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GENERALINFORMATION

1-1. INTRODUCTION

The Engineering Diagrams set provides component location and
schemqtic diagrams for the HP 3000 series 33 computer system.
Also included is a breaf explanation of some logic symbology

used to document the system, signal, and power distribution
information.

1-2. SCOPE

This manual is intended for use by the Customer Engineers who
are familiar with the system theory and maintenance procedures.

1-3. SECTIONS

0 Section 11, Logic Symbology. Section II describes
the logic symbology used in the system. It also
provides integrated circuit diagrams and describes
their operation.

0 Section 111, Diagrams. Section III contains
schematic, part location, and part numker

information for printed circuit assemblies
(PCA’s) used in the system.

0 Section IV, Wiring Information. Section IV contains
information on connections between PCA's and
functional areas.

0 Section V, Hardware Assemblies. Section V provides
information to orient the reader to the system
hardware and assembly procedures.







LOGIC SYMBOLOGY

2-1. INTRODUCTION

2-2. This section covers basic logic information and
symbology as used in this and related manuals. Following
the deseription of symbology is a table of integrated
circuits containing diagram symbols for most circuits and
descriptions of operation for complex logic functions.

23.  LOGIC STATES.

2-4. The logic signals are always in one of two possible
states, a “1” or a “0.” These two states are also referred to
as high (H) or low (L). The high and low states reflect the
relative voltage levels of the signals; the high state is always
relatively more positive than the low state. Note that both
states may have actual voltage values that are positive, or
both may be absolutely negative; the significance is in the
relative levels of the two states. In the text of the manuals,
logic states are normally described as “high” or “low.”

2-5. The ‘“‘not” bar associated with signal names is used
to indicate whether the ““active” state of the signal is high or
low. For example, if the presence of data on a signal line is
represented by a low signal, the signal name for the line
might be “not” Data 1; if a signal clears the output register
when the signal is low, the signal might be described as
“not” Clear Output Register (COR). The “not” bar must
be considered an integral part of the signal name; this means
that there are high states for “not” signals and low states
for “not” signals, just as there are high and low states for
signals without the “not” bar.

2-6. INVERSION.

2-1. 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 low. When the dot appears at the
output of a logic symbol the output will be of the opposite
state to what would be delivered if the dot were not present.

28. LOGIC SYMBOLOGY.

2-9. . Three basic symbol shapes distinguish the major
classes of logic circuits depicted in this manual. These are
gates, regenerative switching elements, and amplifiers. Each
symbol and a brief explanation of its operation is given in
the following paragraphs.

2.10. In addition to the basic symbols, a general multi-
purpose symbol is used wherever a standardized logic sym-
bol does not exist. A brief explanation of this multipurpose
symbol is included.

2-11.  GATES.

2-12. A gate is a circuit that produces a binary output
when certain input conditions are met. The gate symbol has
input lines connecting to one side of the symbol, and out-
put lines connecting to the other side, as shown in figure
2-1. Since the inputs and outputs are easily identifiable,
the symbol can be shown left-facing, right-facing, or facing
up or down.

2-13.  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 in the following
paragraphs. In addition, a brief explanation of an “‘expander”
gate is given following the descriptions of the basic logic gates.

|

—

INPUTS OQUTPUT INPUTS QUTPUT

7900- 105A

Figure 2-1. Gate Symbols

2-14. “AND” GATE.

2-15. The “and” gate shown in figure 2-2 performs a
logical “and” function. It will produce a high output only
when all of the input lines are high. Input A and input B and
input C must be high for a high output to be generated.
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Figure 2-2. Three-Input “And” Gate Logic Symbol
and Truth Table

2-1

2-16. “OR” GATE.

2-17.  The “or” gate performs a logical “or” function. It
produces a high output when one or more inputs are high.
The truth table in figure 2-3 shows the various states of a
three-input “or’ gate.

A 8 C D
L L L L
L L H H
L H L H
L H H H
H L L H
H L H H
H H L H
H H H H

7900- 107A

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

2-18.  “NAND” GATE.

2-19. The “nand” gate is similar to the “and” gate de-
scribed previously, except that its output is inverted. The
gate generates a low output when all inputs are high. The
various states of a three-input ‘““nand’’ gate are shown in the
truth table in figure 2-4.

>
@®
[g]
o

ITrTxXICrre-
IIrrIICC
I-rICrICIC
~TIIIITII

7900 108

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

2-20. “NOR” GATE.

2-21.  The “nor” gate is identical to the ‘“‘or” gate de-
scribed previously, except that its output is inverted. The
gate generates a low output when one or more inputs are
high. The various states of a three-input ‘“‘nor” gate are
shown in the truth table in figure 2-5.

8 0

C
A B C D
L L L H
L L H L
L H L L
L H H L
H L L L
H L H L
H H L L
H H H L

7900 109A

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

2-22. “EXCLUSIVE OR” GATE.

2-23.  The “exclusive or” gate is a variation of the basic
“or” gate. It has two or more input signals. The output is
high when only one input is high. The truth table in figure
2-6 shows the functioning of a three-input exclusive “or”
gate.
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Figure 2-6. Three-Input “Exclusive Or”’ Gate Logic
Svmbol and Truth Table



2-24. EXPANDER GATE

2-25.  Some logic gates have additional input lines which
may be used to increase or ‘“expand” the number of
input signals. These expanding input lines use different
signal levels than the normal gate input. The expander gate
provides these special signal levels. The expander gate may
provide one or two output lines to drive the expanded gate.

2-26.  An expanded input will normally be indicated by
the letter “E”. Figure 2-7 shows both single and double line
expanded inputs. When more than one expander gate is
used the expanded inputs are connected together.

EXPANDED GATE EXPANDED GATE

EXPANDER GATE EXPANDER GATE

Yy
A

1900 114

Figure 2-7. Expander Gate Logic Symbol

2-27. STROBE LINES.

2-28.  Strobe lines may be used to enable the output
lines of tri-state logic elements. The.strobe inputs are shown
connected at right angles to the normal signal flow.
Examples of a strobe controlled gate and amplifier are
shown in figure 2-8.

STROBE LINE STROBE LINE

Figure 2-8. Strobe Controlled Gate and
Amplifier Symbols

2-29. ENCODING GATE.

2-30. The encoding gate (figure 2-9) has one input and
multiple outputs. When the input is high, all outputs (B, C,
and D) are high. When the input is low, the outputs are all
low.

Figure 2-9. Three-Input Encoding Gate,
Logic Symbol

2-31. A typical circuit for an encoding gate is shown in
figure 2.10. With A high, all diodes conduct and all outputs
are clamped high. With A low, 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.

7900-115

Figure 2-10. Typical Encoding Gate Circuit

2-32. MULTIVIBRATORS.

2-33.  The multivibrators described here are of four main
types: flip-flops, Schmitt trigger circuits, one-shot multivi-
brators, 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 dura-
tion of an input signal.

2-34.  The basic logic symbol for a multivibrator is a rec-
tangle as shown in figure 2-11. Letters in the symbol indi-
cate the type of multivibrator. The rectangle is divided hor-
izontally, with the upper portion representing the “set side”
and the lower portion representing the “clear side.” The
multivibrator is considered set when the output from the set
side is high. It is considered cleared when the output from
the clear side is high. To avoid confusion, the symbol is
always oriented as shown in figure 2-11 inputs on the left,
outputs on the right.

SET SIDE
—_— ——
;l CLEAR SIDE ?
INPUTS OUTPUTS

7900 116

Figure 2-11. Basic Logic Symbol Multivibrator

2-2

2-35.  FLIP-FLOP.

2-36.  The symbol for a flip-flop is shown in figure A-12.
The letters “FF” preceded by the name of the flip-flop dis-
tinguish this symbol from other types of multivibrators. Ad-
ditional identification, described later, identifies the particu-
lar type of flip-flop.

2-37. A flip-flop is a bistable switching device; an ex.
ternal 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-flops 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.

DIRECT SET
INPUT
SET F SET OUTPUT
CLOCK c
CLEAR CLEAR OUTPUT

DIRECT CLEAR
INPUT

7900-117

Figure 2-12. General Flip-Flop Logic Symbol

2-38.  R-S FLIP-FLOP. The symbol for the R-S flip-flop
as shown in figure 2-13 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 inpul terminals (A and B in figure 2-13) and one or
two output terminals Q and Q. One or two additional input
terminals, C and D, may be used.

2-39. The R-S flip-flop is set by a high input at A (as-
suming no inverting dot at this point). It can also be set by a
high input at C, if this input terminal is present. The flip-
flop is cleared by a high input at B or D. Figure 2-13 in-
cludes a truth table, showing the flip-flop outputs resulting
from various input conditions.

C
A FF Q
——
8 ————] )
o]
INPUT ouTPUT
A 8 aQ i a
T
L L No Change
H L H L
L H t ]
H H tndeterminate
I

7900 118

Figure 2-13. R-S Flip-Flop, Logic Symbol,
and Truth Table

2-40.  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
state of the flip-flop.

2-41.  Simultaneously high set and clear input signals
normally are not permitted, and circuit design usually pre-
vents occurrence 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 high for the
duration of the simultaneous inputs. The eventual state of
the flip-flop is determined by the input that remains high
longest.

