] [32] — a6 | 29 f—— A3
D0 <— [0} [31] —= as p2—-15 27— A2
‘ 26 e Al
VBB I]_-_T_ E > A4 25 e AQ
RESET —» [12] 29] — a3
HOLD — 3] 128] v, 6 — D7,
INT — [14] 27] — a2 RESET e 12 5 — D6
‘ : 41— D5
g2 — [15] [26] —> a1 HOLD=—™ 13 3r— D4
INTE -—— [I§| 25] — a0 7 — D3
‘DBIN <— [7] [24] — warIT INT =714 2 gi |
“WR <— fi8] MCPU  [23] =— READY  READY— 23 10 —— DO
SYNC  ~— [5] f22] ~—p
v 20| {21] —>nrpa 17 f~— DBIN
cc B9 21] | ' 18 p— R
MCPU 21 }—— HLDA
16 p—— INTE
PIN LOCATION DIAGRAM 24 b WATT
19 L SYNC

FUNCTIONAL DIAGRAM
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nos . mcpu 1959 5719

1) The MCPU is a general purpose, single=chip, 8 bit paratlel
~ mfceoprocessor. It is an N-Channel Silicon Gate MOS/LS! circuit
~in = 40 pin DIP, ‘

2) The processor has a 16 bit Address Bus (A15-A0) that may be used
to directly address up to 64K bytes of memory. The aemory may
be any combination of ROM’s and RAM*s. Data is transferred into
or out of the processor on a separate 8 bit bi~directional data
bus. Six 8 bit general purpose registers are available to the
programmer and can be used singly or in pairs for both 8 and 16
bit operations. An 8 bit accumulator is the primary working
register for most of the arithmetic and togic operations.

3) The processor also has buitt=in control logic to handle generatl

purpose stack operations, push=doun stack for subroutine calls
and returns, and vectored interrupt.

4) The following describes the function of ald input/output pins
of the MCPUs B

Al15=A0 A 16 bit Address Bus with tri-state outputs. [t can

address up to 64X bytes of memory or 256 input and 256
output devices. A0 is the LSB8.

D7=-00 An 8 bit Bi-Directional Data Bus with tri-state outputs
It provides two way data and instruction communication
between the processor and all external units. Also, at
the first clock of each machine cycle, the MCPU outputs
a status word on this data bus. D) fs the LSB.

ﬂ‘-tz These two phases high-level clock signals provide the

basic timing for all internal operations in the
processor. ‘

S¥NC The SYNChronize output signal indicates the start of
: each processor cycle and the presence of status
information on the Data Bus. V '

DBIN A High on the Data Bus IN output indicates to externatl
circuits that the bi~directional data bus is in the

input mode and incoming data may be gated onto the bus
lines.

READY The READY input synchronizes the processor with
external units. If after sending an address outs the
MCPU does not receive a READY input, the processor
will enter a Wait state until READY goes back to High.
Processing will then resume.
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mllhmum

0s ' MCPU 1959 5719

WAITY A High on the WAIT output indicates that the processor
has entered the Wait state and is prepared to accept a
READY from the current external operation.

HR A Low on the WRite output signals vatlid data on the
Data Bus, to be written into amemory or 1/0 components.

HOLD The HOLD input atlows an external device to cause the
processor to enter the Hold state and relinquish
control over the Address and the Data Buses. Both
buses nll; enter their high impedance 0FF state.

HLDA The MCPU acknowledges that it §s in the Hold state by
giving a High on the Hold Acknowledge output. HLDA
signal appears after the rising edge of clock 81 while
the Address and Data Buses will enter their OFF state
after the rising edge of clock #2.

INTE The INTerrupt Enable output signal shows the status of
the interrupt enable flip-flop, indicatng whether or
not the processor will accept interrupts.

RESET A High on the RESET input will initialize the processor
by clearing the program counters the instruction '
register, the interrupt enable flip~flopr, and the hold
acknowledge flip-flop. It should be active for at
teast 3 clock periods. The general registers are not
cleared.

5) Table 1 is a summary of the processor instruction set. For
details concerning programming, refer to the Intel 8080
User®s Maunal. ' o

6) Electrical Characteristics

Input Threshold Yoltages :

Yit saximum ‘ 0.8V
Vih ainfeum, clock inputs B1.,82 9.0V
all other inputs 3.3V

Output VYoltages
Yol maxinsue 0.45V 3 Iol = 1.9 mA
Yoh minimus 3.7¢Y 3 Ioh = =150 uA
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=2 mA 3 0 <=yil <=0,.8Yy

lih 10 uhA 3 D.8¥<cavihce=Vec
Input Leakage Currents
Clock inputs 1, 92 +10 uA max '
=10 uA min 3 0<=Vic=z=ydd

all other inputs +10 uA max

' . “10 uA ain 3 0<=Vvi<z¥cc
Address and Data bus outputs

: +10 uA max 2 Yi=0.65Y

in the OFF state
-Output Drive
Iol
Ioh

Supply Current'

=100 uA min 3 vi=vee

1.9 mA 3 Vol <=0,45Y
=150 yuA 3 VYoh >=3.7YV

- Idd maxisus 70 mA 3 vdd = 12V
Icc maximum 80 sA 3 Ycc = S5V
Ibb maximum 1 mA 2 ¥bb = =5y

Supply Voltages .

vdd 12v & 52
Vee 5V & 5%
¥bd -5Y & 5%
Vss Ground

.7) Switching Charactorisficsv

Clock Period tcy

0.48 usec to 2.0 usec.

- Clock Rise and Fall Timer max. tretf 50 ns
Clock &1 Pulse Widths, aine. Wt 60 ns
- Clock &2 Pulse Widths min. t¥2 220 ns
Set-up Times ainiamun ‘
Data .to 81 during DBIN tdsl 30 ns
Data to #2 during DBIN tds2 150 ns
READY to 22 trs 120 ns
INT to g2 tis 120 ns
HOLD to 52 ths 140 ns
Hold Time» llninu-
2 to control signals INT,
HOLD», READY th S ns
2 to Data during DSBIN tdh 50 ns
DBIN to Address during HLDA tah =20 ns
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Pmopagation Delay Time, maxiamum
82 to Address Outputss, max. tda 200 ns
B2 to Data outputs tdd 220 ns
Clock 91 or P2 to control :
outputs SYNC» WR» WAIT, HLDA tdc 120 ns
B2 to Data bus enter Input

mode tdi 140 ns
#2 to INTE tie 200 ns
#2 to DBIN tdf 140 ns

g2 to Address or Data bus
enter OFF state during HOLD tfd 120 ns

g1 (Low) to SYNC, DBIN tdat 160 ns
HLDA to Fioat - thf = td3etr92-50 ns
WR to Float tuf = td3etr@2-10 ns

Minimus Time Roquironent for

1= to H2- tdi 5 ns
g2=- to Hie : td2 70 ns
g1t to F2e td3 80 ns
Address stable prior to NR taw = Ztcy-tds-trtz-lao ns
Dutput Data stable prior to WR tdw = tcy=td3=tr82-170 ns
Output Data stable from WR twd = tuf if HLDA

' — = td3e¢trd2¢10 ns if not
Address stable from WR twa = twud

8) Interface Rules

Inputs are not directly TTL compatible. For the clock inputs
#1 end 72, the minimum Vih is 9vV. Use of the 8224 clock circuit
woulld provide this drive without external interface circuitry.
Otherwise an open collector TTL device (such as IHDN) with a
1K£2 pull=-up to #12¥ can be used. For all other #inputs, the v
required mininum Yih is 3.3Y. The 8228 System Controller (SCTL)
has the necessary drive capability on its data bus outputs to

" the MCPU. Ffor other situations where TTL must drive an MCPU
input a resistor of value <=1Kn must be used as a pull=-up to Vcc
on that pin. Refer to Section 5 for fan-ins/fan-out
considerations involving puli~up resistors.

The outputs of the MCPU are directiy ITL compatible but with
an output drive of only one TTL unit load per output.

‘Interfacing the MCPU with any other logic fa-ity sust be
handled through the Circuits Section.
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lnstruction Code (1! Clock(2}
Meemonic  Description Dy Dg D5 D4 D3 Dy Dy Dy  Cyches
MOV, 2 Move register 1o register 6 1 8 0O DS S s §
MOV M,r  Move register to memory v 1 1 0 S S S 7
MOVr, M Move memory to register 6 1 D O DT 1 0 ?
{8 Halt | . 01 1 1 01 10 7
Mvir Mave immaediate register 0 0 0 D D 1V 1 9@ 1
MVI M Mave immediate memory 6 0 v 1 0 1 1 Q@ 10
R Increment register 0 0 0 D D1 0 O 5
OCR ¢ Oecrement register e 0 D D DY 0 1 5
INRM Incrsment memory ¢ 0 1 1 01t 0 O 10
OCR M Oecrement memory 00 1 1 0 v O 1 10
ADD ¢ " Add register to A 1 0 0 0 0 S S S 4
ADCr - Add register to A with carry 1 06 0 0 t S S S 4
SUB ¢ Subtract register from A 1 0.0 v 0 S S8 S 4
$88¢ Subtract register from A 1 6 0 t+ ¢t 8 S s 4
’ with barrow ’
ANA ¢ And register with A 10 1t 06 0 S S S 4
XRAr Exclusive Or register with A t 0o t 0 Vv s s S 4
ORA¢ Or register with A ’ 1 ¢ 1 1 0 S S S 4
CMPr Compare register with A 1 0.t 1 1t s s S 4
AODM Add memory to A 1 ¢ 0 0 0 t 1 O 7
ADCM Add memory to A with carry 1 0.0 0 t 1V 1 0 7
sSUs ™ Subtract memory from A t ¢ 0 v 0 1t 1 0 ?
8B M Subtract memory from A 1t 0 0 1 1 1 1 @ 7
with borrow '

- ANA M And memory with A 10 v 0 0 1 1 0 7
XRA M Exclusive Or memory with A Tt o 1 0 t 1t 10 7
ORAM Or memory with A t o 1 1 0 v 1 Q@ 7
CMP M Compare memory vath A o 1 1 1t 1 109 1
ADt Add immediate to A 1 0 0 0 1 1 @ 7
ACl Add immediate to A with 11 0 0 1 v 1 0 7

carry
sut Subtract immediate from A t 1 0 1t 0 1V 1 0 ?
8! Subtract immediate from A L | 1t 1 1 0 7

with borrow .
ANI And immediate with A Tt 1 0 0 1 1 0 7
XRt Exclusive Or immediate with T 1 1 0 1 1 1 o0 7

A :
ORI Or immediate with A 1 1 1 01 1@ ?
cn Compare immediate with A LIS N S NN AR TS B} 7
RLC Rotate A left 006 0 0 0 ¥ 1t % 4
RRC Rotate A right 06 0 0 1t ¥ 1 1 4
RAL Rotate A left through carry g 0 0 1 0 1V 1 1 4
RAR Rotate A right through e 0 0o 1 1 1 1 4

carry
f 4 Jump unconditional 1T v+ 0 0 6 0 ' 1 10
F o Jump on carry T vt o 1 1 0 1 0 10
N Jump on no carry 1 v 06 1 0 0 1 0 10
82 Jump on zero 11 6 0 1 0 1 0 10
N2 Jump on no zero 1T 1 0 0 0 0 1 @ 10
» Jump on positive T 1T 1 1t 060 VO 10
M Jump on minus 1t 1 1 1 1t 90 t 0 10
PE Jump on parity even T 1 1 0 1.0 1 0 10
»0 Jump on parity odd 1t 1 * 0 0 0 1 O 10
CALL Call unconditional Tt 1 0 6 1 1 0 1 n”
cc Call on carry t 1 0 1t v 1 0 0 1"
CNC Call on no carry 1 10 10 1 00 (AT
14 Call on zero 1+ 6 0 1 1 0 O nm

- CN2 Cali on no zero 1 1 0 06 0 % 0 0O um

<4 Call on positive t v v 1 0 1t 0 O nm
oM Call on minus Tt 1 1t 1 1 1 00 1/
CPE Call on parity even Tt 1 v 8 1 1 00 1"
cro Cali on parity odd 11 t 0 0t 0 0 1mwn
RET Return t 1 ¢ 0 10 0 1 10
RC Return on carry t 1 0 v 1 0 0 O M

Return on no carry 1 ¢ 1 .00 0 @ s/

RNC

TABLE 1 - SUMMARY OF

PROCESSOR FUNCTIONS
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Instruction Coda (1! Clock{2)

Maemonic  Description Dy Og D5 Dg D3 O Dy Dy  Cycles

RZ . Return on zere 1 1 0 0 v 0 0 0O s/

RN2 Return on no zero T 1 0 0 0 O C O S/11

RP Return on positive 1 1 1 ¥+ 0 0 0 0O s

RM Return on minus - LI | 1 1.1 0 0 O s/

RPE Return on parity even t 1 1 0 v 0 0 O L7AR]

RPO Return on parity odd 1 1 1 0 0 0 0 o s/

RST Restart T 1 A A A1 1 n

IN Input 1 1 e v 1 0 Vv 10

ouT Qutput 1 1 0 1t 0 0 t 1% 10

LXi8 Load immediate register 06 0 0 0 0 0 1 10
PairB & C

LXio Load immediate register 090 1 0 0 0 1 10
PirD&E

LXIH Load immediate register 00 1 0 0 0 ¢ 1 10
Pair H& L

LXISP Load immediate stackpointer - 0 0 1 1 0 0 0 1 10

PUSH B Push register Pair 8 & C on T 1 0 0 0 1 0 1 n
stack

PUSH D Push register Pair 0 & E on t 1. 0 1.0 1t 0 1 n
stack

PUSH H Push register Pair H & L on 11 1 0 0 Vv 0 1 1"
stack

PUSH PSW  Push A and Flags t 1 1 1 0 1t o0 1 3]
on stack

POP B Pop register pair B & C off t 1 0 0 0 0 0 1 10
stack

POPD Pop register pair D & E oft t 1 0 v 0 0 0 1 10
stack

POP H Pap register pair H & L off 1 1 it 0 0 0 0 1 10
stack

POPPSW  Pop A and Flags t 1 1 1 0 0 0 1 10
off stack

STA Store A dicect 00 v 1+ 00 1O 13

LDA Load A direct 0 0 t 1t 1 0 1 90 13

XCHG Exchange D& E, H& L 11 1 0 1 0 v 1 4
Registers .

XTHL Exchange top of stack, H& L 18

SPHL H & L to stack pointer 5

PCHL H& L to program counter 5

DAD B AddB&CtoH& L 10

DADD AddD&EOHA&L 10

DAD H AddH& L1oH&L 10

DAD sP Add stack pointer to H & L
STAX B Store A indirect
STAX D Store A indirect
LDAX 8 Load A indirect
LDAX D Load A indirect

INXB Increment B & C registers
INXD Increment O & E registers
INXH Increment H & L registers
INX SP Increment stack pointer

DCX 8 Decrement B & C
DCXD Decrement D & E
DCXH Decrement H& L
0CX sSP Decrement stack pointer

O = w0000 DOCCOLOLODOODOOODOD O = et -
O~ 20000 POO LD COCOE = o= -
D ettt bt et = e DOt OO O OO = DO - e
O = =000 OO0 """~ =00—-0
OO = ~tO0O O ek ot DO OD et et O = ot ottt s O
°°°°°-‘-‘-‘-‘OQOGOQODQOOOQOOOOQO
€ ot 0 b e ot d h et et et - b ot et bt - N DOOOO O -
€ s s OOt ettt ottt e B O DO - - -

—

C™MA Complement A

STC Set carry

CMC Complement carry

DAA Decimal adjust A

SHLD Store H & L direct 1
LHLD Load H & L direct 1
€l Enable Interrupts

Oi Disable interrupt

NOP No-aparation

NOTES: 1. DDDorSSS—000B-001C—-010D -011 E—100H — 101 L — 110 Memory — 111 A,
2. Two possible cycle times, (5/11) indicate instruction cycles dependent on condition flags.
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3.3 MO0S Integrated Circuits (continued)
Element Type: MPPI
St andard Asseably Nuamber:? 2219 4534
Maunfacturer/Manufacturer®s Type: Intel/8255

Circuit Designationt Programmable

' Peripheratl Interface
Description of Operation:

s
PA3 1] 0] PA4 |
e o) e Tl
PAl  [3 38] PA6 39— PAS
' D7 ——{27 40 — PA4
PAQO E E PA7 D6 28 14— PA3
== ~ 2 — PA2
’— [5] 36] +—— WR D5 —29 3— Pal
cs— [6_ 35] «—— RESET g‘; ~—32 4 — PAO
ow [ 4] 0o D2 —32 10 — PC7
Al— [8] 33] D1 D1 —33 11— pcg
2] D2 DO —34 12 — PC
AO— [9] 13— pc4
____ pC
pc7  [L0] Bl o3 16— B2
- 15— PpCl
pc6 [L1] MPPI 30] D4 - . B v i 7.3
pcs  [12] LI _
@ D6 WR —q36
pes (L3 25 — PB7
pco [14 p7] D7 24 | — PB6
| Al —8 23— PB5
el [15 TR A0 9 22— PB4
pc2  [L6] p5] PB7 ‘ 3(1) — ggg
Cs ——q6 18 |—— PBO
PBO [18] 23] PB5 25
PBL [19] p2] PB4
RESET
PB2  [20] liﬂ PB3

PIN LOCATION DIAGRAM FUNCTIONAL DTAGRAM
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1) The MPPI #s a general purpose programmable 1/0 device designed

2)

for use with the MCPU microprocessor. It is a Silicon=Gate

N=CWannel MOS integrated circuft in a 40 pin ceramic DIP. 1Its
inut/output pins are: '

‘D7-D0 B8i-Directional Data Bus (Systeam side)
PA7=PAD Port A I/0 Pins

PB87-PB0 Port 8 1/0 Pins
" POGZ7=PCO Port C I/0 Pins

TS Chip Select input
RD Read control input
MR Write control input

Al1=A0 . Port Address Select inputs

The MPPI Prograamable Peripheral Interface functions as a
system software controllied 1/0 component between the MCPU

dat & bus and the peripheral equipment. A Read/Hrite Control

- Logéc Block manages all of the internal and externatl transfer

3

of both data and control or status words. It accepts address
signals and 170 commands from the MCPUs, and in turn, issues
commands to both the Group A and Group B Control Blocks.

The Chip Select (CS) control line enables the coamunication
betueen the MPPI and the central systes. The Read (RD) Line
enables the MPPI to send data or status information to the

MCPU on the Bi-Directionat Data Bus D7=D0. The Write (WR) line
enables the MCPU to write data or control words #nto the MPPI.
AlLl 3 control signals are active Low. The Al and A0 lines
select one of the three I/0 ports or the Control Word Registere.

The combination of these control inputs define the functioning
of the NPPI, as listed in Tabtle 1.

AL A0 RD WR TS INPUT OPERATION (READ)
o 0 0 1 9 PORT A ==> DATA BUS

¢ L o0 1 o PORT 8 ==> DATA BUS

i1 o0 o0 1 9 PORT C ==> DATA BUS

QUTPUT OPERATIONCHRITE)

© 0.1 0 o0 DATA 8US ==> PORT A

6 1 1 90 9 DATA BUS ==> PORT 8

1 6 1 0 0 DATA BUS ==> PORT C

1 1 1 0 0 DATA 8US ==> CONTROL
DISABLE FUNCTION

X X x x 1 DATA BUS ==> 3=STATE

1 10 1 0D ILLEGAL CONDITION °

TABLE 1 8225 BASIC OPERATION



Burroughe Corporation @

COMPUTER SYSTEMS GROUP
SANTA BARBARA PLANT

B1700 HARDWARE RULES

A 2209 6150 A
SECTION 3,3
PAGE 33 REV, A

(IR
T

" (I

E 3
w

0 MPPI 2219 4534

»

) A High on tho RESET input clears att internal registers
including the Control Registers and the mask flip-flops (INTE's)
AlL ports (A,Brand C) are set to the input mode.

i

) The 24 [/0 pins are dividod into 2 Groupss A and B8+ each with
~its own control block. Control Block A governs Port A (PA7=PAO)
and Port C Upper (PC7-PC4) while Control Block B governs Port C
Lower (PC3-PCO) and Port B (PB87-PB0). B8y prograaming Control
Words into the Control B8lockss the PPl can be used in 3 modes of

170 operations in addition to the bit set/reset operation.
The format of the corresponding control words are shown in
Figures 1 and 2.

CONTROL WORD

Dg | Ds | Oy | Dy [ D | Dy | O

LJ

GROUP B

PORT C (LOWER)
- 1=INPUT
0= OUTPUT

CONTROL WORD -
«PORTB

1= INPUT
0= OUTPUT
Dy | Dg

s | D, oy |0y |0 | D

MODE SELECTION
0= MODE O
1= MODE 1

BIT SET/RESET
X x X 1=SET
0= RESET
OONT

CARE

GROUP A BIT SELECT
: o{1]2 314 BOE

PORT C {UPPER) o[1{0]1,01 0,1!8q|

1= INPUT 0;0 mlo'o 1118,

o= ouTPUT - ojojolo{1[1]1]1:8;,!

PORT A
1= INPUT
0= 0UTPUT

BIT SET/RESET FLAG
0= ACTIVE

MODE SELECTION
00 = MODE 0
01 = MODE 1
1X = MODE 2

MODE SET FLAG Figure 2: BIT Set/Reset Format

Figure 1l: Mode Definition Format
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Se1 8it Set/Reset Operation
Any of the B bits of Port C can be set or reset by a singlc
write instruction.

5.2 Mode 0 Operation (8asic Input/Output)
The 24 170 pins are organized into two 8 bit ports and two & bit
portss aay of which can be chose’'as inputs or outputs. Qutputs
are latched, inputs are not. 16 different combinations are.
possible in this mode. No handshaking is provided or required.

5.3 Mode 1 Operation (Strobed Input/Output)

The 170 pins are organized into two groupss each consisting of
an 8 bit data port and a & bit control/data porte. The 8 bit
ports can be either inputs or outputss, both Latched. The 4 bDHit
ports are for handshaking. The input handshaking signals
include:s

ST8 (Strobe) == An active Low signat to load data into the
input Latch.

" I8F CInput Buffer Full) == A High on this acknowledges the
receiving of data into the input latch. It is set by
the falling edge of the STE input and is reset by the
rising edge of the RD input.

INTR (Interrupt Request) ~= A High on this input allows an
input device to interrupt and request service from
the CPU. It is set by the rising edge of STB §f both
I8F and INTE are Highe It is reset by the failing

" edge of

The output handshaking signals include:

0BF (Output Buffer Full) == An active Low output signal to
indicate that the CPU has written data onto the
specified port. It is set by the rising edge of WR
and reset by the falling edge of ACK.

AOK (Acknowledge) == An Low on this input inforas the CPU
that data has been received by the output equipment.

INTR == A High on this output can be used to interrupt the
CPU when an output device has accepted data trans~
mitted by the CPU. _INTR is set by the rising edge
of ACK when both OBF and INTE are High. It is reset
by the falling edge of WR.
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5.4 Mode 2 Operation (Strobed B8i~Directional Bus 1/0)

Port A §s used as an 8 bit bi~directional bus ports with 5 bits

from port C serving as handshaking signale lines. 8oth inputs
and outputs are latched. The handshaking signals include:

INTR == A High on this output allows interruption of the CPU

— for both input and output operations.

‘0BF ==~ The GBF output will go Low to indicate that the CPU
has wuritten data onto Port A.

AGR === A Low on this input enables the tri-state outpu
buffers of Port A to send out data. A High on AC

will switch the port A outputs to their high
impedance OfF state.

ST8 ==~ An active Low input to load data into the input tatch.

[8F === A High on this output will indicate that data has been

: loaded into the input latche. '
6) Electrical Characteristics

Input Threshold Voltages

Vil maxisum b.av
" ¥ih mininua . 2.0V
Output Voltages : A
Yol maximum DoV 3 Tol = 1.6 gA
Yoh miniaum 2.4¥ 3 Ioh = =100 uA
Input Loadings
1§l 15 uA 3 Vil = 0.4Y
Iih 70 uA 3 ¥Yih = 2.4V
Output Drive '
' Io‘ i 1.5 ak 3 VOl <=°‘~'
I1oh =100 udA 23 Yoh >»=2.4V
Darlington Drive Current Cavailable
on any B pins froam Ports B or C)
loh 2 mA 3 Yoh = 1,5¢¥
Supply Current Icc 50 mA 3 ¥cc = &,.75¥

Supply Vvoltage V¥cc 5v &2 5%
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7) Suitching Charactteristics
 Pulse Width,

"] mine.
ACK win.
m sin.
KD win.

Set-up Iiuan ainisua
Data Bus D7=D0 to WR
Address A1-A0 to NR
Chip Select T35 _to WR
- 07=DD to Road RD
AL=AO0 to RD
€S to RD
Peripheral to Strobo SIB

Hold Time, einiaunm

D7=-D0) to WR

AL=AD to WR

€3 to WR

D7-00 to RD

Al=A0 to RD

€S to RD —
Peripheral to ST

Propagation Delay, maximuam
WR to Outputs
RD=9 to System Bus D7-0D0
RD=1 to D7-D0
52%30 to Outputs
ACK=1 to Outputs
WR=1 to 0BF=0
ACK=0 to 08F=1

ST8=0 to IBF=1
RD=1 to I8F=0

8) Interface Rules

‘tup

tak

tst
trp

tdw
tauw

_tewu

tir

tar
ter
tps

tud

twa
twe
thr
tra
trc
tph

twb
trd
tod
tad
tkd
two
tao
tsi

tri

430

500
350

430

ns
ns
ns

30 ns

150
150
200
200
200

200

400

200
160
100
200
150
150

500
500
500
500
300
300
500
600
300

ns

ns
ns
ns

ns

ns

ns
ns
ns
ns
ns

ns
ns

ns

ns
ns
ns
ns
ns
ns
ns
ns

'I
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ALl input/output voltages are fully TTL coapat{blc. Input

Lloadings differ slightly from noaminal TTL values.

Qutput

drive capability is significantly lesss roughly 1 TTL unit toad

per output.
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The I/0 Port Outputs are capable of sourcing enough High level
curnent (2 mA 3 1.5Y typically) to directly drive Dartington
type drivers and high-voltage displays that requires such source
current. A maxisum of 8 output buffers can be choosed randomsly

from among Port A, B and C outputs at a time.

Interfacing tb all MPPI input/output pins follow rules as
"defined for standard TTL circuitss, except for the di fferent
input and output loadings. Refer to Section 5 for detafls.

Unused inputs will appear as Lows dbut are extremely susceptible
to noise and have long decay time ( in the order of seconds)
when switching from High to Open. An unused input must,
therefore, be terminated to ground through a 1K resistor where
a Law is desired» and to Vcc through a lKQiresistor where a High
is nesded. :
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Mode 0 (B;sic'lnput)
‘ . ' twe '
wa % ' 7£
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Mode 0 (Basic Qutput)
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MPP]

§7e

18F

Ry

INTR

Lt tppy
INPUT FROM __ . __ . e - .~ —— e . — — — T — o o
PERIPHERAL .
. ,

Mode 1 (Strobed input)

. N Y

Mode 1 (Strobed Output)
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MPPI

DATA FROM
8080 TO 8255

tax
mx ___/
. g8
e Y |
- : 1 — %o
’nm:::gau _______ — -{

L5

'DATA FROM DATA FROM
PERIPHERAL TO 8255 8258 TO PERIPHERAL

DATA FROM
8255 TO 8080

Mode 2 (Bi-directional) "
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3.3 MUS Integrated Cifcuits (continued)

Element Type: FFO1

Standard Assembly Number: 1448 9165
Manufacturer /Manufacturer®s Type: FSC/ 3341

Circuit Designation: 64uxh FIFO Memory

Description of Operation:

1) The FFO1 is a 64 word x & bit First=-In=First-Out Serial Memory,
with completely independent input and output clocks designed for
both synchronous and asynchronous buffer applications. The
device §s a Silicon-Gate P-Channel M0OS circuit in a 16 pin OIP.
The input/output pins are:

'D3=D0 Memory data inputs
Q3-Q0 WMemory data outputs

SI Shift In signal input
SO Shi ft Out signal input
IR input Ready ocutput
OR OQutput Ready output
WR Master Reset input
NS
Vee [ L4 Vss ,
IR @4— [2] 1§ — so D3 —— 7 10 — Q3
[Z : L OR D1 — 5 12 Ql
D0 — [&] 3 — Q DO —— &4 13 Qo0
pL — [5] 17 —p Ql FFO1
D2 —p [6] ] —» Q2 SI —— 3 2 IR
S0 —— 15 14 OR
VoD 9] @— ™R w—1

PIN LOCATIONYDIAGRAM | FUNCTIONAL DIAGRAM
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2) Data input is effected when bot h Input Ready (IR) and Shift In
(SI) are Highe The & bit mord presented at the D3-D0 data input
lines will be read into the FFO01 Input Stage which is actually
the first of the 64 4-bit internal registerse IR will go Low
to temperorily prevent external changes on the data Llines to
affect the information already read in. When SI is returneg to
Lows the data in this first register propagates to the second
provided that register is empty. Once data is transferred out of
the first.register, IR will go High indicating the chip is ready
to accept new data. If the memory is full, data in the Input
Stage will not be transferreds and hence IR will remain Low.

