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SECTION

GENERAL INFORMATION B!

11. INTRODUCTION.

1-2. This Diagrams Manual, part no. 02100-90003, is
one in a set of five manuals that document the Hewlett-
Packard 2100A Computer (figure 1-1). The other manuals
in the series are: the Power Supply Operating and Service
Manual, part no. 5951-3038, the Reference Manual, part
no. 02100-90001, the Installation and Maintenance Manual,
part no. 02100-90002, and the Illustrated Parts Breakdown
(IPB), part no. 02100-90004. The computer is documented
in the five manuals as follows:

a. This Diagrams Manual provides interconnecting infor-
mation and schematic diagrams for all assemblies of the
computer except the power supply.

b. The Power Supply Manual contains all the information
necessary to troubleshoot and repair the power supply.
This includes installation instructions, schematic dia-
grams, and replaceable parts information.

c. The Reference Manual contains specifications, oper-
ating instructions, and programming information for
the computer.

d. The Installation and Maintenance Manual contains
instructions for installation, maintenance, trouble-
shooting, and repair of the computer, except as covered
in the Power Supply Manual.

e. The IPB Manual contains replaceable parts ordering
information, replaceable parts lists, exploded views,
part location diagrams, and numerical lists of parts for
all assemblies of the computer except the power supply.

1-3. Unless otherwise stated in future wupdating
supplements, information contained in this manual is
applicable to 2100A Computers having serial numbers with
the prefixes listed on the title page of this manual.

‘@ 21008 CONPUTER
L SEWLETT . Pacuung

2133-7

Figure 1-1.

Hewlett-Packard 2100A Computer

11




Section I

14.  SCOPE.

1-5. This manual is intended for use by maintenance
personnel who are familiar with the circuit theory and
maintenance procedures of the 2100A. A thorough under-
standing of the information presented in the Reference
Manual and the Installation and Maintenance Manual for
the computer is essential to using the material presented in
this manual.

1-6. Sections II, III, and IV of this manual contain the
following information:

a, Section II, Logic Symbology. Section II describes and
defines the logic symbology used in this manual. It also
includes integrated circuit diagrams and characteristics
and descriptions of nonstandard integrated circuits.

b. Section III, Wiring Information. Section III contains
cable wiring information, wiring lists, and wiring
diagrams.

c. Section IV, Diagrams. Section IV contains parts loca-
tion diagrams, replaceable parts lists, and schematic
diagrams for each printed circuit card used in the com-
puter, including the optional memory and control

1-2
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cards. Lists of signal interconnections are included to
enable quick signal tracing between cards. Use of these
lists is described in Section IV. The section also includes
an alphabetical list of the signal mnemonics used on the
schematic diagrams and in the backplane wiring list.

d. Updating Supplements. If required, updating supple-
ments are included with this manual. These supple-
ments make the manual applicable to computers with
serial numbers prefixed higher than the prefixes given
on the title page of this manual.

1-1. MAJOR ASSEMBLY CONFIGURATIONS.

1-8. Table 1-1 lists the serial number prefixes of the
computers covered by this manual and the date codes of
the circuit card and power supply assemblies originally
installed in these computers at the factory. (The
Identification paragraphs in the computer Installation and
Maintenance Manual describe serial number prefixes and
circuit-card date codes.)

1-9. The assembly configurations may vary from those
shown in table 1-1 because of field modifications, repairs,
or other reasons requiring assembly exchanges.
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Table 1-1. Major Assembly Configurations
Al A2 A3 A4 A4 AS A6 A7 A8 A9 A16 | A24 A24 | A101 | A102 | A102 | A102 | A105 A105 | A106 | A107 A25
A104 | A103 | A103 | A103 | 4KB8K | A108 POWER
COMPUTER A109 | 4K | A110 | A110 (MEMORY SUPPLY
SERIAL A112 | CARD | A111 | AT
NUMBER 8K 8K
PREFIX CARD | CARD
02100-| 02100- | 02100- | 02100-|  _ 02100- | 02100- | 02100- | 02100- | 12895-| 02100- | 02100- | 02100- | 02100- | 02100- | 5060- | 5060- | 02100- | 02100- | 02100- | 02100-| 02100-
60014 | 60002 | 60004 | 60022 60001 | 60003 | 60024 | 60007 | 60001 | 60060 | 60015 | 60017 | 60012 | 60040 | 8324 | 8331 | 60008 | 60009 | 60010 | 60011 | 60053
1106 1126
1136 1116 or 1124 | 1110 - 1051 | 1109 | 1116 | 1051 | 1116 | 1131 | 1123 | 1128 | 1121 | 1139 | 1126 - 1049 1049 | 1046 | 1132 or
1132 1140
1121 1126 g
1140 1116 | 1132 [ 1124 | 1110 - 1051 | 1109 | 1116 | 1051 | 1116 | 1131 | 1123 | 1128 or 1139 or - 1049 1049 | 1046 | 1132 1141
1132 1136
121 1126
1145 1116 | 1132 | 1124 | 1110 - 1051 | 1109 | 1116 | 1051 | 1116 [ 1131 | 1123 | 1128 or 1139 or - 1049 1049 | 1046 | 1132 na
1132 1136
1132 n2 1126
1148 1116 or 1124 | 1110 - 1051 | 1109 | 1116 | 1051 | 1116 | 1131 | 1123 [ 1128 or 1139 or - 1049 1049 | 1046 | 1132 1146
1144 132 1136
1132
1147 1116 or 1124 | 1110 - 1051 [ 1109 | 1116 | 1051 | 1116 | 1131 | 1123 | 1128 | 1132 | 1139 | 1136 - 1049 1049 | 1046 | 1132 1146
1144
1148
1148 1116 | 1144 | 1124 | 1140 - 1051 | 1140 | 1144 | 1051 | 1116 | 1131 | 1123 | 1128 | 1132 | 1139 | 1136 - 1049 1049 | 1046 | 1132 or
1149
116 1128
1150 1116 | 1144 | 1124 | 1140 - 1051 | 1140 | 1144 | 1051 or 1131 | 1123 or 1132 | 1139 | 1136 - 1049 1049 | 1046 | 1132 1150
1144 1201
1132
1202 1116 | 1144 | 1124 | 1140 - 1051 | 1202 | 1144 | 1051 | 1144 | 1131 | 1123 | 1201 or 1139 | 1136 - 1049 1049 | 1046 | 1132 1150
1152
1124
1203 1116 | 1144 or 1140 - 1051 | 1202 | 1144 | 1051 | 1144 | 1131 | 1123 | 1201 | 1152 | 1139 | 1136 | 1208 1049 1049 | 1046 | 1132 1150
1144
12156 1116 | 1744 | 1144 | 1140 - 1051 | 1202 | 1215 | 1051 | 1144 | 1131 | 1123 | 1201 | 1162 [ 1139 | 1136 | 1208 1049 1049 | 1046 | 1132 1215
11186 1051 1139
1224 or 1144 | 1144 | 1140 - 1051 [ 1202 | 1215 or 1144 | 1131 | 1123 | 1201 | 11562 or - 1208 1049 1049 | 1046 | 1132 1220
1144 1216 1148
1230 1144 | 1144 | 1144 | 1140 - 1051 | 1238 [ 1215 | 1216 | 1144 | 1131 [ 1123 | 1201 | 11562 | 1148 - 1208 1049 1049 | 1046 | 1132 1220
1238 1144 | 1144 | 1144 | 1140 - 1051 | 1238 | 1215 | 1216 | 1144 | 1131 | 1123 | 1201 | 1152 | 1148 - 1208 1049 1049 | 1046 | 1132 1229
1243 1144 | 1144 | 1144 | 1140 - 1051 | 1238 | 1216 | 1216 | 1144 | 1131 | 1123 | 1201 | 1152 | 1148 - 1208 1049 1049 | 1046 | 1132 1243
1244 1144 | 1144 | 1144 | 1140 - 1051 | 1238 | 1216 | 1216 | 1144 | 1131 | 1244 | 1201 | 1162 | 1148 - 1208 1049 1049 | 1046 | 1132 1243
1249 1144 | 1144 | 1144 | 1140 - 1051 | 1238 | 1215 | 1216 | 1144 | 1131 | 1244 | 1201 | 11562 | 1148 - 1208 1049 1049 | 1046 | 1132 1249
1250 1144 | 1144 | 1144 | 1140 - 1051 [ 1238 | 1215 | 1216 | 1144 | 1131 [ 1244 | 1201 | 1152 | 1148 - 1208 1049 1049 | 1086 | 1132 1250
1304 1144 | 1144 | 1144 | 1144 - 1051 [ 1238 | 1215 | 1216 | 1144 | 1131 [ 1244 } 1201 | 1152 [ 1148 - 1208 1049 1049 | 1046 | 1132 1250
1306 1144 | 1144 | 1144 | 1144 - 1051 | 1238 | 1215 | 1216 | 1144 | 1131 | 1244 | 1201 | 1152 | 1148 - 1301 1049 1049 | 1046 | 1132 1250
1312 1144 | 1144 | 1144 | 1144 - 1051 | 1238 | 1215 | 1216 | 1144 | 1131 1244 | 1201 | 1152 | 1148 - 1301 1049 1049 | 1046 | 1312 1250
1314 1144 | 1144 | 1144 | 1144 - 1051 | 1238 | 1215 | 1216 | 1144 | 1131 | 1244 | 1201 | 1152 | 1148 - 1301 1049 1049 | 1046 | 1312 1314
1320 1144 | 1144 | 1144 | 1144 - 1051 [ 1238 | 1216 | 1216 | 1144 | 1131 [ 1244 | 1201 | 1152 | 1148 - 1301 1049 1049 | 1046 | 1312 1320
1322 1144 | 1144 | 1144 | 1144 - 1051 | 1238 | 1215 | 1216 | 1144 | 1131 | 1244 } 1201 | 1152 | 1148 - 1301 1049 1049 | 1046 | 1312 1322
1330 1144 | 1144 | 1144 | 1144 - 1051 | 1238 | 1215 | 1216 | 1144 | 1131 | 1244 | 1201 | 1152 | 1148 - 1301 1049 1049 | 1046 | 1312 1330
1333 1144 | 1144 | 1144 | 1144 - 1051 | 1238 | 1215 | 1216 | 1144 | 1131 | 1244 | 1201 | 11562 | 1148 - 1301 1049 1049 | 1046 | 1312 1333
1345 1144 | 1144 | 1144 | 1333 - 1051 | 1238 | 1215 | 1216 | 1144 | 1131 1244 | 1201 | 1152 | 1148 - 1301 1049 1049 | 1046 | 1312 1345
1402 1144 | 1144 | 1144 | 1402 - 1051 | 1238 | 1215 | 1216 | 1144 | 1131 1244 | 1201 | 1152 | 1148 - 1301 1049 1049 | 1046 | 1312 1345
NOTE: A separate Operating and Service Manual, part number 5951-3038, is supplied for the A25 Power Supply Assembly.