2-42. CLOCKED R-S FLIP-FLOP. The clocked R-S flip-
flop is similar to the R-S flip-flop, but it has a clock pulse
input as shown in figure 2-14. The logic symbol can be rec-
ognized by the letter “C” at this input terminal. At the
positive-going transition of the clock pulse, the flip-flop be-
comes set if input A is high, or it becomes elear if input B is
high (assuming no inverting dot at the clock pulse input
terminal). If inputs A and B are both low during the clock
pulse, the flip-flop does not change state. It is not permis-
sible that A and B both be high when the positive-going
clock pulse transition takes place.

FE

7300 119

Figure 2-14. Clocked R-S Flip-Flop, Logic Symbol,
and Switching Waveforms

2-43.  When the clocked R-S flip-flop has an inverting
dot at the elock pulse input (figure 2-15), the negative-
going transition of the clock pulse is the transition that
is effective in setting or clearing the flip-flop.
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Figure 2-15. R-S Flip-Flop with Inverted Clock Input,
Logic Symbol, and Switching Waveforms

2-44.  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 2-16). 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 high or
low level, rather than a positive- or negative-going transition.
An inverting dot at the direct set or clear input indicates that
alow level is required to set or clear the flip-flop. No dot in-
dicates that a high level is required. The direct set and clear
inputs are also used on other types of flip-flops.

Figure 2-16. Logic Symbol for Clocked R-S Flip-Flop
with Direct Set and Direct Clear Inputs

2-45. TOGGLE FLIP-FLOP. The symbol for the toggle
flip-flop as shown in figure 2-17 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 high, outputs Q and Q change state. Since
two inputs 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 cir-
cuits, with the output of one flip-flop driving the next. Fig-
ure 2-17 shows the switching waveforms for one flip-flop.

FF f——2a

Q

A_ 1
e__ | | I
a L 7

Figure 2-17. Toggle Flip-Flop Logic Symbol and
Switching Waveforms

2-46.  If a toggle flip-flop symbol has an inverting dot at
the input connection, the flip-flop changes state at the
negative-going transition of the input. The symbol and wave-
forms for this type of flip-flop are shown in figure 2-18.

FF

A T
o |
Q |

u
L
—

Figure 2-18. Toggle Flip-Flop with Inverted Input, Logic
Symbol, and Switching Waveforms

2-47.  J-K FLIP-FLOP. In the J-K flip-flop, simultaneous
high 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 out-
put state, until the clock pulse time. The set and clear inputs
are labeled J and K respectively. In order to provide the nec-
essary 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 2-19.)

ot o

7900 124

Figure 2-19. J-K Flip-Flop Logic Symbol

2-48.  CLOCKED J-K FLIP-FLOP. The clocked J-K flip-
flop as shown in figure 2-20 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
positive-going clock pulse transition. With an inverting dot
at the clock puise input, the flip-flop changes staie ai the
negative-going clock pulse transition. If both J and K inputs
are high, the flip-flop will toggle when a clock puise is
received.

2-49. The J-K flip-flop can also be operated with one
high input and one low input. It then functions in the same
manner as the clocked R-S flip-flop.

2-50.  Figure 2-20 includes a truth table showing opera-
tion of the J-K flip-flop. Note that with both inputs high 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 high, the initial state of
the flip-flop is immaterial.

2-3

2-51. In some cases the J-K flip-flop consists of two sep-
arate 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.

A Ik a
¢ —e9cC _
B X - Q
INITIAL FINAL
INPUT OuTPUT* ouTPUT:
A B Q a Q a
H H L H H L
H H H L L H
L L Esther No Change
H L Either H L
L H Either L H
*Betfore clock pulse transition
** After clock pulse transition

7900 125

Figure 2-20. Clocked J-K Flip-Flop Logic
Symbol and ‘t'ruth Table

2-52.  LATCH FLIP-FLOP. The latch flip-flop shown
in figure 2-21 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 one input-signal connec-
tion to the flip-flop, this seperates inside the integrated
circuit package to form two inputs to the pack. After sepa-
ration, one input is inverled (indicated by the inverting
dot) before application to the flip-flop.

o>
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n

a L 1

Figure 2-21. Latch Flip-Flop Logic Symbol
and Switching Waveforms

2-53.  The set-side input is responsive to high signal levels
at A in figure 2-22, and the clear input is responsive to low
signal levels at A. If there is no inverting dot at the clock in-
put, this response takes place when the clock pulse is high.
While the clock pulse remains high, the outputs follow any
changes in the logic level at A as these changes take place.
When the clock pulse becomes low, the flip-flop retains its
current state, and no longer responds to changes of the input
signal.

2-54.  If the clock input connection of a latch flip-flop
has an inverting dot, the flip-flop responds to the input
signal while the clock pulse is low.

2-55. DELAY FLIP-FLOP. The delay flip-flop shown in
figure 2-22 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.

Figure 2-22. Delay Flip-Flop Logic Symbol
and Switching Waveforms

2-56. GATE FLIP-FLOP. The gate flip-flop is made up
of two logic gates, connected as shown in figure 2-23. 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.

2-57. 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.

2-58.  If the flip-flop is made up of two “nand” gates, as
in figure 2-23, it is set by a low input at either A or B. Sim-
ilarly, it is cleared by a low input at C or D. When the flip-
flop is in the quiescent state (nct undergoing transition),
the inputs at A, B, C, and D are all high.

-

Figure 2-23. **Nand” Gate Flip-Flop,
Logic Symbol




2-53. A “nor” gate flip-flop is shown in figure A-24. In
this type of flip-flop all inputs are low when the device is
in the quiescent state. A high input at A sets the flip-flop,
and a high input at B clears it. The outputs cross in the il-
lustration in order to align the set and clear inputs with the
set and clears outputs, respectively.

2-60.  In most circuits using the “‘nand” or “nor” gate
flip-flop, input signals are such that the flip-flop does not
receive high set and clear input signals simultaneously. If
circuit design does permit this to occur, both the set- and
the clear-side outputs are high for the duration of the con-
dition. The eventual state of the flip-flop is determined by
the input that remains longest in the activating condition.

Figure 2-24. “Nor” Gate Flip-Flop Logic Symbol

2-61. SCHMITT TRIGGER.

2-62.  The Schmitt trigger circuit shown in figure: 2-25
can be identified by the letters **ST"’ appearing in the logic-
diagram symbol. Like the various types of flip-flops this cir-
cuit 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-side output, a clear-side output, or both.

2-63.  When the input voltage at A is below a certain level,
the Schmitt trigger is in the clear state. When the input volt-
age rises above the reference level, the trigger assumes the
set state. Circuit constants establish the reference level.

2-64.  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 in-
put signal above a given level.

2-65. ONE-SHOT

2-66.  The one-shot multivibrator (figure 2-26) is a mono-
stable switching element, used to produce a pulse of pre-
determined 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.

0os

o|

Figure 2-26. One-Shot Muitivibrator Logic Symbol

2-67.  If there is no inverting dot at the input, triggering
is accomplished when input A undergoes a positive-going
transition. If there is an inverting dot, a negative-going trans-
ition is required. The one-shot multivibrator may have a set-
side output, a clear-side output, or both.

2-68. The symbol for the one-shot multivibrator is al-
ways drawn with the orientation shown in figure 2-26, with
the input at the left and the output or outputs at the right.

2-69. FREE-RUNNING MULTIVIBRATOR.

2-70.  The free-running multivibrator shown in figure
2-27 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.

MV

" Figure 2-25. Schmitt Trigger Circuit Logic Symbol

Figure 2-27. Free-Running Multivibrator Logic Symbol

2-4

2-71.  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 high, and stops when the signal is low. When
it is stopped, the multivibrator is in the clear condition. If
there is an inverting dot at the control signal input, a low in-
put is required to bring the multivibrator into operation.
This type of multivibrator is in the set condition when it is
not running.

2-72.  Figure 2-28 shows typical waveforms for a con-
trolled free-running multivibrator that runs when the con-
trol signal is high. The high and low portions of the output
waveforms need not be of equal duration.

2-73.  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.

A1 Jj I
a [ 1 J | S L
a 1 o 1 J

7900- 133

Figure 2-28. Input and Output Waveforms of Controlled
Free-Running Multivibrator

2-714. AMPLIFIER.

2-75. The symbol for an amplifier is shown in figure

2-29. A differential amplifier is illustrated in figure 2-30.
Like gates, these symbols may be oriented in any of four
positions.

2-76.  In most instances, the amplifier symbol has a non-
binary input. A circuit which restores the voltage level of a
binary input, or which fumishes a low-impedance output
from a binary input, is indicated by a one-input ‘“‘and” gate
symbol. An inverting dot at the output of an amplifier sym-
bol indicates that the amplifier inverts the input signal.

2-77. MULTIPURPOSE LOGIC SYMBOL.

2-78.  The multipurpose logic symbol is used to indicate
a logic function that has not received a standardized logic
symbol. The multipurpose symbol is also used to depict
muitiple logic elements that act together to perform a single
overall logic function such as decoding, data storage, or
counting. The symbol shown in figure 2-31 may be of vary-
ing proportions (mostly commonly 2:1 or 1:2), but rec-
tangular in shape. The symbol includes a descriptive 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.

L]

FUNCTION

7900 137

Figure 2-31. Multipurpose Logic Symbol

2-79. Examples of nonstandard symbols are given in
figure 2-32. Figure 2-32a shows a binary-to-octal decoder.
Figure 2-32b shows a four-bit up/down counter.