The sequence in uhich IR and SI1 go High or Low do not matter as
tong as the miniaum High and Low Overtiap Time requnre-ents are
sattsfied.

3) Once data is enterec into the second registers an internal clock
' uill au:onatically cauyse it to ripple through the internal
registers toward the Output Stage provided there are empty reg-~
.isters ahead. Thus atlt input data will eventually Lline up at
the output end in a First=In-first-Out order. tpt defines the
time required for a data to bubble froa the Input Stage all the
way to the Dutput Stage in a previously empty device. ‘

4) Valid data at the output Llines ¢3-Q0 is indicated oy a High on
the Output Ready (OR) tine. Transfer of subsequent data to the
Output Stage is effected when both the OR Lline from the device
and the Shift Out (S0) line to the device are Highe This causes
OR to go Lows but the output data is maintained until both OR
and SO are Low. Then the contents of the adjacent (4 bit)
registers provided it is fulls will be transferred to the Dutput
Stage. OR will go High indicating that new data is available
for external sampling. If the memory has been emptiedr OR will
remain Low. Note that, in such a casesthe last data will remain
at the Output Stage until it is being forced out by new incoming
datas even though it is presently invalid as indicated by OR
sitting at Low. Once agains, the timing of the SO and OR stgnals
witl not matter as {ong as the ginimum High and Lou Cverlap
‘Times are guaranteed.

5) A Lon on the Master Reset (MR) will asynchronously reset atll

" control registers and put IR to High and OR to Low. It does not
reset the data rejisters and hence the last output will remain
at the 93-00 tines. B8ut once agains this is indicated as
‘invalid data by OR sitting at Low.
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If NR returns to High at the point where SI is held High, then
data on D3-D0 will be instantly written into the first location
of the memory and IR will go Low. If WR returns to High at the
point where SO is hetd High, the first data that comes in :
through the Input Stage will falt through to the Output Stage,
OR witl go High for one internal clock cycle and then back to
Lowe But output data will remain locked in while subsequent
datia Line up behind the Output Stage. It will pe forced out of
memory only when SO is brought back to Low.

6) When the output data changes as a result of a pulse on S0, OR
always goes Low before there is any change in the output dataj

and aluays stays Low until after the new data has appeared on
the outputs. So anytime OR is High, there is good, stable data

on the outputs. IR and OR may atso be used as status signals
indfcating that the FFOlL is completely full (IR stays Low for at
{east tpt) or completely empty (OR stays Low for at least tpt).

7) Electrical Characteristics

Input Threshold voltages
vil maxisum D.8Y
Vih mininua Vss = 1V

Input Pull=~up Inftiation Yoltage,
all inputs except MR

Vpup maxieun 2.0V 3 ¥SS = &4.75Y
Qutput Veltages .
Vol maximua - .4V 3 Iol = 1.6 mA
Voh sinimum ' , ¥ss = 1.0V
3 Ioh = 0.3 mA
Input Loading :
Iil 1.0 uA 3 Vol = 0.4V
" Ifh =500 uA 3 Yoh = 2.4Y
Qutout Drive
Iot ' 1.6 mA 3 Yol < 0.4¥
Ioh 0.3 mA 3 VYoh > VSS‘I.OV

Supply VYoltages
¥ss : 5V & 10%
Vgg =12V & 102
vdd Gr ound
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&) Suitchiag Characterustics

'!nput Ready High ti-ea maxe tirs 550 ns
Input Ready Low Time, max. tir~- 550 ns
Control Overlap High Timer min. tove 100 ns
Control Overlap Low Timer min. tov~ 100 ns

Data Input Stable Time,» min. tdsi 650 ns
Data Input Delay Timer max. tdd 25 ns
Output Ready Hijh Time, maxe. tors 500 ns
Qutput Ready Low Timer max. tor- 850 ns.
Data Through~=put Time, max. tpt 32 us
Data Hold Timer min. tdh 75 ns

Master Reset Pulse Hidths, min. tarw 400 ns
Data Qutput Avaitable Time» min. tda S ns

” Interfdce Rulss

A special pull-~up circuut is providod on all inputs except MR.
The internal pull-up resistor is effectively connected only when
the voltage present at the input goes above the Input Pull-up
Inftiation VYol tage Vpup. This guarantees the ainimsum Vih of
Vss=1V with a nominal TTL High at the input. #When going Lows
the external driver must overcome a current barrier Ibar. Once
this is achieved, the iuput current drops to about zero and

the internal putl-up resistor is disconnected so it provides no
steady-state loading problea to the driver.

Intcrfacing to all inputs but MR follous the rules defined for
intcrfacing TTL inputs as described under Section 5. Note that
in order to guarantee operation up to VYss = 5.25Y, the High
Level voltage provided by the driver must be > 3.0V (Vbar).

As for NR» the driver aust always provide 2 Vih of > Vss-1ivV.,

Inter facing to all outputs foltow the rules defined for standard
TTL outputss bearing in mind that the output drive capability of
~ the FFO1 outputs are Lless than the nominal TTL values.

Unused inputs are stable in the High state. At Lows each input
sust be terminated by a § KQL resistor to grounde.

PAGE 44 REV, A
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FFO1 ' . 1448 9165

iR 7Z < e -
B N\

Z .
tIR+ “_EK 7 1.5V

—>|
D3-DO DD

1.5V

INPUT TIMING

® /<______ tOR+. m‘_,_} }‘tox' *7[1——5:_

Sk

— t

< toyt

1,5V

OUTPUT TIMING

CL = 100 pF



Burroughs Corporation @

COMPUTER SYSTEMS GROUP
SANTA BARBARA PLANT

T

DA

B1700 HARDWARE RULES

[

—
—

|

|

RAM2

3.3 M0S Integrated Circuits (Continued)

Element Type:

Standard Asseably Nuaber:
Manufacturer /Manu facturer®s Type:
Circuit Designation:

Description of Operation:

(-5v) ves [ - [T6] vss (cNp).
DI—p [2] ‘:23 « T
WE—> [3] 14 —» Do
CCEx—> [4] 13 «— G
a0/6—> [5] [12] «— A3/9
2/8—» [5] 1] «— a4/10
AL/7T— [T7] 19 «— As/11
(H2v) vpp ¢ [8] ram2 [ veg (+5V)

PIN LOCATION DIAGRAM

RAMZ

A 2209 6150 A
SECTION 3.3
PAGE 46 REV, A

2623 5945
Mostek /MK4Q96P
4X 8it Dynamic
Memory

FUNCTIONAL DIAGRAM



% Burroughs Corporation @ = » ' ;_-

% COMPUTER SYSTEMS GROUP = B1700 HARDWARE RULES % A 2209 6150 A

= SANTA BARBARA PLANT = == SECTION 3.3

= = = == PAGE 47 REV, A
MOS RAMZ 2623 5945

1) The RAM2 is a 4096x1 bit N channel M0OS dynamic random access
memory packaged fn a 16 pin DIP.

2) The information is retained as a charge on the capacitance of
an internal node. Because of Leakage, aach cell must therefore
be refreshed periodically.

3) Four modes of operation are defincd for the memory array: read
only, write only» read-medify=-write, and refresh only.

&) The 12 address bits required to decode 1 of the 4096 cell
locations are ggigiplexed onto the 6 addrress pinse The Row .
- Address Strobe CEX latches the 6 row address bits (AQ=AS) into
the on chip row address latch. The Columan Address Strobe CEY
Latches the 6 column address bits (A6-All) into the colusn
address tatch plus the Chip Select (CS) into the chip.

5) Data input is strobed into an on chip register by a conbination
of WE and CEV. The last of these signals making its negative
transition IS the strobe for the data in register.

6) At the ncginning of each memory cycle, the state of the data out
Latch depands on the previous memory cycle. At access time the
tri-state output witl assume the proper state for the type of
cycle performed. There is no data inversion. When unselected
(CS high)» the tri-state output latch witl résain in its open-
circufit condition regardless of WE. ‘

7) The RAMZ requires periodic refreshing of the memory celis. This
is accaomplished by porfor-ing a .semory cycle at each of the 6&
row addresses every 2.1 ms or Less. Any one of the read, Write,
or read~modi fy~write cycles will refresh the selected rous
regardiess of the state of C5. But with the exception of read
only cyales, the chip should be unselected during refresh to
prevent writing data into the memory.

8) Electricatl Characteristics
Input Voltages , .
Vil max. = 0.9¥ ¥ih min. for CEX,CEYeHE = 3.0V ,
for ali other inputs =2.4V

Output Vvoltages _ _
Yot max. = 0.4Y Voh min. = 2.4V

Input Loading
Iils, Tih max. = 10 uA
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Qutput Drive
. Tol = 2 mA 3 Vol = 0.4V Ioh = =5 mA 3 Voh = 2.4V
Io leakage Cchip disabled) = 10 uA

Supply vOltages

vdd +12Y 2 102
¥bb : SV & 10%

¥ss Gr ound

¥Ycc g ¢SV & 10%

9) Switching Charactaristics

Read or Write Cycle VTime tRC 500 ns sine
Access Time From CEX Going Low tRAC 290 ns maxe
Access Time Fron CEY Going Low tCAC 165 ns5s maxe.
Output Buffer Turn~off Delay t0FF 80 ns maxe
Pul se Width» _
Read Cosmand - tRPH 165 ns mine
Write Command tHP 165 ns wmin.
Column Address Strobe ' ' tCPH. 165 ns mine
Set~up Time» ‘
Read or Write Comamand "tRCS,LWCS O ns
Address ‘ tAS 0 ns
Data~1In ' : tDS 0 ns
Hold Time, .
Read Command ' tRCH O ns
Hrite Command : tWCH 130 ns min.
-Address tAH 85 ns mine
Data~1In - tDH 130 ns mine
Row Address Strobe Precharge tRP 125 ns win.
Row to Column Strobe Lead Time tRCL 125 ns mine.
Column to Row Strobe Lead Time tCRL =50 ns mine.
+50 ns maxe
Write to Column Lead - tCHL 165 ns mine
Modify Time tM0D O ns mine.
_ . 10 us maXe
Refresh Time tRFSH 2.1 ms maxe

, 10) Intériace Rules

ALl inputs and output of the RAMZ are fully TTL coapatible.
The outputs however, is Llimited in its Low level current
sinking capability (1 TIL load). Inter facing the RAM2 with

other Logic families should be handled in conjunction with
the Circuits Sectione.
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READ CYCLE
l‘ trel
33
tas tah

>< >< COLUMN l oo L
_ADDRESS - - - 1.0V

i ROW
ADDRESSES ADDRESS
T T
res . - __.l
1 l ' { rch
“ ' — e —— NI
. - - l.0V
tas tah
| =l
= T x| e 2.2V
I _____ 1.0V
t
torr 1o cac

WRITE CYCLE
tre . .
e j N N - - . 2.8V
. t
— rp
X J - - - l.ov
trel
-
: tas | tn
e |
RoW : coLUMN ' >< I
ADDRESSES ADDRESS 7>< >¢ADDRESS - ——_ 10V
l tucs tuch
= l — —= 2.8V
L amenns 4
. — - — 1,0V
. t
l tds <—-—»I I(—-. dh
N A= == W
DI l \ l ! - — - l.ov
' tag tah
—- | <> |e—> - —- &
[ o __ 1.0V
‘ | teac
tof fle—sx
N- A
0 | K, OPEN __/| o
] I8 N )
l t[aL
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READ/MODIFY /WRITE _ CYCLE
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3.k INTERFACE CIRCUITS

Element Type

Standard Assembly Number:

Manufacturer/Manufacturer's Type:

Circuit Desigpation

Description of Operation:

LDPN

A 2209 6150 A
ECTION 3.4

S
P

Dual Interface Line Driver

LDPN

SA 2207 8299
AQ B L E vo
Bo.Cl O | F 79
Al _ﬁ_r-f"ﬁ Y1
Bl 4 LDPN zl

FUNCTIONAL DIAGRAM

Pin Locations: ] Top VIEW o

N.C. |a Pl +4.75 V
o —=[g] 1] -—

N.C. |D {] n.c.
YO *+— |E K| —&
z0 *+— |f j| —
GRQUND G H| N.C.

sammany
LDPN

14 PIN DIP

Al

Bl

Y1

Z1

AGE 1

National Semiconductor/DH0034C

REV, A
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LDPN

1. This 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:

QUTPUT

3000 -

4,. Approximate Delay Time

tpd+ = 60 ns
tpd~ = 25 ns

5. Consult Standard Circuits for applications of this device,
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LRPN
3.4 Interface Circuits
Element Type | LRPN
Standard Assembly Number: SA 2207 8273
Manufacturer / Manufacturer's Type: . Fairchild/uA 9615
Circuit De;;énation Dual Interface Line Receiver

Description of Operation:

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 receivers, 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 130 terminating resistor is available at
the input.

4, Approximate Delay Time

tpd+ = 75 ns
tpd- = 75 ns \

5. Consult Standard Circﬁits for applications of this device.

Pin Locations:

TOP VIEW
Y4
20 @ | A Pl +4.75V :
Yo = | B N|— 21 gg S— :
so —» | ¢ ' M| —e Y1 AO _E__]DC__A_.zo
| BO G| | B yo
RO — | D} :g - S,l co EF 1 O
A0 —& | E K| <— Rl - — = -
- Al L N7
co —* | rW |+ n Bl > | M vy
130n . ¢l H_|LRPN
Bo —® |6 1;.’:‘” H] — d RI —JK[L
GROUND R s| <*— BL Sl

LRPN

16 BIN DIP ~ FUNCTIONAL DIAGRAM
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v : LDGN
Element Type: : . LDGN
Standard Assembly Number: 2201 7602
‘Manufacturer /Manufacturer's Type: ' Motorola MCl488L
Circuit Designation: Quad EIA Line Driver

Description of Operation:

1) 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
resistor connected to -2V supply as shown in Table I, Page 8, under
SAMN. .

'6) A minimum capacity of 300 pfAmust be connected from each output
terminal to ground to insure a slew of less than 30V/us. The
slew = dv = 1.2 X 10%, where C is in pf, dv in volt/us.

—dt ¢ dt

7) Output levels generated: VOH 46 volts @ Vin = .8 volt
VOL =6 volts @ Vin =1,9 volt

8) Propagation Delay Time = Tpd” = 30ns @ 3KNn and 15pf load
: ' S Tpdt = 250ns @ 3KN and 15pf load

PIN LOCATIONS

TOP. VIEW
' A\ ' B ¢ 20
-12 VOLTS | Z,] 412 VOLTS RO Z
— U ol _O_ _I ;
AO —= | v | - A3 _ AL — —1
- = — N BL——= | 0o
20 -— ¢ | A -— B3 A_’_)_-—-——L\—— - 2
N . - B2—H 2 |
Y R ST -y (e
Bl""“"’E: . | A2 B3-—-—-—Z’A“LDGN~
GROUND || - H > 22 ‘
L o]

wex  FUNCTIONAL DIAGRAM )
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Element Type ‘ LRGN
Standard Assembly Number 2201 7628
Manufactyrer/Manufacturer's Type Motorola 1489 AL

Circuit Designation

Quad EIA Line Receiver

Description of Operation:

1)

2)

3)
4)

5)

6)

7)

The circuit is TzL logic compatible designed to interface between
data communication and data processing equipment according to the
EIA, RS~232C standards.

The package consists of four receivers, Fach receiver has one
input, a response-control, and a single T°L compatible output.

44,75 volts is the only power supply required,
Outputs shall drive CTuL restoring elements and a pull-up resistor

connected to VCC supply as shown in Table II, Another possible
connection to allow one level of gating is shown below:

vee
MC 511 OHMS
148
1
STORE
5. 15K OHMS
VEE

Any input level above +2.25 volts will result in a CTuL false output,
'and any input level more negative than +.75 volt will result in a CTuL
trué output, and open input will result in a CTuL true output,

The response control is used to limit the receiver bandwidth to improve
noise 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,

The propagation delay time = Tpd~ = 100 ns maximum
Tpd‘" = 60 ns maximum

Pin Locations: i =

TOP VIEW
A0 — P| +4.75V
RO —» N| -— A3 Qgg . C_70
Al D F--1F 71
720 == M| <@—— R3 RI "E-‘—-l_- )
AL — L| —e 23 ag T | 72
A3 N 3L 13
RL —b» K| -— A2
;;J R3 fM_- LRGN ]
71 - J| *— Rr2 ’
; FUNCTIONAL DI AGRAM
GROUND H & 72

LRGN ‘
14 PIN DIP

A 2209 6150 A
= SECTION 3.4
_PAGE 5

REV, A



(i

Burroughs Corporation @

COMPUTER SYSTEMS GROUP
SANTA BARBARA PLANT

B1700 HARDWARE RULES

A 2209 6150 A
SECTION 3.4

PAGE 6 REV, B

SAMN
Elément Type SAMN
Standard Assembly Number: 1677 7682
Manufacturer/Manufacturer's Type: TI/SN 7524
Circuit Designation Dual Sense Amplifier
Description of Operation:
so-t\ o N—
prl M B~ M
e 20 | SAMN
- AT E
nH , _
ﬂj‘ ’ ..'<__£1 L —
s1-4 FUNCTIONAL
DIAGRAM
c EXT—é’ DE ONE DEVICE
-V REF ——
+ V REF ——d
FUNCTIONAL DIAGRAM
ENTIRE CHIP
OP VIEW
Pin Locations: - T
c \J
EXT [A Pl+V
A0 —p» | B N | «#—— STROBE SO
INPUTS [ ‘ .
BO —» | ¢ M| —e 2o ouTPUT
- REF—®» | D L GNI)2
+ REF —®» | E K| —® Z1 OUTPUT
[ ,
Al —» | j| <— STROBE S1
INPUTS [
Bl —® | S NC
-V R H GND 1
SAMN

16 PIN DIP




B1700 HARDWARE RULES A 2209 6150 A

SECTION 3.4
PAGE 7 REV. A

COMPUTER SYSTEMS GROUP
SANTA BARBARA PLANT

“HHHHMHHHHH

. SAMN

L 16277682

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 Table:

INPUTS OUTPUT
A S W
H H H
L X L
X L L

where A is a differential voltage between signal inputs
peir. S is the strobe input.

(5) Power supplies used are +4.75v and =5v.
(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.

(7) Minimum Vin (True) = 2lmv., Minimum Vout (True) = +1.5 @ Vref = l6mv.
Maximum Vin (False) = 12mv., Maximum Vout (False) = +.4v @ Vref = l6mv.

(8) Minimum Strobe (True) = +2.0v.
Maximum Strobe (False) = +,4v.

(9) External capacitor, Cext l100pf 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 mnegative going edge of Vout = 60rs.
Positive going edge of strobe to positive going edge of Vout = 30ns.
Negative going edge of strobe to negative going edge of Vout = 30mns.
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TABLE T

EXTERNAL RESISTORS

—
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——

A 2209 6150 A
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'PAGE 8

CTL No, of

Fan-out TZL Resistors
Spec. Used Loads Value |Tol, | Dissip. | BURROUGHS
pec. Driven ohms |° /° | Watts | Part Mo,
Pull-up| = - - 348 1 .25
Pull- 24 19 16 82,5 1 <50 1142 7002
down 12 10 8 162 1 .25 1142 6921
12 5 4 348 1 - W25 1142 7002
TABLE 11

COMBINED FAN-OUT/WIRE-OR CAPABILITY

No, of Wire-OR Fan-out -
Outputs CTL Loads

Up to 16 Up to 3

REV, A

i



Burroughs Corporation @

COMPUTER SYSTEMS GROUP
SANTA BARBARA PLANT

B1700 HARDWARE RULES A 2209 6150 A

SECTION 3.4
= PAGE9 REV. B

'||IIIIIIIIIIIIHIIII

SBMN
3.4 INTERFACE CIRCUITS

Element Type: SBMN
‘Standard Assembly Number: 1673 0004
Circuit Designations: Dual Comparator/Sense Amplifier

Description of Operation:

1 Gate Characteristics:

1. vih = 2,0V minimum

2. Vu = .8V maximum

3, V. = .4V maximum @ I, = l6ma
ol i

4, V. = 4,5V minimum @ 4.5ma
oh .

5. Ioh = ,25ma maximum @ Vo

v
cc

'6. Iih (S0 & S1) = 40 vA maximum °
Iih (sc) = 80, A maximum

7. Iil (S0 & S1) = -1,6 mA maximum

Iil (SC) = =3.2 mA maximum

8. T -+ -<_ 17ns

+- < 17ns

I1 Amplifier Characteristics:

1. 1y = 754A maximum @ Vi = 25mV, Vyc = + 2.0VDC

2, 1,, = -l104A maximum @ vV, = =25uV, V, = % 2,0VDC
3. Iis = 10pA maximum @ vy = +10mV

4, le-- = 20ns

5. Tyt = 35ns

PIN LOCATIONS

TOP VIEW
U

A —b -

A cc + =+ 5V
B0 —® |B -= -5V

cc

c ]: -—— Al
200 «— |p «g—— Bl
SO —& g K
SC —®&» | F| J|—® 21
GROUND G H | S1
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IQAN
3.3 MOS INTEGRATED CIRCUITS (Continued)
Element Type: IQAN
Standard Assembly Numbers: 1674 4971
Manufacturer / Manufacturer's Type: : CLR 5003
Circuit Designation: Quad MOS Clock Driver

Description of Operationg

(1) Four monolithic high voltage, high current inverters are
contained in a l4 Pin 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) Outputss
Vout (High) = VSS=4 volts minimum
Vout (Low) = VDD+2 volts maximum
Iout (Peak) = +60 ma maximum

 (5) At VSS = +20V, VDD = 0
: Vin (Low) = .6V maximum, Iin = 41,5 ma,
Vin (High) = +1.0V minimum, Iin = 48 ma,

(6) Propagation delay depends on VSS, VDD, and the load capacitance,
At VSS = 21V, VDD = Ground, and CL = 250pf td = 45ns maximum,

PIN LOCATIONS:

____TOP VIEW

<+ |a __P-] vSs

ve. [ ] wec.
N.C. E L] wn.c.
—® |: k| —®
— |F [— Q-__J_]“"
Voo E |

IQAN
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Element Type LDAN
Standard Drawing Number 2600 2766
Manufacturer/Manufacturer's Type ‘Signetics/8T23

Texas Instruments/SN75123
Circuit Designation Dual IBM Interface Line Driver

Description of Operation :

1. This dual line driver is designed to drive terminated lines such as coxial
cables or twisted pair. This device meets the IRM System/360) 10 Intcrface
Specificafion for interface drivers. The outputs of these drivers may be
wired 'OR,

2, The inputs arc TTL compatible,

3. Input Characteristics:

= 2,0V minimum

»

L]
<
[

b. V,. = .8V maximum

c. Input Clamp Voltage Vcla

d. 1, § |-1.6| ma @ Vi = eV

np s|-1.5V|@ Iil = =12 mA

e, I,

<
i SO pA@V,

= 4,5V

4, Output Characteristics:
b3 ° J6: = .
a, Voh 2.86V @ Ioh 59.3 mA
\' = ‘0.751V
cc

bo V% .15V @I, = -240 pA

c. Output Leakage Current =% 40 pA @ Vo = 3,0V

5. Delay Times

a, The delay times are specified for a load of 50n in parallel with
100 pf to ground.

1. Turn -~ on Delay % 25 ns
2, Turn - off Delay & 35 ns

Pin Locations:

O Y

0a —> [4] | 4 ] Veem Y OE OF

o8 —> [5] j:_'uj <—1r LAEL
o> B O I (-
o —>[}- ] <—w of1 01
0t —> [Tl ] <10 wil S
OF —> [ F E]é—— 18 ig_[: LDAN

ov «— [c | :ﬂ <—1a - MllE‘ N1IF

o [® 5] —> 1y

LDAN FUNCTIONAL D!AGRAM
Positive Logic Y = ABCDHEF _
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3.4 Interface Circuits

Element Type:

Standard Assembly Number:
Manufacturer/Manufacturer's Type:

Circuit Designation:

Description of Operation:

Pin Locations:

EO~<— 1| B

e
”“17'*?[3Z

n—[g]

BS

BI~———-f—aa H

pL —

M] —2

DVCN

to— U F

-12

— YO

— EO

FUNCTIONAL DIAGRAM

0P VIEW

Ne[A]

n.c.[E]
vee-[F 1

DVCN

§-1269 7041
T.1./72311

A 2209 6150 A
SECTION 3.4
PAGE 12 REV, B

Differential Comparator
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1) This device is primarily used in the BDI interface. It is designed to operate
. from Vect = 5 volts, Vce- = Ground to Veet+ =+15 volts, Vcc- =-15 volts, and all
inputs and outputs can be completely isolated from system 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 transistor are
brought out to package pins.

Max voltage between YO and Vcc- = 35 volts .
Max voltage between EO and Vcc- = 25 volts

Vp1%*0.4V @ 8mA collector current with input offset 210 @V
Vops1.5V @ 50mA collector current with input offset 2 10mv

4) Balance (BI) and balance/strobe (BS) inputs are provided. To balance the out-
put, a 3K trimpot is connected between BI and BS, with the wiper connected
to Vee+ through a 3KL resistor. To strobe, BS is forced LOW, and the output
transistor is turned OFF regardless of -all other inputs.

Low Level (0.4V) strobe input current £ —-%4,0mA
5) Approximate delay times:

T . + /150 nsec
pd

Tpd

- 27215 nsec

6) Information regarding the use and applications of this device is avail-
able upon consultation with Standard Circuits. This device is intended
for use in the BDI Line Adapter.
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* 3.2 TTL/DTL Integrated Circuits

Element Type: LDDN

Standard Assembly Number: 2475 2222
Manufacturer's Type: . 75110

Circuit Designation: : ‘ Dual Linc Driver

Description of Operation:

Dual Line 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
data-bus applications.

4) VIH Max = 5.5v Min = 2V

v Max = 0.8v Min = OV

1L
5) Input Currents (High Level)

Inputs Vig = 2,4v llﬁ = 40 A Max

I(%}itléségs 4 VIH = 2.,4v . IIH = 40 A Max

In‘?li)l))its Viy = 2.4V | Iy = 80xA Max

6) Input Currents (Low Level)

Inputs VIL = 0.4v 1‘IL = =3 ma Max
ibi = : = -3 ma Ma>

%r&litté;t):s VII; 0.{;v IIL ma Max

Inhibits VIL = 0.4v ) IIL = ~6 ma Max
(0)

7) On state output current 3.5 ma Min, 6.5 ma Max., with V.. + Min.
8) OFF state out'put‘current 100 wA Max. with V_ + Min.

9) At C;, = 40 pf and R =500
Propagation delay input to output td = 20ns Max.
Propagation dclay inhibit to output td = 30ns Max.

10) This device is intended for use in the BDI Linec Adapter ONLY.

Information regarding its use or application is available from Standard
Circuits, ’ :
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mnmmw;

' D
N’
-~ A veer K
]
Bl '_’&‘J — E]"’ Y1 A=A @) N v
[ | ' BI—g M -
CL —emCl— Eﬂ-'-‘ 71 c1-E
c2 D [ g— Vee- AZ-—-E-P-l_--
B2 -—»E--L__ E}_,, 72 ‘!;_DDf\L]-
e —G  LDDN e v» . 45—
-5
PIN LOCATION DIAGRAM -~ FUNCTIONAL DIAGRAM
. . INHIBIT DR
LOGIC INPUTS OUTPUTS
INPUTS
A B C D Y vA
X X L X H H
X X X L H H
L X H H L H
X L H H L H
H H H H H L
TRUTH TABLE

X = Don't care
Low output represents the on state

High output represents the off stéte :
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3.4 Interface Circuits

. Element Type:

1QBn .
Standard Assembly Number: 1673 0319
Manufacturer/Manufacturer's Type. Intel/3207

Circuit Designation:
. Shifter and Drivgr

Description of Operation: o ) !