2191-1C
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2-1. INTRODUCTION.

2-2, Three basic symbol shapes distinguish the major
classes of logic circuits depicted in this manual, These
classes are gates, regenerative switching elements, and
amplifiers. Each symbol, and a brief explanation of its
operation, is given below. Additional markings on the basic
symbols aid in determining actual circuit operation.

2-3. In addition to the basic symbols, a general multi-
purpose symbol is used wherever a standardized logic
symbol does not exist. A brief explanation of this multi-
purpose symbol is included below. Following the logic
descriptions are a table of integrated circuit characteristics
and a set of integrated circuit diagrams,

2-4, INVERSION.

2-5, Logic inversion is indicated by an inversion dot at
the input or output of a logic symbol. When this dot
appears at the input of a logic symbol, the input will be
effective when the input signal is of the opposite polarity to
that normally required. When the dot appears at the output
of a logic symbol, the output will be of the opposite
polarity to that normally delivered.

2-6. GATES.

2-1. A gate is a circuit which produces a binary output
when certain input conditions are met. The gate symbol has
input lines connecting to the flat side of the symbol, and
output lines connecting to the curved side (see figure 2-1).
Since the inputs and outputs are easily identifiable, the
symbol may be shown left-facing, right-facing, or facing up
or down.

2-8. There are four basic types of gates, “and,” “or,”
“nand,” and “nor,” each named for the logic function that
it performs. Each of these gates is described below. In
addition, a brief explanation of an ‘“‘expander” gate is given
following the descriptions of the basic logic gates.

INPUTS

OUTPUT ,l.

OUTPUT

INPUT —

Figure 2-1. Gate Symbols

SECTION

LOGIC SYMBOLOGY RA!

2-9, “AND” GATE.

2-10.  The “and” gate (see figure 2-2) performs a logical
“and” function. It will produce a logical-true output only
when all of its input lines are true, Input A and input B and
input C must be true for a true output to be generated.

A —

B — D

[
A B C D
0 0 0 1]
0 0 1 1]
0 1 0 (1]
9 1 1 0
1 0 0 1]
1 1] 1 1]
1 1 0 (1]
1 1 1 1

Figure 2-2, Three-Input “And” Gate, Logic Symbol
and Truth Table

2-11.  “OR” GATE.

2-12,  The “or” gate (figure 2-3) performs a logical “or”
function. It produces a true output when one or more
inputs are true. The truth table in figure 2-3 shows the
various states of a three-input “or” gate,

A —]
B —if D
Cc —
A B Cc D
0 0 (1) 1]
0 (1] 1 1
0 1 0 1
0 1 1 1
1 /] 0 1
1 0 1 1
1 1 0 1
1 1 1 1

Figure 2-3. Three-Input “Or” Gate, Logic Symbol
and Truth Table

2-1



Section II -

2-13. “NAND” GATE,

2-14, The “nand” gate (figure 2-4) is similar to the
“and” gate described previously, except that its output is
inverted. The gate generates a false output when all inputs
are true. The various states of a three-input ‘“nand” gate are
shown in the truth table in figure 2-4.

A e

B — D

C —d
A B Cc D
0 0 0 1
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 1
1 1 1 0

2100A

2-17. EXCLUSIVE “OR” GATE.

2-18.  The exclusive ‘“‘or” gate (figure 2-6) is a variation
of the basic “or” gate, It has two or more input signals. The
output is true when an odd number of inputs are true.

2-19.  The truth table in figure 2-6 shows the functioning
of a three-input exclusive “or” gate.

®
L~
O

>
w
(3]
o

----—_-000O0
- -0 0= =00
-~ O = 0=20=0
~-0O0O=20==0

Figure 2-4. Three-Input “Nand” Gate, Logic Symbol
and Truth Table

2-15. “NOR” GATE.

2-16.  The “nor” gate (figure 2-5) is identical with the
“or” gate described previously, except that its output is
inverted, The gate generates a false output when one or
more inputs are true, The various states of a three-input
“nor” gate are shown in the truth table in figure 2-5,

A —

B — D

C —
A B (o D
0 V] o 1
0 0 1 (1]
(1] 1 0 0
0 1 1 0
1 0 0 0
1 0 1 1]
1 1 1] 0
1 1 1 1]

Figure 2-5. Three-Input “Nor’” Gate, Logic Symbol
and Truth Table

2-2

Figure 2-6, Three-Input Exclusive ‘“Or” Gate, Logic
Symbol and Truth Table

2-20. It will be noted that operation of the exclusive
“or” gate is independent of the electrical polarity of the
true and false conditions. The device therefore cannot be
described as either positive-true or negative-true.

2-21, EXCLUSIVE “NOR” GATE.

2-22,  The exclusive “nor” gate (figure 2-7) is similar to
the exclusive ‘“or’ gate, except that its output is inverted.
The output is therefore true when an even number of
inputs are true,

A N
8 >_o
c 1=

Figure 2-7. Three-Input Exclusive “Nor” Gate,
Logic Symbol

2-23. EXPANDER GATE.

2-24,  The expander gate provides a means for increasing
the number of inputs to a gate, Figure 2-8 shows a simpli-
fied method of illustrating this type of gate, and figure 2-9 .
shows the actual connections between the gates involved,
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are true, When the input is false, the outputs are either true
or false, in accordance with the state of the logic element to
which each is connected.

2-28. A typical circuit for an encoding gate is shown in
figure 2-11, With A positive, all diodes conduct and all
outputs are clamped positive. With A negative, each diode is
practically an open circuit, and points B, C, and D assume
the voltage level of the circuit to which each is connected.

Figure 2-8. Simplified Expander Gate, Logic Symbol

EXPANDED GATE

3

EXPANDER GATE

A — X
B —'
c )xl
ll

|

I
O
L_A~——-

Figure 2-9, Actual Expander Gate, Logic Symbol

The X and X outputs of the expander gate are not logical
opposites, but they do carry a voltage differential with
respect to each other. When one or more inputs to the
expander gate are false, there is a voltage difference of a
few volts between X and X. When all inputs to the
expander gate are true, the voltage difference decreases; the
two outputs of the expander then act as a true input to the
expanded gate, The actual output-voltage differential of the
expander gate depends on the type used,

2-25. When more than one expander gate is used, the
gate outputs are connected as in parallel, as shown by the
dashed lines in figure 2-9,

2-26. ENCODING GATE.
2-27,  The encoding gate (figure 2-10) has one input and

multiple outputs. Assuming no inverting dot at input A to
the symbol, when the input is true all outputs (B, C, and D)

Figure 2-10. Three-Input Encoding Gate, Logic Symbol

Figure 2-11. Circuit of Typical Encoding Gate

2-29. MULTIVIBRATORS.

2-30.  The multivibrators described here are of four main
types: flip-flops, Schmitt trigger circuits, one-shot multi-
vibrators, and free-running multivibrators. All furnish a
binary output. However, unlike gate circuits, the duration
of a multivibrator output signal is not dependent on the
duration of an input signal.

2-31.,  The basic logic symbol for a multivibrator is a
retangle (figure 2-12), Letters in the symbol indicate the
type of multivibrator, The rectangle is divided horizontally,
with the upper portion representing the “set side” of the
unit, and the lower portion representing the ‘“clear side”.
The multivibrator is ‘“set” when the output from the set
side is true, It is “clear’ or “reset” when the output from
the clear side is true, To avoid confusion, the symbol is
always oriented as shown in figure 2-12, Inputs are on the
left, outputs on the right.