INPUT QUTPUT

7900- 134
Figure 2-29. Amplifier Logic Symbol
A N\\ c
8 //::::> D
7900- 335

Figure 2-30. Differential Amplifier Logic Symbol

UP DOWN
COUNTER
AN Aout
— Bin Bour —
— Cin Cout b—
——q Din Doyt p—
4

a 355 %

Sk

DECODER 2300

a3l

b}
7900 138

Figure 2-32. Nonstandard Logic Symbols



1820-0054

1816-0914 QUAD 2-INPUT NAND GATE

1024 BIT RAM

23456 910111213

L

AgA1AZAIAASAGA I AgAg . ;___DA_:
" 3 . 8
—gw 5j:>—5
t—qcs ;j )c ¢
% OiIN :: j}o—ii
Dout
7
1820-0055
LOGIC DIAGRAM DECADE COUNTER
% o]
M ADDRESS WORD 2x3R2
::—“ DECODER DRIVERS | ARRAY
3i—
] = %0
SENSE AP G—S ©
e, (B3
(e
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ADODRESS
DECODER
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A5 Agh7Ag As O - Fe —- w_,  DIVIDE BY 12 COUNTER
OB [IST) W L. R EE—, N0
Kq m . ] sy COUNT OuTPUT
- Qp Qc Qg Qa
- 8 A e
The 1024-bit RAM is organized in 1024 words by 1-bit. T ohedea, ! . .% 0 L L L L
Full address decoding is included in the chip. Read and Lq AT ] }
write operations are controlled by the state of the active weyr 8L & cx i B o8 ﬂ t L t
low Write Enable WE. With WE held low and the chip [ ; € w0 2 L L H L
selected, the data at Dy is written into the addressed g S O ac 3] 3 L L H H
iocation. To read, WE is nheid high and the chip ) &’i\ Row] |90 ; . )
selected. Data in the specified location is presented at 1 r t L L
Doyr and is non-inverted. 3 ofe+%a. 5 L H L Ho
9 ‘cx 6 H L L L
7 H L L H
8 H L H L

9. H L H H
s o (LYY 10 H H L L
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1820-0063 1820-0070 1820-0076
DUAL 2-WIDE 2-INPUT AND-NOR GATE 8-INPUT NAND GATE DUAL JK FLIP-FLOP

2 1 16
1820-0063 l a N A
' A a—a 5 2 — s %
13 . 1—§ ¢ ———— ¢
8 1 w—f _ p—14 3 Ly x‘ 18
‘:ﬁ ; T 4 13| GND
3
2 ; s 7 veel s 12
3 8 : 9—aJ l .—" [ P n
¢ 2 +—9C ——-—do ] é
: 12— K —10 7 LI 1w 10
! g ,
1820-0068 1820-0071
TRIPLE 3-INPUT NAND GATE DUAL 4-INPUT NAND GATE DUA :amynop
;3>A_n z‘ o - 1 Ay—-s 1 . 14| +5v
13 . & 3 —dc 2t D 13
3 . 5 b 6 [+
] 3:}—5 I 3 b4 2
s B 1
N c 1; 10 a | "
It B_. 2 " 1 8 5 10
" n 12—{o Lo .
n—c ‘——_' 6 g 9
| : —1 L%
13
1820-0069
1820-0072 1820-0084
DUAL 4-INPUT NAND GATE
DUAL 2-WIDE 2-INPUT AND-NOR GATE 4-WIDE AND-NOR GATE
1820-0069

8
A : )
4 2c x " s 3 C
5 20 10 10 9:) 5
\ 9
6 2y 1c 9 "— 0

'2._—‘.

1A
1
1 18
1Y
8
1c 1
9 1 1A 14} +5V 13 N
n
0 , 12 " l
2 2A 8 13 9
17 —X : 1 l——qo
- _ uj ) | S—
n X 3t 28 x 12 8 OR :}—a
2A
28
2Y
2C
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X AND X ARE EXPANDER INPUTS
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1820-0099
4-BIT BINARY COUNTER

14— cLocK 1 Qg f— 12
2
cLocK 2 -
b b O
4BIT a7 f—s
COUNTER
Syp—1
CLEAR

n

23

High input signals on the clock 1 fine cause the output at Q, to
toggle. High input signals on the CLOCK 2 line cause outputs
Q, - Q, to count. If the Q, output is used as the CLOCK 2
input, then the circuit will act as a simple 4-bit (+ 16) counter.
Simultaneous high signals at pins 2 and 3 will clear the
counter.

1820-0106
VOLTAGE REGULATOR

————— OUTPUT (2}
O E————1GND(3)
————J INPUT (1)

GND (3)

TOP VIEW

npyT 2_ outpuT
3] GND

This integrated circuit is a 15 + 0.6 Vdc three terminal posi-
tive voltage regulator with current limiting. If internal power
dissipation becomes to high thermal shutdown circuit takes
over thus preventing the IC from overheating.

1820-0111
BINARY-TO DECIMAL DECODER

p—12
18— 20 b— 11
14 —42! b— 10
22 BINARY DECODER
1 TO
3 DECIMAL

2—4?

DECODER

® NP N AW N oa O
o

f

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.

1820-0127
QUAD 2-INPUT NAND GATE

2.7

1820-0140
DUAL 4-INPUT AND GATE

1820-0141
QUAD 2-INPUT AND GATE

1820-0142
DUAL 4-iINPUT OR-NOR GATE




1820-0174
HEX INVERTER

1820-0175
HEX INVERTER

1820-0196
PRECISION VOLTAGE REGULATOR

FREQUENCY
Vs COMPENSATION CURRENT
TEMPERATURE i
COMPENSATED CURRENT FREQUENCY
V,
ZENNER [ SENSE () () cOMPENSATION
INVERTING
INPUT
v INVERTING
REF ERAOR SERIES PASS INPUT Qv
AMPLIFIER TRANSISTOR
NON-INVERTING Voutr NON-INVERTING
INPUT INPUT Ve
VOLTAGE CURRENT vz
REFERENCE I T cunRenT
AMPLIFI
LIFIER V- CURRENT
LIMITER

This integrated circuit provides a regulated output voltage
and a low-current reference voltage. Provisions are included
for voltage shut-down in the event of excessive current in an
external circuit. The integrated circuit can be used with exter-
nal components in a variety of configurations.

2-8

1820-0205
QUAD 2-INPUT CR GATE

1820-0207
ONE-SHOT

+5V

_——
e
' )
1 ' )
2 N
l"l l13
. B
—

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

1820-0214
BCD-TO-DECIMAL DECODER

1 po 16| +8V
INARY TO
15— o—1 s I\clx:nu. )
16 —J2! 12 2 DECODER  ? s
13— 2? 26—13 1—e2 2! 11
12—128 3¢—4 ,
3 2 13
BINARY-TO-  4¢—5 ¢ '
DECIMAL R
DECODER S5¢—6 B 4 2P
6¢—7
’ s 6 5 S
8$—10 7 6 8 10
90— 11
8 7 9

The binary code on the input lines {2°-2°%) is decoded and the

appropriate output line (0-9) will go low. Codes greater than 9
result in all output lines remaining high.



1820-0231 -
4-BIT COUNTER

3— P Qg b—1a b CLEAR
“—h Qy =13
cLocK CARRY
s P2 Qy —12
s— P3 48T Q =11 Pg Qg
COUNTER , o
@ —tp PARALLEL 4 BIT 1
ENABLE COUNTER
Pa 02
2 —d cLock
¢ Q:
CARRY 3 3
10—y f:nnv ouT |15
COUNT CLEAR COUNT CARRY IN
I I PARALLEL ENABLE 4
Y 1

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 low-to-high
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.

1820-0233
4-BIT UP/DOWN COUNTER

Ly

15— Lo Q —3
T L o -2 0,  UP/DOWN
L‘ N COUNTER
10 — —e
2 2 Q
It 4817 Q3 p—7
UP/DOWN
11 —9LOAD  COUNTER
14 —4 CLEAR
5 —{ CLOCK UP CARRY §—12
4 —— CLOCK DN BORROW @— 13

A negative puise 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 outputs are all low and a nega-
tive puise on the CLOCK DOWN line occurs. When a BOR-
ROW puilse is generated the counter is set to all “ones".

29

1 Xq Yo
6~ X2
8 —i X3 h
10 —f Xa s
13 —g Xg
15— Xg & BIT : *
COMPARATOR 2h—s COMPARATOR
22—y
71— ¥ 2 v‘
v.
9— Y3 Y2 X
n—yVYe b3
14— Yg : Ya
16 YG

1820-0239
QUAD 2-INPUT NOR GATE

1820-0250
6-BIT COMPARATOR

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

Z= (X, @ Yir(Xe ® Y2l (Xs ® Yol (Xe @ Yak(Xs @ Ys)(Xe ® Ye)

1820-0256
QUAD 2-INPUT NAND GATE




1820-0261 1820-0294
ONE-SHOT MULTIVIBRATOR 8-BIT SHIFT REGISTER

+ % -3
ONE SHOT 1 o o, f—a 's::‘:::,
Ak MULTIVIBRATOR : ;:D o ol 0,
I Qo |—
Is Jo}n e LY O
s—jclock  8BIT Oy f— 10 88IT
. SHIFT SHIFT o
9 —9CLEAR REGISTER  Os —11 ' REGISTER
—1 05 —12 02 Q.
Qb—13
Qay

When input conditions are present an output pulse is gener-
ated. The pulse width may be determined by external timing
circuits.

A positive clock pulse shifts the register contents one bit
position and loads serial data into position Q,. Alow CLEAR
signal clears the register.