)

compatible 1nputs.

2)
supply is V.o intended for use by the bipolar input section. It
uses Vgg and Vgp for the MOS section.

3) The IQBn has two enable inputs for each pair of aata ihpﬁts.
b)) Input‘Currents
' Data -0.25mA @ Vi = 0.h5V .0lmA @ V5 = 5.0V
Enables -0.50mA @ Vi = 0.L45V .02mA € vy = 5.0V ¢
é) Input Voltages . ' b -
Vii, = .80V Max. Voy = 2.0V Min.
6) Output Currents
| Top, = 100mA € Vo = WV Ton = -100mA € Vg = Vgg - bV
| Voo = 5.0V Vpno= 28V Vgg = 19V |
T) Output Voltages
Vo, = 0.8 Max. with all inputs at 2.0V
Von = Vgg - 0.8V with all inputs at .857
‘8) Delays ‘
Input to Output Leading edge +tpd+ = 20.0 ns @ CL = 100 pf
= 24.0 ns @ Cp, = 200 pf
Input to Output Trailing edge tpd- = 29.0 ns @ Cy, = 100 pf
: | 34.0 ns € €y, = 200 pf

i)

Output Rise Time 20 ns Max at Cj
" Output Fall Time 25 ns Max ai C,

]

9) Maximum skew between any output in
equal to T ns.

B1700 HARDWARE RULES

The IQBn is quad bipolar to MOS level shlfter and driver with TTL

The device operates with three power supplies and one ground. Cre

100 pf and 30 ns Max. at Cy,
100 pf and 35 ns Max. at Cp

the same package is less than

A 2209 6150 A
SECTION 3.4

—
=
—_—
—
—

Quad Bipolar-to-MCS Level

2180

200 pf
200 pf
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vss (& 7]
wie— GO,
pai— [c ]
Ell—> [p|{ 1]
E21—> [EH k]
DBl [}E}jégg;zT :i]
osl=—" [ 1]
o [® 108N [s]
’PIN LOCATION DIAGRAM
vss
VBB
: Al s
pBl —X | G
N
'DA2 — M|
| H
pp2 —L QBN
o —J
E22
E1l
E21

FUNCTIONAL DIAGRAM

4.75

— 0A2
<—— DA2
<«——E2

<——E22
-<«——DB2

—> 0B2

0Al
0Bl
0A2

0B2

A 2209 6150 A
SECTION 3,4
PAGE 17 REV, A
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3.4 Interface Circuits (Continued)
Element Type: _
Standard Assembly Number:

Manufacturer/Manufacturer®s Type:

Circuit Designation:

Description of Operation:

T18R

2604 2044
National/DM8837
Signetics/87T37 -

Hex Bus Receiver with
Hystereosis

1) The TiBR is 5 hex bus receiver with hysteresis organized as two
triple receivers with separate disable Lines for each group.
It ¥s a TTL monolithic integrated circuit in a 16 pin DIP.

2)

A "High™ on the disable input (DA or DB) will force the

corresponding receiver outputs Low.

When enadbled (disable input

Lou)s the receiver senses the voltage Llevel on the bus tine and
fnverts it at the output.

3) Electrical Characteristics:

14

15
Q5
16

Q6
DB

Input Threshold Yoltages

Disabtle Inputs DA, D8

‘¢il max. :
Vih mine. '
Receiver Inputs [6-]1

Vil max.

Vih gin.

- \/
—» |1 o 16 V.
a— [ 15] €—r11
—& [3] 4] —s-a1
@— |y 13| «&— 12
— [ 2] —#~q2
44— | 6 ‘ 11| <#— 13
GND 8 9| «@—DA

. PIN LOCATION DIAGRAM

D.8Y¥
2.0V

0.8V
2e5V

DA

n 13 L

FUNCTIONAL DIAGRAM
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Interface . T18R o ' 2604 2046

Noise Margin, Receiver Inputs 0.85V

Output Voltages _
' Vol max. ‘ : 0.4V 3 Iol = 16 wA
‘VYoh min. 2.4Y 3 Ioh = =400 yaA

Input Loading :
Disable Inputs DA, DB

Iil max. : T o=3e2 A 3 Vil = 0.4V
Iih max. ' 50 uA 3 Vih = 2,4V
Receiver Inputs I6-1} :
Iitl max. 10 uA 3 Vil = 0.4v
Iih MaAX e . _ S0 uA 3 Vih = 2.4V
Output Drive . . '

Iol 16 mA 3 Vol = 0O.4v :
Ioh =400 uA 3 Yoh = 2,4V

4) Switching Characteristics:

Propagation Delay, maxe.

Receiver Input to Output td=+¢ 43 ns
’ tde~ 17 ns

Disable Input to Output td=+ 18 ns
tde=- 18 ns

5) Interface Rules

The outputs and disable inputs of the T18BR are fully TTL
coapatible. The receiver inputs have built=-in hysteresis to
provide extra noise immunity. This means input voltage to the
receiver must cross over the Vil or Vih thresholds to guarantee
cornect response. 0Once achieveds the input can increase (from
Vil max.) or decrease (from Vih min.) for the amount <= the
noise margin and the output will not change. The low input

curnent to the receiver inputs allows up to 27 driver/receiver
pairs to be tied to a common bus.

Chodice of external terminations on the bus Line should be
handled in conjunction with Circuits.
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S140
3.4 Interface Circuits
- Element Type: S140
Standard Assembly Number: ' . 2602 2889
Manufacturer/Manufacturer's Type: T.1./74S140
: Fairchild/95140
Circuit Designation: : Dual 4-Input NAND

Line Driver
Description of Operation:
1) - The S140performs a dual 4-Input 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
40.5V False level. ' ’
2) Input Currents:

= .08mA @ V, = 2.4V

3) Output Drive:

IOL = 60mA @ vV, = 0.5V IOH = 40mA @ Vo = 2,1V

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

5) Propagation Delays:

Input to Output  tpd+ = 13 ns

tpd- = 13 ns
—> b1 4.75
— [ )] - o]
 — Ez ] -— 04 |
—> [y ] — ~2-
+— ke pa] +— 7 R
e [o7] s140 Nog] —» 13 |

PIN LOCATION DIAGRAM FUNCTIONAL DIAGRAM
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3.5 MISCELLANEOUS CIRCUITS
20 NSEC DELAY LINE

DL2N

_g_(:;

L|c|m]sg]
DL2N |

DGOERE

FUNCTIONAL DI|AGRAM
PINS "D' AND '"K" ARE SAME TAP

N
A——GND. =N p
Be——09 gIO—->N
C = 07 ~08 ——= M
D =05 = 06}F——= L
E e 0k 05 b——=K
F =02 03— J
G ——=IN Ol b/—=H
R — GND }——S§

PIN LOCATION DIAGRAM
16 PIN DIP

SA 2200 8478
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2)

3)

4)

DL2N

20 NS DELAY LINE

The input should be driven by a restored element with fanout capability
of 20 loads, A 178 ohm 1/4 watt resistor to =2 volts must terminate the
input net,

The delay line output should 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,

Maximum loading per package is 2 buffers and 4 no load gates or 6 no load
gates, and the gates should be restored.

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:

TIME DELAY (ns)

PIN
H 2
F 4
J 6
E 8

K 10
L 12
c 14
M 16
B 18
N 20

NOTE: The worst case tap to tap delay for this
device shall be = 3nS.
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SEC DELAY LINE
PE DL5N SA 2200 8L86

wn
o
=

|c|m]s]

A N
.&.( DL5N EP

FUNCTIONAL DIAGRAM
PINS "D'" & "K' ARE SAME TAP

R g
A —GND. RI I P
B <—{09 élo = N
C =107 208 |—=M
D «—{05 = 06 —=L
E «—{0L4 05 ——=K
F «e—102 03 ——=J
G —={IN 0l b—=H
R —4  GND.—5

PIN LOCATION DIAGRAM
16 PIN DIP
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DL5N

50 NS DELAY LINE

1) The input should be driven by a restored element wiﬁh fanout capability
of 20 loads, A 178 ohm. 1/4 watt resistor to =2 volts must terminate the
input net.

2) The delay line output should be terminated at T10 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
_gates, and the gates should be restored.

4) Total delay is 50 + 3 ns broken into 10 equal increments, each is 5 + 2 ns
referenced to the input as shown in the table belows

]
[}
z

TIME DELAY (ns)

ZWEXOHNREG T
~N
W
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o

NSEC DELAY LINE
PE | DLCN

Lc|m[s]

6 :: N

FUNCTIONAL DIAGRAM
PINS "'D" & "K' ARE SAME TAP

N
—GND., —L e —P
<=—09 . lo 10}—=N
<—1407  1° 08}—=M
<=—{05 . = 06——=L
< {04 - 05}—=K
102 03 b—=J
—=IN Ol f—=H
—_— GND}——S

PIN LOCATION DIAGRAM
16 PIN DIP

SA 2200 8L9L
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DLCN

100 NS DELAY LINE

The input should be driven by a restored'elemen: with fanout capability
of 20 loads, A 178 ohm 1/4 watt resistor to-2 volts must terminate the
input net. '

The delay line output should be terminated at T10 by a 100 ohm 1/4 watt
resistor to ground. The internal resistance may be used for this pur-
pose by connecting pins P and N. :

Maximum loading per package is 2 buffers and 4 no load gates or 6 no

. load gates, and the gates should be restored.

Total delay is 100 + 5 ns broken into 10 equal increments, each is 10 + 3 ns
referenced to the input as shown in the table belows

o
-
4

TIME DELAY (ns)

ZXOHR®LmXD '
w
=)
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GENERAL BLACK BOX
FOR DISCRETE COMPONENTS

GBNN

bbb

e

-
TI L
'¥-rﬂr"‘

SPACE REQUIREMENTS FOR COMPONENTS DICTATES
NUMBER OF INPUT/OUTPUT LINES. SPACE NEEDS

MAY NECESSITATE TRANSCRIPTION OF MORE THAN
ONE GBNN.

1

il il ll il o il ll
PERFrERR

PIN LOCATION DIAGRAM
16 PIN DIP

-
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DTL TO CTL LEVEL CHANGER

PART #I
GBIN
2204 4291
==
=y
o
—] L_E_
|
HoH
'._._..
L_GBINS

- GBIN & GB2N MUST BE CHIPLOCKED

TOGETHER, SAME LINE, GBIN ON LEFT

__SEE_PAGE 30 FOR THE CIRCUIT SCHEMATIC

562 N4W. 1111 8676

Rl -

R2 - 511N %W. 1111 8668

R3 - 1960 %W. 1111 8569

Cl - 100UUF 100V CAP 1100 9487 »

Ql,QZ - TRANSISTOR-TYPE BA 1123 7336

A i ——

B RL_Ann -12V
¢ R2 M

D R3 AN GND |

g GND n K

Foe— __J
==

R GND IS

PIN LOCATION DIAGRAM
6 PIN DIP

|

(I

A 2209 6150 A
SECTION 3.5
PAGE 8 REV. D
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o O M m O O O >

DTL TO CTL LEVEL CHANGER
PART #2
GB2N

Apr--

e

il

2204 4309

PEFR T

GB2N

GBIN & GB2N MUST BE CHIPLOCKED
TOGETHER, SAME LINE, GBIN ON LEFT
SEE PAGE 30 FOR INTERCONNECTIONS

Rl - 61,90 1111 8445

R2 - 10K N 1111 8973

R3 - 2.87KN1111 8841

R4 - 19.6KN1111 9047

R5 - 1KN 1111 8734

R6 - 8250 1111 8718

D1, D2 - DIODE-SIL 1N4448 2208 6011

\J

RL o -

-12vf R2 ,, N

=12Vl R3 .. M
Dll" -2V L
DZ" K
RY ,an J
R2 s H
R6vw S

PIN. LOCATION DIAGRAM

16 PIN DIP

A 2209 6150 A
SECTION 3,5
PAGE 9 REV, D
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0. OHO MmO o o>

CTL TO DTL LEVEL CHANGER

GB3N
2204 4319
e

iz

£

24 |

LGB3N 4
Dl - DIODE-TYPE 23 1124 1023
Rl - 1.21K %W 1111 8759
R2 - 511N %W 1111 8668
R3 - 1KO kW 1111 8734

B1700 HARDWARE RULES

Ql - TRANSISTOR-TYPE BD 1123 7369

PIN LOCATION DIAGRAM
16 PIN DIP

N

) 4

DI »i p

RL,. |2V

R2,,. =12V u

R3 2V |
— — K
— e
—1 hu L H
5ND] s

i

A 2209 6150 A
SECTION 3.5
PAGE 10 REV, D



I

Burroughs Corporation @ g

B ——

B1700 HARDWARE RULES

COMPUTER SYSTEMS GROUP
SANTA BARBARA PLANT

A 2209 6150 A
| SECTION 3,5
= PAGE 11 REV, D

g

Mimin

oo Mmoo o>

CTL TO MOS CLOCK CONVERSION
PART #|

GBLN
2204 L4325

|
“REFFER

193
oo
&
=

TWO GB4N'S, ONE GBSN & ONE GB6N MUST BE CHIPLOCKED
TOGETHER, ON TWO ROWS, GB4N & GB5N ON UPPER ROW
GB4N & GB6N ON LOWER ROW. FOR SCHEMATIC AND
INTERCONNECTION DIAGRAM, SEE SSRN CHIP. . Section 3.3 PAGE 11
RL - 178N %W 1111 8551
R2 - 1960 % W 1111 8569
R3, R7 - 681 kW 1111 8692
" R6, R4, RS - L.47RQAEW 1111 8775
Dl - DIODE-TYPE &4 1170 4855

NS
‘ W p
GND R2 n N
-12 R3 M
+4 .15 RY M L
+4,75 RS K
+4,75 R6 pan J
DI H
R7 -2V g

PIN LOCATION DIAGRAM
16 PIN DIP
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Jinm

CTL TO MOS CLOCK CON\/ERSION
 PART#2

GB5N
2204 4333

Z

_B_'F""‘l
L,

—EE

e __
-

RGBSN, S

GBS5N MUST BE USED WITH GB4N & GB6N.
SEE SHEET FOR GB4N FOR DETAILS.

Ql, 02, Q3, Q4 - TRANSISTOR:TYPE BJ 141 6062
 R!, R2 — 287 OHM + W 1111 860l

e ~ L—MP
~——ﬁ§| Q§}~—~—-'N |
R E T M
K
LAl
—~—{§&!(§€J—~———*~ H
— S

PIN LOCATION DIAGRAM
16 PIN DIP

TTE’"TTT@

A 2209 6150 A
= SECTION 3.5
== PAGE 12 REV, C
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PAGE 13 REV, C

CTL TOMOS CLOCK CONVERSION
PART# 3

GBGN
2204 43U 1

|
|

o

e

B
GBoN

GBGN MUST BE USED WITH GB4N & GBSN
SEE SHEET FOR GB4N FOR DETAILS

Cl, C2 - I.OUF 50V CAP. 1907 8815
Ql, Q2 - TRANSISTOR-TYPE AT 1120 0482
RI, R2 - 287 OHM 4 W L1l 8601

A+4.75_1 \J -2 o

B G Cl Ce= GND. N

¢ GNDLT™ ¢y 77 T{GND

D A L

E —— AV K

G —-—-—301 QZE—-——--—- H

R — ’ L S

PIN LOCATION DIAGRAM
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CTL TO MOS CLOCK CONVERS!ON

PART #4
GB7N
2210 9821
‘AI".""‘1 P
booonC
| T
b

! |
G
‘—-—.—
G

|

i

ONE GB4N, ONE GB7N, ONE GB8N & ONE GBYN MUST BE CHIPLOCKED

TOGETHER, ON TWO ROWS, GB7N & GB8N ON UPPER ROW

A 2209 6150 A
SECTION 3.5
PAGE 14, REV, B

GB4N & GBIN ON LOWER ROW. FOR SCHEMATIC AND INTERCONNECTION DIAGRAM,

SEE SSRN CHIP. Section 3.3 PAGE 13
Rl - 178 W 1111 8551
"R2 - 750 & 1/4 W 1111 8700
R3, R7 - 68La %W 1111 8692
R6, R4, R5 - 1.47Ka kW 1111 8775
Dl - DIODE-TYPE 4 1170 4855

\
A RI VAA
B ‘GND R2 A
C -12} R3 VA
p Ab.75 ‘RL} A
E +4.75] R5 A
F +4.75] R6 AN
R R7 -2V

PIN LOCATION DIAGRAM
16 PIN DIP

" I e« X rmr X Z2 7o
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CTL TO MOS CLOCK CONVERSION
PART #5
GB8N
2210 9839

GB8N MUST BE USED WITH GB4N, GB7N, & GBON
SEE SHEET FOR GB7N FOR DETAILS

Rl - 287a kW 1iil 8601
Cl - 82pf 2208 7837
Ql, Q2, Q3, Q4 - TRANSISTOR-TYPE BJ 1141 6062

A -12V NS +'+.75 P
C — M
D v L
E —T7v )l s S
F A = J
G 02 Qb H
R N S

PIN LOCATION DIAGRAM
16 PIN DIP

(I

A 2209 6150 A
SECTION 3.5
PAGE 15, REV, A
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CTL TO MOS CLOCK CONVERSION

PART #6
GBON
2210 9847
r==9
o
|
L
I o
o M
R} GaoN S
L GBN=

GB9N MUST BE USED WITH GB4N, GB7N & GB8N
SEE SHEET FOR GB7N FOR DETAILS

D ~ DIODE-TYPE 23 1124 1023
Ccl, C2 - 1,0UF 50V CAP, 1907 8815
Ql, Q2 - TRANSISTOR-TYPE AT 1120 0482
Rl - 3.16K 1/4 W 1111 8858

A +h4. 75 haedf "'___2 =}
8 — Lo c2L T __
C —GND} T D T_|GND. M
: Kt |
___
Eaibs
R Ly SR

PIN LOCATION DIAGRAM
- 16 PIN DIP

B1700 HARDWARE RULES

[

A 2209 6150 A
SECTION 3.5
PAGE 16, REV, A
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(1)

(2)
(3

ALSO DESIGNATED

S N

o ~
RPNN RP5N RPGN

7 S

MISCELLANEOUS GCIRCUITS (Continued)

Element Type:

Standard Assembly Number:
Manufacturer/Manufacturer's Type:

Circuit Designation:

RPNN

2200 8320

CTS

500 ohm Resistor Pack

Description of Operation:

The RPNN is a resistor network containing 13 thick film resistors in

a 14 pin DIP,
Each resistor

Maximum Power
Maximum Power

is 50001+ 5%

Dissipation/Resistors 77mW
Dissipation/Package: 1000mW

RPNN - PIN L CONNECTED TO -2.0V
RP5N - PIN L CONNECTED TO +k, 75V
RPGN - PIN L CONNECTED TO GND

g
A RO!_,_RQ8 P
B~—-———~—5&&2 §§39 N
| R [ ®lo[
p— 4 RO L
E ROR_4 RiL K
F ROe | RIZ|
A I 1

ROI—RI3 = 500 1

PIN LOCATION DIAGRAM
I4 PIN DIP

A 2209 6150 A
SECTION 3.5
PAGE 17 REV. D*
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RP2N »
13 RESISTOR PACKAGE
S 2205 6188
_FUNCTIONAL DIAGRAM
SPECIFICATION
Rx = 2.2 K OHMS
MAXIMUM POWER PER LOAD:0.375MW
MAXIMUM POWER PER PACKAGE: 1.5 WATTS
A ROL P
B 12 N
C - K M
D- B4 L
E— E K
F R v
G RQ7 —H

PIN LOCATION DIAGRAM
14 PIN DIP
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'ALSO DESIGNATED ' ALSO DESIGNATED

" v

RP6N RPYN RPZN RP8N RPWN RPXN
2206i6922 i l 22066930 l l

i
AN/ PN

13 MIXED RESISTOR PACK

RP6N | RPSN |
VALUE[ L[ VALUE[ L 2
ROI |420 |4|L20 |L A ROI _ RO8 p
RO2 1280 [6|210 |8 B RO2 | RO N
RO3 {280 (6]210 C RO3 | RIO M
ROL 335 |5[560 |3 0 ROL )
RO5 (280 [6]210 |8 RO5 | RI1
280 E g K
RO6 1280 61210 1.8 RO6 | RI2
RO7 420 |4|b20 |4 F M —an J
RO8 420 |4|420 |4l G RO7 | RI3 H
RO9 280 |6{210 |8] R S
RI1O {280 |6]210
RI1 [280 [6][210 |8
R12 1280 161210 | PIN LOCATION DIAGRAM
RI3 [420 |4|420 |4 16 PIN DIP
RP6N - PIN L CONNECTED TO -2.0V
RPYN - PIN L CONNECTED TO +4.75V
RPZN - PIN L CONNECTED TO GND
RPSN - PIN L CONNECTED TO -2.0V
RPWN - PIN L CONNECTED TO +4. 75V
RPXN - PIN L CONNECTED TO GND
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RPAN 1675 0754
200 OHM RESISTOR PACKAGE (10 RESISTORS)

1) Ten resistors are contained in a 14 pin dua;-ini-line package as shown below.

2) R = 200 + 5% at 100 mw, maximum power, '
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B1700 HARDWARE RULES A 2209 6150 A
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RPBN 1675 0556

K RESISTOR PACKAGE (10 RESISTORS)

(1) Ten resistors are contained in a 14 pin dual-in-line package as
shown below. :

(2) R = 1000+ 500 at 150 mw., maximum power.

R

———q —e— M

D —e— —4— L
R7
R3 R8
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CPLN

Element Type

Standard Assembly Number:
Manufacturer/Manufacturer's Type:
Circuit Designation

Déscription of Operation: -

' 1. Capacitance:200pf + 10%
2., DC Voltage:30V DC max.

Pin Locations:

B1700 HARDWARE RULES

o =T [ =] = =

FIEEFERFF

ﬂ

A 2209 6150 A
SECTION 3.5
PAGE 22 REV, B

iy

CPAN

2208 4834

Corning Glass/D00049
Capacitor Network
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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 = 120N+ 6N at 100 mw maximum power,
R2 = 20001+ 10flat 100 mw maximum power.
C = 270 pf + 54 pf, V (break down) > 50 volts.

D L

SR

F Rzi ol

‘ i B el B
Rl

A 2209 6150 A
SECTION 3.5
PAGE 23 REV, C
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B1700 HARDWARE RULES

| T
(T

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 + 5% at 200 mw maximum power.

U
A ' 4 B T P
B T — +—N
C ¢ VWA — M
D _T ' —— L
R
E ¢ W & K
Fe—— J
G R H
PIN

DIAGRAM
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H‘llmmn

| , RPEN
3.5 MISCELLANEOUS CIRCUITS (Continued)
Element Type: v RPEN
Standard Assembly Number: 1677 1032
‘Circuit Designation: Resistor Network

Description of Operation:

(1) 15 .resistors are contained in a 14 pin, Dual-In-Line package

(2) RL = 100a + 2%
R2 = 9Kn + 2%

(3) The maximum continuous power dissipation capability of each
resistor in the network shall be ,1 watt,

PIN LOCATIONS:

TOP VIEW
w
R1

>
7’;'
o

<

L

(¢}
X <
o S
) f
N o

X

o
=
—
]
—
(el

|
2
Jfg

—K

0 <
~
=
N

'n
oo )
y—
P
= 2
=
(&

p—H

RPEN
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| IC VIDEO AMP

3.5 MISCELLANEOUS CIRCUITS (Continued)

Element Type:

Standard Assembly Number: 2200 8460

Circuit Designation: I1.C. Video Amplifier
" Description of Operation:

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
current 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:

TOP VIEW
./

N.c' A 3 N.C.
ve. ] ] vee.

INVERTING OUTPUT <@— [c___ E —p NON-INVERTING OUTPUT

212.0 VOLTS
Zl}vu (12,0 VOLTS)
Z‘ «§—— NON- INVERTING INPUT

GROUND E Z
Vi (-12.,0 VOLTS) E

INVERTING INPUT 9™ E Z] GAIN CONTROL

ve. [c] ] wec.




Burroughs Corporation @ g

COMPUTER SYSTEMS GROUP
SANTA BARBARA PLANT

A 2209 6150 A
SECTION 3.5
PAGE 27 REV, B

B1700 HARDWARE RULES

i

RPFN
Element Type v RPFN
Standard Drawing Number: S-1918 3573
Circuit Designation Resistor Network
Machine No, _ 614

1. Power Rating:

a. 60 milliwatt maximum per element
b. 1.5 watt total per package

2. Resistance Value

Machine Rl THRU R13 R14 THRU R26
Number -
Value (Ohms) Til' Value (Ohms) T?}'
614 135 : 2 787 2
Pin Location Diagram

A ' RL | Rl4 | P _ . .
Rz Ri3 " There are 13 resistor networks

Bl KN ®J . Ri6 A~ LN ' each with the following con-
Y ﬁ'ﬁ figuration:

C M#* - ) .

T .~ — PIN L

R R18

D L

T -2V

R6 R19 787a

E K

GND e

R7 R20 INPUT
WV ™ J

- Ra.l 521 T : 135a

9
Gl A RO TR25 o~ | H '
N —4

R11 R24

R A__RI12 R25 A~ S PIN E
R13 R26

RPFN

* Not internally connected
(+4.,75V acceptable)
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| | JPRN
3,5 Miscellaneous Circuits (Continued) , :
Element Type: JPRN
Standard Assembly Number: : None
Circuit Designation: Headexr - 16 Pin

Description of Operation: (not a chip)

Thisudevice has no loglic content. -A blank 16 pin Socket Header (S-2201 4732) is used
for the discretionary wiring (installed in the header) to make a JPRN function.
Jumper wiring configurations are:shown in a special Jumper Chip Instruction T & F
document. .

Pin Locations:

FUNCTIONAL DIAGRAM
“TOP VIEW

\J

FFFFRF

| JPRN|

belolalololed=

OR MAY BE SHOWN
AS SINGLE JUMPERS

FRFAFAFFFS
HEEEEHEEE

[~

JPRN
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Note: See section 12

Ré6nn

3.5 Miscellancous Circuits (continued)

Element'Type:
. Standard Assembly Number:

Circuit Designation:

Description of Operation:

R6nn,

S$2212 2725 - 2212 2782
Single-in-line Resistor Package

.The R6nn contains seven thick film resistors with one end in common

in an eight pin, single-in-line package.
«3 Watts.

Rénn

R6n0 contains seven -

R6nl
R6n2
R6N3
R6n4
R6N5S

R6N6 .

Indicates usage where

page 9 for schematic

representation.

2

LOGIC DIAGRAM’

330
2200
100
150
4700
680n

1Kn

Indicates value of resisﬁors
<~ )

resistors

Part Numﬁer

2212
2212
2212
2212
2212
2212
2212

2725
2733
2741
2758
2766
2774
2782

Each resistor can dissipate
There are a number of valued available.

GND

10
11

12
13
14
15
16

"SCHEMATIC

SYMBOLS

-2,0  +4.,75
20 30
21 31
22 32
23 . 33
24 34
25 35
26 36

TO BE SHOWN INSIDE A
TRIANGLE

R6ln = Resistor to grdund
R62n = Resistor to -2.0v
R63n = Resistor to +4.75v
1 | | | 1 I 1 | l ] '
I
— JEEG PUNES DU PR DU P J S RS U N U - i
r—;\ f;—w r_;;_]/\ r_;\ _1
P \voy O A AN

Faut
7

oo 4

o)
r/
0o +

L)
”

oD
A4

VeV

A%

U

Pan
U

&
\\oa

|
|
|
|
|
|
|
|
|
!
I
|
|
|

|
{
|
|
|
|
|
|
|
|
|
|
J
|

P40 O OO0

+tO+M+mMio+O+

Y

_Tflj BN

[

’\¢
20

—20

|
|

T

Rénn Grid Location Diagram
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«  GBIN & GB2N
- INTERCONNECTION SCHEMATICS»
_ - A P
O B LS ' i
C M =12y, Ll
o L D 1
=—— GND = -2V
¥ F J
+ ©
'LOGIC INTERCONNECTS
+12
g, 825
1K CTL COMPATIBLE
| 'V\/\I' ° O OUTPUT
LLEL-PLATE s |
'L_INPUT - 1ok
2.87K /77

SCHEMATIC
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RPON

3.5 Miscellancous Civcuits

Element Type: ) RPON

Standard Assembly Number: 2540 0904
“Circuit Designation: Resistor Network

Description of Operation:

T

2)

The RPON contains 24 resistors in a 14 pin dual in line
package as shown below. ‘

RL.= 106 olms + 2% at 150nW per resistor
R2 = 2K ohms ¥ 2% at 100mW per resistor

~ oen

[w] [=1
&
%ﬁ§a§:
ET =T =]

] 1
— VAer—G1 W\—
C -—(%) R2 J R? ?f-—-—
] ’\.l’{\{'\. @ J\/]\(’]\r—n
= AN—O ’\/\/\,—-—“
D ~—"+ R2 2 .>--?
— Vil LAY vy g 1
Eb—¢  R2 - _R2 -—SL" K
1 Rl ¥ AN
T — ANt sz-—%?_m—.