23
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SET SIDE c
INPUTS OUTPUTS A a
—1 . FF
CLEAR SIDE 8 a
D
Figure 2-12, Basic Logic Symbol for Multivibrator
2-32.  FLIP-FLOP. INPUT OUTPUT
2-33.  The symbol for a flip-flop is shown in figure 2-13. A B Q Q
The letters “FF”, preceded by the name of the flip-flop,
distinguish this symbol from other types of multivibrators. 0 0 No change
Additional identification, described later, identifies the 1 Y 1 o
particular type of flip-flop. 0 1 o 1
1 1 Indeterminate

DIRECT SET
INPUT
SET
ET
S FF OUTPUT
CLOCK c
CLEAR —— |___ CLEAR
OUTPUT

DIRECT CLEAR
INPUT

Figure 2-13, Flip-Flop Logic Symbol (General)

2-34. A flip-flop is a bistable switching device; an exter-
nal signal is required to set the flip-flop, and another to
clear it. The flip-flop remains in its current state until
switched to the opposite state by the appropriate external
signal, Various forms of flip-flop exist, of which seven are
described here: the R-S (reset-set), clocked R-S, J-K,
clocked J-K, toggle, latch, and delay flip-flops.

2-35.  R-S FLIP-FLOP. The symbol for the R-S flip-flop
(figure 2-14) can be recognized by the fact that there is no
information in the symbol identifying it as one of the other
six types. The R-S flip-flop has a minimum of two input
terminals (A and B in figure 2-14) and one or two output
terminals Q and Q. One or two additional input terminals,
C and D, may be used.

2-4

Figure 2-14. R-S Flip-Flop, Logic Symbol
and State Table

2-36. The R-S flip-flop is set by a true input at A
(assuming no inverting dot at this point). It can also be set
by a true input at C, if this input terminal is present. The
flip-flop is cleared by a true input at B or D. Figure 2-14
includes a state table, showing the flip-flop outputs result-
ing from various input conditions.

2-37.  After being set or cleared, the R-S flip-flop
remains in that condition after termination of the set or
clear pulse. If the flip-flop is either set or clear and it
receives an input to place it in the existing state, no change
takes place in the flip-flop output signals,

2-38.  Simultaneous set and clear input signals normally
are not permitted, and circuit design usually prevents occur-
rence of this condition at a time when the flip-flop outputs
are used. If simultaneous set and clear inputs are received,
both outputs of the flip-flop are true for the duration of
the simultaneous inputs. The eventual state of the flip-flop
is. determined by the input that remains longest in the
activating condition,

2-39. CLOCKED R-S FLIP-FLOP, This flip-flop is simi-
lar to the R-S flip-flop, but it has a clock pulse input
(figure 2-15). The logic symbol can be recognized by the
letter “C” at this input terminal. At the true-going transi-
tion of the clock pulse, the flip-flop becomes set if input A
is true, or it becomes clear if input B is true (assuming no
inverting dot at the clock pulse input terminal). If inputs A
and B are both false during the clock puilse, the fiip-flop
does not change state. It is not permissible that A and B
both be true when true-going clock pulse transition takes
place.
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FF
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Figure 2-15, Clocked R-S Flip-Flop, Logic Symbol
and Switching Waveforms

2-40, When the clocked R-S flip-flop has an inverting
dot at the clock pulse input (figure 2-16), the false-going
transition of the clock pulse is the transition that is effec-
tive in setting or clearing the flip-flop.

A ————]

FF

1
B ‘ ——a

T !
a____T
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2-41. In some cases the clocked R-S flip-flop has a set
and clear input at the top and bottom of the logic symbol
(inputs D and E, figure 2-17). These inputs are independent
of the clock pulse, and are referred to as the direct set and
direct clear inputs. They function as a result of a true or
false level, rather than a true- or false-going transition. An
inverting dot at the direct set or clear input indicates that a
false level is required to set or clear the flip-flop. No dot
indicates that a true level is required. The direct set and
clear input is also used on other types of flip-flops.

FF

(v}
(¢}

Figure 2-17, Logic Symbol for Clocked R-S Flip-Flop
with Direct Set and Direct Clear Inputs

2-42, TOGGLE FLIP-FLOP. The symbol for the toggle
flip-flop (figure 2-18) can be recognized by the letter “T”
in the symbol. This flip-flop has a single input. If there is no
inverting dot at this input, each time the input signal
becomes true, outputs Q and Q change state. Since two
input pulses are required to produce one complete cycle of
the output, the toggle flip-flop functions as a divide-by-two
element, and is commonly used in groups in counting
circuits, with the output of one flip-flop driving the next.
Figure 2-18 shows the switching waveforms for one
flip-flop.

FF

ol

ol

Figure 2-16. R-S Flip-Flop with Inverted Clock Input,
Logic Symbol and Switching Waveforms

Figure 2-18. Toggle Flip-Flop, Logic Symbol
and Switching Waveforms
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2-43.  If a toggle flip-flop symbol has an inverting dot at
the input connection, the flip-flop changes state at the
false-going transition of the input. The symbol and wave-
forms for this type of flip-flop are shown in figure 2-19,

FF

[o]]

Figure 2-19, Toggle Flip-Flop with Inverted Input,
Logic Symbol and Switching Waveforms

2-44,  J-K FLIP-FLOP. In the J-K flip-flop, simultaneous
true inputs for both set and clear will reverse the existing
state of the flip-flop. This requires some method of storing
two conditions, the previous output state and the new
output state, until the clock pulse time, The set and clear
inputs are labeled J and K respectively. In order to provide
the necessary output storage the flip-flops are combined in
a dual-rank configuration, together with the necessary gates
to form a single logic element. For simplicity the internal
dual-rank arrangement of the flip-flop is not usually shown
(see figure 2-20),

FF

Figure 2-20. J-K Flip-Flop, Logic Symbol

2-45. CLOCKED J-K FLIP-FLOP. The clocked J-K flip-
flop (figure 2-21) is similar to the clocked R-S flip-flop.
However, simultaneous set and clear inputs to the J-K
flip-flop are permissible, Under these conditions, the J-K
flip-flop changes its state at the occurrence of each true-
going clock pulse transition. With an inverting dot at the
clock pulse input, the flip-flop changes state at the false-
going clock pulse transition. If both J and K inputs are true
when the clock pulse occurs, the flip-flop will toggle.

2-6
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2-46. The J-K flip-flop can also be operated with one
true input and one false input. It then functions in the same
manner as the clocked R-S flip-flop.

2-47,  Figure 2-21 includes a state table showing opera-
tion of the J-K flip-flop. Note that with both inputs true at
the time of clock pulse transition, the final state of the
flip-flop (after clock pulse transition) depends on the state
before the transition. With only one input true, the initial
state of the flip-flop is immaterial.

2-48. In some cases the J-K flip-flop consists of two
separate flip-flops, with the output of one applied to the
input of the other. Usually, a single flip-flop logic symbol is
used to illustrate this circuit. The clock pulse inverting dot,
or the lack of it, indicates the clock pulse transition that
affects the output flip-flop of the pair.

2-49. LATCHING FLIP-FLOP. The latching flip-flop
(figure 2-22) can be recognized by the letter “L” in the
symbol. The flip-flop has a clock input and a data input.
Although the logic symbol shows two input-signal connec-
tions to the flip-flop, these separate inside the integrated
circuit container from a single input to the unit, After
separation, one input is inverted (indicated by the inverting
dot) before application to the flip-flop proper.

A J EE — Q
c c
B—o, K I
INITIAL FINAL
INPUT OUTPUT* OUTPUT**
A B Q aQ Q a
1 1 1 1 0
1 1 1 0 1] 1
0 1] Either No change
1 0 Either 1 1]
0 1 Either 1] 1

*Before clock pulse transition
** After clock pulse transition

Figure 2-21. Clocked J-K Flip-Flop, Logic Symbol
and State Table
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FF

E

o

Figure 2-22, Latching Flip-Flop, Logic Symbol
and Switching Waveforms

2-50. The set input is responsive to true signal levels
at A (figure 2-22), and the clear input is responsive to false
signal levels at A, If there is no inverting dot at the clock
input, this response takes place when the clock pulse is
true. While the clock pulse remains true, the outputs follow
any changes in the logic level at A as these changes take
place. When the clock pulse becomes false, the flip-flop
retains its current state, and no longer responds to changes
in the input signal.

2-51, If the clock input connection of a latching flip-
flop has an inverting dot, the flip-flop responds to the input
signal while the clock pulse is false,

2-52, DELAY FLIP-FLOP. ' The delay flip-flop
(figure 2-23) is identified by a letter “D’* inside the flip-flop
symbol. This type of flip-flop is similar to the latching
flip-flop, except that it responds to the input signal only at
the transition of the clock pulse. The delay flip-flop thus
does not follow changes in the input signal as these changes
take place.

2-53. GATE FLIP-FLOP. The gate flip-flop is made up
of two logic gates, connected as shown in figure 2-24, The
number of inputs to each gate can vary from that shown.
The flip-flop can also be made up of two “nor” gates. The
circuit may have a set output, a clear output, or both,

Figure 2-23. Delay Flip-Flop, Logic Symbol
and Switching Waveforms

| |
A | o
|
| |
| |
|
| |
S T
| |
L

Figure 2-24. “Nand” Gate Flip-Flop, Logic Symbol

2-54.  The gate flip-flop functions like an R-S flip-flop,
but it has the advantage that it can ‘‘or” inputs without the
addition of a separate ‘‘or’ gate. Another reason for use of
the gate flip-flop is that if two spare gates are available in
integrated circuits on a circuit card, they can be employed
as an R-S flip-flop without the need to add another inte-
grated circuit to the card.