1820-0269
QUAD 2-INPUT POSITIVE NAND GATE

1820-0301
'4-BIT LATCH
2—q L y 16 v - L — b
c ¢ — ] ;
! 2 —-—J 1%
8 8
3— é 5 3 é Eh
’ c-—— 14 a - i
1820-0282 s— ¢ o V| 5| (L: 12
QUAD 2-INPUT EXCLUSIVE OR GATE ¢ . il 0 :
> [
i B 7 ¢ 10
c
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1820-0305
4-BIT BINARY FULL ADDER

1820-0327
QUAD 2-INPUT NAND GATE

»
-

10wl

]
-

1M ——

3 —
4§ —
1 —

6 —

13 —d

"3 REBERR

The full adder performs the addition of two 4-bit binary num-
bers. The sum (X ) outputs are provided for each bit and the
resultant carry (C4) is obtained from the fourth bit. 1820-0328
QUAD 2-INPUT NOR GATE

ouTPUT
WHEN WHEN
INPUT co=L Co=H
A
WHEN WHEN 2
c2=1 C2=H 3:D—‘
A8t TA2 182 A1 T:2 ez 711 T=2 ez B
b3 N \ 5
A3| B3| sl Ba| T3] te| ea| ts| ta| s:D_.
Lt Lol L L LW || c
8
HlL |t | W L || ]Hu L H = high levei s:D—"’
L H L L H L L L H | L = high leve D
H|H | L |0 L|lHw | | W | u ]|t L = low level :;:D—”
t L H L L H L H H L .
Hlelwloelmlinloelelo!ln NOTE: Input conditions at A3, A2, B2, and CO are used to
L H | HIL | H|H[LIL|L|H determine outputs 3 1 and £ 2 and the value of the
S I i T L L L L L L internal carry C2. The values at C2, A3, B3, A4, and
L L L H L H L H H oL )
T T VI A T T I 24 are then used to determine outputs £ 3, = 4, and
4.
O O N I I I B 18200367
T I VI T T A W VR VI R YY) 4-BIT SHIFT REGISTER
H L H H H L H L H H
L H H H H L H L H H
H H H H L H H H H H
SERIAL IN 4 13| +5V
2—{0g Qg p—13 . o
3—4 0, 4-BIT Qyf— 12 i
SHIFT |y
4— D2 REGISTER Ozp—mn Oy 1ot
5 —dq D3 0yf— 10 —
ooao 4BIT X
182 7 1 =4 SERIAL IN SHIFT QZ .—.&
REGISTER
HEX INVERTER s —g SERIALISHIFT 0 P S
8 —@PARALLEL CLOCK PARALLEL SERIaL | M
6 —f PARALLEL ENABLE Csl'gélo-q N
ENABLE PARALLEL .:
CLOCK
1 2

w
a

«
)

a

«
I

YYYYYY

When the PARALLEL ENABLE line is high and a clock puise
occurs on the PARALLEL CLOCK line, data on parallel input
lines (D, - D,) will be stored in the register. Data is transferred
to the output lines when the clock signal goes low. A clock
pulse on the SERIAL SHIFT CLOCK line and a low on the
PARALLEL ENABLE fine will cause the contents of the regis-
ter to be shifted one bit position. Data on the SERIAL IN line
will be stored in the Bit O position. Data is transferred to the
output lines when the clock goes low.



1820-0368
5-BIT SHIFT REGISTER

2= Py Qg p— 15
I—1h Q) p 14
a—dqr, oy —13
66— Py 5BIT Qyp— 1
1~ ¢, SHIFT Qqb—10
REGISTER
8 —{ PRESET 5817
SHIFT
9 —i SERIAL REGISTER
N
1—cLock
CLEAR
PRESET SERIAL
T ENABLE N

A high input signal on the PRESET line causes the register
bits to be set if the corresponding P input line is high.

A clock signal loads the data present on the SERIAL IN line
into the first register position and shifts the contents of the
register.

1820-0370
QUAD 2-INPUT NAND GATE

1820-0371
TRIPLE 3-INPUT NAND GATE

1820-0372
TRIPLE 3-INPUT AND GATE

1820-0373
DUAL 4-INPUT NAND GATE

1820-0374
DUAL 4-INPUT AND GATE

2-12

1820-0375
8-INPUT NAND GATE

1820-0376
DUAL 4-BIT NAND GATE

PR
#P
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1820-0377
DUAL 2-WIDE 2-INPUT AND-OR-INVERT GATE




1820-0378 1820-0382 1820-0429
DUAL 2-WIDE 2-INPUT AND-NOR GATE 2-WIDE 4-INPUT AND-NOR GATE VOLTAGE REGULATOR

() NPUT

VOLTAGE
REGULATOR

11—

€

v, QuTPUT

'

|3
Wy

v

©

The regulator is a self-contained 5V regulator. Current limit-
ing is included to limit the peak output current to a safe value.
Thermal shutdown is also included to prevent overheating.
Refer to the applicable equipment manual for specific use of
the device.

1820-0435
9-BIT ODD/EVEN PARITY GENERATOR/CHECKER

1820-0384
TRIPLE 3-INPUT AND GATE

1820-0379
4-WIDE AND-OR GATE
8 —0
9 —d1
10 —2
1 A 11 —d3 L EVEN p—15
A ; 9 12— 4 100D p—6
1 PARITY
—5
— . ! : o - ..
— D 3
. n c 3 —EVENIN
i 12 1)— 10 4—0DD IN
D c 3
1 s PARITY GEN/CHECKER
1
E
12
" This circuit features odd/even outputs and control inputs to
° faciiitate operation in either odd or even-parity applications.
Depending on whether even or odd parity is being generated
or checked, the even or odd inputs can be utilized as the
parity or Sth-bit input.
FUNCTION TABLE
1820-0380 1820-0424 INPUTS OUTPUTS
EXPANDABLE 4-WIDE AND-NOR GATE HEX INVERTER £ OF INPUTS AT | EVEN | ODD S b5
O0THRU7 IN IN EVEN oDD
EVEN H L H L
A oDD H L L H
L) EVEN L H L H
s—e—s 0DD L | H H L
D
9—{ >—8 X H H L L
ED
1 0
X L L H H
13 —F-[>—|2

H = High Level. L = Low Level. X = Irrelevani




1820-0437 1820-0491

QUAD D FLIP-FLOP BINARY-TO-DECIMAL DECODER
AL TERNAT] A
. g
«—o" 2 5
2 —4P; + 8 w—q2® [} -
N oo |—» ”"JL s —y 2 B
48IT O f—¢ 4 4 4 13 n—22 242
REGISTER 0, }b—10 J 122 3¢—a
1 —4 Do Ay b—9 i J i C 2 BINARY TO Y G
i—or i A it e —] i Bechen  s{_s
14— D3 [ -
501 ¢ ocx CLEAR ! D 280 T9—9
Py - D
] ] 8 -% c 9 8d— 10 BlrEu\r:‘v s
3 3 9—mn ngcgéeaL ]
A low signal on any of the preset inputs (P,-P,) will cause the
corresponding register bit to be set. A high on the clock line ‘ . . ‘
will cause the data on the D,-D, lines to be stored. Data is The' binary ll"lput lines 2° through 2? appear directly as a
stored on the positive going edge of the clock. A low on the decimal equivalent on the output lines 0 through 9 the
i i selected output will be low. For binary inputs equivalent to
CLEAR line clears the register.

decimal numbers greater than 9, all output lines will be high.

1820-0469
JK FLIP-FLOP WITH AND INPUTS

1820-0495
BINARY TO HEXADECIMAL DECODER

N
L

Z23e

x
~N—

]

L]

23—{2° N
2—42" .
n22 s
2—? BINAR 0 G
¥
1820-0471 T0 7
HEX INVERTER HEXADEC .
9

DECODER

11 @13 BINARY TO
hid ENABLE 12614 HEXADECIMAL

19 3 DECODER
ALTERNATE

ue—1s
15@—17

When both ENABLE inputs are low the binary coded input
lines (2°-2°) are decoded and the equivalent output line
(0-15) goes low.
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15 A3 SPECIAL
MULT!-
80 PLEXER

A2/82/1
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1820-0506

2-INPUT 4-BIT MULTIPLEXER

AQG
8
AD/BO/1
_iD,_ G 801,

A1 ¥
81 EN - P £ A1/B1/1 2
V
A2 1
. :\ [ A : ave2n
___1/,
A3 N

[ 1 9
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L
. r\‘ 1 n Az@an o
%
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ALTERNATIVE SYMBOL

This integrated circuit performs any of the following functions:

a. Passes (A0:A3) in 1's complement form.

b. Passes (B0:B3) unchanged.

¢.  When like-numbered A and B inputs are connected, and L H
with pin 7 low, the inputs are passed unchanged when X L
pin 9 is low, or in 1’'s complement form when pin 9 is H H

high.

d. Provides 1's at the outputs.