3 R2 R2

LA DN vk gu Tl

—
=

RPON

PIN LOCATION DIAGRAM

A 2209 6150 A
SECTION 3.5
PAGE 31 REV, A
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! iy

RPSN

3.5 Miscellaneous Circuits

" Element Type: ’ RPSN
Standard Assembly Number: ' 2539 9965
Circuit Designation: Resistor Network

Description of Operation:

1) The RPSN contains eight 25a resistors in a single 16 pin
dual in line package as shown below,

2) R = 25'ohms ¥ 10% at 120mW per resistor.

E— At
G—AM—]
o A
(B AN
E—ANV—3]

PIN LOCATION DIAGRAM
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M

0Scc

3.) Hiscellaneous Circuits (continued)

£lement Types - , 13sccC

Standard Assembly Number: } 2314 2847
Manufacturer/Manufacturer®'s Yype: MotorolasK10914A
Circuit Designation: 12 MHz Crystal Clock

: fsciilator
Description of Uperation:

The crystal oscillator provides a 12 MHz square wave output
accurate to & 0.01%. .

The O0SCC is containeid in a 14 pin CIP. The only input connections
required are Ycc and Ground. ‘

Qutput is TTL conpatuble with a worst case 60740 auty cycle at the
1o 4V level. :

l lé—_ —| i

| | ——.——-+Zf—' 907
8 [ ‘ . ! :
r— OUTPUT 1.4 ‘ |
0scc : | ; _____ j - - 10%

< 407 min. >

_ O%max

FUNCT IONAL DIAGRAM - >
fCLK

OUTPUT WAVEFORM
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LIS Hisco((aneous Circuits (continued)

£l ement Type: ' ‘ gsco

"Standard Assembly Number: 2212 2592
Manufacturer /Manufacturer?®s Type: Motorotla/K1100A
Circuit Designation: 307.2 KHz Crystal

Clock Oscillator
Description of Operation:

The crystal oscillator provides a 207.2 KHz square wave output
accurate to & 0.01%. : '

.The OSCD is contained in a hermatically sealed package having &
pins with dual-in-line spacings The only input connections
required are Vcc and Ground.

Qutput is TTL compatible with a worst case 60/40 duty cycle at the
1«4V level. Output waveform rises and fall times are 15 ns maxe.

Qutput drive capability:

Jol = 16 mA 3 Vol=2.4YV Ioh = =400 uA 3 VYoh=2.4YV
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4,0 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



TABLE 4-1 CTL SUMMARY _ ) i u .
, » -
INPUT LOADING - OUTPUT DRIVE OUTPUT _ z3 3
TYPE DEVICE DESCRIPTION DESIGNATIONS L H  DESIGNATIONS PIN PKG LOADING AC PARAMETERS _ VALUE (ns) 55 &
m
AFAn | Dual Adder/Subtractor |AO BO CO MO 0.8 0.8 |s0 Gco PO 12 72 0 Input to Output 22 Max. 2: z
Al Bl C1 S1 Gl P1 . _ v 30
AMCn | 8 Bit-Memory 10 11 0 1.5} Q 3.5 7 0 Read Access Time 127 Max. > @ g?
RO Rl R2 R3 0 1.5 : Data Set-up Time 17 Max. 30§
WO W1 W2 W3 0 2.5 Minimum Write Pulse Width 27 EX] 'g
ro
BG-N | Dual Buffer (2,2) 0.8 0.8 24 48 0 Input to OutputA 10 -Max. > 2 ;
BHAn | Hex Restorer 0.8 0.8 12 48 ] Input to Output 12 Max. - S 5
CFAn| & Bit Comparator AO Al A2 A3 A4 | 0.8 0.8 | AL AE AG 12 36 0 Input to Output 28 Max. s
BO Bl B2 B3 B4 - » @
CFBn| Carry logic Gate PO P1 P2 P3 1 1 co Cl €2 C3 12 48 0 Input to Output 6 Max.
GO Gl 62 63 P
cl
' .8 0. 23 12 9 0 Address to Output 12 Max. :
DFAn| 1 of 8 Decoder gg ﬁi.Az 0.8 0.8 %2 %% %% z7 Enable to Outggg 12 Max. v <]
EFAn | Priority Encoder 10 11 12 13 0.8 0.8}20 21 z22 12 24 0 Input to Address Output 16 Max. : ) -—
14 15 16 17 AL Toput to AI Outpute 16 Max. S‘
6] » Inhibit to Output 16 Max. S
Dual JK/D Flip Flop JO KO DO 0.8 0.8} Q 12 48 0 Clock (-) to Output 17 Max.
FFAn| bual JK/D Flip Flop J1 K1 D1 ng‘(i) , Data Set Up Time 10 Max. s
MO M1 : JK to D Mode Set Up Time 10 Max. >
D to JK Mode Set Up Time 10 Max, =~
‘Minimum Clock Pulse Width 17 O
GFBu | Dual AND Gates (4,4) 1 1 1z 2 1 | Input to Output 6 Max, E
GFEn | Quad Gates (1,1,1,1) 12 48 1 Input to Output A 6 Max. o
GFFn | Quad AND, AND/OR Gates 1 1 12 36 1 Input to Output 6 Max. m
(2,2,2+42) : . -
GFIn| Triple AND Gates (4,3,3) 1 1 : 12 36 1 | Input to Output , 6 Max. P
—
GFJn | Quad AND Gates (3,2,2,2) 1 1 12 48 1 Input to Output 6 Max. o
GFKn | Quad AND Gates (3,2,2,2) 0 0 ; 12 48 0 Input to Output 6 Max. i w
-n| I ter (2,2 0.8 0.8] 26 48 1 Input to Output (FO=12) 12 Max.
ITF o] Dual Imverter (2,2) Input to Output (FO=24) 15 Max, “‘ ;
| it
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TABLE 4-1 CTL SUMMARY :continued) Il“l“\“l“ﬂ““l
’ w

INPUT OUTPUT o 8 _:’
INPUT LOADING OUTPUT DRIVE OUTPUT ; % 3
TYPE DEVICE DESCRIPTION DESIGNATIONS L H  DESIGNATIONS PIN PKG LOADING AC PARAMETERS VALUE (ns) ;S [
IHAn | Hex Inverter 0.8 0.8 12 48 0 Input to Output 12 Max. 3 -
LFAn | Quad Latch 10 11 12 13 0.8 0.8|0Q0 qQl Q2 Q3 12 48 0 | Data to Output 22 Max. 2% g
' MO M1. ' Mode Controls to Output 22 Max. EAE
PO P1 Clock (+) to Output 22 Max. > 1
EO Read Enable to Output 12 Max, 2a '3
Data & Mode Set Up Time 12 Max. >3 3
Minimum Clock Pulse Width 17 z Q g
MFAn | 8 Input Multiplexer 10 11 12 13 0.8 0.81]20 12 12 0 Data to Output 16 Max. k g
14 15 16 17 Address to Output 20 Max,
A0 Al A2 EO Enable to Output 16 Max. C'D
MOPn | Micro-operator. 10 I1 12 13 0 0 YO Y1 Y2 Y3 | 12 60 0 Input to Output 14 Max,
20 z1 22 23 Z4 lllllllllll"lllllll
RFAn} 3 Bit Register 10 11 12 CI 0.4 0.8]Q0 Q1 Q2 12 52 0 Clock (-) to CO 39 Max.
MO M1 M2 CI 8 0.4/0.8 Clock (-) to Output 21 Max. o)
RFZN PO RO CO co 8 0 Clock (-) to CI 39 Max., ot
Carry In to Carry Out 24 Max, N
Mode Control to CO 38 Max, o
Data Set Up Time (+ & -) 24 Max. "o
Data Set Up Time (other) 11 Max.
Clear Set Up Time 17 Max. I
Mode Control Set Up Time 28 Max., >
Data, Mode, and Clear ~
Hold Time 6 Max. O
Minimum Clock Pulse Width |17 >3
RFBn 4 Bit Register 10 11 12 I3 >
RF-N MO M1 M2 PORO | 0.4 0.8 Q0 Ql Q2 Q3 12 48 0 Clock (=) to Output 21 Max, P
Data Set Up Time 6 Max, m
Clear Set Up Time 19 Max. -0
Mode Control Set Up Time 28 Max, cC
Data, Mode, and Clear s
Hold Time 7 Max. m
Minimum Clock Pulse Width | 20 # wn
NOTE: Propagation delays for a logic string of non-restoring gate elements should be calculated by using a Root Sum Square (RSS) law. """m"mll I
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. = 4] >
Qo
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TABLE 4-2 TTL/DTL SUMMARY

INPUT CURRENTS ‘ OUTPUT OUTPUT HIGH
) INPUT - @Vvi= OUTPUT Low" OR LEAKAGE
“TYPE DEVICE DESCRIPTION DESIGNATIONS LOAD LEAK DESIGNATIONS TYPE = CURRENT CURRENT AC PARAMETERS VALUE (

—

MILN | EBCDIC/ASCII (MSB) AO AL A2 A3 A4 | -1.6
Code Converter A5 A6 A7 C1 C2 0.45

MI2N | EBCDIC/ASCIT (LSB)
Code Converter

MI3N | ASCII/EBCDIC (MSB)
Code Converter

MI4N | ASCII/EBCDIC (LSB)
"{ Code Converter

MHIN HOLLERITH/EBCDIC (LsB)
Code Converter

" Mu2N | HOLLERITH/EBCDIC (MSB)
Code Converter : )
| | . : Wit

. MH3N | EBCDIC/HOLLERITH (LSB)
- Code Converter

MHGN | EBCDIC/HOLLERITH (MSB)
Code Converter

- MJIN 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

MK1N | EBCDIC/BLCHPAR (LSB)
Code Converter

MK2N | EBCDIC/BCL+PAR (MsB)
Code Converter

"MIN | EBCDIC/KATAKANA (LSB)
Code Converter
' i

kMZN EBCDIC/KATAKANA (MSB)
Y[V Y

Code Converter. \v w . V

_$A .245$A 0l 02 03 04 oc |1smae L 0.lmA @ | address to Output 60 ‘Max.
. Vo=0.45V Vo=5.25V Enable to Output 40 Max.
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TABLE 4-2 TTL/DTL SUMMARY (continued)

INPUT CURRENTS . OUTPUT OUTPUT HIGH
INPUT @ Vi = OUTPUT "LOW" OR LEAKAGE
TYPE DEVICE DESCRIPTION DESIGNATIONS LOAD LEAK DESIGNATIONS TYPE CURRENT CURRENT AC PARAMETERS
MF4N | EBCDIC/BCL 1/4 A0 Al A2 -1.,6mA 0.10ma |01 02 03 04 oC 10 mA @ L -.2mA @ Address to Output
Code Converter A3 A4 EO +0.40V 4,5V 05 06 07 08 V°=O.40V V°=5.5V Enable to Output
MF5N | EBCDIC/BCL 2/4
Code Converter
MF6N | EBCDIC/BCL 3/4
Code Converter
MF7N | ERCDIC/BCL 4/4
Code Converter
MF&N | BCL/EBCDIC 1/2
Code Converter
MFON | BCL,/EBCDIC 2/2 ' W \ : ‘L’
Code Converter 4 v v / V
RFCn | 64 Rit Memory 10 11 12 I3 -1.2mA 0.06mA }Ql Q2 Q3 Q4 oC 15 mA @ L O.lmA @ Address to Output
AQ Al A2 A3 +0.45V 4.5V Vo=0.45V V°=5.25V Enable to Output
CS WE Minimuc Write Enable
Pulse Width
Recovery Time After
Write Enable
RFDn | 256 Bit Memory AO Al A2 A3 -0.26mA 0.0lmA | DO oC 15mA @ L 0.lmA @ Address to Output
Ab4 A5 A6 AT +0.45V 5,25V Vo=0.45V \’°=5.25V Enable to Output
CSO €Sl Cs2 Minimum Write Enable
DI WE ’ Pulse Width
Recovery Time After
wWrite Enable
RwQo | 102+ Bit Memory AO Al A2 A3 -0,4mA 0,02mA | DO oC 16 mA @ L 50uA @ Address to Output
A4 A5 A6 A7 +0.40V 4,5V VO=O.40V Vo=4.5V Enable to Output
A8 A9 DI WE Minimur Write Enable
[ N Pulse Width
Recovery Tize After
. Write Epable
IHDN | Hex Inverter 01 21 31 41 -1.6mA 0.10mA | OB 1D 2F oC 40 mA @ L .25mA @ Ioput o Output t,
51 11 +0.45V 4,5V 3M 4K 5H V0=0.7V Vo=30V oy
IHCN | Hex Inverter (DTL) 01 11 21 -1.5mA  SpA OB 1D 2F Actv H 10mA @ Input tc Zutput Ca_y
31 41 51 +1.1v 1.9v 3H 4K 5M . V°=0.6V V°=2.6V Loy
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' TABLE 4-2 TTL/DTL SUMMARY (CONTINUED) “mmmm“
. INPUT CURRENTS ' OUTPUT " OUTPUT HIGH w
. INPUT - - QVis= OUTPUT "LOW" OR LEAKAGE . : w0 E,
TYPE DEVICE DESCRIPTION DESIGNATIONS LOAD LEAK  DESIGNATIONS  TYPE  CURRENT CURRENT AC PARAMETERS VALGE i) 5 3
TAOn | Re-triggerable 10 11 12 13 -1.6mA 0.06mA | QT QF ™ | 9.1mA@ H -6.7mA Negative Trigger In [I >S5 &
: Monostable ' +0.45V 4,5V - V°=°-‘05V ,,,Y°=1-6V to True Out 50 Maxiiff] o % -
Multivibrator -0,72mA Negative Trigger In l 2o @
, V=249 to Comp, Out 50 Ma 23 A
Minimum Input Pulse b ; ]
_ Width , 40 ;g .g
Minimum True Output Co §
Pulse Width 65 z2 0
. pr} -
DFBN | Seven Segment A0 Al A2 A3 -1.5mA  SpA ZA ZB 2C 2D Actv] 10 mA @ H OmA @ Input to Output 550 Maxfiill % °
Decoder RBI -0.75mA 5pA - | ZE ZF 26 | v =0.45V V =4,3V 5
LT -6.4mA  25pA RBO 2%mA @ H -70uA
Y045V 4.5V =5V | V2.7V v 6
" IDCN | Dual Expandable 01 02 03 04 -1.5mA  SpA OF IH . oc | 36 ma@ L 200uA @ | Inmput to Output t, . 55 Max i
Nand Gate 05 11 12 13. +0,40V 4.0V V_=0.40V V =4,5V t 35 Max|] i
[} ) &+- ;
14 15 :
$2-N | Quad .2- Input Ta0 Ial IbO -1.6mA  40pA 20 21 22 23 TP | 16mac H -.8mA @ Data to Output tg . 25 Max w
Multiplexer Ibl IcO Icl +0,40V 2.4V - C V6=0.40V. V°=2.l&V ’ to. 18 —
v 1d0_1d1 : Enable to Output®f; | 30 S
A E Tt 25 o
: Select to. Output tat 35
. - _ : LT 30 I
POO1 | 256x4 PROM AO Al A2 A3 -1.6mA  -.06mA | Q0 Q1 Q2 Q3 oc 16 mA @ .02 mA @ Address Access 70 Max >
AG A5 A6 A7 0.4V 2.4V V) =045V | V= 2.4V Enable to Out 40 Max ~
CE1 CE2 , ‘ : O
P002 | 32x8 PROM A0 Al A2 A3 -0.4 mA -0.04mA | QO Q1 Q2 Q3 oC 16 mA @ L .02mAQ@ Address Access 55 Max 2
A4 CE 0.45V 2.4V | Q4 Q5 Q6 Q7 V= 0.45V | V= 2.4V Enable to Output 35 Max| >
BR4N | 256x4 PROM AO Al A2 A3 -.4mA 0,04 mAl Q0 Q1 Q2 Q3 16 mA @ L 0.1 mA@ | Address Access 40 Max -
A4 A5 A6 AT. 0.4V 2.4V V. =045V | V_ = 2.4V Enable to Output 25 Max
o - X [+ o]
Cs1 CS2 : o
PRSN | 512x4 PROM AO Al A2 A3 -.46mA 0.04 mA . c
. A4 A5 A6 A7 0.45V 2.4V Q0 Q1 Q2 Q3 oC 16 mA @ L 0.1mAQ@ Address Access 60 Max ;
v A8 CS . V= 0,45V | V= 2.4V Enable to Output 35 Max P
S4-N | Dual 4-Bit Data EA EB AO Al -1,6 mA 0.04 mA| ZA ZB 16 mA @ H .04 mA Data to Output t 25 Maxfiffi
Selector - 1A0 1Al 1A2 0.4V 2.4V v, =047 | V=240 P4 27 Max| .
IA3 1BO IBL Address to Outpuedt ar 41 Max mm"mm
B2 IB3 o | 38 max. .
Enable to Output tpg_'_ 37 Max. D G >
. t 2 . N
pd- 7 Max g E'__].) 8
YR
=
o
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TABLE 4-2 TTL/DTL SUMMARY (Continued) | (L
®

INPUT CURRENTS OUTPUT OUTPUT HIGH wd &
INPUT @vi= OUTPUT "Low" OR LEAKAGE z3 3
TYPE DEVICE DESCRIPTION DESIGNATIONS LOAD LEAK DESIGNATIONS TYPE CURRENT CURRENT AC PARAMETERS VALUE (n ;E‘ c
. m ®
o5 5
8% .
3a &
>7 5
T3AH | Triple 3 Input . -2 mA 0.04 mA 1)5 ,g
AND Gate 1 0.4V 2.4V TP 20 mA @ H 2 mA Input to Output tpd+ 19 Max, ce 3
Vo= 0,4V |V = 2,4V “tpd- 16 Max. z3 ®
) (o] o] 4c :
T2HN | Quad 2-Input -2 mA 0.04 mA ; S 3
NAND Cate 0.4V 2.4V TP 20 mA H 2 mA Input to Output t 17 Max. s
, V= 0.4y |V = 2.4V Bt 14 Max.
: L)
BTSN | Tri-State 10 Il 12 I3 -1.6 mA 0,04 mA OO O1 02 03 TS 38 mA @ H 2,5 mA Data In to Output tpd+ { 23 Max, @
Hex Buffer 14 15 DIsS4 0.4V 2.4V 04 05 Vo = 0.4V Vo = 2.4V tpd- | 26 Max. l"mummmm
DIS2 (norm.,) (norm, ) (norm. ) High Impedance tpZH 40 Max.
L4 mA o4 mA .04 mA tp2l 45 Max,
10-15 Only oo Vo = 0.4V Vo = 2,4V tpHZ 25 Max. E’
. (high) (high) (high) tplZ 33 Max, N
CR4N | 4 Bit Binary Clear, Data -1,6 mA ,04 mA |QO QL Q2 Q3 TP 12 mA @ H 6 mA Clock to (?utput tpd+ 33 Max, o
Counter Enable P 0.4V 2.4V Vo = 0.4V Vo = 2.4V (load low) tpd- 37 Max. ©
Clock, Load -3.2mA 06 mA |C 16 mA @ 8 mA Clock to Output tpd+ 28 Max, T
Enable T 0.4V 2,4V Vo = 0.4V Vo = 2,4V (lcad kigh) tpd- 31 Max. >
. Clock to Carry tpd+ 44 Max, >
tpd- 43 Max.
Enable T to Carry tpd+ | 23 Max. o
tpd=- | 23 Max, é
Clear tc Output tpd- 46 Max, 3>
Clear Recovery Time 238 Max, )
Clear Pulse Width 24 Min, m
Clock Puise Width 30 Min,
Enable P and Data | bad
Set-up Time 22 Max., c
Load Set-up Time 2% Max, —
Hold Time Any Input m g;
1024 Bit RAM AO Al A2 A3 -0.4 mA .02 mA | DO GcC 16 mA @ L 50uA Address to Output 5-’_) Max,
RNL A4 A5 A6 A7 0.4V 4,5V Vo = 0.4V Vo = 4.5V Enable tc Output 33 Max,
48 A9 DI TE Min, WE Pulse Width 40 “mmm"
IS Recovery Time after 70 Max,
Write Enatle
W
585
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TABLE 4-2 TTL/DTL SUMMARY (CONTINUED)

INPUT CURRENTS

OUTPUT CURRENTS

INPUT @vi= OUTPUT ‘ - HIGH OR »
TYPE DEVICE DESCRIPTION DESIGNATTONS LOAD LEAK  DESIGNATIONS  TYPE LOW @ Vo=  LEAKAGE @ Vo= AC PARAMETERS VALUE
B2CN | Quad 2-Tnput A0 BO Al Bl -1.6 mA 40pA | 20 31 22 23 oc | 48 mA L '250pA -Input to Output td—+ |27
| NAND Buffer A2 B2 A3 B3 0.4V 2.4V = 0.4V = 2.4V tde- |21
2TS i-State 10 DO 11 D1 -1.6 mA - 40 ©20 21 22 23 TS| 16 mA H -2 mA -Data Input to  td+ 20
ner I(:S?}jezn e 12.D2 1I3.D3 0.4V 2.23 i = 0.4V Vo = 2.4V Output : td- 22
’ {norm.) - (norm) -Disable Input t2H 25
-40pA 40pA to Output t2ZL 29
"Vo = 0.4V VO = 2.4V tHZ 23
(hi 2&) (hi &) tig 22
‘N | Tri-State 10 I1 I2 I3 1 -1.6 mA  40pA 20 Z1 22 23 TS 32mA - H -2.5mA -Data Input to  td-+ 21
HsN &Zi Iii:rrer 74 I5 D152 D154 | 0.4V 2.6V | 24 25 = 0.4V Vo = 2.4V Output tdt- 20
(norm) (norm) (norm) -Disable Input t2H 39
10 - I5 only -40pA 40pA -40pA . 40pA to Output tZL 41
E ) 0.5V 2.4V = 0.4V Vo = 2.4V tHZ 15
(hi 2) (hi &) (hi 2) tLZ 31
Cener: . D SO S1 82 -0.25 mA 4. Q ER TP 4 mA H -400pA -Clock pulse .
CRC1 fig‘;\;;{ racor/ CP CWE P MR 0.4V 2.2?’ Vo = 0.4V Vo = 2,4V width, tw(L) | 35 Min.
) ’ ' -Reset or preset width | 35 Min.
~-Clock to Data )
output td-—- 55 Max.
td—+ | 55 Max.
-Clock to Error output | . .
td— 60 Max.
td—+ | 60 Max.
-Preset to Output ’
td—+ 60 Max.
-Reset to Output td+— 60 Max.
-Set up time, Data or
CWE to clock 55 Min.
-Hold time, Data or
CWE to Clock 55 Min.
-Recovery time, reset
or preset to clock 45 Min.
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TABLE 4-2 TTL/DTL SUMMARY (CONTINUED)

I

o F
2¢ 3
INPUT CURRENTS OUTPUT CURRENTS z3 3
INPUT @ Vi = OUTPUT HIGH OR ;S E
TYPE DEVICE DESCRIPTION DESIGNATIONS LOAD LEAK DESIGNATIONS TYPE LOW @ Vo= LEAKAGE @ Vo= AC PARAMETERS VALUE ol !;
»
®
<
. : . . >4 @)
SCTL | System Controller DO D1 D3 D4 -250pA 100pA | DO D1 D2 D3 TS 2 mA H -10uA -STSTB pulse width tpW |25 Mi Im 9
D5 D7 0.4V 2.4v | D4 D5 D6 D7 Vo = 0.45V Vo = 3.6V -STSTB to CPU Data Bus - .g
(norm) Set up time tss 10 Mi ro
Hold time =~ tsH 20 Mi 22 g
. _{g =
D2 D6 -750uA 100uA | DBO DB1 DB2 DB3| TS T g
0.4V 2.4V DB4 DBS DB6 DB7
H -1lmA -s B
DBO DBL SB2 DB3 | -250uA  20uA | ymmE  TEm s | v 0usv g ystem Data Bus o
DB4 DB5 DB6 DB7 | 0.4V 2.4v | : e =1 o= < : ) :
TR ToW (norm) (norm) Set up time tDS 10 Mi llllllllll.lllmll«
Hold time tDH 20 Miq
STSTB -500uA 100uA | INTA -STSTB to Control
0.4V 2.4V Outputs tDC 60 Maxl] o
——
DBIN HLDA _250uA  100uA ~100uA 100uA -DBIN to Control S
: 0.4V 2.4V Vo = 0.45V Vo = 5V Outputs tRR 35 Maxy =)
(Hi 2 all (Hi % all
- — : outputs) outputs) s of
WR RUSEN -250uA 100uA WX to Contrel : >
0.4V 2.4V Outputs’ twR 45 May st
_pBIN to CPU Datz Bus O
tRE 60 Mey 2
-Sjrste;_ Data 3us to >
. - . =
CPU Data Bus during m
Read R -5 xaﬂ
wrize tWD 45 Ma s
: C
-STST3 tc System Data Ly
Rus "E 45 May r(z
-BUSEN to S}'steé Data
Bus tE 35 %aﬂ
-HIDA to Control Cutpu )
i |30 Max 2 E 7
Q
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TABLE 4-3 INTERFACE CIRCUiTS SUMMARY

INPUT CURRENTS

OUTPUT CURRENTS

Driver

equal to 3K ohms

@ 2,=3K & 15 pf

: . INPUT @ Vi = OUTPUT ‘ . :
TYPE DEVICE DESCRLPTION DESIGNATIONS - LOW HIGH DESIGNATIONS LOW HIGH AC PARAMETERS VALUE (ns)
] . - - 59.3 mA Input to Output tpd+ 4§25 Max.
LDAN | Dual IBM Interface 0A OB OC OD OF 1.6 mA .04 mA oY 1Y 0,246 mA .5 1 p P pd .
L‘;ne Driver OF 1A 1B 1C 1D 0,40 V 4,5V Vo=0.15V  Vy=3.11V @ Z,=50s & tpd- .35 Max. .
1E 1F ‘ 100pf to gnd : ‘ :
LDPN [ Dual Intierface A0 Al BO Bl -1.6mA 1.0 mA 100 mA Input to Output tpd+. 65 Max,
Line Driver - 0.40 V 5.5V Max, tpd- 35 Max.
L Dual Interface A0 BO CO 20 71 15 mA -5 mA Input to Output
= Llil?\e Receiver Al Bl Cl V =0,45V  V _=2,4V Z,=3.9K & 30pf tpd+ 75 Max.
* [} c
2/=390 & 30 pf tpd- 75 Max.
CURBENT VERSUS
‘o INPUT VOLTAGE -
[vec=sov 11
H UNTESTED INPUT = OV | .0 :
i | 1428 € A
£ 20 } 4
z L
14
0
E] / i
t -2.0 V4
) |
a N .
z 40 T
—
Z e | d
- s -5 -S 5 1528
2¢ ¢ ¢ 1o 2¢
v,y - INPUT VOLTAGE - VOLTS
SO Sl -2,4mA 5uA
0,45V 4,5V .
LDGN | Quad EIA Line A0 Al A2 A3 1,3 mA .01 mA |20 21 22 23 VOH=+6V & Input to Output tpd+ 250 Max,
) Bl B2 B3 ov 5.0V vV - =-6V with tpd- 30 Max.