2-55.  If the flip-flop is made up of two ‘“nand’ gates, as
in figure 2-24, it is set by a false input at either A or B.
Similarly, it is cleared by a false input at C or D. When the
flip-flop is in the quiescent state (not undergoing transi-
tion), the inputs at A, B, C, and D are all true.

2-7
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2-56, A “nor” gate flip-flop is illustrated in figure 2-25.
In this type of flip-flop all inputs are false when the device
is in the quiescent state. A true input at A sets the flip-flop,
and a true input at B clears it. The outputs cross in the
illustration in order to align the set and clear inputs with
the set and clear outputs, respectively.

Figure 2-25. “Nor” Gate Flip-Flop, Logic Symbol

2-57. In most circuits using the “nand” or “nor” gate
flip-flop, input signals are such that the flip-flop does not
receive a set and clear input signal simultaneously. If circuit
design does permit this to occur, both the set and the clear
output are true for the duration of the condition. The
eventual state of the flip-flop is determined by the input
that remains longest in the activating condition.

2-58. SCHMITT TRIGGER CIRCUIT.

2-59, The Schmitt trigger circuit (figure 2-26) can be
identified by the letters “ST” appearing in the logic-
diagram symbol. Like the various types of flip-flop, this
circuit is a two-state device which does not perform a
Boolean function. It serves for level sensing or signal
squaring. It may have a set output, a clear output, or both,

ST
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2-60. When the input voltage at A is below a certain
level, the Schmitt trigger is in the clear state. When the
input voltage rises above the reference level, the trigger
assumes the set state. Circuit constants establish the refer-
ence level.

2-61.  Switching between states takes place rapidly, and
the Schmitt trigger is therefore useful for squaring signals
that have poor rise and fall times, It can produce a square
wave from a sine wave. Other uses of the Schmitt trigger are
voltage level restoration, and detection of the rise of the
input signal above a given level,

2-62, ONE-SHOT MULTIVIBRATOR.

2-63. The one-shot multivibrator (figure 2-27) is a
monostable switching element, used to produce a pulse of
predetermined duration. The device is triggered into its
unstable state by an external signal. It returns to the stable
state after a time interval determined by circuit constants.

os

Figure 2-27, One-Shot Multivibrator, Logic Symbol

264,  If there is no inverting dot at the input, triggering
is accomplished when input A undergoes a true-going transi-
tion. If there is an inverting dot, a false-going transition is
required.

2-65.  The one-shot multivibrator may have a set output,
a clear output, or both.

2-66. The symbol for the one-shot multivibrator is
always drawn with the orientation shown in figure 2-27,
with the input at the left and the output or outputs at the
right,

2-67. FREE-RUNNING MULTIVIBRATOR.

2-68.  The free-running multivibrator (figure 2-28) can be
distinguished by the letters “MV?” appearing in the symbol.
This device produces trains of complementary pulses at Q
and Q. Pulse width is determined by circuit constants.

mMv

Figure 2-26. Schmitt Trigger Circuit, Logic Symbol
2-8

Figure 2-28. Free-Running Multivibrator, Logic Symbol
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2-69. In some instances a control signal is applied to the
free-running multivibrator, If there is no inverting dot at
the signal input to the symbol, the multivibrator runs when
the control signal is true, and stops when the signal is false.
When it is stopped, the multivibrator is in the clear condi-
tion, If there is an inverting dot at the control signal input,
a false input is required to bring the multivibrator into
operation. This type of multivibrator is in the set condition
when it is not running,

2-70.  Figure 2-29 shows typical waveforms for a con-
trolled free-running multivibrator that runs when the
control signal is true, The true and false portions of the
output waveforms need not be of equal duration,

Figure 2-29. Input and Output Waveforms of Controlled
Free-Running Multivibrator

2-71, The symbol for the free-running multivibrator is
always drawn with the orientation shown in figure 2-28,
with the input (if any) at the left, and the output or
outputs at the right.

2-72. AMPLIFIER,

2-73. The symbol for an amplifier is shown in
figure 2-30. A differential amplifier is illustrated in
figure 2-31. Like gates, these symbols may be shown in any
of four positions.

INPUT

OUTPUT

I
e

Figure 2-30. Amplifier, Logic Symbol

A ™\ c

>,

Figure 2-31. Differential Amplifier, Logic Symbol

Section II

2-74. In most instances, the amplifier symbol has a non-
binary input. A circuit which restores the voltage level of a
binary input, or which furnishes a low-impedance output
from a binary input, is indicated by a one-input gate
symbol.

2-75.  An inverting dot at the output of an amplifier
symbol indicates that the amplifier inverts the input signal.

2-76.  Figure 2-32 is the symbol for a phase splitter.

Figure 2-32. Phase Splitter, Logic Symbol

2-77. CAPACITIVE COUPLING.

2-78.  Capacitive coupling to a logic element is indicated
by an arrow, as shown in figure 2-33. When used with a gate
or multivibrator, this type of coupling results in response
only to a change in the logic level. Since the clock pulse
input to multivibrators always uses capacitive coupling, the
arrow is omitted from this type of input,

V]

Figure 2-33. Capacitive Coupling

2-79. MULTIPURPOSE LOGIC SYMBOL.

2-80. The “multipurpose” logic symbol is used to indi-
cate a logic function that has not received a standardized
logic symbol. The multipurpose symbol is also used to
depict multiple logic elements that act together to perform
a single/overall logic function such as decoding, data
storage, or counting. The symbol shown in figure 2-34 may
be of varying proportions (most commonly 2:1 or 1:2), but

2-9
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retangular in shape. The symbol should include a descrip-
tive name indicating the overall logic function performed.
All active inputs should be labeled to indicate the effect on
the overall function. Other descriptive information may be
included as needed.

FUNCTION

2100A

2-84,  Refer to any accompanying text, notes, or charac-
teristic information concerning the operation of non-
standard logic elements.

2-85.  For additional information on the operation of
selected nonstandard integrated circuits refer to figure 2-37.
The integrated circuits are in numerical order by Hewlett-
Packard part number. The typical schematic representation
of each circuit is followed by a brief description of circuit
operation.

2039-52
Figure 2-34. Multipurpose Logic Symbol

2-81. Examples of nonstandard symbols are given in
figure 2-35. Figure 2-35a shows a binary to octal decoder.
Figure 2-35b shows a 4-bit up/down counter.

2-82. INTEGRATED CIRCUIT CHARACTERISTICS
AND DIAGRAMS.

2-83.  Contained in table 2-1 is a list of integrated circuit
operating characteristics, This list of characteristics is keyed
to the integrated circuit diagrams illustrated in figure 2-36.
The circuit diagrams are shown in numerical order by
Hewlett-Packard part number. Each circuit diagram has a
characteristic number which identifies a particular opera-
ting characteristic in table 2-1.

2-10
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1 COUNTER
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2039-53
Figure 2-35. Nonstandard Logic Symbols
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A
1 14 6 | SELECT O B3 19
c .
2 13 7 )CARRY IN A3 18
3 12 8 MODE €G OUT{ 17
8
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Figure 2-36. Integrated Circuit Diagrams (Sheet 5 of 7)
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2-16