A0

1 1 1% Vcc
A.
2 22 >3—1 15
A0/80/1 B3 14
. LA/ |SPECIAL | A3/BI/ |
MULTI- 3
81 PLEXER| 28211
5 12
-]

82

4 A2 u

SELECT T

SELECT LINES

OUTPUTS

PIN7 PIN9 (PIN3 PIN4 PIN12 PIN13

A0 Al A2 A3

BO B1 82 B3

1 1 1

1820-0509

TRIPLE 2-INPUT NAND-INVERT GATE

FUNCTION TABLE

INPUTS OUTPUTS

£ OF INPUTS AT | EVEN | ODD z z
0 THRU 7 IN N EVEN | ODD

EVEN H L H L

oDD H L L H

EVEN L H L H

oDD L H H L

X H H L L

X L L H H

1820-0511
QUAD 2-INPUT AND GATE

1820-0512
DUAL D FLIP-FLOP

4 . |1§~5V
J_ A 3 - | ==
2—J0o _ o QR H !
Q 5 c —
3—¢C — QH |
Qs 1
I : =
——
1
10 N _\—f‘[
l 8 l 8 L.j
2—{p Qb9 f:’ Q1T )
n—yc —— Q
Q}—s > Q E

1820-0513

QUADRUPLE 2-INPUT POSITVE-AND GATES




1820-0515 1820-0539
DUAL ONE-SHOT QUAD 2-INPUT POSITIVE NAND GATE

05 Qp—7

e

05 Qs

When either input condition is met the one shot will generate
an output pulse. The pulse width is determined by an external
RC network. The circuit may be initialized by a low clear
input.

1820-0535
DUAL 2-INPUT AND GATE

1820-0545
4-BIT BINARY UP/DOWN COUNTER

S0l a5y
15 — Do Q-3 |
1—4 0y Q—2
4T L
10— 02 BINARY O21—s ;
9—{D3  UP/DOWN l—7 F'ﬁ‘
11—4toap COUNTER e CARRY »E
CARRY @— 13 DN UP MAX MIN }—if 12
MAXMIN b 12 ﬁ
«—]croex % L0RD [—i 11
1820-0538 !
4 —@ CLOCK ENABLE Y
Q 2 w
EXPANDABLE DUAL 4-INPUT POSITIVE NOR GATE s —{ oniur 3‘3,, anaRY [
UP/DOWN COUNTER D3

Q@ expanoer | iof+sv
INPUT 3

The counter is cbcked by a low to high transition of the
CLOCK line. The clock is effective only if the CLOCK ENA-

1

» , BLE line is low. The CLOCK ENABLE line may only be

3 ’ n ’ changed while the CLOCK line is high. The direction of count

i — - sTROBE is determined by the DN/UP line. If the DN/UP line is low the
4. 12

count is up. If the line is high the count is down. The counter
may be preset with a low signal on the LOAD line. This will
cause the data present on the input lines (D,-D,) to be
stored. A low output signal is generated on the CARRY line if
either a carry or borrow condition eccurs. The MAX/MIN line

(@ exranoer inveuT

If any of the input lines are high or condifions for the expander outputs a high signal when the above conditions occur, but
input is present when the strobe input goes high, the output for a full clock cycle. This signat is used in “'look-ahead carry”
will go low. applications.

2-16



1820-0574
4-BIT REGISTER

14 Dg Qg p—3
13 D4 B8 Qq p—2
12 —q D2 Q 5
11 —q D3 A }—e6
4-BIT
REGISTER g o
7 = CLOCK
0, 4BIT D,
15—{ CLEAR REGISTER
Q, o,
INPUT OUTPUT, Q o.
ENABLE ENABLE : 3 3
INPUT ¢
c ¢ 45 A ENABLE
9 10 12

When INPUT ENABLE is true (both signal lines talse) a true
clock signal will cause data on the input lines to be stored. A
true signal on the CLEAR line will clear the register. When
OQUTPUT ENABLE is true (both signal lines false) the con-
tents of the register are gated to output lines Q, through Q,.

1820-0605
QUAD 2-INPUT NAND GATE

2-17

1820-0606
ARITHMETIC LOGIC UNIT/FUNCTION GENERATOR

2—{ag Fo|—s9
23— A Fyp—10
21— A2 Fy b1
19 —{ A3 F3 pb—13

1— % FUNCTION
22— B; GENERATOR

20— B2 A=B =14
18— B3
7 —@ CARRY IN CARRY QUT §— 16
8 — MODE cPe—15
6—{ So G ¢— 17
5—1 Sy
4—S2
3—{S3

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 = FyFF.F,.

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

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

CG = AyB; + (A#B,)(A;+B;) + (ArB,)(A,+B,)(A+B,)
+ (Ao*Bo)(A,+B,)(A,+B,)(A,+B,)

80

AQ

SELECT 3

SELECT 2

SELECT 1

{ SELECT O

pCARRY IN

MODE

Al

81

A2

82

A3

83

CG OUT4

CARRY OUT ¢

CPOUT ¢

A=B

ALU FUNCTION GENERATOR £3

FUNCTION
SELECT OUTPUT FUNCTION
LCGIC ARITHMETIC

$3] 52| $1| 50| FUNCTIONS OPERATIONS

LfrfLfL |F=A F=A

LiLfc|n |r=a+B F = A+B

LiciHiL lF=aB F = A+B

LIL [H]H |F = tlogical 0 F = minus 1 (2’s complement)

L{H|L]|L |F=AaB F = A plus AB

LlH|L[H [F=B F = [A+B] plus AB

LiH|H]|L [F=A"%"B F = A minus B minus 1

L{H|H|H |F=AB F = AB minus 1

HiL|L|L |F=a+B F = A plus AB

HiL|L|H|F=A""B F = Aplus B

HIL|H|L |F=8B F = |[A+B] plus AB

HIL [H|H |F=AB F = AB minus 1

HIH L |L | F=Logiccal 1 F=Aplus A1

H|H|L [H |F=A+B F = [A+B] plus A

HIH |[H|L |F=A+B F = (A+B) plus A

HIH |H|H |F=A F = A minus 1




1820-0608
BINARY-TO-OCTAL DECODER

0g—10 l 9 I
o= [ — -

te—d? 4

R ol - + HINARY " Vee

Py L 20— 12 — 10 | =
2 BiINARY | pr—— OCTAL 11— 13"
9 — 10. 1p—13 DECODER =
OCTAL ap—a N . ? "

DECODER Pt —
8 —$ ENABLE s—13 =
r—;' |4 r—e1 Te— 1
64— o
14— [Ra— Oo— tu:
F. L=

Ry — 2.
' .;

[ ENABLE ¢—— ¥

Binary data is decoded to octal when the ENABLE input is

low. For a given input only one output line will be low.

1820-0610
DUAL 4-INPUT MULTIPLEXER

aag
a P16} +6V
85— Ay Oat—s A
6 —dqAy Opp—2 2 —a, Qg
14 A3 .:J
DUAL 2! O b 14
FOUR TO ONE 8 =
MULTIPLEXER DuALagIT I F
A muLT: i
12— 8o g f— 15 PLEXER I:;
n—ys, g b 14 A, Bl 12
10 g B2 Ay B, }— 1l
9
~n e R o
[ ’ e
13 3 B3p— "

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 transfer is given.

TRUTH TABLE

SELECT LINES INPUTS OUTPUTS

2' |2 A, [A | A | Ayl Qa| QA
ofo 0| X| x| x| 0]
0o 1| x| x|x]11]o0
0|1 Xx|[o] x| x| o1
o1 x| 1| x{x}|t1]o
10 X | x| 0o |xj{ol]n1
170 X | X| 1 | X] 1]0
1] X| x| x]ojo]t
1 {1 xX|{x|x]1]1tlo

X = irrelevant

1820-0611
LOOK AHEAD CARRY GENERATOR

IG‘
3 —9Gg
196Gy G —10 . Py CARRY r;{
1486, GENERATOR
Gy G54
5 —48G3
A ’ CARRY ’ ’
1" Generator — Cn
[ 1N
Cnex
15 —@ Py Chex p—12
6 —gP; Cuey pa 11 Cnoy
Cnez —9
13 =—f Cy IN

This circuit is used together with 1820-0606 to provide fast
addition. The Carry Generator uses CP (Carry Propagate)
and CG (Carry Generate) signals from the adder circuits
(Po-P, and G,-G;) as well as the Carry In signal to the first
adder circuit to provide carry in signals to succeeding adder
circuits (Cy.x, Cy.yv, and Cy.;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:

Cux = Gy + P, C,,

Cusv =G, + P, Gy + P, P, C,,

C2=G +P,G +P, PG + PP PC,

G=G, +P G +P PG +P PP G

P=P,P,P, P,

1820-0613
HEX INVERTER

14 +5V

218

1820-0614
DUAL FOUR-BIT LATCH

OUAL FOUR-BIT LATCH

LATCH 1 <

LATCH OPERATION — Data can be entered into the latch
when both of the enable inputs are LOW. As long as this logic
condition exists, output of the latch will follow the input. If
either of the enable inputs goes HIGH, the data present in the
latch at that time is held in the latch and is no longer affected
by data input.

The master reset overrides all other input conditions and
forces the outputs of all the latches LOW when a LOW signal
is applied to the master reset input.

5> LATCH 2

X = lrrelevant

L = LOW Logic Level

H = HIGH Logic Level

Q,-1 = Previous Output State

Q, = Present Output State

MR |Eq [E; | D | Qp | OPERATION
H L L L L Data Entry
H L L H H Data Entry
H L H X Qn—1 Hold
H H L X Qn—1 Hold
H H H X Qn—l Hold
L X X X L Reset




L4 —Cy

1820-0615
8-INPUT MULTIPLEXER

Y
1 0o F:\J
2 —y 04 Qb 15|
p— Qf—15 B =
3 02 Qp— 13,
4 403
5 —q Dy 8-T0-1 p—14 2? 3
MULTIPLEXER 8701
6 — MULTIPLEXER
[} 2!

7 —{0Dg
9 —=qfDy
10 —@ ENABLE

2 2' 0

1312 N

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.