Y *ATH 01
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TABLE 4-3 INTERFACE CIRCJITS SUMMARY

INPUT CURRENTS

(CONTINUED)

I
o

INFUT @vi-= OUTPUT OUTPUT CURRENTS o ¢
TYPE DEVICE DESCRIPTION DLSIGNATION LOw HIGH DESIGNATION LOW HIGH AC PARAMETERS VALUE ( $2 3
LRGN | quad FIA Line AO Al A2 A3 8.3 to 8.3 to 20 21 22 23 10 mA  -5.0 mA Input to Output 3c g
Receiver -3.6 mA @ 3.6 mAR 0.45V 2.6 to =390 ohms tpd+ 60 Max. om ®
-25V 25V 5.0V Ry=3.9K otms  tpd- 100 Max. »2
-.43 mA @ .43 mA@ 3=
23,0V 3.0V 33 8
m
SAMN | Dual Sense AO Al BO Bl 0.075 mA 20 21 16 mA -4 mA Amplifier Delay tpd++ 40 Max. >z .§
Amplifier ) ov 0.40V 2.4V @Z,=288 ohms & 15pf ro §
tpd-- 60 Max. ;3 o
- -
50 s1 -1.6zA 1 mA Strobe Delay  tpd++ 30 Max, 39
0.4V 5.25V @z,=288 ohms & 15pf 3
tpd-- 50 Max.
SBMN | Dual Comparator/ AO Al BO Bl -.0l mA ,075 mA {Z0 Z1 VOL=.4V VOH=4.5V Amplifier Delay tpd++ 35 Max. @
Sense Amplifier -25av 25mv R; =330 R/ ELK @z, =470 & 1opf i
Vie==-2V Vic=+2V to Vec to Vece tpd=-- 20 Max.
S0 s1 -1,6 mA .04 mA Gate Delay tpdt- 17 Max,
ov 2.4V @ 2,=470 & 15pf ®
sc -3,2 mA .08 mA tpd—+ 17 Max. =
. ov 2.4V N
1QAN | Quad MOS Driver 1.524 8.0 mA v, = Input to Output 45 Max. P
C.60v 1.0V Vop=t2V @v_ =21V
' Io=+60mA Vpp= OV & € =250pf T
DVCN | Differential Compa. BS -4,0 mA Yo 8 mA 50 mA Input to Output tpd+ 150 >
. 0.40V 0.40V 1.5V tpd- 215 g
LDDN | Dual Line Driver Al Bl C1 -3.0 oA 04 mA Y1l z1 Y2 22 6.5 mA .1 mA Input to Output td 20 Max, "
A2 B2 C2 0.40V 2.4V : 0.40V 5.0V Inhibit to Output td 30 Max., <
@ 2;=50 ohms & 40 pf >
D -6.0 za .08 mA )
0.40V 2,4V m
1QBN Quad MOS Driver DAl DA2 -.25mA .01 mA |OAl 0A2 100 mA -100 mA Input to Output tpd+ 24 Max, <]
DB1 DB2 0.45¢v 5.0V OB1 OB2 4,0V 15v tpd- 34 Max, c
E1l E21 -.5cA .02 mA @ ¢;= 200 pf -
E2 E22 0,45V 5.0V "c:
T1BR | Hex Bus Receiver I1 12 13 I4 10uA S0uA Ql Q2 Q3 16mA -400uA Receiver Input to
With Hysteresis 15 16 0.4V 2.4V Q% Q5 Q6 0.4V 2.4V Output td-+ 40 Max.
e e s e s v Y
0.4V 2.4V Disable Input to !
Output td-+ 15 Max,
tdt- 15 MeX. vy ¢y 3
=
S140 | Dual 4=-Input 4 mA 0.08 mA 60 mA @ 40 mA Input to Outout tpd$ 13 MAXEEQN
: 0.5V 2.4V Vo= 0.5V V = 2.1V tpd- 13 Max 5o
o = O w0
-z
o)
-
=" w,
E S |
e >
o2}
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STANDARD MACH

ASSEMBLY NO DESC
1123 9050 C 105 1IA=N
11¢3 9092 C 108 BA-N
1123 9100 C 112 FA=0
1123 9134 C 103 AMCN
1209 7041 DVCN
1269 7561 CRC1
1447 3557 T3AH
1447 3581 B2CN
1447 3714 S4=N
1447 3771 CR&N
1447 3797 A S2=N
1447 9455 -POO1
1448 9165 FFO1
1649 1104 RWO6
1471 4356 D 56 IHCN
1471 4398 98 IDCN
1479 0240 T2HN
1673 0004 B8 S13 SBMN
1673 0319 19BN
1674 4963 € IHDN
1674 4971 B IQAN
1674 5150 D RAM1
1675 0572 RPON
1675 0580 RPCN
1675 0754 A RPAN
1677 7682 ~  SAMN
1705 7480 305 IF-N
1705 7563 308  BF-N
1779 6137 167 FFAN
1779 6145 168  LFAN
1779 6152 169  RFZN
1779 6160 170  RF-N
1901 7102 A 118  TAON
1904 0161 B 703  DFAN
1904 0179 708  AFAN
1904 0187 B 704  MFAN
1904 0195 706  CFAN
1904 0245 702 BHAN
1904 0252 701  IHAN
1907 7726 501
1949 0513 B 707 CFBN
1911 9098 C 415 GFIN
1911 9106 C 420 GFJN
1914 0748 B 722 EFAN
1916 5133 C 410 GFEN
1916 5158 C 411 GBFN
1916 S794 C 404 GFFN

B1700 HARDWARE RULES

|

iy

NUMERICAL

DESCRIPTION

DUAL INVERTER
DUAL BUFFER

J/K FLIP FLOP

8 EBIT MEMORY CELL

DIFFERENTIAL CCMP.

CRC GENERATOR/CHECKER
TRIPLE 3 INPUT AND
JPEN COLLECTOR BUFFER

DUAL & INPUT MLUX

& BIT BINARY CCUNTER

QUAD 2 IN MUX

256 X & PROM

64x4 FIFO MEMORY
1024 BIT RAM

HEX INVERTER

2 X & BUFFER

QUAD 2 INPUT NAND
DUAL SENSE AMP.

TTL TO MOS LVL CONYV
OPEN COLLEC. HEX INV

QUAD MOS DRIVER
1024 BIT MEMORY

25 0OHM RESISTOR PACK

RES/CAP PACKAGE

200 OHM RESISTOR PACK
JUAL SENSE AMPLIFIER

DUAL INVERTER

DUAL BUFFER

DUAL JK/D FLIP FLOP
QUAD LATCH

3=-BIT REGISTER
4=-BIT REGISTER
MONOSTABLE MULTT

1 OF 8 DECODER
DUAL FULL ADD/SUB

8 INPUT MULITPLIXER
4=BIT COMPARATOR
HEX RESTORER

HEX INVERTER

DUAL UP AMPLIF IER
CARRY LOGIC GATE
453,31 GATE
§522202 GATE
PRIGRITY ENCODER
1s1s1s1 GATE

B INPUT GATE
2925222 GATE

LOGIC

F AM

CcTL
CTL
CTL
CTL

TTL
TTL
TTL
TTL
TTL
TTL
TTL
MOs
TYL
DTL
DTL
TTL
TTL

TTL

M0S

T

CTL
CTL
CTL
CTL
CTL
CTL
TTL
CTL
CTL
CTL
CTL
CTL
CTL

cTL
cTL
cTL
ciL
CTL
g

CTL

ELECTRICAL
(REV)

LA R L E N L RN LY RREELEEL N R PR REEEELEYLRELYTEYZREEFEELEEEEY R REEE LR REY IR LR LT XRRET]

SPEC

1120
1120
1121
1124

1269
1447
1447
1447
1647
1647
1447
1648
1449
1471
1471
1479

1673
167 &

1705
1705
1780
1910
1780
1779
1904
1909
1910
1910
1910
1909
1909

1910
1929
1929
1914
1929
1929
1929

0995
0938
2958
5776

7561
3557
3581
3T14
3771
3ror
9455
9165
11064
4356
4398
0240

0319
4963

7498
7571
3123
2458
4196
5956
0062
0471
2482
2441
2466
0463
0455

2474

4701

4693
0755
4679
4636

4677

oMmom

>

HEEEOHOP>OE0 W0,

‘mePpOMMOM

DocC
CONT

MSP
MSP
MSP
MSP

DOMN
DOWN
DOWN
DOWN
DOWN

. DOWN

DOWN
DOWN
DOWN
PLYM
PLYM
DOWN
EMSO
E¥SO
DOMNWN
E“SO
EMSO
EMSO
EMSO
EMSO
ENMSO
LSPT
LSPT
SBP
SBP
LSPT
LSPT
- MSP
SBP
SBP
SBP
SBP
SBP
SBP
MSP
SBP
MSP .
MSP
SEP
MSP
MSP
MSP

A 2209 6150 A
SECTION 4.1
PAGE 1 REV.
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COMPUTER SYSTEMS GROUP
SANTA BARBARA PLANT

i
i

NUMERICAL (Continued)

LR K R L K T X J @R GG W W B .

STANDARD MACH DA LOGIC ELECTRICAL DOC
ASSEMBLY NO  DESC DESCRIPTION FAM SPEC (REV) CONT
1916 5851 C 407 GFBN &s4 AND GATE CTL 1929 4628 B MSP
1946 6115 C 419 MOPN NICRC OPERATOR CTL 1916 6131 B MSP
1918 3599 € 724 MIIN EBCDIC ASCII MSB TTL 1918 3631 B MSP
1918 3607 C 725 MI2N €BCDIC ASCII LSB TTL 1918 3631 B MSP
1918 3615 C 726 MIIN ASCII EBCDIC MSB  TTL 1918 3631 8 MSP
1918 3623 C 727 MI4N ASCII EBCDIC LS8 TTL 1918 3631 B MSP
1918 4282 D 414 GFKN 3,2,2s2 GATE (NL) CTL 1929 4644 B MSP
1942 6428 A 775 DOFRN DUAL LINE RECEIVER CTL 1942 6436 B MSP
1948 5051 , BTSN TRI-STATE HEX BUFFER  TTL 1948 5051 MSP
1948 5069 ITSN TRI-STATE HEX INV. TTL 1948 5069 A MsSP
1959 5719 ~ MCPU 8 BIT NICROPROCESSOR  MOS 1959 5719 MSP
1959 S727 ~ SCTL SYSTEN CONTROLLER TIL 1959 5727 MSP
2200 8320 B 618 RPNN 3500 OHM RES PACK S8P
2200 8460 B8 S11 VIDEC AMPLIFIER 2201 5044 B SBP
2200 8478 A 615 DL2N 20 NSEC DELAY LINE : 2201 5010 A SeP
2200 8486 A 616 DLSN 50 NSEC DELAY LINE 2201 5028 B SBP
2200 B494 A 617 DLCN 100 NSEC DELAY LINE 2201 5036 B SEP
2201 4062 - 746 RFBN  4-BIT REGISTER ~ CTL 2201 4104 F  SBP
2201 4096 745 RFAN  3-BIT REGISTER A CTL 2201 4054 E  SBP
2201 4146 B 749 MHLN HOLL EBCDIC LS8 TTL 1918 3631 B MsSP
2201 4153 8 750 MH2N HOLL EBCDIC MS8 TIL 1918 3631 B MSP
2201 4161 B 747 MH3IN EBCDIC HOLL LS8 TTL 1918 3631 B MSP
2201 4179 B T48 MH4N EBCDIC HOLL MSE TTL 1918 3631 8 MSP
2201 7602 2 143 LDOGN QUAD LINE DRIVER 2201 7602 2 sep
22064 4200 C 753 MJIN 96 COL EBCDIC LSB TTL 1918 3631 B MSP
2204 4218 C 754 M3J2N 96 COL EBCDIC ¥~SB TTL 1918 3631 B MSP
2204 4226 C 755 MJ3IN EBCDIC 96 COL LS8 TTL 1918 3631 B MSP
2204 4234 C 756 MJ4N EBCDIC 96 COL NMSB TTL 1918 3631 B MSP
2204 4291 A GBIN OTL CTL LVL CONV SBp
12204 4309 A GB2N DTL CTL LVL CONY , sep
22Uk 4317 A GB3N CTL CTL LVL CONV , sep
2204 4325 A GB4N CTL MOS CLK CONV sap
2204 4333 A GBSN CTL MOS CLK CONV ‘ SBP
2204 4341 A GB6N CTL MOS CLK CONV : S8P
2204 4358 A DPIN DISCR DIODE ARRAY - | SgP
2204 4366 A DP2N DISCRETE DIDDE ARRAY sep
22u4 5124 C 757 MNKIN EBCDIC BCL PAR LSB TTL 1918 3631 8 MSP
22v4 5132 C 758 MK2N EBCDIC BCL PAR MSB  TTL 1918 3631 B MSP
2204 9761 B 142 SSRN DUAL 100 BIT S/R MOS 2204 9779 D SBP
2205 2609 C 752 RFCN 64 BIT MEMORY TTL 2205 2617 B8 SEP
2205 6188 RP2N 2.2K RESISTOR PACK - Sep
2206 1626 A 765 RFON 256 BIT MEMORY TTL 2206 1634 C SBP
- 2206 6922 633 RP6N RESISTOR NETWORK Y1
2206 6930 634 RPBN RESISTOR NETWORK sap
2207 1716 B TT2 SSAN QUAD 100 BIT S/R MOS 2207 1724 E SEP
2207 8273 A 779 LRPN OUAL LINE RECEIVER 2201 5216 A SBP
22907 8299 A 780 LDPN DUAL LINE DRIVER 2201 6224 A SEP
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PAGE 3 REV, E

NUMERICAL (Continued)

M B RO RV RO WE BEBRM S

STANDARD MACH DA LOGIC ELECIRICAL DOC

ASSEMBLY NG DESC DESCRIPTYION FAM SPEC (REV) CONT
22308 0014 C 776 RMIN EBCDIC KATAKANA LSB TTL 1918 3631 B MSP
2208 0022 C 777 RM2N E€BCDIC KATAKANA M58 TTL 1918 3631 B MSP
22uB 4834 631 CPIN 20C PF CAP PACK
2210 9821 A GB7N DISCRETE ASSEMBLY SEP
2210 9839 A GBBN DISCRETE ASSEMBLY Sep
2210 9847 A GBIN DISCRETE ASSEMSBLY SEP
2212 2592 0SCD 307.2 KHz XTAL.CLK.OSC. S8P
2219 4534 MPPI PROG PERIPHERAL INTRF. MOS 2219 4534 S8P
2314 2847 0SCC 12 MHz XTAL .CLKX.O0SC see
2315 2127 UART ASY. REC./TRANS. MOS 2315 2127 VIEJ
2319 5274 A PR4N 256 X & PROM TTIL 2319 5274 A VIES
2319 5282 A PRSN 512 X & PROM TTL 2319 5282 A VIEY
12475 2222 LDDON DUAL LINE DRIVER TTL
2540 0656 RW13 1024 BIT RaM TTL 1449 1104 C DOWN
2602 2889 S140 DUAL & INPUT LINE DRV TTL 2602 2889 DOWN
2602 7300 82TS QUAD TRI-STATE BUFFER TTL 2602 7300 D DOWN
26ub 2044 T1IBR HEX RECEIVER/HYSTRS TTL 2604 2044 B8 DONN
2607 6075 PROB8 32 x 8 PRUM TTL 2607 5075 A. DUOWN
26¢3 5945 . RAM2 4K BIT DYNAMIC RAM MOS 2623 5945 A EMSO

DOCUMENT CONTROL PLANT ABREVIATIONS ARE AS FOLLOWS:

S6P = CSG/SANTA BARBARA

MSP = CSG/PASADENA

PLYM = PLYMOUTH PLANT

EMSJ = ELECTRONIC MEMORY SYSTEMS ORGANI ZATION (PISCATAHAYo N.J.)
LSPT = CSG/TREDYFFRIN

DOWN = CSG/DONNINGYOWN

VIES = CSG/MISSION VIE 30

\
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ALPHABET I CAL
STANDARD  MACH DA < | LOGIC ELECTRICAL 0OC
ASSEMBLY NO  DESC DESCRIPTION FAM SPEC (REV) CONT
1904 0179 708 - AFAN  DUAL FULL ADD/SUB CTL 1910 2482 G S8P
11¢3 9134 C 103 AMCN 8 BIT MEMORY CELL CTL 1124 5776 D MSP
1123 9092 C 108 BA=N DUAL BUFFER CTL 1120 0938 D MSP
1705 7563 308 BF-N{ DUAL BUFFER CTL 1705 75718 LSPT
© 1904 0245 702 BHAN . HEX RESTORER CCTL 1909 0463 E 58P
1948 5051 BYSN TRI-STATE HEX BUFFER  TTL 1948 5051  MSP
1447 3581 B2CN OPEN COLLECTOR BUFFER TTL 1447 3581 C DOWN
26u2 7300 82TS QUAD TRI-STATE BUFFER TTL - 2602 7300 D DOWN
1904 0195 706 CFAN ~ &=BIT COMPARATOR - CTL 1910 2466 E SEP.
1909 0513 B 707 - CFBN CARRY LOGIC GATE - CTL 1910 2474 € SEP
2208 4834 631 CPIN 20Q PF CAP PACK o ~ o
1209 7561 CRC1 CRC GENERATOR/CHECKER TTL 1269 7561 A DOWN
1447 3771 , CRON & BIT BINARY COUNTER  TTL 1447 3771 DOWN
1904 0161 B 703 OFAN 1 OF 8 DECODER CTL 1909 0471 F SBP
1942 6428 A 775 DFRN DUAL LINE RECEIVER CTL 1942 6436 B MSP
2200 8478 A 615 DL2N 20 NSEC DELAY LINE 2201 5010 A SBP
2200 8486 A 616 DLSN 50 NSEC DELAY LINE 2201 5028 B S8P
2200 8494 A 617 DLCN 100 NSEC DELAY LINE 2201 5036 B SBP
2204 4358 A ~ DPLN DISCR DIODE ARRAY - seP
2204 4366 A DP2N DISCRETE DIODE ARRAY S EP
1269 7041 ~_ DYCN DIFFERENTIAL CCMP. |
1914 0748 B 722 EFAN PRIORITY ENCODER CTL 1914 0755 € SEP.
1123 9100 C 112 FA=0 J=K FLIP FLOP CCTL 1121 2958 € MSP
1779 6137 7167 FFAN  QUAL JK/D FLIP FLOP  CTL 1780 3123 C SEBP .
16448 9165 FFO1 64x& FIFD MEMORY MOS 1448 9165 A DOMWN
1916 5158 € 411 GBFN 8 INPUT GATE CTL 1929 4636 A MSP
2204 4291 A GBIN OTL CTL LVL CONV o sap
2204 4309 A GB2N DTL CTL LVL CONV S8P
2204 4317 A GB3IN CTL CTL LVL CONV SEP
2204 4325 A GB4N CTL NOS CLK CONV sep
2204 4333 A GBSN CTL ‘MOS -CLK CONV Y:1
2204 4341 A GBEN  CTL MOS CLK CONV sep
2210 9821 A GBZN DISCRETE ASSEMBLY - SgP
2210 9839 A GBSN DISCRETE ASSEMBLY SEP
2210 9847 A GBIN DISCRETE ASSEMBLY SapP
1916 5851 C 407 GFBN &s4& AND GATE CTL 1929 4628 B8 NMSP
1946 5133 C 410 GFEN 1s1,1,1 GATE CTL 1929 4679 B MSP
1916 5794 C 404 GFFN 2,2,2¢2 GATE CTL 1929 4677 B MHSP
1911 9098 C 415 GFIN 4,3,3 GATE CTL 1929 4701 C MSP
1911 9106 C %20 GFJN 3,2,2,2 GATE CTL 1929 4693 B MSP
1918 4282 D 414 GFKN 3,2+2,2 GATE (NL) CTL 1929 4644 B MSP
1123 9050 C 105 DUAL INVERTER 1120 0995 E MSP

- IA-N

cTL
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ALPHABETICAL (Centinued)

PR OB OB BEEE DR Be B

STANDARD MACH DA LOGIC ELECTRICAL DOC
ASSEMBLY NO  DESC DESCRIPTION FAM SPEC (REV) CONT
1471 4398 98 IOCN 2 X 4 BUFFER DTL 1471 4398 PLYM
1705 7480 305 IF-N DUAL INVERTER CTL 1705 7498 D LSPT
1904 0252 701  IHAN HEX INVERTER CTL 1909 0455 F Sgp
1471 4356 D 56 IHCN HEX INVERTER DTL 1471 4356 D PLYM
1674 4963 € IHDN OPEN COLLEC. HEX INV  TTL 1674 4963 € DOMWN
1674 4971 B IQAN QUAD MOS DRIVER EMSO
1673 0319 IOBN TTL TO MOS LVL CONV 1673 0319 EMSO
1948 5069 ITSN TRI-STATE HEX INVERTER TTL 1948 5069 A MSP
2475 2222 LODN DUAL LINE DRIVER 1A 11 ‘
2201 7602 2 143 LDGN QUAD LINE DRIVER 2201 7602 2 S@P
2207 8299 A 780 LDPN OUAL LINE DRIVER 2201 6224 A SBP
2602 2889 S140  DUAL & INPUT LINE DRV TTL 2602 2889  DOWN
1779 6145 168 LFAN QUAD LATCH | CTL 1910 2458 £ sBP
2207 8273 A 779 LRPN DUAL LINE RECEIVER 2201 6216 A SBP
1959 5719 MCPU 8 EIT MICROPROCESSOR  MOS 1959 5719  MSP
1904 0187 B 704 MFAN 3 INPUT MULTIPLEXER CTL 1910 2441 € SeP
2201 4146 B 749 MHIN HOLL EBCDIC LSB TTL 1918 3631 B MSP
2201 4153 B 750 MH2N HOLL EBCDIC MSE TTL 1918 3631 8 MSP
2201 4161 B 747 MHIN EBCDIC HOLL LS8 TTL 1918 3631 B MSP
2201 4179 B 748 MH4N EBCDIC HOLL MSB TTL 1918 3631 8 NSP
19i8 3599 C 724 MIIN EBCDIC ASCII MSB TTL 1918 3631 B8 MsSP
1918 3607 C 725 MI2N EBCDIC ASCII LSB TTL 1918 3631 B MSP
1918 3615 C 726 MI3N ASCII EBCDIC MSB TTL 1918 3631 B MSP
1918 3623 C 727 MI4N ASCII €BCDIC LS8 TTL 1918 3631 B MSP
2204 4200 C 753 MJIN 96 CCL EBCOIC LSB TTL 1918 3631 B MSP
2204 4218 C 754 MJ2N 96 COL EBCDIC MSB TTL 1918 3631 8 MSP
22u4 4226 C 755 MJ3IN EBCDIC 96 COL LS8 TTL 1918 3631 B MSP
2204 4234 C 756 MJ4N EBCCIC 96 COL NS8 TTL 1918 3631 B MSP
2204 5124 C 757 MKIN EBCDIC BCL PAR LS8 TTL 1918 3631 B MSP
2204 5132 C 758 MK2N EBCDIC BCL PAR MS3 TTL 1918 3631 B MSP
1916 6115 C 419 MOPN MICRC OPERATOR CTL 1916 6131 B MSP
12219 4534 MPPI PROG PERIPHERAL INTRF. MOS 2219 4534 SEP
2314 2847 - 0SCC 12 MHz XTAL.CLK.OSC sep
2212 2592 ﬂ 0SCD 307.2 KHz XTAL.CLK.OSC S8P
1447 9455 PO01 256 X 4 PROM TTIL 1447 9455 DOWN
2607 6075 PRO8 32 X 8 PROM TTL 2607 6075 A DOWN
2319 S274 A PR&N 256 X & PROM TTL 2319 5274 A VIEJ
2319 5282 A PRSN 512 X & PRON TTL 2319 5282 A VIEJ
1674 5150 D~ RAM1 1024 BIT MEMORY MQS ENSO
2623 5945  RAMZ 4K BIT DYNAMIC RAM __ MOS 2623 5945 A ENSO
1779 6152 169  RFZN  3-BIT REGISTER CTL 1780 4196 C LSPT .
2201 4096 745 RFAN  3-BIT REGISTER CTL 2201 4054 E  SBP
2201 4062 746  RFBN  4=BIT REGISTER CTL 2201 4104 F  SBP
1779 6160 170  RF-N  4-BIT REGISTER CTL 1779 5956 A LSPT
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ALPHABETICAL (Continued)

L L KL X K XK X N J LE X X K K X X XK 3 XN 4

STANDARD MACH DA : "~ LOGIC ELECTRICAL DoC
ASSEMBLY NGO - DESC DESCRIPTION FAM SPEC (REY) CONYV
2205 2609 C 752 RFCN 64 BIT MEMORY TTL 2205 2617 B S8P
2206 1626 A 765 RFDN 256 BIT MEMORY. TTL 2206 1634 C SBP
2208 0016 C 776 RMIN EBCDIC KATAKANA LS8 TTL 1918 3631 B8 MHSP
2208 0022 C 777 RM2N EBCDIC KATAKANA M58 CTTL 1918 3631 8 MSP
1675 0754 X RPAN 200 OHM RES PACK , ENSO
1675 05890 RPCN RES/CAP PACKAGE ' -~ EMSO
1675 0572 ' RPON 25 OHM RESISTOR PACK ‘ EMSO
2200 832) B 618 RPNN 500 OHM RES PACK ‘ : SBP .
2205 6188 ©© RP2ZN 2.2X RESISTOR PACK sae
2206 6922 633 RP6N RESISTOR NETWORK , S8P
2206 6930 634 RPBN RESISTOR NETWORK ' ' 58P
1469 1104 RWO06 1024 BIT RAM ‘ TTL 1449 1104 DONWN
2540 0656 ‘ RW13 1024 BIT RAM TYL 1449 1104 C DOWN
1677 7682 SAMN DUAL SENSE AMPLIFIER™ TTL ' EMSO
1673 0006 8 S13 SBMN OUAL SENSE AMP. S TTL ENSO
1959 5727 SCTL SYSTEM CONTROLLER TTL 1959 5727 MSP
2207 1716 8 772 SSAN QUAD 100 BIT S/R “M0S 2207 1724 E SBP
2204 9761 8 142 SSRN DUAL 100 BIT S/R 'MO0S 2204 9779 D 58P
- Le&T 3797 A $2=N QUAD 2 IN MUX TYL 1647 3797 DOKN
1447 37164 S4=N DUAL 4 INPUT MUX TTL 1447 37164 DOMWN
1901 7102 A 118 TAON MONOSTABLE MULTI. TTL 1904 0962 C MSP
2604 2044 T18R HEX RECEIVER/HYSTRS. TTL 2604 2044 B DONKN
1479 0240 T2HN QUAD 2 INPUT NAND TTL 1479 0240 DOWN
1447 3557 T3AH TRIPLE 3 INPUT AND TIL 1447 3557 DOHWN
2315 2127 UART ASY. REC./TRANS. MOS 2315 2127 VIEJ
1907 7726 501 DUAL OP AMPLIFIER MsSP
2200 8460 8 S11 VIDEO AMPLIFIER 2201 5044 B S8P

DOCUMENT CONTROL PLANT ABREVIATIONS ARE AS FOLLOWS:

sBP
- MSP
- PLYM
ENSO
LSPY
DOWN
VIEJ

CSG/SANTA BARBARA

CSG/PASADENA

PLYMBUTH PLANT

ELECTRONIC MEMORY SYSTEMS ORGANIZATION (PISCATQ&AY; N. J.)
CSG/TREDYFFRIN

CSG/DONNINGTONN

CSG/NISSTION VIEJSO
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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 TTL/DTL Integrated Circuits

Rel. Rel.