G1
P1 P2
p GO G2
] CN
pG3 CN+X
pP3 CN+Y
P G
CN+Z

CARRY GENERATOR

SELECT
Al ENABLE
A2 c1
QA c2
B1 ac
B2 D1
0B D2
ap

QUAD 2-BIT MULTIPLEXER

STROBE A
SELECT 2 STROBE B
A3 SELECT 1
A2 B3
A1 B2
A0 B1
QA BO
aB

DUAL 4-BIT MULTIPLEXER

1 R1
2 R2
3 R3
4 R4
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7 D1
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Figure 2-36. Integrated Circuit Diagrams (Sheet 6 of 7)
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Figure 2-36. Integrated Circuit Diagrams (Sheet 7 of 7)
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Section II 2100A
Table 2-1. Integrated Circuit Characteristics
MAXIMUM
INPUT LEVEL OUTPUT LEVEL PROPAGATION
OPEN DELAY
CHARACTERISTIC INPUT
LOGIC 1 LOGIC 0 LOGIC 1 LOGICO |ACTSAS:| TO LOGIC1 TO LOGIC O
(VOLTS, MIN) [(VOLTS, MAX) | (VOLTS, MIN) |[(VOLTS, MAX) (NANOSECONDS)| (NANOSECONDS)
1 2.0 0.8 2.4 0.4 Logic 1 15 15
2 2.0 0.8 2.4 0.4 L(;gic 1 29 15
3 2.0 0.8 2.4 0.4 Logic 1 12 10
4 1.9 0.8 2.4 0.45 Logic 1 15 13
5 2.0 0.8 (12) 0.4 Logic 1 45 15
6 2.0 0.8 2.4 0.4 Logic 1 10 10
7 2.0 0.8 2.4 0.4 Logic 1 50(2) 50
8 2.003) 0.8 2.4 0.4 Logic 1 35 50
9 2.0(4) 0.8 24 0.4 Logic 1 40 25
10 2.0 0.8 Output ON results in a max 0.4 | Logic 1 34(1) 20(1)
11 2.0 0.8 across X & X Logic 1 17(1) 13(1)
12 2.0 0.8 2.40) 0.4 Logic 1 35 30
13 2.0(8) 0.8 2.4 0.4 Logic 1 55 60
14 2.0 0.8 1.0 0.0 Logic 1 19(1) 19(1)
15 1.25 0.5 2.35 -0.36 Logic 0 14 12
16 1.8 0.0 1.5 0.22 Logic 0 45 4
17 1.25 0.5 2.25 -0.36 Logic 0 18 18
18 1.35(6) 0.5 2.35 -0.36 Logic 0 15 25
J&K J&K
only only
19 1.8 0.0 1.5 0.22 Logic 0 5.5 6
20 1.5 0.4 2.25 -0.3 Logic 0 24 12
21 1.8 0.0 2 -0.16 Logic 0 25 4
22 1.5 0.4 2.2 -0.3 Logic 0 24 24
23 1.5(3) 0.4 2.2 -0.3 Logic O 30 25
24 2.0 0.9 2.6 0.5 Logic 1 80 30
25 Input voltage = +35.0 max Output voltage - +25.0 max Output current - 20.0 ma max, 30 ma min
26 Voltage gain: 32 db typical
27 Voltage gain: 40 db typical
28 2.0 0.9 2.6 0.5 Logic 1 80 40
29 2.0(13) 0.8(14) 2.4 0.4 Logic 1 135 135
30 2.0 0.8 2.4 0.4 Logic 1 10 10
31 1.25 0.5 2.5 2.2 Logic 0 15 30
32 1.25 0.5 2.35 -0.36 Logic 0 8 8
33 2.0 0.8 2.4 0.4 Logic 1 1 11
34 2.0(7) 0.8 2.4 0.4 Logic 1 30 45
35 2.0 0.8 2.4 04 Logic 1 (8) (9
36 2.0 0.8 4.7 0.5 Logic 1 — -
37 2.0 0.8 2.4 0.4 Logic 1 30 35
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2100A Section II
Table 2-1. Integrated Circuit Characteristics (Continued)
MAXIMUM
INPUT LEVEL OUTPUT LEVEL PROPAGATION
OPEN DELAY
CHARACTERISTIC INPUT
LOGIC 1 LOGIC O LOGIC 1 LOGICO [ACTSAS:| 10 LOGIC1 TO LOGIC 0
(VOLTS, MIN) [(VOLTS, MAX)| (VOLTS, MIN) (VOLTS, MAX) (NANOSECONDS)| (NANOSECONDS)

38 2,011 0.8 24 0.4 Logic 1 40 (10
39 2,019 0.8 24 0.4 - 100 100
40 2.0 0.8 24 0.4 — 21 27

41 1.7 0.9 24 0.4 — - -

42 14 0.8 2.4 0.4 - 14 14

43 1.8 0.8 24 0.4 Logic 1 45 40
44 1.8 1.1 25 0.4 Logic 1 15 15
a5 2.0 1.1 (12) 0.5 Logic 1 50 35
46 1.9 0.8 6.0 -6.0 1 50 25

47 3.0 ~3.0 2.6 0.45 — 90 80

48 1.9 0.85 24 0.45 1 40 -

49 1.8 1.1 2.5 0.4 1 10 10

50 1.8 1.1 2.5 0.4 1 25 25

51 1.8 1.4 (12) 0.45 1 50 35

52 2.0 0.8 (12) 0.7 - 25 15

53 2.0 0.8 2.5 0.4 1 60 68

54 1.25 0.8 2.35 -0.36 — 45 WRITE 25 READ
55 2.0 0.8 Capable of sinking cathode current to 5ma at up to 60 volts.

56 Not used at this time.

57 2.0 0.8 2.6 0.5 - 35 45

58 1.8 0.5 2.5 0.5 - 5 5

59 1.0 0.4 Capable of sinking cathode current to 10ma at up to 50 volts,

60 Input voltage = Output voltage = Output current = 150ma max,

+ 40 max. 37 volts max, i
Notes: (1) Through expanded gate.

(2) Required clock pulse width 20 ns min,; set-clear 25 ns min.

(3) Required pulse widths 30 ns min.

(4) Required pulse widths; clock 30 ns min,, data 75 ns min,

(5) BCS0-BCS9 only one output =0, BCD 9 all outputs = 1,

(6) Required pulse widths 16 ns min.

(7)  Required clock pulse widths 20 ns min,

(8) Delay is 27 ns at output and 22 ns at carry/borrow.

(9) Delay is 37 ns at output and 18 ns at carry/borrow.
(10) Delay is 40 ns clock to output and 50 ns clear to output.
(11) Required clock and clear pulse width is typically 25 ns and 30 ns, respectively (45 ns max.). Time serial A and B data

must be set up prior to clock pulse, typically 15 ns (30 ns max.).

(12)  Level depends on load.
(13) +2.2V for pin 1.
(14) +0.6V for pin 1.
(15) Required input pulse width 50 ns min,

2-19



Section II

2100A

1820-0111

0

1

—_ 20 2

— 2! 3
2 BINARY

— 2 TO 4
3 DECIMAL

— 2 DECODER 5

6

7

8

9

Data on the input lines is interpreted as a binary
number. The output line representing the decimal
equivalent of the binary input will go low and remain
low until the input data is changed. Input data for
decimal numbers greater than 9 result in all outputs
being high.

1820-0207 R
r- ']" WA~

L. 1

T

l I

i i

0s

The one-shot is triggered by the input signal. This
produces a pulse with duration determined by the
external RC elements.

1820-0134
— Po Qo S
—e, o
N Ql—
— P Q; L
4BIT -
SHIFT 0 —
REGISTER
—J
1.
CLEAR
PARALLEL
CLOCK  ENABLE

I

Serial data is entered on the J and K lines. One bit is
entered for each clock pulse, most significant bit first.
After the clock pulse the data bit will appear at the
Q, output.

Parallel data is entered by placing the data on the P,
— P53 input lines and applying a negative PARALLEL
ENABLE pulse. A negative CLEAR pulse will clear
the register.

1820-0231
—]r, Qyb—
Q
ES—— p1 [ S—
—, Ql
4-BIT a
— Ps COUNTER 3 —
___b PARALLEL
ENABLE
CARRY
ouT
—7 CLEAR
—] CLOCK
CARRY
COUNT IN

|

The counter is set from the parallel input lines. When
the clock input line goes high and a negative input is
applied to the PARALLEL ENABLE line, the
counter is loaded. When the clock goes high and both
the COUNT and CARRY IN lines go high, the
counter will be incremented. The new count will be
present on the output lines following the high-to-low
transition of the clock.

The CARRY OUT line will be high if the CARRY IN
line is high and the counter lines are all high.

Figure 2-37. Nonstandard Integrated Circuit Descriptions (Sheet 1 of 7)
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Section II

1820-0233
— AN Aout |—
— B\ BouT f—nr
—lcn Cout |
—1 Din Pout |—
_+L0AD 4-BIT

UP/DOWN
— cLEaAR  COUNTER
—{ cLock up CARRY
— cLock bN BORROW I:

A negative pulse at the LOAD input will set the
counter with the data on the input lines. A positive
pulse on the CLEAR line will clear the counter. The
counter is decremented for each positive-going pulse
on the CLOCK DOWN line and incremented for each
positive-going pulse on the CLOCK UP line.

A negative pulse occurs on the CARRY line when the
outputs of the counter are all high and a negative
pulse on the CLOCK UP line occurs. A negative pulse
on the BORROW line occurs when the counter out-
puts are all low and a negative pulse on the CLOCK
DOWN line occurs. When a BORROW pulse is gener-
ated the counter is set to all ““ones”.

1820-0262
PO
—P
—p, Q |—
— P Q, —
—] P,
— s 8-BIT
P SHIFT
REGISTER
—4 PARALLEL ENABLE
——] SERIAL IN

CLOCK
q CLOCK ENABLE
A negative pulse on the PARALLEL ENABLE line
will load the register with the data on the parallel
input lines. A low CLOCK ENABLE line allows nega-
tive clock pulses to store serial data, one bit at a time.

Each time a clock pulse occurs the data in the register
is shifted one bit position.

1820-0250

X X X X X X

6BIT
COMPARATOR z

<
H

A Z output is generated when each X input is equal
to the respective Y input.

Z= (Xl 9Y1) : (X29Y2) - (X30Y3) . (X40Y4) " (XSQYS) * (X6QY6)

1820-0294
Q, —
— SERIAL A Q, —
—] SERIALB Q, |—
—+CLOCK 8-BIT Q; |—
—| CLEAR B STER G —
Q |—
o —
7 S

A negative clock pulse loads data at the A or B input
lines, most significant bit first. The CLEAR line clears
the register.