1820-0616
QUAD 2-BIT MULTIPLEXER

3 —— A2 Q —a
5 —d By

6 ——iB Qg }— 7
? QUAD 8

2-BIT
13—]c, MULTIPLEXER o
1M —Dy
10 —{D; Q p—19
15 Z—@ ENABLE

11— SELECT

Vv
QUAD 2.BIT MULTIPLEXER

The circuit is used to select one of two four bit data words.
The ENABLE must be low to allow the selection. 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.

1820-0617
QUAD 2-INPUT EXCLUSIVE NOR GATE

2-19

1820-0619
DUAL 4-INPUT NAND GATE

1820-0620
DUAL 4-BIT MULTIPLEXER

1
2
6
4
s
B
9 —
10
8
12
13
6 — A0
§ -] Ay Qp b— 7
a—d A2 Qg t—9
3—{A3
DUAL
4-T70-1
MULTIPLEXER
10 —iBg
1M1—B81 <« o
8, & &
12—82 T3
o <
13—83 = o 20
1 15 14 2

Each part of the multipiexer 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 Q, terminal etc.).

A1 puAL&BIT B,
MULTIPLEXER
] 8,

A

Q5 8y

9

SELECT
INPUTS DATA INPUTS STROBE

2 2" |A0 A1 A2 a3 A

ouTPUT
QA

x x x x x x '
x x
N ) H x x X
)

N : N . x x
'

)

1

1820-0621
QUAD 2-INPUT EXCLUSIVE NOR GATE

|

L@
T_fo
B E

S =
8 |y
R e - e
i N H . |
:»' .. -~ (‘.r___' Ve
e I R SR

''m
NS

f



1820-0622
8-INPUT MULTIPLEXER

MULTIPLEXER
0, Dy

Og

8701
MULTIPLEXER Dg

7 —QENABLE

22

T

n 10 9

ENABLE

When the ENABLE line is false, the binary select lines 20
through 22 are used to select one of the eight inputs, lines D,
through D,, and apply it to the output lines Q and Q.

1820-0623
8-BIT COMPARATOR

16 —{ Ap 1 E33 i 1a| 5V

A
11—y Ay 2 B, Az -—4F3i
12 ef A F:“
13— 4y x}—6 n By 4BIT Az 12
4-B1T COMPARATOR F’
COMPARATOR  Y[—39 n 8, a4
4—q8g ti
3|8, 5 Ao 10y
2—48; n . M
1 =i B3
- STROBE@— &
STROBE

When the STROBE line goes low the A bits are compared
with the B bit. The result of the comparison is present on the
output lines for the duration of the strobe. The output is
decoded according to the truth table shown.

RELATION | X | Y

A>B 1 0

A<B 0 1

' 03 B-TO 1 16| +5v

1820-0626
4-BIT REGISTER

1820-0626
18200626
2 g P ' ENABLE | 16]+8V
2
14— Py 2 s % "
5—gP2
1n—eP3 3 Do S1—— 14
4BIT
0, -BIT 15
M RE‘G?STER N a b Dy REGISTER Oy 13
4—] 0y Qy}—13
6— Oz a, —12 5 —eS2 Q, 12
a 0 |
7—{ 03 3 b— . 0, e
1=——QENABLE  ( ¢ap 7 D3 Q3 10
T MASTER
] 8 RESET 9

9

A low input on the ENABLE line allows data on the input lines
to set the register. There are two modes of operation, one
using the D input lines (most common) and the other using
the P input lines.

If the D inputs are used the P inputs are held faise. When the
ENABLE line is low the register output lines will “follow” the D
inputs. When the ENABLE line goes high the register will
retain the last set of data inputs.

If the S inputs are used the D inputs are held true. When the
ENABLE line is low, a false input on the S line will set the
register bit. The register is then cleared by a low signal on the
CLEAR line. The CLEAR line serves as a "master” register
clear for both the D and S modes of operation.

1820-0628
READ/WRITE MEMORY

12— READ/WRITE p—— 11
MEMORY

10— p— 9
INPUT  OUTPUT
DATA  DATA
6 et — 7
4 —d —>s READ/WRITE
‘ MEMORY
H !
READ WRITE o — 1’
2 —®enasLe r‘:‘ =
WRITE PASS . g
ADDRESS .

This 64-bit read/write memory, consisting of 64 flip-flops,
provides 15 words of four bits each. The data outputs can be
wire-"anded” to other integrated circuits of the same type to
provide a memory of up to 4704 words. With output buffering,
additional memory capacity is possible. Access time is typi-
cally 33 nanoseconds.

WRITE OPERATION. Information at the data inputs is written
into the memory by addressing the desired location and
maintaining pins 2 and 3 low. During this operation, the 1's
complement of the input data is available at the output.

READ OPERATION (NON-DESTRUCTIVE). The 1's com-
plement of the information written is obtained by addressing
the desired location while holding pin 2 low.

PASS-THROUGH OPERATION. With pin 3 low and pin 2
high, the 1's complement of the information at the data inputs
is passed to the data outputs. No change is made to memory
contents.

OPERATION | PIN2 | PIN3 | DATA OUTPUTS
Write L L Complement of
data inputs.
Complement of
Read L H addrgs'sed word.
Complement of
Pass through H L data inputs.
None H H All high.




1820-0629 1820-0655 1820-0668
DUAL JK FLIP FLOP DUAL 4-INPUT GATED NOR GATE HEX DRIVER

4
,l A i } ] )8V 1820-0668
Qe a A
1—{, ol ; be —— | ,
K Q 5 1
1—4cC — " h 3
22—k Qp—s ppss | S 1 B
T 14 2 . 3-—* >—
4
15 a — 13 5 c
i A 5 6
10 —-l >—
5 12
] 9 8 o
Ty l ar—s } E m—L‘ ] H
6
13—4C —d | — 123_7}—8 Ei>
12—k Qj—27 ; a 13 " 10
J ‘10 n
| ¢ 2 >
X F
13 8 B Q 9 '3—D_‘2

When the gate enable (strobe) is high and any gate input is
1820-0637 high the gate output will go low.
TRIPLE 3-INPUT NOR GATE

1820-0657
OCTAL TO BINARY ENCODER
1 1820-0681
" " QUAD 2-INPUT NAND GATE
10 Ve o
113 g7
12 2¢—5

GROUP
SELECT 1820.0681 1820 0681

OCTAL
TO GROUP
BINARY SELECT
DECODER

— 14

N e B W N~ o

CHARACTERISTIC 44

INPUT  NO ] 9
ENABLE INPUT OCTAL TO 0 8
BINARY

Py

T T 8 encoper 293 5 )
1
° * : D__“
u 13

When the ENABLE INPUT line is low and one or more of the
input lines 0-7 are low then the output lines making up the

1820-0640
16-TO-1 MULTIPLEXER

oy binary equivalent of the highest input lines will go low. When

::::' this occurs the GROUP SELECT output signals also goes
¢ —lo, Qe—10 low. If the INPUT ENABLE line is low and none of the input
s —4D3 lines are selected (go low) then the NO INPUT line goes low.
1 This allows the next stage of a decoder to be enabled.
3 —qDg
2 —40g
7 ek 1820-0661 1920 0682
,,:: QUAD 2-INPUT OR GATE QUAD 2-INPUT NAND GATE
21 —0y0
»— P 1820.0682
19 —40y2
18 —{ 013 "
17—{o & ' A 1820 0682
16—{D1s £ 0 51 2 53 z:D__3 1

. A 8 2

MULTIPLE XER
T =L :

D
D=
D

9
90
12
13

One of the 16 input data lines is selected by the select lines 2°
- 2 . A low signal on the STROBE line causes the selected
data line to be inverted and made availabie on the Q output.

2



1820-0683
HEX INVERTER

I‘—E-D—jn
‘J—fb——\?
1820-0684
HEX INVERTER
S—ED—G
S—DD—S
Ii—ED—\O
'J—F-D—Vl

1820-0685
TRIPLE 3-INPUT NAND GATE

1820-0690

1820-0686
DUAL 4-INPUT NAND GATE

TRIPLE 3-INPUT AND GATE

1820-0691

1820 4-2-3-2 INPUT AND-NOR GATE

DUAL 4-INPUT NAND GATE

8 OR

1820-0689 1820-0693
DUAL 4-INPUT NAND GATE DUAL D FLIP-FLOP

.
L A 1 3 A I 14 +5V
A e Q
1 ?2—D Q—s c —
2 3-—dc — 2 2 Qkh 3
. 6 Ql—s r
I 3 J 12
* L
! 4 1
Ll 10
*
0 . . . : % The
[ 12—{0 —s
! _ Q [ —Ho [*] mm g K}
3 n—ic — 0o
_ Qu—.. 6
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1820-0694
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATE

1820-0697
DUAL 4-INPUT NAND GATE

1820-0705
DECADE COUNTER

3— LY Qg p— 14
a4, Qp—13
5—d Py Qg p— 12
—P -
s 3 DECADE O3 f—n
COUNTER
1
9 —4 LOA CARRY |__ 1g DECADE
0AD out COUNTER
1 —@ CLEAR | 2
2 —] cLoCK
CARRY
COUNT IN

When the CLOCK input goes high and the LOAD line is low,
data on the parallel input lines (P,-P.) is stored in the counter.
When the CLOCK input goes high and both the COUNT and
CARRY IN lines are high, the counter will be incremented.
The new count will be present on the output lines (Q,-Qs)
following the high-to-low transition of the clock.

The CARRY OUT line will be high if the output lines Q,-Q;
equal nine (1001) and the CARRY IN line is high. The counter
will be set to 0000 when the CLOCK line goes low.