Number DA # Brief Description Cost Number DA # Brief Description Cost
© 1904 0179 AFAN Dual Fl1 Adder/Sub  3.69 1901 7102 TAON Mnstble Multivib. 1.24
1123 9134 AMCN 8 Bit Memory 2.14 1471 4356 IHCN DTL Hex Invrter. 1.00
1705 7563 GB-N Dual Buffr (2,2) 1,00 1674 4963 IHCN TTL Hex Invrter., 1.12
1904 0245 BHAN Hex Restorer 1.29 2205 2609 RFCN 64 Bit RAM 8.00
1904 0195 CFAN 4 Bit Comparator 4,05 2206 1626 RFDN 256 Bit RAM 10.00
1909 0513 CFBN Carry Logic Gate 4,02 2212 6403 RW06 1K RAM 39.20
1904 0161 DFAN 1 of 8 Decoder 4,48 1447 9455 POOLl 256 x 4 PROM 18.00
1914 0748 EFAN Priority Encoder 4,21 1449 2060 PO0O2 32 x 8 PROM 13.00
1909 0505 FFAN Dual JK/D F-Flop 3.69 1447 3797 S2-N Quad 2-In Max. 2,20
1916 5851 GFBN Dl And Gates 4,4 1.05 1K ROMs 13.60

-1916 5133 GFEN Qd Gates 1,1,1,1 1.05
1916 5794 GFFN Qd And Gates 1.05
1911 9098 GFIN Triple And Gates 1.17
1911 9106 GFJN Qd And Gates (3222) 1.17
1918 4282 GFKN Qd And Gates(3222) 1,17

1705 7480 IF-N Dual Invrtr. (22) 1,05 MOS Integrated Circuits: _

1904 0252 IHAN Hex Inverter : 1.40 Rel.,

1904 0203 LFAN Quad Latch 4,05 Number DA # Brief Description Cost

1904 0187 MFAN 8 Inpt Multiplxr 3.90 ' :

1916 6115 MOPN Micro Operator 1.52 1674 5150 RAM1 1024 Bit Memory 1.03
2207 1716 SSAN Quad 100 Bit Shift 1.00

2201 4096 RFAN 3 Bit Register 19.88 Register

2201 4062 RFBN 4 Bit Register 10.24 2204 9761 SSRN Dual 100 Bit Shift 1,11

Register
CTL IIT

2309 1804 AFAN Dual F1 Adder/Sub  4.38
12309 1887 FFAN Dual JK/D F-Flop  4.52
2308 6234 BG-N Dual Buffr (2,2)  1.31

2308 6275 BHAN Hex Restorer 1.31
2309 1846 CFAN 4 Bit Comparator 5.38
2309 1861 LFAN Quad Latch 5.95

2309 2141 RFBN 4 Bit Register 7.43
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5.0 CARD IMPLEMENTATION & TINTERFACE RULES

5.1 B-1700 Card Description

5.1,1 Size

The B-1700 card dimensions are as shown in Figure 5-1. They are
approximately 11,750 inches by 14,250 inches.

5.1,2 = Card Edge Contacts

Each card is equipped with 50 edge contacts on each side. Figures 5-1
and 5-2 show the contacts and their code designations.

5.1.3 Device Accommcdations

DIPS - Mounting facilities are provided for 120 D,I.P. I.C. devices.
They are mounted on the component side as shown in Figure 5-1.
Position designations are by letter row plus number row as in

Figure 5-1, 1Individual D,I.P. lead pins are designated.from A to &
as shown in Figure 5-3, Letters 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 is 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 bée 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. 5s7 where & 1/4 w Resistors, Diodes, etc.
may be mounted,

Pull Down Resistors - The use of discrete resistors is provided for

at the bus bar end of the D,I.P. I.C. location, as shown in Figure 5-4 and
5-5, Normal use is for the resistor to be tied to =-2.0V, 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.C.

chip locations are not available or only 2 minimum number of resistors

are required. Pins R & S of 1.C. locations shall not be used for
mounting a resistor. These resistors should be placed at the end

of the net,
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Frontplane Resistor Buses - Provisions have been made for tapping or
terminating up to 100 resistors 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. The 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 pull down/load resistor., See Figure 5-6,
Preferred usage is to have the outboard bus at -2,0V and the inboard
bus at +4,75V or ground., The standard artwork coverfile and DA
programs exist for preferred usage. In the event a non-standard

usage is required for a particular application, the Standard Packaging

Section should be contacted, i

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 PAGE 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 1l1. o
Power Connections - Typical Power Connections from the bus bars to
the D.I.P. I.C. devices are shown in PAGE 11.

Locations 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 comnections to discrete internal resistors are shown at re=-

sistor locations: A0, Al and BO of PAGE 1l.: Resistor AO is connected

to -2,0 Volts (BOZ);AO0Y is the signal side of the resistor.

‘Resistor Al is connectéd 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 speciai Cover File, See PAGE 11

Ref, A, Connections from these buses to D,I,P, I.C. 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 6150 A
SECTION 5
PAGE 2 REV.B
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left or right to the desired I.C. location. See PAGE 11 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.
must 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,

Critical Nets - All clock nets are critical. They must be wired serially
and may not have stubs longer than 2", Terminating resistor must be
located within 2" of the end of net,’
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5.1.3  Cont'd.

Backplane Resistors =« Up to 88 backplane resistors can be implemented on the
1700 card. Their position is described by an X or Y location plus a letter
pair and 0 or ! designation. This is shown on the component side in

Figure 5-3, They 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 X0A and X1A --- +4,75 volts
" Y0OZ " Y1Z --- 2.0 volts
" XID " X1J =--- Ground
” le " x1w - ”

L1 YlD ”" YlJ - "
" YlQ " Ylw - "

Optional Pin Usage - The following backplane pins have opﬁional usage:

Pins X0Z 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, +12.0V and -12.0V,

Card to Card I.C, 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.C., socket at either end.
Two 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 I,.C. jumper cable is found necessary,
their receiving sockets should be preferably located in the frontplane or
"0" I.C. 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 frontplane 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.C. 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, 1/4W 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 height.

{

+100 Max, SQ!I I l—l. I l(@
’ [ 77. + r H

[T

HEADER ASSEMBLY

FIGURE 5-7
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Modified 120 Chip P.C. Board
In order to improve dosign and assembly cff1c1cncy the 120 chip board

was modified on 10/31/74. Following is a list of the modifications.

Examples of the modifications ave given on page 10.

L,

NO vias arc permitted as follows:

4. Horizaontally, vertically or diagonally adacent to IC or
resistor mounting pads. Ref., absence of grid.interscctions
on layout sheet at 1C locations, frontplanc, backplanc and
IC load resistor locations. v

b. Horizontally or vertically adacent to the bus bar mounting
pads. Ref. absence of grid intersections on layout sheet.

C. Vertically along the voltage buses at the edges and along
the clock ground bus in the center of the board, X-axis co-
ordinates 014, 015 partial, 118, 124 and 228 on boards with
out -12v, Add1t1ona11y, on boards with -12v, vertically
along the =12V bus, X-axis coordinates 117 and 125. Ref.
absence of grid intersections on layout sheet for '"without
-12V"condition.

Power circuits, -2V and +4.75V, are not permitted as follows:
a, Between or dog-leg between bus bar pads.

b. Adjacent to bus bar pad of different potential, including
ground,

Ce Horizontally between or adjacent to IC or resistor mounting
pads on the normal vertical run or solder side.

d. Vertically adjacent to IC or resistor mounting pads on the
nommal horizontal run or component side.

No circuit is permitted to occupy the grid interscction 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

along the bus bars,

b. Previously resistors were placed in line with the IC location;
resistors for the modified board -are placed between IC locations.

Vias diagonally adjacent to bus bar pads are discoutraged. They
are permitted if no other solution exists for routing.

Circuits to frontplane and backplane load resistors must rout

straight in, Dog-leg connections between pads are pTOhlblth

Additonally, horlzontal runs are prohibited in the first zrid

_ below the frontplane reésistor pins, either side, Y-axis

coordinate 254,

Circuits which dog=-leg between pads to an IC pin or resistor are
discouraged. They are permitted if no other solution exists for
routing.

- All manual routing to the backplane shall stop at Y-axis coordi-

nate 24, Further routing to conmnector contacts is handled by
the coverfile,

All manual routing to the fromtplane shall stop at Y-axis coordi-
nate 255, Further routing to connector pins is handled program-
matically by Design Automation.
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Unused Inputs
CTL Inputs
Inputs of CTL circuits which have internal pulldown resistors shall be
set to a lbgical true level according to the following preferred order:
a) Unused input conﬁected to the output of an unused inverter,
The fanout of the inverter is not to exceed its DC Output Drive_
Capability, |
b) Connect. the unused input to Vcc through a fesistance,given by Table
5-1, The value of the resistance depends upon the number of CTL
inputs that are to be held at the logical true lgvel.
c¢) Connect the unused input to Veer
d) Unused and used inputs may be connected together. The logical
operation of the circuit should not be changed when this type of
connection is employed.
The last two alternatives are to be gvoided if‘possible.
Inputs of CTL circuits which do n§t have internal pulldown resistors
and are to be set to the logical true level shall be tied to the vcc supply.
CTL inputs with 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 V, supply in order to set them to a logical false level.

E

TTL Inputs
Unused TTL inputs that are to be placed at a logical true level shall be

connected to Vec through a lkn %W resistor. Up to 25 inputs may be driven by

each. 1kq resistor., TTL inputs that are to be set at logical falsesshall be

connected to ground.

MOS TInputs

Unused MOS inputs shall.be tied directly to Vcc where a True

is intended and to ground where a False is nceded.

A 2209 6150 A
=  SECTION 5
- == PAGE 14 REV. D
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5 Interfacing Rules

The interfacing rules gi?c the circuitry to be used whenever CTL and TTL elements
are interfaced. Applications of these rules will insure that adequate noise margin

* and compatible DC levels will be applied to.TTL and CTL inputs. Detailed time
delay 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 coxrclation to CTL loading factors. An example of the uﬁitized values is

given below:

A TTL input is equal to

current of «25mA a unit load of " .09
: 4 mA , 14
100 m : . 035
1.6 mA ’ - o597,

2,0 mA ' .7

Tables 5-2 and 5-3 contain a summdry of the input and output loading factors for

‘the devices of interest.

Three basic types of interface will be discussed,

1) Resistor pull down to ground

2) Resistor pull up to Vec

3) Resistor divider - one to ground, onme to V..
Regardleés of the type of interface network used, 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, 'Input Current' flows into a

CTL input in the high state but out of a TTL inpuf in the lcw state. Second, it

is necessary to assure that TTL false level inputs do not exceed +0.4V,
TTL outputé are capable of sinking current while CTL outputs source current.
With the above mentioned information in mind, it is possible to discuss

) iﬁterfécing‘techniqﬁes in terms of the resistors used as termination rather than
the devices. For‘exaﬁple, a pull up zesistor of 42.2n will source 41.9 unit loads
into a TTL output. A familiarization with th;s'type of tevminology would be highly

beneficial to a thorough understanding of the interface techniques used.
5.3.1 CTL to TTL

The application of these rules is valid for all TTL devices. The Circuits Group

should be consulted in special cases for imterfaces different from that specified
here, ‘ ' .
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TTL circuits shall always be driven by CTL restoring clements. CTL outpuéé shall
not be directly wired to TTL outputs. When interfacing CTL outputs to TTL inputs,

four things must be kept in mind,

’i)' The interface technique must assufe an input false level <,4V,
 This assures'proper noise margin, -
2) The CTL output must have sufficient drive to properly operate
the interface circuit, )

3) The CTL output must be restored, (i.c. Level 0 generator)

4) The TTL input must not be allowed to go more negative than=.4V.
Two methods of interface are possible. First, the CTL element driving a TTt is
terminated by a resistor to ground. Second, CTL can interface to TTL through a
resistor divider network with one resistor 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 nmot to have any resistb# 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 fan out ér a lesser fan out. It should be considered standard practice to
load the~drivér,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 rcquired amount of current.

Consider the followiiig example for clarification.

«01/,57
: ., |s2-n
04/.57
-6
BG-N IHDN
R .
N A 001/. 14 RW06

BG-N fan out = 24
Procedure: 1) Fan out = 24 C
2) Total low level input loading .57 + .57 + 14 = 1,28

3) From Table 5-6, all resistors. S 110a arc
capable of sinking the current, -

&) The BG-N has sufficient drive capability
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The value of the terminating resistor selected affects the fall time of the signal
waveform. The fall time is a function of the resistor value, number of inputs
driven, and length of wiring. The formula below gives the fall time delay:

t = (1.609) Es x 10712 (n) + 1 x 10712 (L’):I R - 2.5

vhere n = number of inputs
L = Length of etch in inches
R = Value of terminating resistor in ohms

t = Time in nanoseconds

Resistor Divider Network .

With this divider network, it is possible to drive more TTL inputs than a single
resistor to ground and to drive TTL and CTL inputs simultaneoulsy. Refer to
Figure 5-9, C

When using this interface technique, it is important té remain aware of the fan out
of the CTL driving eleﬁent, 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 noise margin., The appropriate values

can be chosen from Table 5-4,

" If the interface circuit is used where any CTL inputs will be driven, then the

resistor to ground will be specified according to the fan out capability of the
driver, and the resistor to VEE (Rz) will be variable and determined by the number
of CTL inputs. Table 5-5 indicates the value of R1 to ground for a given fan out,

The correct value of R2 can be selected from Table 5-7.

TTL to TTL and CTL

‘Three modes of interface are possible, First; TTL to TTL, second TTL to CTL, and
‘third, TTL to both TTL and CTL inputs., 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 5-11 show the difference between the outputs.

When interfacing to CTL inputs only restoring CTL elements 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 overdrivé_the TTL output when in the low

- state,

.
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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

5.3.5

determine if the TTL output is capable 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,

Total true level loads
8+ 1+ .01+ .01 =1.82

Table 5-6 indicates a value
of 383a .is adequate to
CTL drive the inputs, '

A 383a resistor will source
4,6 unit loads into the TTL

CTL output.
TTL Total false level loads
4,6 + ,57 + ,09 = 5,26
IHDN

TTL . since the IHDN will sink
i o 14,2 units the value of R
chosen is adequate

TTL

When interfacing TTL Totem Pole outputs to TTL inputs only, it may not be
necessary- to use an external pull up resistor. To determine this, add up
the total number of TTL high level unit loads to be driven and compare this
value to the output drive capability of the driver,

‘Equations. for Checking Termination Values

+ This section is primérily for the use of DA personnel.

Variables Defined:

n = Number of CTL unit loads
na = number of ,8 CTL inputs
n, = number of 1 CTL inputs
n. = number of TTL and CTL true level input unit loads
ng = number of TTL unit loads (high level)
ng; = number of TTL unit loads (low level)
n, = 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

o R1 = Resistor to ground in resistor divider network

-R2 = Resistor to Veg in resistor divider network

PAGE 18 REV, D
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5.3.5 Continued

5.3.6

1) To check the value of R to ground in the singie resistor to ground termination
network for CTL to TTL interface. 4 ' '

a) FO = 887 assures sufficient drive
-
b) ngy £ 147 specific maximum number of TTL unit load inputs allowed
R : ’

2) To check value of RZ to VEE in the resistor divider network for CTL to TTL and

CTL inputs,
a) R2 21600 assures sufficient drive
Fo-887 .

Ry

b) RZ = 1600 assures proper noise margin and protection of TTL inputs
376

¢) n, = .28nb + .23n_+ 674 + ,05 *
a —
R
2 .
* Specifies maximum number of TTL unit loads allowed.
3) To check value of R to Veec used to interface TTL to TTL and CTL inputs.

tl

a) R = 745 assures adequate true level drive

n -
[+

b) FI = n, where ny= 1773 4+ n

R tl

Special Restrictions Concerning TTL Flements

The following information is intended as a summary of égecial consideration that
must be kept in mind when using TTL devices. ‘This is not a list of all applicabie
rules. - ' ' ' '
i) Maximum Etch Length must be observed whenvcircuits are layed out.
a) Schottky'TTL outputs must be within five (5) inches of etch of the most
‘distant receiving element, A

b) High Speed "H" TTL outputs must be within 10 inches of etch of the most
distant receiving element, :
c¢) Standard TTL outputs are allowed 20 inches of etch between input and output.

Table 5-2 contains a summary of the TTL devices and type of output.

" 2) Observe the limitation on the number of wiré 'AND' open collecctor outputs

permitted. (Table 5-9) ,

3) Pull-up resistors should be located at the most distant point from the driver
(as closé to final receiver as possible).

4) TTL outputs shall not be wire 'ANDed' on the ‘backplane,

.5) A pull-up resistor = 2é7n should be used when open collectors are to be wire

‘ANDed. "'
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6) 1f more than 2 TTL devices are present on any bus bar, then cvery TTL
device using that bus bar should be by-passed with a .luf capaclLor
within 1,5 inches of the device.

7) Final copies of truth tables of PROMs that will be released in the
design must have all locations definéd. This is necessary because
pre-programmed state is not known and therefore cannot be guaranteced.
This rule holds even if the designer is not concerned with unused
locations, ALL LOCATIONS MUST BE DEFINED IN THE FINAL RELEASE
PROGRAMMING SPECIFICATION ‘and as a result all locations in the PROM
will be programmed.

5:3.7 CTL to CTL _
The outputs of CTL devices shall be loaded with resistors to the VEE
. supply, for speed critlcal nets, If additional resistive loading is’
required, the RPnn or SIPN In-line Resistor Networks are to be used for
this purpose. If loading by discrete resistance is required and the
resistor network cannot be used, then the values of resistance shall

be taken from T;ble 5-10.

CTL outputs may be wired together to pérform a logical 'OR' function.

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 whieh is wired 'OR' with other CTL outputs with internal

pull downs is loaded %y those internal pull'downs. Thus, in order

to suﬁ the DC 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 resistanges. No~load outputs and in-
puts present no DC loads to driving elements and are therefore not
counted, but they do offer capacitive loading. See Figure 5-12 for an
example of summing CTL loads,

CTL outputs with internal pull downs are listed below,

'OR' tied nets can not be loaded heavier than the weakest source in

that net., Multiple outputs in the same package (BG-N, IF-N, etc.) can

not be 'OR'tied for the purpose of expanding fanout beyond the individual
éugputs capability,

Element Type Description Output Loading
GFBn Dual And Gates (4,4) 1 CTL Load
GFEn Quad Gates (1,1,1,1)

GFFn Quad And, And/Or Gates
(2,2,2 + 2)

GFIn Triple And Gates (4,3,3)

GFJn Quad And Gates (3,2,2,2)

1F-n Dual Inverter

RFAn 3 Bit Register CI (Carry In) 0.8 CTL load
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Interfacing the 8080A Family Devices

The 8080A microprocessor (MCPU) and -its related peripheral
devices consist of P and N channel Silicon-Gate M0OS, standard
TTL, and Schottky TTL circuits. All of the MOS circuits have
built-in input and output stages to make them TTL compatible

with the exceptions as noted below:

MCPU Clock inputs @#1,82 Vig = 9V

All other inputs Vig = 3.3V
SCTL CPU Data Bus outputs Voi = 3.6V
FFO1 Master Reset input Viy 2 Vss - 1V

Vss = 5V + 5%

All other inputs 3V (=VgaR)

<
-
-

Y

TIBR Receiver inputs 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 mde connecﬁed to TTL inputs with
one or more tri-state outputs, at least one output must be in

either the High or Low state in order to guarsntee 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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DYL/TTL Unit Loading Summary

PROCESS

Standard

Standard
Standard
Schottky
Schottky
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Schottky
Schottky
Schottky
Schottky

Standard
Standard
Standarad

Standard

Standard
Standard

Standard

° . - ouTPUY
« INPUT LOADING - . LOADING
DEVICE e HIGH LOwW . TYPE . LON
‘..0......‘...-...It.....‘....ll."'..l.........l..".‘.......‘......
DF8N TP, 3.5
AO=A3 eJ1 «53
R8I « 01 27
LY 01 2.30
RFCN «02 b3 ocC 5.3
RFON " W01 09 oc 5.3
RNO6 «21 olb oc 5.7
RN13 «01 olb 0c 5«7
THCN «01 57 ACT 10.6
THON <06 «5T7 0c 16.2
IDCN «01 «53 ac 12.8
- §$2=N 01 «57 TP Se7
.S&=~N «01 57 TP 5.7
" TAON .02 »S7 " 3.2
256 ROM «01 «S7 oc 5.3
POOC1L «99 57 1] 5.7
PROS 1 olb oc S.7
PR4N «01 Y ) (1] Se7
PR5N «01 ol6 1] 5«7
T3AH « 01 o793 TP 7.1
T2HN «01 79 TP Tel
BTSN ‘
nbrmal 01 57 TS 135
CR&N
CLsEP.D «01 «57 TP .
CLK,ET oL «92 lelé
‘Outputs 4.3
Carry Se7
82CN « 01 57 . 0cC 17.0
B82TS TS
noraal «91 57 5.7
high 2 : «01
ITSN : oo ¥sS
noraal «01 57 11.4
high b4 .01 01 . «01
Table 5~2

Pull=-up Resistors for Unused CTL Inputs

"Number of

Resistance

« Percent

« Power

« Burroughs 4

CTL Loads Value (ohms) . Tolerance . Dissipation . Part Number 4

S 619 2 0.25 ® 1111 3684
2 31e 2 ‘0e25 M 1111 8619
3 223 2 0.25 W 2206 6837
4 160 2 025 M 2206 6781
5 130 2 9.25 ¥ 2206 6765
) 119 2 025 4 2206 6831
7 91 2 0.25 ¥ 2206 6823
8 82 2 0.25 W 2206 6732
9 7S 2 0.25 W 1111 8469
12 61.9 2 025 ® 1111 3445

Tabile 5=}

A 2209 6150 A
SECTION 5
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Interface Circuits Unit Loading Summary

LA L L XX X ¥ XY LA L E X X X N L X X 1 LA L K T X ¥ ) LA L X X ¥ ¥ 3

....QC......‘..O.........O...........‘QQQO‘..O."..O..‘.

. « INPUT LOADING . ouUTPUT o
« DEVICE « HIGH LOW - TYPE LOADING LOW .
LODN ACT 2.3
CirC2 .01 1.1
) +03 2.1
DATA 01 1.1
SBHN Se7
SODS‘ .Ol -57
SC <03 . 1.1
1QAN ‘ 2.80 53 ,
LDAN .01 57 oc 21
108N ACT
DATA 01 <09
T13R TP
DA»DB .02 1.14
16-11 : «02 «01
06-01 | S«67
S140 ' .03 1.42 TP 21.3
Table 5-3

- W % e - e

‘....CO.QQO‘..Q.‘0.“.“.‘.0.0‘.........‘...‘Q..;. 'Y EX R EEEKENNENY XK N X J
.o cCTL . ° ) ' e Maximum ® - cTL - R1 e
o« Fan . Resistor . » YTL Unitse o Driver . to .
- « to Ground . Resistor to VEE . Allowed . o Fanout . GND o
.0..‘0.00.05".000..0“"...‘0“.O.Q.OO.CC-...-..“ ...’.‘...‘..OQ'QQ

24 562 220 (discrete) 6% - 8 162

‘ 220 (package)
12 100 622 3.2 12 100
8 160 681 (discrete) 1.7 o
190 » 680 (package) v 24 5642

«160 ohas §s preferred but 150 may be used
when a Large number of nets are involved.

Table 5-& fable 5=5

L X B X J - e e . L K B X ) - @
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RESISTOR INTERFACE TABLE

(Not - including Resistor Divider)

4 OF UNIT LOADS

# OF TRUE LEVEL

# OF UNIT LOADS

CTL FAN OUT

- TABLE 5-6

RESISTOR R WILL SOURCE UNIT LOADS R R CAN SINK AS REQUIRED TO
VALUE INTO A TTL CAN DELIVER AS A PULLDOWN ° DRIVE R WHEN
: OUTPUT PULL-UP TO Vce TO GROUND USED AS TERM.

TO GROUND
32 3 3 &
S © g § <,°& N
- A : “0
€3 ﬁé. g E & i
42.2 41.9 17.6 3.3 24
51.1 - 34.6 14.5 2.8 24
56,2 31.4 13,2 2.5 24
61.9 28.5 12.0 2.3 24
68.1 25.9 10.9 2.1 24
75 23.6 9.9 1.9 12
82 21,5 9.1 1.7 12
9L .| 19.4 | 8.2 1.6 12
100 17.7. 7.4 1.4 12 .
110 16.1 6.7 1.3 12
120 14.7 6.2 1.2 8
130 13.6 5.8 1.1 8 -
150 11,8 4.9 .9
160 11,0 4.6 .9
180 - © 9.8 4,1 .8
200 8.8 - 3,7 .7
220 8.0 3.4 .6
237 7.5 3.1 .6
261 6.8 2.8 .5
287 602 2.6 05
330 5.4 2.3 o
348 5.1 2.1 oh
1383 “ 4.6 1.9 ol
422 4,2 1.8 .3
464 3.8 . 106 : 3
470 " 3.8 1.6 .3
500 3.7 1.5 .3
511 3.6 1.5 .3 A
562 3.1 1.3 .3 ;
619 2.9 1.2 .2 ;
681 2.6 1.1 o2 K
750 2.4 .-1.0 .2 _;
825 2.1 .9 .2 i
909 1.9 .8 o2 ;
1K 1.8 .7 .1 :
1.1K 1.6 .6 .1 g
. 1.21}( 1.5 06 .1 '
1.33K 1.3 .6 .1 ;

A 2209 6150 A
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# OF UNIT LOADS # OF TRUE LEVEL # OF UNIT LOADS CTI. FAN OuT

RESISTOR R WILL SOURCE UNIT LOADS R R CAN S1INK AS REQUIRED TO
VALUE INTO A TTL CAN DELIVEK AS A PULLDOWN DRIVE R WHEN

ouUTPUT PULL-UP TO Vecc 'l'Q GROUND USED AS TERM.

TO GROUND
A “A)) =] -
o ¢ 2 B &
< &
S § & o <
5} % o A V“ 0
< g 2 & e

1.47K 1.2 .5 : 8

1.78K 1.0 wb

1.,96K .9 o4

2.2K .8 .3

2.37K .8 .3

2.61K o/ i .3 -

3.16K . .6 .2

3.83K . 5 .2

5.62K .3 .1 N

TABLE 5- §
(Continued)

Where possible, try to use resistor valuves
available in packages. Particularly when .
several similar interfaces must be made.
Package values available: 100
150 a
220 ~
330 ~
470 A
500 n
680 n
1K n
2.2K »
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RESISTOR DIVIDER NETWORK

i

CTL to TTL
CTL INPUT NUMBER OF TTL UNIT LOADS ALLOWED
LOADING A FAN OUT | " FAN OUT "FAN OUT
: Ry 24 Ry 12 R 8
.8 237 3.1 562 1.4 - 1K .9
1 237 3.1 619 1.4 1.1K .9
1.6 " - 261 3.0 825 1.3 1.96K .8
1.8 287 2.9 909 1.3 2.61K .8
2.0 . 287 2.9 1K 1.3 3.83K .7
2.4 316 2.8 1.21K 1.3 :
2.6 316 2.8 1.47K 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
3.6 422 2.7
3.8 422 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 1K 2.3
6.0 11K 2.3

'TABLE 5~ 7

|

A 2209 6150 A
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808B0A & PERIPHERALS UNIT LOADING SUMMARY =

D9 000090 VDO SLAN PN B ONY LBV EN VDO A GOSN OGOEOOE NS ®® 00 0NPOGOOSSOIOGONBOLOLQEOPNOBNGOEOSOSN

L J L ] L] - OUTPU“ L] >
o o« INPUT LOADING . C e LOADING .
« DEVICE e« HIGH LOW - TYPE - LONW . PROCESS .
MCPUC80B0A) NMOS
D7=D0 e N1 71 «b67
all others «01 67
SCTL Te Schottky
D7=-D0 «04 27 71
D87=030 «01 N9 354
STST8 «l8 3«54
all others.04 . .09 3.54 .
MPPI .03 «01 «57 NMOS
CRCN «02 «09 TP 2.84 Standard
FIFO «18 . -1l «57 PNOS
Table 5-9

« ALl values given in CTL unit toadss 1 CTL unit load = 2.82 mA

Nire "AND"™ Qutputs

® G BP0 O OO PPN S OO0 0SSOSO OD

. Number of o Number of .
CTL Inouts . Wire "AND"
- « TYTL Dutpouts .