Figure 2-37. Nonstandard Integrated Circuit Descriptions (Sheet 2 of 7)
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Section II 2100A

1820-0357 1820-0435
PARITY CHECKER/GENERATOR
A s (Continued)
EVEN and SUM ODD outputs are the combined
—1]8B sk parity of the two sets of data, refer to the table
above. |f the parity check mode is used the output of
C C the SUM ODD line will indicate a parity error.
—1 "IN DUAL ouT —
FULL
ADDER
1820-0482
— 2 0 F—
12! 17—
12 2
BINARY-
TO- 3
Cout = (Cip * AV +(C; = B) + (A*B) OCTAL
- -_o_ _0 ._ A 0_0 - . DECODER
§=A'B'C, +A°B°C, +A"B'C, +A'B°C,_ ——] ENABLE 4 —
—e ENABLE 5 |—
1820-0435
_To 6 |—
—1 L
2
—] 3 2 EVEN f— Binary input data is decoded to octal when both
— 4 > 0oDD f—o ENABLE conditions are met. For a given input only
5 one output line will be high.
PARITY
— 6 CHECKER/
17 GENERATOR
—— EVEN IN
—— ODDIN
0 THRU 7 EVEN IN ODD IN 2 EVEN 2 0oDD
EVEN 1 0 1 0
oDD 1 0 0 1
EVEN 0 1 0 1
OoDD 0 1 1 (4]
- 1 1 0 0
- 0 0 1 1
The eight data lines are tested to determine whether
the true bits are even or odd. The EVEN and ODD
inputs are interpreted as parity from another parity
checker. (Note: the EVEN and ODD lines may also
be interpreted as the expected parity.) The SUM

Figure 2-37. Nonstandard Integrated Circuit Descriptions (Sheet 3 of 7)
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Section 11

1820-0606
FUNCTION GENERATOR
(Continued)

The CG line will go false if the pack addition results
in a true CARRY QUT independant of the CARRY
IN. The CT signal is defined as follows:

CG = A3"By +(A;°B,)(A3+B3) + (A, *B ) (A, 4B, )(A;+B;)

+(Ag"By) (A +B,)(A,+B, ) (A, +B,)

1820-0606
Ao [V S
Ay 1 e
A, Fyf—
A, Fil—
Byo
B,
B FUNCTION ~
2 GENERATOR A=B —
B
—v, CARRY IN CARRY OUT
MODE cP
So cG
S
Sz
S3
FUNCTION OUTPUT FUNCTION
SELECT
LOGIC ARITHMETIC
s3] S2 1S1)s0 | FUNCTIONS OPERATIONS
tjLr|L|{L]| F=a F=A
L|{L{L]|H F = A+B F=A+B
L|L|H|[L]| F=AB F=A+B
L|L|H|H F = Logical 0 F = minus 1 (2's complement)
L H|L|L F=AB F=AplusAB
L H L|H F=B F = [A+B] plus AB
L H{H|L F= A_e B F= A _minus B minus 1
L H|H|H F=AB F = AB minus 1
H L|L]|L F = A+B F = A plus AB
H L{L|H F=AOB F=Aplus B
H|{L|H|{L| F=8 F = [A+B] plus AB
H L H| H F=AB F = AB minus 1
H H{L|L F = Logical 1 F=Aplus A1
H HiL . H F = A+B F = [A+B] plus A
H| H|H|L]| F=A+B F = [A+B] plus A
H HI{H|H F=A F = A minus 1

The MODE line determines whether an arithmetic or
logic operation will be performed (A ‘1" for logic
function and a "“0” for arithmetic function). The S
lines select the function to be performed according to
the table given above. If the function code LHHL is
used and the A inputs are the same as the B inputs
the A=B output line will be true.

The CP (Carry Propagate) and CG (Carry Generate)
lines are used for fast addition operations using a
“look ahead” carry function. The CP line will go false
when the following conditions are met:

CP=Fy*F *Fy F3

If the CARRY IN line is false and the CP condition is
met, then the CARRY OUT line will also go false.

1820-0607
—{o,
— 1o,
—— D3 Ql —
4-BIT
— 1o, SHIFT Q, b
REGISTER
——@ STROBE Ot —
— MODE Q.
—] SERIALIN
—¢ cLocK

Data may be entered in serial or parallel. To enter
serial data the MODE line must be low. Data is placed
on the SERIAL Input line and a clock pulse is then
used to enter the data. Parallel data entry is accom-
plished with the MODE line high and the data on the
D input lines. The data is then entered by a STROBE
pulse. Serial right shifting is accomplished by lower-
ing the MODE line and pulsing the CLOCK line.

Figure 2-37. Nonstandard Integrated Circuit Descriptions (Sheet 4 of 7)
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1820-0608
0 +_
—2° 1 —

1
—_— 2 2 @—
—_ 22 3 @
BINARY-TO-OCTAL

DECODER 46—
——@ ENABLE 5 @—
6 ¢—
7t

Binary data is decoded to octal when the ENABLE
input is low. For a given input only one output line

1820-0610
DUAL FOUR-TO-ONE MULTIPLEXER
(Continued)

LOGIC EQUATIONS

Q

A = Po"Sp™S; T A"Sp S; +Ay78,S, + A3, S,
Qg = By"Sy"S, *+B,"Sy"S; +B,"S,"S, +B3°S,"S,

A two bit code selects one out of four bits to be
propagated through the multiplexer. The dual output
allows both states of the output bit to be used. A
truth table of input codes and the resulting bit trans-
fer is given above.

will be low.
1820-0610
— A0
Q
— A A
—1 A, Qa
—1 A,
DUAL
FOUR-TO-ONE
MULTIPLEXER
Q
— 8, B |—
— B, QB —
— B,
b B3 So Sl
TRUTH TABLE
SELECT LINES INPUTS OUTPUTS
So S, Ay | A | A, A, QA aA
0 0 (0] X X X 0 1
0 0 1 X X X 1 0
1 0 X 0 X X 0 1
1 0 X 1 X X 1 0
0 1 X X 0 X 0 1
0 1 X X 1 X 1 0
1 1 X X X 0 0 1
1 1 X X X 1 1 0

X = irrelevant

1820-0611

Go

G, G ¢—

G,

Gj

Py P?_

P CARRY

P GENERATOR

2

Py Cnex
CN+Y __
Cn+z

CN IN

This circuit is used together with 1820-0606 to pro-
vide fast addition. The Carry Generator uses CP
(Carry Propagate) and CG (Carry Generate) signals
from the adder circuits (Py-P; and G,-G3) as well as
the Carry In signal to the first adder circuit to provide
carry in signals to succeeding adder circuits. (CN+X'
CN+Y' and CN+Z)‘ This is done without waiting for
the “ripple carry’’ to propagate from adder to adder.

The G and P signals provide inputs to additional look
ahead circuits if they are used. The output signals are
defined as follows:
CN+X = Gyt Py CN
Cnty = G +Py G+ Py P Cyy
Cni+z = G +Py G +P, Py G+ Py PPy Cyy
G=Gy+PyG,+P,P, G, +P; P, P G,

P=P PP Py

Figure 2-37. Nonstandard Integrated Circuit Descriptions (Sheet 5 of 7)
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Data is written into the memory by placing the data
on the D inputs and pulsing the appropriate W (Write)
line. Data is read from the memory by pulsing the
desired R (Read) line. The data will then be placed on
the Q output lines for the duration of the read signal.

1820-0615
—l0
1
2 Q b—
—3
—J4 Ql—
—5 8-TO-1
—_16 MULTIPLEXER
17
_.,ENABLE
20 21 22

Data on one of the 8 input lines is transferred to the
output line when the ENABLE line goes false. The
specific input line to be transferred is determined by
the three select lines.

2100A Section 11
1820-0612 1820-0616
— D1 01 — —] Al
—]D, Q —t A, Qp b—
— s,
—18, Qg —
%}’Bﬂ) — ¢ QUAD
MEMORY —dc 2BIT o
2 MULTIPLEXER cr—
— Wl —t D|
— W, — D, QD -
e ——@ ENABLE
—Wa R, Ry R, R, — | seLecT

The circuit is used to select one of two four bit data
words. The ENABLE must be low to allow the selec-
tion. The SELECT line is used to determine which
data word will be transmitted. A “0" on the select
line will transmit data word 1. A ‘1"’ on the select
line will transmit data word 2.

Figure 2-37. Nonstandard Integrated Circuit Descriptions (Sheet 6 of 7)
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1820-0620 1820-0839
— A4 QA — 5 e D1 60 e 3
—_— Ap Qg p— 12 —4 Dy Q1 e 7
—] A3 —
13 D —
DUAL 3 01—
4-TO-1 4-BIT Q2 —10
MULTIPLEXER REGISTER 62 11
— B
0 9 —4 CLOCK Q3 p—15
— B —
— £
B x o«
i ’; '5 3‘2 $q

i

TRUTH TABLE

SELECT Data on the input lines (Dg- D3) is stored at the low-
INPUTS DATA INPUTS STROBE OUTPUT to-high transition of CLOCK line.’A low signal on the
CLEAR line will clear the register.

S | S| A0 | A1 | A2 ]| A3 A QA

X X X X X X 1 (4]

0 0 0 X X X 0 (4]

0 0 1 X X X 0 1

0 1 X 0 X X 0 0

0 1 X 1 X X 0 1

1 0 X X 0 X 0 0

1 0 X X 1 X 0 1

1 1 X X X 0 0 0

1 1 X X X 1 0 1

Select inputs S1 and 82 are common to both sections,
X = irrelevant

Each part of the, multiplexer allows one of four bits
to be placed at the output terminal. The data bits are
placed on the input lines prior to the multiplexing
operation. The code for the desired bit is then placed
on the select lines (refer to the table above). The
strobe line is used to gate the data bit onto the
appropriate output line (A inputs to the QA terminal
etc.).

Figure 2-37. Nonstandard Integrated Circuit Descriptions (Sheet 7 of 7)
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31. INTRODUCTION.

3-2. This section contains interconnecting wiring
information for the computer. Replace wiring as described
in the Installation and Maintenance Manual. Replace lead-
wires with the same color and size as on the original
installation.

3-3. BACKPLANE WIRING.