1820-0706
5-BIT COMPARATOR

13 Ay aB — 2 b ENABLE
12—44y A=B |— 14

11—q A2 A-BP—15

10— A

° 3 58IT

9—A¢  COMPARATOR

348,

4 —{8y

5 —8;

6—83

7% ENABLE

5BIT
1 COMPARATOR Ag

1

When the ENABLE line is low, input lines A, through A, are
compared with B, through B,. The appropriate output A> B,
A=B, or A< B becomes true. The output remains unchanged
until the ENABLE signal is removed or the input line signals
changed.

1820-0713
4-BIT BINARY COUNTER

QA

—_ A !
3 f16] +5V
4« — 8 o8 |—— 13
5 w—i C ac 12 ¢k CLR cARRY
OUTPUT
6 —— O Q0 | 1
CARRY A Qp
i T
7 — P B8 Qg
10 ——i ENABLE
T c Q¢

2 —

CLK

D

Qp

1820-0715
DUAL JK FLIP-FLOP

ENABLE ENABLE
LOAD

CLR

Synchronous operation is provided by having all flip-flops
clocked simultaneously so that the outputs change coincident
with each other when instructed by the count-enable inputs
and internal gating. Clock inputs trigger the four flip-flops on
the rising (positive-going) edge of the clock input.

The counter is fully programmable. The outputs may be pre-
set to either level. As presetting is synchronous, setting up a
low level at the load input disables the counter and causes
the outputs to agree with the setup data after the next clock
pulse regardless of the levels of the enable inputs. The clear
function is synchronous and a low level at the clear input sets
all four flip-flop outputs low after the next clock pulse, regard-
less of the levels of the enable inputs.

Both count-enable inputs (P and T) must be high to count,
and the T input is fed forward to enable the carry output. The
carry output, being enabled, will produce a positive output
puise with a duration approximately equal to the positive
portion of the Q, output.

2-23

| A
a—y b—15
1—ecC
16 — K —14
3
7
1 8
9— P—11
66— ———
12 K —10
8
1820-0716
4-BIT BINARY COUNTER
11 —-9CLEAR P
P —
P % " 2 1—4CL0('K CASSY 1%
44— Py Qy b—13 '
5 —a Py Qp p— 12 =4v—1"n aBIT Qg f— 12
6 P3 Qg }— 11 \rj BINARY
- a-817 ! [+ ——®  COUNTER O|— 1
BINARY o
COUNTER F:l
9 —4LOAD [ v —P,; g
2 —{ crocx ,—.
p— Qy b~
10 — CARRY CARRY |\ ! 3 3
IN ouT
7 p—4COUNT CART':
COUNT CLEAR :‘ ;
T T LOAD ¢

7 1

When the CLOCK input goes high and the LOAD line is low,
data on the parallel input lines (P,-P,) is stored in the
counter. When the CLOCK input goes high and both the
COUNT and CARRY IN lines are high, the counter will be
incremented. The new count will be present on the output
lines (Q,-Q,) following the high-to-low transition of the clock.

The CARRY OUT line will be high if the output lines Q,-Q,
are all high and the CARRY IN line is high.



1820-0719
4-BIT COMPARATOR

1— Ag ! Ao gaiT 14| +5V
COMPARATOR
2—{Bg AG=Bg b 3 2 8g A3 13
6 —qi Ay
5 ——t 8¢ Ay By b—a 3 Ag=Bp 83 b—i 12
8 —q Az a4 Ay =8, A3=B3 1
G ed B2 A =By f—10
13— Ay 5 L2} Az Bz bl 10
12—{8, A3=Byt—m 6 Ay 8y 9
4-BIT A
COMPARATOR 7 2 18

Four sets of two bits each are compared. If a set contains
equal bits, the respective A; = B, output line becomes true.
The output line remains true until the input bit pattern is
changed.

1820-0720
DUAL DIFFERENTIAL LINE DRIVER

- faf

0

DIFFERENTIAL

n

i7
i B

) 9 LINE DRIVER

The dual differential line driver also performs the dual four-
input NAND or dual four-input AND function.

The differential outputs are balanced to drive long lengths of
coax with characteristic impedances of 50 to 500 ohms.

224

1820-0721
DUAL DIFFERENTIAL LINE RECEIVER

STROBE

The dual differential line receiver receives inputs from twisted
pair lines. The differential input rejects large common mode
signals while responding to small differential signals.

Response time can be controlled with an external capacitor
to reject input noise spikes. The output state is a logic 1 for

both inputs open.

1820-0722
DUAL LINE DRIVER

SIGNAL IN {;

INHIBIT 3
INHIBIT BOTH 10

INHIBIT 4

S
SIGNAL IN
6

} SIGNAL OUTY

} SIGNAL OUT

This integrated circuit consists of two line drivers, each driv-
ing a line (such as twisted pair) and maintaining a nominal
line current of 6 ma when the two wires in the line are at
opposite logic levels. Output voltage levels are < 0.8 volts
(low) and > 2.0 volts (high). When the line is isolated from
ground the voltage across the line is at least 2.8 volts for the
high-low or low-high state, and common-mode voltage (line
to ground) can range from — 3 volts to + 10 volts. A low input
to pin 3 or 4 allows either channel to be inhibited. A low input
to pin 10 inhibits both channels.

SIGNAL INPUTS[INHIBIT INPUTS [SIGNAL OUTPUTS
PIN1 [ PIN2 | PIN3 [PIN10| PIN13 | PIN12
: T

1]

I xr o xox
I N ox
Irxoxr
IT1IIC x
b &4
~IIIz

SIGNAL INPUTS[INHIBIT INPUTSSIGNAL OUTPUTS
PIN5 | PING6 | PIN4  PIN10| PINS | PINB

X

H
[
"

I xr xx
17 ox x x
I Irxx»r
1-§ 11
~r1z11

| [

X = irrelevant




1820-0723 1820-0726
DUAL LINE RECEIVER 8-BIT SHIFT REGISTER

5V

A 3— Do Qgp—14
1 5 — Dy Q1p—6
: g 7 —q D2 Ql—s
5 a 9 —{ D3 . O3f — 10
16— % Ssi:l?l:‘r ol 8 BIT SHIFT
l < 18 = D5 REGISTER O5|—17 0, REGISTER Qg 19
:——— 9 20—1 O Gor—19
[+) 22 —— D7 Q7 p— 21
:‘:DJ—‘ 23 —$ LOAD
? 2—4J é 2
1—4x 3 Nwer 3
1‘3 1|1 'I[
CLOCK INHIBIT CLEAR ¢—— 14
CLOCK JI
When the LOAD line is low data on the paraliel input lines
D,-D, is loaded into the register. A low on the CLEAR line
clears the register. The contents of the register are shifted
one bit position (from D, to D, etc.) when the CLOCK IN-
HIBIT line is low and a positive clock transition occurs. At this
time the J and K inputs will be used to determine the next
state of the D, bit position.
1820-0724
DUAL 2-BIT DECODER
A
6—f 20 'Y o=
7—d2 19—3 1 3 28IT 16| +5V
2—2 DECODER 1 820"0733
2 2 3 15
B RN QUAD 256-BIT SHIFT REGISTER
DE(SODER : ! 2 b
4 0 1 13
2 5 ENABLE 04 12
10 2 0e—12
9 — 2 1413 6 20 ENABLE §— 11 1 Q Dy i 0!
2¢—18 3—{0p Qo p—1 }:! 20522% Ej
7 2 2 0 8 —q0 Q}—s ? SHIFT Il
11—@ ENABLE 3 @—15 281T o o REGISTER ﬁ
s DECODER 2 9 10—"2 2= 3 — Do Q3 b——1i-
2-BIT 3 ry 16 ——D3 Q3 p—14 .:J‘
DECODER QUAD 1 ——@cLock, N
256-8BIT q
Rssr::iuls?m '5VE.F—~ —— 1! sv
. . . . E-F— Qy CLOCK 2 @rd 11
When the ENABLE line is low the input lines 2°-2’ select one F.
. . o
of four output lines 0-4. The select line goes low. cLock cLock ! 2
T T 8 01 Qi 9
4 n

Data on input lines D,-D, is loaded into the register by a high
to low transition of either the CLOCK1 or CLOCK2 line. The
same clock signal shifts the contents of the register one
position and presents the next output bits on the Q,-Q, lines.
The register is circular containing 256 4-bit words.
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1820-0738 1820-0742

G ° A 4 —diy . —s OR sV
L Qg
I¢—n 8 Te— ) A s 1 18] +5v ¢—h ot A g a—dy agl—s CLEAR
o & — ENABLE
DECODER w o piakiol —s . 2 REGISTER  2[—* §—i Ly 0yf—7
‘23‘ 2 STROBE &4 STROBE B g 15 . 10—qt3 Qp—n R G - a, N
MULT} 10 OISABLE Se— 6
sexen P 3 2 Ly S : neut 10—ty Qyp—m
S op 04— oecoper ‘T DUAL Y CLEAR 16— Ly Qg f—17
|$g 8 b 12 : 3 1704 u A 1B—ts DUAL Qg —19
l l wori MULTI. T e
PLEXER .0 5 0a, PLEXER 08y 12 1 20— Lg LATCH Qg b—21
Y 3 "
22— 4, oyp—23
OuTPUT SELECT N w 6 QA, as, " 16—t Qg p—12
. c o 2:0 ENABLE
— —1 -
A c 2 S Poe—s H aay a8, 10 10 1 y L] 3 Loty
DATA 20 —qL2 O t—2
Ig—1 l 4-8i7 " ENABLE
2 08y o 22|,  REGISTER ul—n i ooty
8 OECODER
sTROBE OR 29— e 3w 1 INPUT CLEAR CLEAR
2 1 Tor" OUTPUT SELECT 18 ENABLE Qg-03 Qq-07 ENABLE
MULTI
rexen 0 o CLEAR T T CLEAR
s
[
2 Pad *—? ‘l; 1 13
l [ DUAL 4 BIT REGISTER
3 13