PO OO 00 0% 0P OO PP N0 ON SO 0O LSLLODODS

1 Up to 16

2 Up to 7

3 Up to 2

4 Up to 1

b2 )
Table 3-9
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Table 5-10: CTL Load Resistors

L . X B Y T ¥ ¥ ) ®Mme moem Ccovommemeos

- Equivalent Loading .
' ‘Resistor Burroughs

To VEE. To GND Yalue Part Number Remarks
38.6 21.4 42.2 1111 8403 A
31.9 17.7 511 1111 8429 A
2%.0 16.1 56.2 1111 B437 A
2643 14.6 ~ 61.9 1111 8445 3
23.9 13.3 681 1111 B452 8
2le7 12.1 ) 75 1111 846y . B
21 11.7 82 2206 6732 c
18.5 10.3 . 91 2206 6823 C
16.8 9,3 100 2206 6740 c
S , , 2212 27m ~ PACKAGE A
15.3 8.5 110 2206 6831 c '
14 : T8 120 2206 6757 c
12.9 7.2 130 : 2206 6765 . c
11.2 6.2 150 ~ 2206 6773 . C.
: : 2212 2758 PACKAGE A
10.5 5.8 ‘ 160 - 2206 6781 c '
9.3 3.2 180 - 2206 6799 c
Beh L I 4 : : 200 2206 6849 , c
7.6 4.2 - 220 ‘ 2206 6807 c _
‘ : ' - 2212 2733 PACKAGE C
6.9 3.8 237 1111 8585 c '
6.2 3.5 261 . 1111 8593 B
. 5.7 3.2 . 287 . 1111 8601 , €
5.2 2.9 316 1111 8619 : c
&.9 2.7 330 2212 2725 PACKAGE C
bo.7 2e6 348 1111 8627 : c
4.2 2.3 383 : 1111 8635 8
3.9 2.1 422 1111 8643 ' c
3.5 1.9 bbb 1111 8650 3 v
3.5 1.9 470 ' 2212 2766 PACKAGE C
3.3 1.8 500 . PACKAGE C
3.2 1.8 511 1111 Bo68 C
269 1.6 562 : 1111 8676, S c
2.6 1.5 619 1111 8684 8
2e4 1.3 680 2212 2774 PACKAGE 8
2.4 1.3 681 1111 8692 : 8
2.1 12 754 1111 87075 8
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Table 5-10: CTL Load Resistors

MM MBE > M WM E B

RESISTOR BURROUGHS :

T0 VEE T0O GND VALUE PART NUMBER ~ REMARKS
1.9 1.1 825 1111 8718 c
1.8 1 909 1111 8726 A
1.6 9 1K 1111 8734 8

' ' 2212 2782 PACKAGE 8
1.5 -8 l1.1K 1111 8742 : B
1.3 4 1.21K 1111 8759 8
1.2 7 1.33K 1111 8767 8
1.1 .6 1e47X 1111 8775 8
9 «5 1.78K 1111 8791 8
.8 ol 1.96K ]
.8 ok 2.2K A
o7 A 2.37K 1111 8825 B8
b P , 2.61K 8
.5 .3 3.16K 1111 8853 B
b «2 } 3,83K 8
o3 .2 5.62K 1111 8916 8
REMARKS Y

A = Not acceptable as termination to VEE because of overloading.
8 = Not recommended as proper teraination to VEE.
C = Recommended as termination to VFE.

Termination Resistors

Teraination - Resistor Percent Power Burroughs
Point Value (ohas) Tolarance Dissipation Part Number
VEE Supply 511 2 0.25 W 1111 86638
Ground 133 2 0.25 W 1111 8528

Table S~-11
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5.4 Circuit Interconnection Restrictions
The following rules apply‘to CTL déviées unless otherwise stated:

a) A maximum of four gate levels is allowed between restoring
‘eigments.,vLeQels 3 and 4 shall have a maximum of 18 total DC CTL
IOlds‘and‘the étching between the output of the third level
gate and the input to the fourth level gate shall not exceed
6 1qches. Four levels of gating is not recommended.

b) Level 2, 3 and 4 outputs of gates shall not be connected to the
baékplane. Thé‘outpuc of a level 1 gate that is located on the
backplane may not be wire 'OR' connected with other elements,

c) Backplane Qires of length greater thén 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
‘more than two gating levels on the next card. |

d) Wire 'OR' connections on the backélane shall not haveva 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'connecﬁor pins shall be serially wired. Branching ia
not allowed. Wire routing is to be deiermined by the minimum total
length of wire that can be achieved. Backplane wires of length
greater than 36 inches shall be considered to be transmissiqn lines
and are to be terminated close to the receivers wfth the resiitots
given in Table 5-11 4

f) Line etching between any input and any oulput 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 & loads per tap is allowed,
Equal resistance and capacitive loading per length of backplane
wire is desirable. '
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TTL devices shall not be wire 'OR:' connected on the backplanc.
Pull-up resistors, pull-down resistors, and CTL interfacing
circuits shall be placed on the same card with the associated 171
logic clements. Total length of wire 'OR' etching for TTL dcvices
shall be kept to less than 36 inches. Length of etching betuwcen
any input and any output shall be less than 12 inches.

Unidirectional transmission lines of characteristic impedance equal
to 100 ohms may be driven by restoring elements if the line -
terminated at the recciving end by the resistors of Table 5-11. Thc
CTL load of the termination resistors is 10, Frontplane riblon
cables (1.7 ns/ft, delay) have a characteristic impedance betueen
90 and 110 ohms. The coaxial cables (1.45 ns/ft. delay) with dog
house connectors have an impcdance of 95 + 3 ohms,

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 resistors
given by Table 5-11, The CTL load of the dual termination is 20.

Critical nets should be wired serially with stubs up to 1 inch
allowed. Terminating resistors should be placed at the end of
the net.

The elements that delay line outputs may drive are restricted to
the following element types:

1., BG-N 4. THAN
2, TIF-N _ 5. 8140
3. BHAN 6. No Load Gates

5.5 Circuit Placement Restrictions

The following is a list of circuit placement priorities to be observed in
the design of the B/1700:

1)

2)

3)

4)

5)

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 a2 minimum,

Line drivers and line receivers shall be placed on the row
adjacent to the frontplane connector pins,

Gates driving a backplane wire are to be placed preferably
next to the backplane connector pin being driven,

Circuits that input from other cards or output to other cards
shall be placed close to the appropriate input/output connector
pin.

Circuits shall be placed in such a manner as to minimize the
total length of etching for wired 'OR' connections.

5.6 Clock Line Loading

No more than 24 AC loads and 12 active DC loads are allowed., The net should

be terminated with at least 12 passive loads. Net length should be limited to 24'".
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CTL - TTL
Restoring Element Elements
CTL TTL
Outpqt Inputs

Ref: Table 5-10 |

Figure 5-8: Resistor to Cround CTL to TTL Interfacing -

TTL & CTL
Elements

CTL
Restoring Element

CTL

TTL & CTL

Ref: Table 55, 537

- Figure 5-9: Resistor Divider Network CTL to TTL Interfacing
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TTL
Elements

. TTL
Qutputs

]

i

CTL

Restorlng Elements

I

Vee
l TTL
Lk
CrL
Loputs
' '
y | I
TTL Outputs
Wired 'AND'

Ref:

Table 5-2, 5-6

Figure 5-10: Open Collector Output TTL to CTL Interface

TTL
Element

Ref:

. CTL
Restoring Element

Table 5-2, 5-6

T TTL

| or
[ CTL

I Inputls

Eiﬁ“t‘ 5-11: Totem Pole Output TTL to CTL Interface
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BG-n (0) , o (0) > GFKn

IF-n

(.8) BG-n

i

R =237
L
(7

S : } (1) ) GFBn
Veg = =2.0V :

*Total loading can not exceed 12 since
the weakest source in the net has a
NOTE: fan out of 12.

_ GFKn

GFBn

GFIn

|48

Number in parentheses represents CTL loads.

Figure 5-12: Examp;e of Output and Input Loading of CTL Outputs

Given: 5 CTL outputs requiring a total of 12 CTL loads.
Find: Value of pull down resistor (RL)'

" Rules The sum of all the CTL input loads (CTLIL) plus all the CTL output
loads (CTLOL) Plus the load provided by the pull down resistor (R})

‘must equal the total load (LTOTAL) required by the CTL output de-
vices, or:

TCTLy, + ZCTLy + ERoy yoaps = Lroral

Tp find RL’ then,

— = 12.0
ECTL, = 0 +0.8+1.0 = 1.8
TCTLy = 0+1.0+1.0+1.0 = 3.0

Lrotar ~ Rere roaps - 4.8

= 12.0 - 4.8

. RCTL LOADS | 7.2 CTL LOADS

The actual resistance value may bé selected from table 5-10. It is that re-
sistor which provides a CTL load closest to, but not exceeding, 7.2. In this
case, the value of RL turns out to be 237a,
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B1714 Central Clock Distribution., The central system clock distribution is 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

- system backplane. From the backplane, it is distributed to all using cards, In
addition, the 8MHz output from the buffer is used internally on the source card
to drive a divide~-by-two Flip-Flop., This produces two phases of 4MHz (4MHz and
ZEEE). 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.

6.1.1 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 CTUL loads.,

6.1,2 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/0 distribution card. This buffer has its output connected through
a pull down resistor, 178 ohm, % watt to -2 volts,

6.2 B1712 Central Clock Distribution, The B1712 clock is generated the same as the
Bl714 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
produces two phases of 2MHz (2MHz and 2MHz) Clock. See Fig. 1, upper left.

6.3 I/O‘Clock Distribution. The I/0 distribution card receives the early clock”

(Fig. 2) (SCPE) from the Processor. It goes through a DL5N, then is buffered
to feed 6 dog houses on it's front plane. System clocks of all I/0 back-

planes are picked up from these 6 dog houses. (Dog houses are small shielded
connectors).

6.3.1 The distribution card uses one of the above 6 clocks, passing it through a fine
delay line (DL2N) and generating 10 indepeﬁdent clocks for distribution to 9
(maximum) caids on the standard I/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 eqaivalent), (8ee SCPCO term in Fig. 2.)

6.3.2 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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ADDED FOR Bl712 | T 'I
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T 1 | 'CLK CLK
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! r Hi ! | K : Tx
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. | l ! Lreyr | i r
5 MHZ CLK i { CIK CLK
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4MHZ | CLK . i
+2 DVR J p - 4
gl ' | CLK | 1CLK
‘Fm | _ F/F{4MHZ ,‘gbg : rReve] © © © |rcvr
. : | l
|
I

oo =T

4 MHZ (EARLY CLOCK)
CLK—bﬁg' ELAY LINE {CLK H—3 10 1/0

DVR DVRJ1 | DISTRIBUTION CARD

DELETE FOR |
1712 ONLY

' TO OTHER SUB-DISTRIBUTION CARDS

b o e e — e — —
1/0 DISTRIBUTION sceco & sceci & scec2 I scecs L scpca X scpes
.CARD j 2
. SCPE _ . BF BF BF BF BF BF
T 7 T T T
>{ BH |—>{ BH > DSCP
. BH > SCPMO
——
o
o
o
o
BH > SCPM8
> 1us
8 5
- COUNT >. us
|z BG 3 Loun | . > 3205
0s¢ LOGIC | RFBn 5102645
m : sc| |Bc| |sc | |sc

TO NEXT SUB-DISTRIBUTION CARD

FIG. 2 1/0 CLOCK DISTRIBUTION
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6.,3.3 For 1/0 controls that need slow clocks 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.

6.3.4 These &4 slow clocks as well as the raw 8 MHz (asynchronous) élock 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,

6.3.5 See Figure 2 for the I/0 clock distribution block diagram,

6.4 B1726 CLOCK MODULE,

6.4,1 B1726 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 internalldesign 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.

6.4.2 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 R A com-

1.
ponent of this noise is at the series resonance where the crystal looks purely
resistive, This is feed-back to the input at R); 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,

6.4.3 The crystal at series resonance looks like a resistor (Fig. 3) and forms a
divider network with R, 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 R, lowers the loop‘
gain so much that oscillations cannot be maintained in these modes and

therefore, the oscillator always oscillates at the fundamental frequency.

6.4.4 The capacitor Cl is used to connect the negative end of R, to the ground end

of R1 at crystal frequencies. The other video amplifier output is the same as
the output that drives Rl except that it is 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 l.4 volts P-P at R The 9819 is a

3.
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CONTROL PANEL e 1

CONNECTOR

FIG. b
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O 00
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differential input, CTL output level translator,

6.4.5 Resistors R4 and R5 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).

6.4.6 Since the video amplifier output current is a function of -12 voltage, the

voltage at R, is a function of -12 voltage, The divider network R, and R

3 4 5
voltage is equally a function of =12 voltage so no symmetry change results due
to changes in ~12 power, Very small changes in symmetry result from Vcc and Vee

due to the 9819 design, but they can be neglected.

6.4.7 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 50NS 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
outﬁut is energized, Taps are provided to adjus£ the adjustable clock from /
ahead of the system clock by 25NS to after the system clock by 35NS in nominal

5NS 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 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.

S 6.6.2 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 synchro'ﬁous ‘stop controls, and run conti-
nuously. Only Early Clocks, lines 5 through- 8, and system clock lines 1 )
through 6 can be synchronously stoppped. The clock line. functions are labeled
on the front panel of the clock card. :

When in the ONE PLS position, the push button is encrgized and a single pulse
is produced for each push of the ONE PLS button. See Figure 4.

‘The 4 pin control panel connector can be used to connect a remotesingle pulse

control on the clock. When pin L is connected to pin 2, the front panel button
is disabled and the remote button can be connected as shovm below, and in
Figure 4.

T (TWISTED TRIPLET) .
Q l QNC r o 4

- NO
¢ 4 —© 3
: —O 2
. Guideline for .Clocl_c Distribution ' L——O !

A, The clock which is distributed to any of the synchronous elements
(FFAN, RFAN, RFBN, and LFAN) should be distributed without branch-
ing or T's and the element farthest away from the source should be
terminated by a 100{ resistor to ground. No gating of the clock
signal should be allowed; thus, all unused inputs of the dual
buffers in the clock distribution must be tied true.

B. This improves 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.

P — e c—

% BOARD ’ TRUE . Synchronous
l : Elements
| oF (FFAN, RFAN,ETC)
Coaxial C/Z ] i
r/ceive Delaying Line
ements

S ——
[
- 0

100 O

6GND
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be8 31820 Clock Module.

6e8.1 The Oscillator. The 81820 clock scheme uses an
encapsulated 12MHz TTL Crystal oscillator as the primary
source. This is divided by a CTL flip=-flop to provide
the primsary system clock frequency of 6MHz. The division
praocess assures symmetrye.

6.8.2 The Distribution Scheme. See Figure 6. The logical OR of
the Single Pulse outputs the External CTlock and the main
clock is sent to four BG=~N buffers which in turn drive
the calibration and reference delay Llines. The first
buffer supplies an 170 Clock to the backplane which is

.reoeived by the [/0 Distribution Card and conditioned as
nesded before distribution to the [/0 controls. The
segond network supplies 6 clocks by means of coax for
use in the MBUs, port interchange and other such
activities requiring clock signats. The third net
provides two backplane clocks for use by the processor.
The fourth net provides an M8U coax clock that can not
be stoppe¢d oy the Stop Input.

beBe3 The Calivbration Circuitry. Each of the four buffers
: sentioned previously drives a calibration section
composed of one or more delay lines and a corresponding

JPRN header chip used to select the appropriate tap on

the delay Line. The appropriate tap is determined by the

timing requirements of the section being clocked. A
refarence tap is provided for aligning all clocks. ‘

An additional calibration circuit is provided for the
packplane clocks that drive the processor. The purpose
of this circuitry is to control positive puise width to
within 2nS of the nominal 83nS. ‘

6.8.4 -The Control Circuitry. Four controls are provided on the
front of the module. The first is a push button used to
emit single pulses when the second control switch
(Single Pulse or Continuous Operation) is in the Singtle
Pulse mode. The third switch selects the source of
oscillation (external or internal). This switch is not
present on units in the field and aust be added if
"needed. The fourth controls the syncronous stop feature
which can be activated by a pulse being applied at the
frontplane or backplane Stop inputs. A doghouse is also
previded to bring the External Clock signal on card. As
Wwas the case with the control switch, this dog house is
not on field units and aust be added if needed.
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le3 The Receiving Circuitry. See Figure 5. ALl processor cards that
l receive the backplane clocks do so with a BG=N in position F9.
_This buffer in turn drives a delay line which can go to other
buffers or no Lload gates for distribution on the card. The

on card nets are limited to 24", and 12 active DC loads to
control on card skew.

PROCESSOR T:ARD
CLOCK
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80
o BG 20
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7.0 DATA TRANSMISSION RULES

7.1 ,Cablé Rules

7.1.1 D.C, Considerations :

ey

Two factors vhich 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

of the line and inversely proportional to the wire diaﬁeter. Under true
level worst case conditions a 26 gauge coax will have 16 mv drop at the
end of a 10 ft. line which is terminating with 100 ohm to -0.5 volt.

A mismatch between the termination resistance (RL) ard the characteristics
impedance (ZL) 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 R

Ry -2
\P ) R+ 2

The increase or decrease in signal amplitude due to mismatch will be

temporary in nature, however, its effect must be considered as a D.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 céuld cause a 75 millivolt

shift and a 150 millivolt shift for'ribbon‘lines.

71,2 Termination Considerations :
A line should always be terminated into its characteristic impedance.
The 96 Tg ohm coaxial line should always be terminated with a 95.3 ohm
resistor or proper delay line., The ribbon lines have a nominal
impedance of 100 + 10 ohms and should be terminated with a 100 ohm

resistor.
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Lines driven from only a single source at the near end of the line need

only be terminated at the far end of the line.

7.1.3

Multible‘source lines must be terminated at both ends of the line.

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

7.2

7.2.1

7.2.2

mal.,

then they must be evaluated for these factors.

Cross talk is not a problem 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 signai,lines, cross

talk will be greater.

Driver/Receiver

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 18 '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.

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=-
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8.1 Delay Line Rules

Delay lines are always terminated intotheir characteéristic impedance. The delay
line is always driven by a CTL buffer or another delay line, When being 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{ The 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 fhé'lasf 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 Beavily 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.
The 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

The 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 (==1,50 volts) during the timing period. Pin F gives the complement of this
function. ' » '

RANGE AND TOLERANCES - The nominal timing periods ranges from 1 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 capacitor 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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Retriggerable operation - Each time the output of the internal logic circuit
goes true, the exterﬂal capacitor is discharged and a new cycle is started.
Retriggering will not occur if the retrigger pulse comes within 0.224 C_ (pf)
ns after the initial trigger pulse, To trigger the TAOn use all inputs of

the same input gate, i.e., A & B or C & D, according to the selected triggering
mode. Whenever hegative triggering is used, tie pins C and D to Vcc, either
directly or through a 500 ohms resistance., Up to 20  TTL unused inputs 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.

D Figure 8-1. . D

Non-régriggerable operation - In situations where nén-retriggerable operation
is required, and the TAOn is negatively triggered, tie the complementary output
(pin F) back to one active level low input (pin A 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) -
and using the other pin for triggering. '

(o |
=4

Figure 8-2,

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

P
tolerances in the IC itself (+ 10%), capacitor, N Re * :
and resistors, plus any error due to the inac- ‘L VAWV © Ve
curacy of the formula employed to compute the C Rt:ri.rn

. X
timing period. L !

Rx must be equal or greater than 5K, while the
total resistance, R +R

Figure 8-3.

trim? should not exceed

50 K under any circumstances, When electrolytic-

‘type capacitors are to be used, the tot.al resistance must not exceed 30 K, in
order to maintain the ratio of the chargiﬁg current to the leakage current much

‘higher than one.
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Rx R[‘rim °
9816 H ‘igéﬁ Output
\/ 1/6 '\
BHAN 48 o/s _ BHAN
] BE
vEE Vcc

Fig. 8-6. RETRIGGERABLE ASYNCHRONOUS TIMER CIRCUIT

Input

Output -
Pin H

Output
Pin F

Fig. 8-7. TYPICAL WAVEFORMS FOR THE ASYNCHRONOUS TIMER

8.2.4.2 Synchronous Timer - The leading and trailing edge of the output pulse are
synchronized with the trailing edge of the pulse clcck. The circuit may be
retriggered immediately 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 1 clock period, the circuit will retrigger and initiate a
new timing cycle. (See Figures 8-8 and 8-9)

1 Page 88
Clock %816 ‘
‘ 1/6
|| \ Rivin
/ \ ‘ J 9828 Output Cx Rx l ‘
' 9816 | [¥ 172 | | I 7 Vee
1/6 BHAN ,
BHAN Q | 9816 —
FFAN
. 348 0/S
F
VEE v¢:c l

Fig. 8-8. SYNCHRONOUS TIMER
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8.2.2

 8.2.3

For high values of capacitance, solid tantalum capacitors (Sprague-type 150 D)
with a working voltage WVDC = 15V, must be used. They can tolerate
five percent of the rated voltage in the reverse direction 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.

PULSE WIDTH COMPUTATION
For C .= 1000 pf, the output pulse width is a_pproximated by T =.320 Cx (R+0.7)
Where R is the total timing resistance in Kilohms.

Cx :l_.s in pF

T is in nsec.

For pulse widths less than 500 nsec, the propagation delay should be added to the
value given by (1)

The retrigger pulse width is calculated as shown in Fig. 8-4,

Minimum outpuf: pulse width: 65 nsec.

_—_].'——-——.L r—_-—-——.[ positive triggéring

4{ o Afﬁr‘

I B L

Figure 8-4. output pulse

INPUT TRIGGER PULSE
Minimum input pulse width: (Ti)min = 40 ns (see Fig. 8-5)

Trigger input delay: T =50 ns

pd+

T , ==50 ns
pd-

1.5V jﬁ- \
o -
2v i
1.5V —X-~ ’

Figure 8-5
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11.0 POWER SUPPLY CALCULATIONS

Tables 1l=1 and 11-2 give the worst-case figures corresponding to the
suppLy currents for the CTL and TTL integrated ciicuits,'according to

the following terminology:

ICC’ Current drawn from VCC supply (+4.75 V nominal)
Tegt Current to Voo supply (-2.0 V nominal)
IGND: Current to ground

111: Current to V11 supply (~12.0 V nominal)

I,,¢ Current drawn from V,, supply (+12.0 V nominal.)

The information given in these tables is based on the data availabie at
the present time and will be subject to change as new data becomes availabhle.

11.1 Current 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

Tee(1) = Tec(Table) + 3 ™ x N*

Tee(1) ™ TEE(Table)

T ‘= 1
GND(1) GND(Table)

'b) TTL Chips
Teec2) = Iec(Table)

Ienn(2) = ToND(Table)

or
N =1
cc(2) GND(Table)
The last value includes the current drawn from the VCC supply by the external

pull-up load resistors.

#N_ = 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.



I

I

.Burroughs Corporation @

e

A 2209 6150 A
SECTION 11
PAGE 2 REV. A

- B1700 HARDWARE RULES

COMPUTER SYSTEMS GROUP
SANTA BARBARA PLANT

'HIIHIHIIIHIIII

|

i

In all the above stated equations, primed (') terms refer to the total current
per chip. Double primed (") terms refer to the sum of the chip current plus
the éurrent drawn by the external associated resistors.

The term N. is the total output load to the chip, both CTL inputs or discrete

L
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:

= 3 mA xN

Teg(3) LR

Where 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:

Teeemy = &= (TeeryHee(2))
Leeer) = =Tep(1y* ey
Towoety = = Tenn(y* e (2))

z(

hn T 11(3))

11.2 Power Dissipation Calculations

The power dissipation for each chip can be calculated as follows:

a) CIL Chips

' (mW) = 5. o R W x N
‘Pd(l)(m ) 5.0 x ICC(Table) + 2.1 X'IEE(Table) + 12.5 mW x Ni + 7.5 oW x hL

Where Ni is the number of inputs that the chip has.

b) TTL Chips

(mW) = 5.0 x ICC(Table)

Pac2)
or

Pg(z)(mw) =50x1I

GND(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 (
ﬁer chiip, TDouble primed (") terms refer to
plus the ;dditional power dissipated in the
with the chip.

The term NL has the same meaning as in Sec.

The term Ni represents the number of inputs

The power dissipation in discrete pull-down

Pd(B) =15 mW x NLR

Where NLR has the same meaning as in Sec. 1

The total dissipation per card may bhe calcu

Pd(T)(mw) = z:(Pé(1)+P3(2)+Pd(3))

') terms refer to the total dissipation
the power dissipated in the chip itself

external discrete resistors associated

11.1.

that the chip has.

resistors may be computed as follows:

1.1

lated as follows:

TABLE 11-1-MAXIMUM SUPPLY CURRENTS-CTL INTEGRATED CIRCUITS

El t Assembl Maximum Currents (mA)%* R .
emen ssembly D iption : emarks
Type Number escrip Icc Ieg  lenp 111 I22 :
AFAn 1904 0179 pDual Adder/Subtractor| 114 87. 50 -- -
AMCn | 1123 9134 | 8-Bit Memory 50 -- 60 .- -
Pull-d
BG-n 1705 7563 | Dual Buffer (2,2) 45 60 7 - -- Pull-down
not con-
nected
BHAn 1904 0245 Hex Restorer 80 80 20 -- V-
CFAn 1904 0195 4-Bit Comparator 92 110 60 - -
CFBn 1909 0513 Carry Logic Gate 105 75 2 - -
DFAn 1904 0161 1 of 8 Decoder 115 106 35 0 -- --
EFAn 1914 0748 Priority Encoder 105 96 20 -- --

* Supply currents do not include the effect of loads, unless the contrary is stated.

PAGE 3 REV, A
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' ' Maximum Currents (wA)%*
.Element A; s:l:b ly Description x . Remarks
Type wber Icc Ige Iowp I 22
FFAn 1779 6137 | Dual JK/D Flip-Flop : 125 130 SO - a- -
GFBn | 1916 5851 | Dual AND Gate (4,4) A 15 36 2 s e -
GFEn 1916 5133 | Quad Gates (1,1,1,1) - 30 37 2 o e .-
GFFn .| 1916 5794 | Quad AND, AND/OR Gates (2,2,2+2) 30 47 2 ae e T em
_GFIn 1911 9098 | Triple AND Gates (4,3,3) 22 48 2 ee = -
GFJn 1911 9106 | Quad AND Gates (3,2,2,2) 30 50 2 e -e --
GFKn 1918 4282 | Quad AND Gates (3,2,2,2) 28 28 2 B No load
. . ’ Gates
IF-n 1705 7480 | Dual Inverter (2,2) ' 30 30 15 S — Pull-down
’ : resistors
‘ , . : _ not
IHAn 1904. 0252 | Hex Inverter 71 53 35 - - connected
LFAn 1779 6145 | Quad Latch : 82 98 7  ee a= -
MFAn | 1904 0187 | 8-Input Multiplexer 151 146 25 - --
MOPn ’ 1916 6115 | Micro-Operator ; 50 45 7 .. - --
RFAn 2201 4096 | 3-Bit Register 160 65 ae aa -
RFBn 2201 4062 | 4-Bit Register 115 60 © me ee " -
RFZN 1779 6152 | 3-Bit Register ’ 160 65 e  e- -
RF=N 1779 6160 | 4-Bit Register 115 60 T — -

* Supply currents do not include the effect of loads, unless the contrary is stated.
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Table 11=23 MAXIMUM SUPPLY CURRENTS TTL

0 0060000 0000 POEG0 00 0000000000 00000CCACCINANOCSCOSOEOEBRSGIOES LIC I I B IR B X B B W N Y )

. e Asseably . e Maximum Currents (pA) .
e TYPE o+ Number o Description - Icc Ignd .
MILIN £918 3599 EBCDIC/ASCIT 130 - 195
' Code Conv. (MSB)
MI2N 1918 3607 EBCDIC/ASCII
Code Conv. (LS58)
MI3N 1918 3615 ASCII/ZEBCDIC

Code Conve (MS58)
MI4N 1918 3623 ASCIIsEBCDIC
’ Code Conv. (LSB)
HHIN 2201 4146 HOLLERITH/ESCDIC
Code Conv. (LSB)
MH2N 2201 4153 HOLLERITH/EBCDIC
Code Conva (M58)-
“MH3N 2201 4146 EBCDIC/HOLLERITH
Code Conv. (LSB)
MH4N 2201 4179 EBCDIC/HOLLERITH
Code Conv. {MS5B) '
HJLN 2204 4200 96 COL CODEsEBCOIC
: Code Conv. {(LSB)
MJ2N 2204 4218 96 COL CODE/ESCDIC
- Code Conv. (MS8)
MJ3N 2204 4226 €8CDIC/96 COL CODE
Code Conv. (LS8) .
MJ4N 2204 4234 £EBCDIC/95 COL CODE '
Code Conv. (MS8)
MK1IN 2234 5124 EBCDIC/BCL ¢ PAR
Code Conv. (LSB)
HK2N 2204 5132 EBCDIC/BCL + PAR
Code Conv. (MS8B)
RMIN 2208 0014 EBCDIC/KATAKANA
Code Conve. (LSB)
RM2N 2208 9022 EBCDIC/KATAKANA Y Y
Code Conv. (MS3B)

MF&N 1918 3516 EBCDIC/SCL 174 80 160
o Code Conve
MFSN ‘4918 3524 EBCDIC/BCL 2/4
Code Conve.
MFoN 1918 3532 EBCDIC/3CL 3/4
Code Conv.