34. Table 3-1 is a functional wiring list for the back-
plane and includes all connections between the backplane
connectors, the front panel (A24), and the power supply
(A25). The table is in numerical order of reference numbers
which are assigned to the signal mnemonics. The reference
numbers and signal mnemonics also appear in the signal
index (table 4-1) and on the schematic diagrams in sec-
tion IV. Refer to paragraph 4-21 for an explanation of how
to use these reference numbers.

3-5. Table 3-2 lists the point-to-point wiring between
the backplane connectors and front panel connector XA24,
The list is in numerical order of connector XA24 pin
numbers,

3-6. Table 3-3 lists the point-to-point wiring between
the backplane connectors and the power supply and
plenum chamber. The list is in alphanumeric order of refer-
ence designations. Each connection is listed twice to enable
determining leadwire terminations from either end of the
leadwire. For example, the wht-blk-red leadwire from
A25TB1-1 to XA101-9,10 is also listed as from
XA101-9,10 to A25TB1-1.

31. Figure 3-1 depicts the wiring between the back-
plane, the front panel (A24), the power supply (A25), the
plenum chamber (A26), and other components. The dia-
gram is not complete in itself but must be used with

SECTION

WIRING INFORMATION Ju8t

tables 3-1, 3-2, and 3-3 to determine the point-to-point
wiring between the components illustrated.

38. POWER SUPPLY WIRING.

39. This section contains information about the wiring
that interconnects the computer and the power supply. For
information concerning wiring that is internal to the power
supply, refer to the separate power supply manual.

3-10. PLENUM CHAMBER WIRING.

3-11.  Table 3-4 lists the point-to-point wiring between
the assemblies and components in the plenum chamber.
The table also includes the wiring between the plenum
chamber and the backplane, power switch, and power
supply. The list is in alphanumeric order of reference
designations. Each connection, except to the backplane,
power switch, and power supply, is listed twice to enable
determining leadwire terminations from either end of the
leadwire. For example, the blk leadwire from B1-J1 to
TB2-1 is also listed as from TB2-1 to B1-J1.

3-12.  The wiring diagram, figure 3-2, supports table 3-4
by identifying the plenum chamber assemblies and com-
ponents and their connecting points.

3-13. CABLE ASSEMBLY WIRING.

3-14. The cable assemblies used to interconnect the
50-pin connector edges of the cards in the memory section
(see figure 4-2) are wired pin-to-pin by 50-wire flat cables.
The connector assemblies used to interconnect the 48-pin
connector edges of the cards in the memory section are also
wired pin-to-pin.

3-1/3-2






2100A Section IIT
Table 3-1. Backplane, Functional Wiring List
CPU INPUT/OUTPUT MEMORY j
5 5| B2 |B z IE . z B [EeE
REF [ gionaL s3| 2|.5E| . SEl2 [SEE| 3| &l zal o8| ex| et et|en|nt| o] rel el cl i) oo eml o 22l5 El5 E Rzl ewlee | 3| x| 2l El5 | z-|EE8 REF
No. SE| _E|9z8|¢28| Ze|228| E| ¢ |08%|5u|Cw|Gu| e e || Ce|bu|bu|Bu| el ta|be|bu| $E|luyslaus| SB| 58 (Ba| «E| 28| $|ous|lays| $5|EEE| E5 | No
= [ ' = w w w w w w w w w w w w w w w D -7} 7] S| =2 |=> => Skl wn 7] >rFl&sw o
55|55 (253|221 28 (288 o3| o5 |=28[ 28| 28| 28 | 28|28 28| 28|20 | 25|28 25|28 | 20|28 355|552 (555 25| 22 |2=5| 55 | 2k [z22(552(55E x=5(288 &5
FO | @0 |E20|220| <2 |2x0| SO0 | S0 |85<| w0 | w0 | @0 | w0 | O | w0 | wO | @0 | WO | KO | WO | KO | KO | %o |xoB|oh|ob<|x0m| 20 |2a3| 00 | 20 [xoB|oh < OB IxoH|ulo| 22
A1l A2 A3 A4 A5 A6 A7 A8 A9 | A10 | A11 | A12 | A13 | A14 | A15 | A16 | A17 | A18 | A19 | A20 | A21 | A22 | A23 | A101 | A102| A103 | A104 | A105| A106 | A107 | A108 | A109| A110| A111| A112] A24 | A25
1 AAB 1
2 AAFF 2
3 ABF 3
4 ADR 4
5 ALUO 5
6 ALU14 6
7 ALU15 7
8 ALX14 8
9 ALX16 9
10 ARO 10
1 ARS 1
12 ARSS 12
13 BAFF 13
14 CIN 14
15 cIvP 60 15
16 CL 16
17 CcLC 10 21 21 21 21 21 21 21 21 21 21 21 21 21 21 17
18 CLF 5 7 7 7 7 7 7 7 7 7 7 7 7 7 7 18
19 CLK 61 19
20 CLK1 79 20
21 CLK2 31 70 21
22 CLK3 Note 3 81 a2 | 76 2
23 CMEFF 55 23
24 CMFO 25 24
25 cMov 25
26 COND 26
27 couT 1 27
28 CPEN 43 28
29 CR 29
30 CRS 82 13 13 13 13 13 13 13 13 13 13 13 13 13 13 30
31 CT3 10 31
32 CW  Note4 32
33 DECM Note 5 33
34 DIV 83 34
35 DTRY (25) 76 35
36 EDT 62 62 62 62 62 62 62 62 62 62 62 62 62 62 36
37 EEOP 37
A1 A5 A6 A7 A8 A9 A10 | A11 | A12 | A13 | A14 | A15 | A16 | A17 | A18 | A19 | A20 | A21 | A22 | A23 | A101| A102| A103 | A104 | A105 | A106| A107 | A108 | A109| A110 | A111 | A112 | A24 | A5
NOTES: Shaded pin numbers indicate source of signal. 2. O Indicates pins interconnected by a leadwire which is twisted with a grounded leadwire. 3. Leadwires are from A1-78 to A24-64 and A7-56 to A107-69.
4. Leadwires are from AB-73 to A107-76 and A9-36 to A24-55. 5. Leadwires are from A1-42 to A107-6 and A1-42 to A24-60.
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Section III 2100A

Table 3-1. Backplane, Functional Wiring List (Continued)

CPU INPUT/OUTPUT MEMORY
~ ~ ~ ~ ~ -
2 5" 5” S § é « é o é « é o :Z:
REF SIGNAL <5’ al 55 gﬁ HEJ 8;5 5‘ o« |-Eu> s—ﬂ ,_.§ ,.53 pg Y |-8 |--': ._.‘2 |-E ,_3 p—ﬁ p-(: - )-.C-’ EI'JJ uEJ’G E EI = |- S = EI'J; E';: E EI & > REF
NO. 0E | _E|¢25|¢28| 2o (288 E| u|08%| Sw| Sw| fw | Sw|Cw| bw |G| bu| n| Sul Sul| Su|Cu| Su| Y8|was|luys| U5| oY E¥o| < | 2% | Yo|luys|luys| ¥ £ | S22 | V@
=2 (32(553|858) £8|508| o8| o5 (=88] 28| 58|25 | 25|25 35| 25| 55 | 25| 35| 28 | 25 | 25| 28 |x22|655(65% x5z 22 |225| <6 | 2k [x25|555(555 xzs 2 | &3
£9 | 28 |528|528| 32 |2x0| 28 (22 |5=q| 43| 4o | Lo | Bo | Yo | Bo| 90| Go | Gho| bho| Ko | Bo | w0 | wo |*xom|0wc|ong|x0a| 26 |20a| 00 | £0 [X0B[OwI|Cwg|Xos| « | &>
Al A2 | A3 | a2 | a5 | a6 | A7 | A8 | A9 | A10 | A11 | A12 | A13 | A14 | A15 | A16 | A17 | A18 | A19 | A20 | A21 | A22 | A23 | A101| A102| A103 | A104 | A105]| A106 | A107 | A108 | A109| A110| A111 ] A112} A24 | A25
38 ENF 50 4 29 46 46 46 46 46 46 | 46 46 | 46 46 46 46 | 46 46 38
39 ENOV 39
40 ENRM 40
a1 ENSS 41
42 EOP 42
43 EPRSI 12 43
a4 EXTEND 22 44
45 FBFF6 45
46 FBFF7 46
47 FETCH a7
48 FLAG 48
49 FLG1 4/49 | 4/4 a9
50 FLG2 50
51 FNO 51
52 FN1 52
53 FN2 53
54 FN3 54
55 FRZ 55
56 HIN (NOTE 3) 74 56
57 HT6 57
58 1AK 10 10 10 10 10 10 10 10 10 10 10 10 10 10 58
59 IDEMO-3 5/6 59
60 IDEM4-7 4/5 60
61 IDOMO * 25 61
62 ID1MO * 27 62
63 1D2MO * 29 63
64 1D3MO * 31 64
65 IDAMO * 33 65
66 ID5MO0 * 35 66
67 ID6MO * 37 67
68 ID7MO * a 68
69 ID8MO 1 43 69
70 1D9MO * 45 70
71 ID10MO * 49 7
72 ID11MO * 51 72
73 1D12M0 * 53 73
74 ID13M0 * 55 74
' Al | A2 | A3 | A4 | A5 A6 | A7 Ags | a9 | a10] Aa11| a12 | A13 | A1a | A15 | A16 | A17 | A18 | A19 | A20 | A21 | A22 | A23 | A101]| A102| A103 | A104 | A105 | A106| A107 | A108 | A109| A110 | A111| A112| A24 | A25
NOTES: 1. Shaded pin numbers indicate source of signal. 2. * Indicates two leadwires per connection. 3. A24-74 pin may also be a source.
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2100A Section III
Table 3-1. Backplane, Functional Wiring List (Continued)
CPU INPUT/OUTPUT MEMORY -