MFTN 1918 3540 EBCDIC/BCL &/4
Code Conv. =~ .
MF 8N 1918 3557 BCL/EBCDIC 1r72
Code Conv. ,
MF 9N 1918 3565 BCL/EBCDIC 2/2

Code Conve. Y \{
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Maximum Currents (mA) .

Icc
105
135
25
20
482
25
160
120
130
48

60
130

130

48
40
85
101
160

Ignd
165
150

35
110

82

97
176
184
258
112
126

194

-

1964

120
136
33
181
176

- e Assembly . .
e« TYPE <« Number o Description .
TURFCN 2205 2609 64 aie RAN o TTTiesTTTTTTUIEsTTTTTTT
RFON 2206 1626 256 Bit RANM
TAON 1901 7102  MONOSTABLE
MULTI VIBRATOR
THCN 1471 4356 DTL HEX INVERTER
THON 1674 4963 TTL HEX INYERTER
1DCN 1671 4398 DTL 2 x & BUFFER
RWO6 1449 1104 1024 BIT RAM
POO1 1667 9455 256 x & PROM
PROS 2607 6075 32 x 8 PROM
s2-N 1447 3797 QUAD 2=IN MUX
S4=N 16847 3714 DUAL &=IN MUX
PR4N 2319 5274 256 x 4 PROM
~ PRSN 2319 5282 512 x 4 PROM
T3AH 1447 3557  TRIPLE 3=IN AND
TZHN 1479 0240  QUAD 2-IN NAND
BTSN 1948 5051  TRI=STATE HEX BUFFER
CR&N 1447 3771 & BIT BINARY COUNTER
vﬂuts 2540 0656 1024 BIT RAM |
B2CN 1647 3581 OPEN COLLECTOR BUFFER

54

246
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Table 11-2: MAXIMUM SUPPLY CURRENTS TTL (Continued)

MEBEBRT GOPERG® GO PWB® PR ® LE K K X X N J - - L R .

LA A A R B XN XN KN E N Y] 0..0.."i‘.’.....".Q'...OQ..Q..ODC...O.QQO‘...O.Q....

. - Assembly . v e Maximum Currents (mA) ,
« TYPE . Nuaber - Description . fcc Ignd -
Tears” 2602 7300 QUAD TRI-STATE BuFFER ez ize
ITSN 1948 569 TRI=STATE HEX‘ INVERTER 77 269
CRCN 1269 7561 CRC GENERATOR/CHECKER 90 98

SCTL 1959 5727 SYSTEM CONTROLLER 190 ‘ 320
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LOGIC POWER SUPPLY

The Llogic power supply is a compact, low voltage» high current
supply. It providess :

+ 4,75 VDC ¢ .5V
- 2.00 VDC ¢ .5V
+12.00 VOC ¢ .5V
=12.00 VDC ¢ .5V

MEMORY POWER SUPPLY

The memory supply provides the following voltages:

+19.00 VDC & 1V
= 5.00 vDC iV
+23.00 VOC & 1V » Sae explanation below

(L3

* The ¢23 volt supply is a ¢4 volt supply floating on the
+19 voit supplye. :

Reﬁer to the Field Engineering Manuatl for 1nfornation on
adjustment, troubleshooting and maintenance.

The system margins given in this section are not intended
for use in the field but rather are given as an aid to
in“ptant engineering personnel. Furthermores they are
not intended to hold true under *extended® conditions.

: SYSTEM MARGINS
B1714

A L PP IR

. VOLTAGE .  SETTING . HIGH Lo .

esereesanenas ’..“..85.11..;0.1.. esuresesciiectesniesnna,
- 2.00 = 2.05 ¢ .01 - 2.1 - 1.95
+12.00 +12.00 ¢ .10 +12.5 . +11.5
-12.00 =12.00 ¢ .10 =12.5 -11.5
+20. 00 +#19.00 £ .10 +18.5 +19.5
+23.00 4200 ¢ .01 diff ¢ 3.75 diff  + 4.25 diff
= 5.00 - 5.00 ¢ .01 - 5,19 - 4.90
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31726
...‘;O..Q.‘vﬁ,"‘...‘.‘.....“.....' ..‘.Q..‘..“.“ ...‘...".‘
. . NOMINAL . MARGIN .
« VOLTAGE . SETTING . MIGH LOW .
..-.-. [ FE F FENEXENENENEIFEEEEENEE N EE NN FNFEN RN F RN FEFYNEFEEREIERFREENEEFENENYPN NN X
¢ 4,75 ¢ 4,85 ¢ .01 ¢ 5.05 ¢ 4.65
. 2.00 - 2.08 ¢ .01 - 2.15 - 2.02
+12.00 +12.00 ¢ .10 *12.5 *11.5
“12.00 ~12.00 & 10 =125 =11.5
+20. 00 $19.00 ¢ .10 ¢19.5 +18.5
*23.00 ¢ 8,00 ¢ .01 * 04,25 % ¢ 3.75 %
- 5.00 - 5.00 ¢ .01 - 5.10 = 4490
8i820
LT T T NN TN MARGIN
. VOLTAGE « SETTING HIGH LOW

IR R RETRNNER NN XY N WNIENNNRENENRNNEE®RENNRNE NN NNRIRRERNENNNRRXREN N NNN NN R X N

+ 4,75 4,95 ¢ .01 +5.15 *4.T5
-2.00 =2.15 + .01 -2.25 -2.05
+12.00 12.00 + 10 +12.50 ~ #11.50
-12.00 -12.00 + .10 =12.50  +11.50
$20.00 +19.00 ¢ .10 +19.50 +18.50
+23.00 * 4,00 ¢+ .01 * + 4,25% ¢ 3.75%

=500 “5.00 ¢+ 0! “5.10 “4.90

- *These figures stand for differential voltages on top of the

* 420y " voltage.
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Appendix on Logic Schematic Symbols
Frontplane inputs (con?ectors) at Top of schematic for Zoning purposes,
the top of the schematic only. ’//_.“‘
: v \
" be
Backplane Inputs e . Backplane Outputs
ﬁconnectors) at oo, [T (connectors) at
the left of the ; the right of the
schematic only, ‘L;!Q.m « s el N schematic only.
—y -,’.: wl » A : AneniOs
oliise LU b :O: i
e || &3
redd e PPN Ak v A )y
AT T ol
B : P Y- —J
4301 l p— - Fromad
THR + T
‘; E“.——‘_—_—‘.O‘
e S |
1 Q- hd
.M‘“'—_——h—-’ - ‘“ﬁ'
‘_“A.B—-m P
. Tl o L= I x Ji:m Lg:
Left side of | oo T T o L Right side of
schematic i ”"‘"“"U"“J - it 7Y schematic
for Zoning H » bty NY for Zoning
pt > IMY (3
purposes, 1h7 —— l““‘ﬁn purposes.
| Y-C N o e
'}; "TL; ——
| o= |
H
f g ir taancg (T P -
€ v
U _:@'_‘ g > PYTI
: -:ﬂ-—ﬁ~ ‘T o H
I : -'—D- [0
:e . P ;I‘j‘ ] PINY
i o O-thasnts.d — ™
._TT commiet oy E | '
S
il - o v
3 ==z B
N B e sunissn) w <000
@) e ovm o
I T d
O o ven)
[
L > 1 - ] ° J
Frontplane outputs (comnectors) at Z{Qg;gggLof schematic for Zoning purposes.,
the bottom of the schematic only,

The schematic is read with the title block turned to the left, as shown above.
Logic flow is left-to-right whenever possible.

Signal names consist of 8 characters.
The use of these characters are defined as follows:

a (0), (1) or (.).

The last character of the mnemonic name

0 Signal entering or leaving Backplane connector,

1 Signal entering or leaving.Frontplane connector.

Signal generated and used within the card.

is
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Appendix on Logic Schematic Symbols (Continued)

Top Border
'T!f' —t
- . ‘ The pin at the left
1" v . is continued in the
circuitry shown be-
low
AN N
L, Front plane g Front plane
input pin b pin is repeated
- H
and signal - »
"Airlined"
*"Airline"

is a temm applied to a method of symbolizing continuity when signal

lines cannot be conveniently connected. .Points common to the ‘interrupted

circuit are.identified by the same signal name.

Frontplane
Output pin

I Bottom Border
1" TYP )

- o ' Top Border

means front plane
means co-axial connector

co-axial input at
location COX

Example

co'osdas
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Appendix on Logic Schematic Symbols (Continued)

I Test point .
- Border v

A

l ' MEX;“..IO 2

Example:

Signal goes
to page 2, also
exits on the
frontplane as a
test point

I.-.'XH“

Frontplane
Test point

m Border
> /L/
. S
f T
‘—1-] 1" TYP
/ A . X .
S t lefts backplane input pin

Border line at edge of page

"Airlined" Signal Connection*

[i———---*< ’ 3
O AY DATAS . CO 420 DATAS,CO P

ﬁ-——-—
"—-—

Example: v

Above: Signal enters page thru backplane pin GAY 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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PACE 3 Page 4

} , ‘ : s
) ‘ DATAS .CO.
k‘w e fl O A Yé_i Y

Example of signal origin

~

(:) Indicates this signal came from
input side of another page, in 3
this example, page 4. This only
applies to backplane pins.

represents page number

ample

low:

. -1

Signal starts on this page, goes out -, N\ w7
backplare pin 1lEX, and .is also used » 7

on page 2.

Above: a backplane output pin.

— ! > |zEx

v
Border at edge-
of page
Border
: Border,
Left Right
& v
, P <>
. L 4
Bi-directional
- input/output pin
PAGE 4
O N X 'MEXCO,.0 |, ,
1 .
| 0>
1 EXCHAN.O '
- 4 oo B oy
Example abo&e'shows Bi-direction input/output pins at
backplane entry (left) and backplane exit (right).
Page 3 : ' P
l, o
| EXCHAN.O Page 6 '
4, 6 @..________.o_,./
y EXCHAN.O O 6
L 4 Ny
] Bi-directional signal continuation - Lol

from other pages.’,

Symbol at right of page
is used to indicate
multiple source of a net.

A 2209 6150 A
£ SECTION 12
== ©PAGE 4 REV.B
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Appendix on Logic Schematic Symbols (Continued)

» (:) Means logic at tnis point originates off the page.

- Aeft border of schematic l
'L-EL P
: '3OBBISGQCQ AZ . ' N
h } |

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

Eage L3

©  means logic is generated on thié page, and leaves the page.

. , C i
F ) NARAS.... ARAS..-. DD—E——/
— e e ,

- - ‘

@ 2 means signal ARAS.... is
the source for two sinks
(inputs) found to the

_right of the source on
the same page.

—f— e
' ' P RDISP... 3
BACKFEED SYMBOL - Example *—
Repreéentation 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,

. . 3
3, 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,

means 1ogic is generated on this page and leaves ' Signal shown leaving
the page.’ T , . the page and con-
tinued on page 3

J SOb.e.Ke @2' @ © S04...K. Os

DSCP...‘

V4
. ,’ T
Signal also used on this page.

DSCP.ses

: ‘ E _ DGCPecee  DSCP.eee
TR (son. ke ) & ©-
-
| . o

v 4
'

If there {s no number of sinks to be found, - This combination of symbols
then onlv one symbol will be shown leaving . on the same page is also

Van S
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Appendix on Logic Schematic Symbols (continued)

" Indicates Bi-directional signal Indicates signal input
in or out of a Logic Element

>

. 11s.
U —
TT1
Indicates signal output
‘ Example: A 5\ p
as | B
' ‘means 150 ohm, 1/8 W, resistor ,L_.GLJl A7G

to ground on the solder
side of the board .
Above: the 150 ohm resistor is soldered
to pin G of the chip at location A7,

,L-.E—.,./ means resistor within a resistor chip

n - Type of resistor chip - = =~ = = -« « =« The letter or number code

XXX - Chip location & Pin is derived from Elgment
"L - Number of Loads Type designaticns, for
example: (P) is RPNN, (8)

A5 is the
chip location,

A is the chip P
pin for the D_V—_r/
resistor. 4 is . p—q 4 ASA

the number of loads. \J

,L__@___/ Discrete Resistor
XXX

A - Refers to Drawing note at bottom of
Schematic page.

XXX - Resistor location

Example: Frontplane or Backplane resistor

/ SWRITEFO )

| ONY¥£ O

Note: 348 OMM 1/4 W, to -2.0V.

Locations 000 thru 212: at backplane connector.
Locations 250 thru 474: at frontplane connector.
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Appendix on Logic Schematic Symbols (continued)

- Example: Discrete Resistor Located between IC Chip and Bus Bar

WAIT.". '

) (O™

B9
‘Z_._

Notes: (D) 160 OHM 1/2, to -2.0V

B9W will be part of the
‘'net with the other

end of the discrete (B9X)
Receiving Power.

Discrete resistor slocated between the different letter designated rows on the

circuit board and near the Bus.

8o
‘L.__.

.DUMP.QOQ

v
© 4

Example:

Any discrete resistor pin (XovY, WorZ) may be connected

/ ' @ OHM, 1/2W to GND

to the net. The other end
at the resistor will receive power. '
MISCELLANEOUS DISCRETE
COMPONENTS USED IN “CHIP POSITIONS
(GENERALLY GBAN)
i I J 87
\ 1K t J———
N 1.0 1 Example:
f ] 1 S
TAON CHIP PIN
& _J 11
: “,;quv ~ ‘[’ CHLP LOCATI
/2// A . {
- A8
Voltage is _ A8 > 1000PF
picked up at 12.1K DACITOR
Chip B6 pin M CApACL
RESISTOR VALUE ‘ VALUE
P N(r
B~

¥
)
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There are two available resistors in the BG-N chip and
the IF-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 pins
P and/or tl for the IF-N.

Schematically represented.

LOAD.1..
Cp Al

B|BG-0

o e 1 BG-1

10AD.2.. Gl
A dark solid circle on a lime is a schematic representation

of a line intersection, There is no implication of etch
pattexns or via holes

0
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TTL DUAL SYMBOLS
A , ‘ A — : ,
- AB + AB _ : AB + AB
B B .
EXCLUSIVE OR DUAL OF EXCLUSIVE OR
A —] x '
—~ A B _ A+ B
B — o , B - .
NAND GATE DUAL OF NAND GATE
A — A —_
| A B — A+ B
B B
AND GATE | DUAL OF AND GATE
A ' ' A —( .
o A+ B - —— A+ B
B - f 7 B —0O ; ,
NOR GATE DUAL OF NOR GATE
A — - A —0 R
A+ B - A B
B B —O
OR GATE DUAL OF OR GATE
A A A A
INVERTER DUAL OF INVERTER
A A 2

—>—

BUFFER

DUAL OF BUFFER
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DISCRETE COMPONENT NAME LIST

POWER T0 To T0 10 10
VALUE DISSIP. PART NUMBER GROUND -2V 4.75 -12 12
42.2 174 1111 8403 RGH7
51.1 174 1111 8429 RG2S R419
56.2 176 1111 8437 RG21
61.9 174 1111 8445 RG20 R&4L18
68.1 1/4 11118452 RG6S
7S 174 1111 8460 RG15 R432
82 172« 2206 6732 RG35 RX35 R430
91 172« 2206 6823 RG34 RX34 R429
100 1/2« 2206 6740 RG33 RX33 R428
110 172+« 2206 6831 RG32 RX32 R&27
120 172+ 2206 6757 RG 31 RX31 R426
130 172« 2206 6765 RG 30 RX 30 R425
150 172« 2206 6773 RG46 RX45 R424
160 1/ 2« - 2206 6781 RG4S RX4b4 R423
1890 172« 2206 6799 " RG4& RX43 R422 R300
200 172+ 2206 6849 RG43 RX42 R&31 R307
229 172+ T 2206 6807 RG&2 RX&1 R421 R3928
237 174 1111 8585 RG4Y RX08 Re4l
261 174 1111 8593 RGO9 CRX03 RGA2
287 174 1111 8601 RGO& RX07 R417
" 316 174 1111 8619 RGOO  RXO06 R4 35
348 174 1111 8627 RG238 RX21 R&400
383 1764 1111 8635 RG62 RX51 R455
422 174 1111 6643 RG4S RX15 R&413
464 174 1111 8650 RG24 RX27 R&401
51t 174 1111 8658 RG26 RX24 R402
562 174 1111 86756 RGO2 RX28 R&40
619 174 1111 8684 RG29 RX39 R&3%
681 174 1111 8692 RG55 RX49 R4L3 R30S
750 174 1111 8700 RGH1 RX58 R4S &
825 174 1111 8718 RG&47T RX25 R4l R306 RSO0
909 174 1111 8726 RG56 RXS55 Rbbb
1K 174 1111 8734 RG27 RXD2 R4O4 R501
1.1K 174 1111 8742 RGO1 RX56 R4 39
1.21K . 174 1111 8759 RG57 RX53« R456

1.33K 174 1111 8767 RGS8 R&4S
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DISCRETE COMPONENT NAME LIST (CONTINUED)

_ POMER o | T0 10 10 o 10
YALUE  DISSIP. PART NUMBER  GROUND =2V  4.75 =12 12

bl A L A L AL L LRI LA R LRI L LI R L Y R LR R L R N Y L T

1.47K 176 1114 8775 - RG6D  RX13+  R4O7

1.78K 174 1111 8791 - ~ RéS8

1.96K 174 1111 8809 RXC1e  Re164 S
2.15K 1/4 1111 8817 | RX47+  R459 ~ RS02
2.37K  1/4 1111 8825 S R4ST

2.61K  1/4& 1111 8833 -  R&A4S

3.16K . 1/6  t111 8858 RG36 | R&47

3.83K 174 1111 5574 ; ~

5.62X 174 1111 8916 RX59¢  R&S2

21.56 174 1111 9754 . R&S3

WISCELLANEDUS COMPOMENTS
300PF  CAP - 1920 2134 RGAO

4TOPF CAP 2300 5531 RG51

1000PF  CAP 2300 5572 RGS2

WWF CAR 1907 8815  RGS9Y

33UF CAP 2010 0715 RG92

<O1UF CAPR 2300 5697 RGS53

«1UF CAP .2300 5820  RG39

1.0UF CAP 2200 7058 RGS4 |
DIODE o 2208 6011 RGOL  RX91

» THIS DEVICE IS A 172 WATT RESISTOR IN A 1/4 WATT 80DY.

I!
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FRONTPLANE RESISTOR LIST
. GND =2y GND =2V GND -2V GND =2V .

e PIN #4.75 =12y PIN ¢4.75 =12y PIN 464,75 =12y PIN ¢4.75 =-12v .

.‘.........‘......‘.‘....“.‘..Q....0...0‘.0....‘..Q‘...‘Q..Q...O.....

n
x
N
1
(=]
(]
ﬂ
i

A EAX 275 400 $aY 300 425 £AY 325 45)
3 251 376 8 276 401 B8 391 426 8 326 451
c 252 317 c 277 402 C 302 427 c 327 452
D 253 378 0 278 403 D 303 428 0 328 453
E 2564 379 £ 279 404 E 304 429 - E 329 454
F 255 380 F . 280 405 F 305 430 F 330 455
6 256 381 6 281 406 G 306 431 G 331 &Sé6
H 257 382 H 282 407 H 307 432 ‘H 332 457
I 258 383 I 283 408 I 308 433 I 333 458
J 259 384 J 284 409 J4 309 434 J 334 459
K 260 385 K 285 410 K 310 435 K 335 460
L 261 386 L 286 411 L 311 - 436 L 336 461
M 262 387 M 287 412 M 312 437 M 337 462
N 263 388 N 2868 413 N 313 438 N 338 463
P 264 389 L 289 414 P 314 439 P 339 464
Q. 265 390 Q 290 415 q 315 440 Q 340 465
R 266 391 R 291 416 R 316 441 R 341 466
S 267 392 S 292 417 S 317 442 S 342 o7
T 268 393 R 293 418 T 318 443 I 343 468
u 269 394 u 294 419 u 319 444 U 3446 469
v 270 395 i 295 420 ¥ 320 445 . | 345 470
W 271 396 " 296 421 W 321 446 W 346 471
X 212 397 X 297 422 X 322 446 X 347 472
Y 273 398 Y 298 423 Y 323 448 Y 348 473
$IX 27+ 399 BIX 299 424 $IY 324 449 8IY 349 474
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' BACKPLANE RESISTOR LIST

o VOO PORE® comMEOOee meaee

....'.....‘....Q..;‘,",.'.‘..”Q‘.........‘..‘...‘...Q.......“.'C..‘.Q.
» PIN =2.,0 GND PIN =20  GND PIN =2.2  GND PIN =2.C GND

....‘......“.. ..'..D.CQ‘.‘.‘......“......Q. [ EE N NN ¥ Y ..‘...C.‘..‘O..Q.

g

©1AX L an |  IAY 044 169  OAY 045 170
8 000 125 8 001 126 B. 046 171 B 047 172
. C 002 127 -.c. 003 128 C - 048 173 c 049 176
0 GND S0 00k 129 D..  GND D 050 175
€ 005 130  E 006 131 E 051 176 E 052 177
F 007 132 F 008 133 F 053 178 F 056 179
6 009 134 @6 010 135 055 180 6 056 181
H 01l 136 W 012 137 H 057 182 H 058 183
I 013 138 1 o0ts 139 I 059 184 1 060 185
4 GND 0 015 140 J  GND J 061 186
K 016 141 K 017 142 K 062 187 K 063 188
L 018 143 L 019 146 L 064 189 L 065 190
" 020 145 M 021 146 M 066 191 g 067 192
N 022 147 N 023 148 N 068 193 N 069 194
P 024 149 P 025 150 P 070 195 P 071 196
Q GND : 9 . 026 151 Q GND Q 072 197
R 027 152 “R 028 153 R 073 198 R 076 199
S 029 154 S 030 155  § 075 200 S 076 201
T 031 156 T . 032 157 T orr 202 T 078 203
u 033 158 U 034 159 U 079 2064 U 030 205
vV 035 160 v 036 161 Vv 081 206 v 082 207
W GND M 037 162 W GND W 083 208
X 038 163 K 039 164 X 086 209 X 085 210
Y 060 165 .Y 041 166 Y 086 211 Y 087 212
IX 042 167 0Zx 043 168 17y 0zY




	002
	002a
	003
	004
	005
	006
	01-01
	01-02
	02-01
	02-02
	02-03
	02-04
	03.0-01_CTL
	03.1-02_AFAn
	03.1-03_AMCn
	03.1-04_BF-n_BG-n
	03.1-05_BHAn
	03.1-06_CFAn
	03.1-07_CFBn
	03.1-08_DFAn
	03.1-09
	03.1-10_EFAn
	03.1-11
	03.1-12_FFAn
	03.1-13_GFBn
	03.1-14_GFEn
	03.1-15_GFFn
	03.1-16_GFIn
	03.1-17_GFJn
	03.1-18_GKFn
	03.1-19_IF-n
	03.1-20_IHAn
	03.1-21_LFAn
	03.1-22_MFAn
	03.1-23
	03.1-24_MOPn
	03.1-25_RFAn
	03.1-26
	03.1-27
	03.1-28_RFBn
	03.1-29
	03.1-30_RFZn
	03.1-31_RF-n
	03.2-01_BFBn_TTL-DTL
	03.2-02
	03.2-03_1K-ROM
	03.2-04
	03.2-05
	03.2-06
	03.2-07
	03.2-08
	03.2-09
	03.2-10
	03.2-11
	03.2-12
	03.2-13
	03.2-14
	03.2-15
	03.2-16
	03.2-17
	03.2-18
	03.2-19
	03.2-20
	03.2-21
	03.2-22
	03.2-23
	03.2-24
	03.2-25
	03.2-26
	03.2-27
	03.2-28
	03.2-29
	03.2-30
	03.2-31
	03.2-32
	03.2-33
	03.2-34
	03.2-35
	03.2-36
	03.2-37
	03.2-38_256bit_rom
	03.2-39
	03.2-40
	03.2-41
	03.2-42
	03.2-43_RFCn
	03.2-44
	03.2-45_RFDn
	03.2-46
	03.2-47
	03.2-48_TA0n
	03.2-49
	03.2-50
	03.2-51_IHCn
	03.2-52_IHDn
	03.2-53_IDCn
	03.2-54_RW06
	03.2-55
	03.2-56
	03.2-57
	03.2-58_POO1
	03.2-59_POO2
	03.2-60_S2-n
	03.2-61
	03.2-62
	03.2-63_S4-n
	03.2-64_PR4n
	03.2-65_PR5n
	03.2-66_LD4n
	03.2-67_T3AH
	03.2-68_T2Hn
	03.2-69_BTSn
	03.2-70_CR4n
	03.2-71
	03.2-72_RWI3
	03.2-73
	03.2-74
	03.2-75_PRO8
	03.2-76-SCTL
	03.2-77
	03.2-78
	03.2-79
	03.2-80
	03.2-81
	03.2-82_CRC1
	03.2-83
	03.2-84
	03.2-85
	03.2-86_B2Cn
	03.2-87_ITSn
	03.2-88
	03.2-89_B2TS
	03.3-01_RAM1
	03.3-02
	03.3-03
	03.3-04_SSAN
	03.3-05
	03.3-06_SSRN
	03.3-07
	03.3-08
	03.3-09
	03.3-10
	03.3-11
	03.3-12
	03.3-13
	03.3-14
	03.3-15_UART
	03.3-16
	03.3-17
	03.3-18
	03.3-19
	03.3-20
	03.3-21
	03.3-22
	03.3-23_MCPU
	03.3-24
	03.3-25
	03.3-26
	03.3-27
	03.3-28
	03.3-29
	03.3-30
	03.3-31_MPPI
	03.3-32
	03.3-33
	03.3-34
	03.3-35
	03.3-36
	03.3-37
	03.3-38
	03.3-39
	03.3-40
	03.3-41_FFO1
	03.3-42
	03.3-43
	03.3-44
	03.3-45
	03.3-46_RAM2
	03.3-47
	03.3-48
	03.3-49
	03.3-50
	03.4-01_LDPn
	03.4-02
	03.4-03
	03.4-04_LDGn
	03.4-05_LRGn
	03.4-06_SAMn
	03.4-07
	03.4-08
	03.4-09-SBMn
	03.4-10_IQAn
	03.4-11_LDAn
	03.4-12_DVCn
	03.4-13
	03.4-14_LDDn
	03.4-15
	03.4-16_IQBn
	03.4-17
	03.4-18_T1BR
	03.4-19
	03.4-20_S140
	03.5-01_DL2n
	03.5-02
	03.5-03_DL5n
	03.5-04
	03.5-05_DLCn
	03.5-06
	03.5-07_GBnn
	03.5-08_GBIn
	03.5-09_GB2n
	03.5-10_GB3n
	03.5-11_GB4n
	03.5-12_GB5n
	03.5-13_GB6n
	03.5-14_GB7n
	03.5-15_GB8n
	03.5-16_GB9n
	03.5-17_RPnn
	03.5-18_RP2n
	03.5-19
	03.5-20
	03.5-21
	03.5-22_CP1n
	03.5-23
	03.5-24
	03.5-25
	03.5-26
	03.5-27_RPFn
	03.5-28_JPRn
	03.5-29_R6nn
	03.5-30_GB1n
	03.5-31_RP0n
	03.5-32_RPSn
	03.5-33_OSCC
	03.5-34_OSCD
	04.0-01
	04.0-02
	04.0-03
	04.0-04
	04.0-05
	04.0-06
	04.0-07
	04.0-08
	04.0-09
	04.0-10
	04.0-11
	04.1-01_Num_IC_Idx
	04.1-02
	04.1-03
	04.1-04
	04.1-05
	04.1-06
	04.2-01
	05-01
	05-02
	05-03
	05-04
	05-05
	05-06
	05-07
	05-08
	05-09
	05-10
	05-11
	05-12
	05-13
	05-14
	05-15
	05-16
	05-17
	05-18
	05-19
	05-20
	05-21
	05-22
	05-23
	05-24
	05-25
	05-26
	05-27
	05-28
	05-29
	05-30
	05-31
	05-32
	05-33
	05-34
	06-01
	06-02
	06-03
	06-04
	06-05
	06-06
	06-07
	06-08
	06-09
	07-01
	07-02
	08-01
	08-02
	08-03
	08-04
	08-05
	11-01
	11-02
	11-03
	11-04
	11-05
	11-06
	11-07
	11-08
	11-09
	12-01
	12-02
	12-03
	12-04
	12-05
	12-06
	12-07
	12-08
	12-10
	12-11
	12-12
	12-13
	12-14