REF <3 3| bzl brluw |GEE 3 > 0 < ™ N - o ~ © 10 < I ~ - ol = [ W uw 3 SO SO ] N g s REF
No. [ StONAL o2l 215081628 5, (258 E| B (5Es 5X | sY | sR sN sy s sl 0 so sl an 50 50| 50| BE|0wE|ZuE| Bl 58 58, | < | 58| E3|0uE|%WE| E3|s2E| £x | No

2k ElgEojeEol =2 20 = wLigQul gw | ogw | gw | gw | pgw | ogw | gw | gw | w | pgw | gw | Jw | gw | Jw Splwodlwnd S oS @50 <= | B Splundlund] SE|IZ2EE] wg

sz gz oh0 958 9 '”_’88 o2 w EEU o Yol So | o | Yo | o o Yol Yol Yol Yo | Yo | Yo Yo >_E': T2Liz>a >E': I |z2| 2| 22 [~2E|E22(z2|> 25 oWzl =g

£0 | 28 |524|528| €5 |2xa| 28| 22 559 40| 48| B3 | 43| 48| 83| 48| B3| 48| 48| 83| 48 | u8 | B8 |xE55|84uZ|3uZ|xE5| 25 [252| 88| 25 |x53(3uZ(3uZ|x55|Fc8 23

A1l A2 A3 A4 A5 A6 A7 A8 A9 A10 | A11 | A12 | A13 | A14 | A15 | A16 | A17 | A18 | A19 | A20 | A21 | A22 | A23 | A101 | A102 | A103 | A104 | A105| A106 | A107 | A108 | A109| A110| A111 | A112| A24 | A25
75 ID14MO0 57 75
76 ID15MO0 59 76
77 ID16MO 61 77
78 IDOM1 26 78
79 ID1TM1 28 79
80 ID2M1 30 80
81 1D3M1 32 81
82 1D4AM1 34 82
83 1D5M1 36 83
84 ID6M1 38 84
85 ID7M1 42 85
86 1D8M1 44 86
87 1DeM1 46 87
88 ID10M1 50 88
89 ID11M1 52 89
90 ID12M1 54 90
91 ID13M1 56 91
92 ID14M1 58 92
93 ID15M1 60 93
94 iD16M1 62 94
95 IDOM2 25 95
96 ID1M2 27 96
97 1D2M2 29 97
98 ID3M2 31 98
99 1D4M2 33 99
100 I1D5M2 35 100
101 ID6M2 37 101
102 ID7M2 41 102
103 ID8M2 43 103
104 1D9M2 45 104
105 ID10M2 49 105
106 ID11M2 51 106
107 ID12M2 53 107
108 ID13M2 55 108
109 ID14M2 57 109
110 ID15M2 59 110
111 ID16M2 61 111

Al A2 A3 A4 A5 A6 A7 A8 A9 A10 | A11 | A12 | A13 | A14 | A15 | A16 | A17 | A18 | A19 | A20 | A21 | A22 | A23 | A101]| A102| A103 | A104 | A105 | A106 | A107 | A108 | A109 | A110 | A111 | A112 | A24 | A25

NOTES: 1. Shaded pin numbers indicate source of signal. * Indicates two leadwires per connection.




Section III 2100A
Table 3-1. Backplane, Functional Wiring List (Continued)
CPU INPUT/OUTPUT MEMORY a:
2%

o 5| 8|28 |8 5 el A A I P
REF <z 3 50‘. bl w 55&: a > 0 < » N - o ~ © © < ™ ~ - o = S— EE wlh < 3 ~ ﬁ E,i‘ wr < éE"' REF
o e R B R A T M N N RN B BN B R e B A A e A B AP A A R e A R K

2k EleEoleEQ| = |EZ0 = w9l Quw | Sw | Quw | Bw | Pu | fw|Sw|dw | Jw|Juw| Bw| Bw|fw|dw| SPwadlwadl > 2> |@>e| 2= | 25| SE(uaF|eagd| >R|ZEE| vs

sz gz oho ‘.-.’"7"" 9 538 z w EEU YolYo|to| o |Ya| Lok 0| do| de| 2e| 20| oo | 20 |.2E x2ilzza >'E"_' IZ |22 2| 22 >25 T2Eix>&, ZC oWzl =3

=9 | 28 |524(528| 22 (228| 28| 22 (559 23| 43| 28 | B8 | 48| 48| %8| %8| %8| 48| 48| 48| 43| B3 |x55|894%|24Z|x565| 26 263 38 | 25 [x55|04=2|043|x55|ES8| 23

A1l A2 A3 A4 A5 A6 A7 A8 A9 A10 | A1 A12 | A13 | A14 | A15 | A16 | A17 | A18 | A19 | A20 | A21 | A22 | A23 | A101 | A102| A103 | A104 | A105| A106 | A107 | A108 | A109| A110 | A111| A112}| A24 | A5
112 IDOM3 26 112
113 ID1IM3 28 113
114 ID2M3 30 114
115 ID3M3 32 115
116 iDAM3 34 116
117 ID5M3 36 117
118 ID6M3 38 118
119 ID7M3 42 119
120 ID8M3 44 120
121 IDOM3 46 121
122 ID10M3 50 122
123 ID11M3 52 123
124 ID12M3 54 124
125 ID13M3 56 125
126 ID14M3 58 126
127 ID15M3 60 127
128 ID16M3 62 128
129 IDOM4 25 129
130 ID1M4 27 130
131 ID2M4 29 131
132 ID3M4 31 132
133 ID4AM4 33 133
134 ID5M4 35 134
135 ID6M4 37 135
136 ID7M4 41 136
137 ID8M4 43 137
138 1D9M4 45 138
139 ID10M4 49 139
140 ID11V4 51 140
141 ID12M4 53 141
142 1D13M4 55 142
143 ID14M4 57 143
144 ID15M4 59 144
145 ID16M4 61 145
146 IDOM5 26 146
147 ID1M5 28 147
148 ID2M5 30 148

A1l A2 A3 A4 A5 A6 A7 A8 A9 A10 | A11| A12 | A13 | A14 | A15 | A16 | A17 | A18 | A19 | A20 | A21 | A22 | A23 | A101| A102| A103 | A104 | A105 | A106 | A107 | A108 | A109 | A110 | A111 | A112 | A24 | A5
NOTES: 1. Shaded pin numbers indicate source of signal. 2. * Indicates two leadwires per connection.
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2100A Section IIT
Table 3-1. Backplane, Functional Wiring List (Continued)
CPU INPUT/OUTPUT MEMORY .
< ot
9 8. 8~ 2 |8 g 8 o S R I 0t
< = Fel Bl W e ] < Gi< O g < gl & <03
REF SIGNAL Q of, Sul Suls [Spul Of ol Zo|l €| -S| kR | m8 | =8| R | 5| 8| 2| 3| 2| Y| = | 2| 2|5 &|b | x| Fa |Fe Ol re| 2|5 Z|6 | 2x|-%9| .5 | REF
NO. gE E 228 8‘18 EQ 0:!.’8 E i 30$ Quw| Sw| Quw | Quw | Quw| Qu| Qu|Qu| uw| Quw Quw | Quw | Sw| Suw giﬁ_’ wHJ|wB3 ;JU §”>" @go <E ég glﬁ_’ wBI|lwB 3 u>.|'9 EC‘E 5: NO.
5|55 |2o8|c2s| 28|288| oF | o5 (528 28| 28| 28 |28 (25| 28| 25|25 | 55| 28| 38| 28 | 25| 25 |3E5|552 (552 x5 2k |528| 53 | 2= [r25|52E|52E zE5 288 55
FO| 20 |S20|320| <3 |2a0| SO0 | S0 |05 v0 | w0 | w0 | ®O | w0 | ¥O | KO | B0 | KO | GO | KO | Bho | Bo | Ko |xozB|oh<|oBI|xom| 20 |203| 60 | 20 [*xaB|on<|oB < xaz|cld| 23
Al A2 A3 A4 A5 A6 A7 A8 A9 A10 | A1 A12 | A13 | A14 | A15 | A16 | A17 | A18 | A19 | A20 | A21 | A22 | A23 | A101 | A102| A103| A104 | A105| A106 | A107 | A108 | A109| A110| A111| A112] A24 | A25
149 ID3M5 32 149
150 ID4AM5 34 150
151 ID5M5 36 151
152 ID6M5 38 152
163 ID7M5 42 153
154 ID8MS 44 154
155 1D9M5 46 155
156 ID10M5 50 156
157 ID11M5 52 157
158 ID12M5 54 158
159 ID13M5 56 159
160 ID14M5 58 160
161 ID15M5 60 161
162 ID16M5 62 162
163 IDOM6 25 163
164 ID1M6 27 164
165 ID2M6 29 165
166 ID3Mé 31 166
167 ID4Mé6 33 167
168 ID5M6 35 168
169 1D6M6 37 169
170 ID7M6 41 170<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>