OUTPUT SELECT

High inputs on both enable lines will cause the input data
(Lo-L,) to be stored in the register. The data is stored on the
leading edge of the ENABLE signal. A low signal on the

INPUT PINS | OUTPUT PINS CLEAR line clears the register.
3 13[2 1]7 6 5 4
x x .rH | x H H L H
L L | Loow L H H H
L L] L i L L L H
SRS [_weuteins T outPuTRINg
LR R 1053 1329 w0 1112 7 6 5 a
x xgx tqn onomo9 X X X' H]|H H H H H H H H
I L L L L L] H H L H H H
iNPUT PINS OUTPUT PINS O O A U [ N S R T T R A )
3 13(14715]9 10 11 12 L B T R L R
X R H! R|H M omow :' r :‘ ' t : : : : ’: : : :
L [ S L L H H o] H L H L H H H H H 8 H H
t H 8 : L H S Lo o] H on Lol £l “ H H H HoL H
L] L Lot H Lol L H H  H CIRENS H H H H H H L
H " L H - L]
X X x ‘1 :l H o] - :4 USED AS 1 TOBMULTIPLEXER OR 3181T DECODER
ISED AS DUAL 1 TO $ MULTIPLEXER
gﬂ DUAL 7U8l: DFCUDE:L i ‘820-0751
DECADE COUNTER
1 P LOAD 12| +6Vv
4—{ 0o Qp—s
10— 01 [- 7 S 2 F) CLEAR 13
.. . . . — Qy b—
This integrated circuit can be used as a dual 1-to-4 multi- > o S Y ]
. . n—"m =} ol
plexer or dual 2-bit decoder. When used as a multiplexer, ot cLocx s e {00 counTER O3F— 1
data supplied to pin 1 is inverted; data supplied to pin 15 is 6—$ CLOCK 2 . % 0, o
not inverted. The data and strobe inputs to pins 1 and 2 can ceoces . | =
- - . . 6 LOCK 1=t
be interchanged with a reversal of signal sense. The inputs to ,.:)
pins 15 and 14 also can be interchanged, with no change in Lonn ceenn ! cLockrty— 8
signal sense. In decoder use, the output of gate A or gate G 1 1
. . NOTE INDEPENDENCE OF BIT 1
must be in the high state to enable the decoder. [ 3 CLOCK FROM OTHERS

By connecting pin 1 to pin 15, and pin 2 to 14, the integrated

circuit may be used as a 1-to-8 multiplexer or 3-bit decoder. )
A low signal on the CLOCK line toggles the first bit of the

counter. A low signal on the CLOCK2 line causes the re-
mainder of the counter to be incremented (counting to 5). If
the Q, output is used to provide the CLOCK2 input, the
counter will act as a decade counter.

With the exception of the diagram showing physical position
of pins, the diagrams above are simplified to show functional
operation. An X in the tables indicates that the level is
irrelevant.

2-26



1820-0755 1820-0760
8-BIT DRIVER 8-BIT RECEIVER

19 —f L—
18 — —2
17— —3
16 — l—a

15 ——d _D_ —s 19 — —1

= e 18— — 2

13 ~—— —7 17— —3

21 ename [ ° 16 ——f b—a

W v g

9 n 11— L

12— S,

ENABLE
9 1
1820-0756 1820-0759 1820-0761
8-BIT DRIVER 8-BIT RECEIVER HEX INVERTER

+5V
A
19— pm 1 19— —1 ‘—'D—?
18— —2 18— —2 B
:—| »—a
17 — —3 17— —3
— —a — —a c
15 — —>5 15 et —1=5
o
1 — —6 14— l—e R s
—-{ »— R .
i3 — —7 3 =g — ="
12 —s 12 8 £ w c )
—] — - o .
ENABLE ENABLE n 1o - -
| o
F ) - o
0 e % |
91 9 11 —L——-—l

High signals on both enable lines gate the input data. The
output data is inverted for 1820-0756 and 1820-0760.

2-27



1820-0765 1820-0782 1820-0833

4-BIT COUNTER TRIPLE 3-INPUT NOR GATE 8-BIT REGISTER
«—{ Do O f—5
10 — Dy o —9 y—qA
3— 02 Qb2 > > )
11—y D3 CO‘U?J;ER 03 f— 12 é : 13 ol ‘I:‘ATA Qop—a
Q3 Qyp—5
48IT CLEAR
8 —@ CLOCK 1 Dg BINARY o, 33" QAQp—6
& —& CLOCK 2 COUNTER . 6 14 ——@ LOAD a3f— 7 LOAD
h ) 8BIT Q>
1= REGISTER  agh—10 DATAIN
L0AD CLEAR ‘Z - 2 G—mn gaiT 9
T T; cLOCK 1 " 8 3 22 Qpf—12 REGISTER o
CLEAR Qs
A low signal on the LOAD line presets the counter with the l 0
data on the input lines D, through D,. A low signal on the
CLEAR line clears the counter. A low signal on the CLOCK 1
line toggles the first bit of the counter. A low signal on the 1820-0788
CLOCK2 line causes the remainder of the register to be 6-BIT REGISTER When the LOAD line is low the information on the DATA IN
incremented by one (counting to 7). If the Q, output is used to line will be stored in the register position selected by the
provide the CLOCK2 signal, the counter will act as a 4-bit address lines (2°-22). A low CLEAR signal together with a
binary counter. ’—l — ﬂj high LOAD signal will cause the register to be cleared.
3—0o Qot—12 |1 F—@cLEAR ) o5V
4 —d4Dy Qi b—5s J .j
1820-0780 6 —D; o; L, ? % il el If both LOAD and CLEAR lines are low the register will act as
1 —D3 Q3 }— 10 D Dg —i 11 Iti , i inf i h IN i hi
QUAD TRI-LEVEL LINE DRIVER e - Q: " 0 H, a multiplexer, routing in ormatlonAon the DATA IN line to the
o REGISTER o . o Og frt 14} output selected by the address lines.
14— Dg 5 fom 1 6-BIT
, NPUT Az M\ OUTPUT A3 o, REGISTER q —-4.5
1 13
AouTPUT | M ﬁ e
ENABLE | 45 1—@ CLEAR
0 M4 ' OUTPUT A,
DIFFERENTIAL: l 7
SINGLE ENDED
MODE CONTROL | o . . . . .
oUTPUT By I Data on the input lines is entered into the register by a
s 2O ° DIFFERENTIALL positive going transition of the CLOCK line. The register is
[7 ] swoieenoen - ineTUP Ay | 10] cleared by a low input on the CLEAR line. 1820-0834
soutput | ! DIFFERENTIAL!
ENABLE | B y sncieewes BINARY TO OCTAL DECODER
MODE CONTROL
. INPUT B3 ™\ OUTPUT B N
|
The quad tri-leve! line driver can be used as either a quad 1820-0832
single-ended line driver or as a dual differential line driver. TTL-TO-MOS TRANSLATOR/CLOCK DRIVER s
To operate as a quad single-ended line driver, a logic 0 is , 1—e? 22—z
applied to the Output Enable pins to keep the outputs in the ‘:: ; (BINARY j_;‘ sinay !
normal low impedance mode, and a logic 0 is applied to both oECoDER [ DECODER
Differential/Single-Ended Mode Control inputs. All four chan- 6f—:2 : 2
nels will then operate independently and no signal inversion 10— Coteur Ul ‘ s
will occur between inputs and outputs. ' aorput
ENABLE
To operate as a dual differential line driver, logic 0 is applied @
to the Output Enable pins, and at least one logic 1 is applied 79
to the Differential/Single-Ended Mode Control inputs. The
inputs to the A channel are connected together and the inputs
to the B channel are connected together. In this mode, sig- When both enable inputs are high the binary code inputs
nals applied to the resulting inputs will pass non-inverted on Voltage references V2 and V3 determine the output signal (2°-22) are decoded. The equivalent octal output (0-7) will go
the A, and B, outputs, and inverted on the A, and B, outputs. level. high or low if the INVERT input is high or low respectively.
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I
1
8; — |
I
(10)
a 00— |
[
| [
(s!
°i°—,+_E} —] |
|
A oﬁ% |
[ |
@
B l |
{ II
1
A o— |
[
| |
| ( |
| l
e 1
e |- 1
® |
o o
S S
1—{ Ao
a—4A, A=Bl—6
2—1Bg
5 —8,
buAaL
2-8i17
9—{C;  COMPARATOR
12—c,
10 —{ O C=D}—8
13 —{0y

OR

@

DUAL 2-BIT COMPARATOR

1820-0835
2-INPUT 4-BIT MULTIPLEXER

11— Ap
6— A9
10— A2
15— A3
2—{8g
5—d 8,
n—ye,
14—{83

MULTIPLEXER

Qyp—a
Q12
Q313

Ao

By A3

Qg By

QUAD
Q. 2BIT Q.
MULTIPLEXER

8y Q,

A 8,

$ A2
So

Input data (A,-A; or B,-B;) is routed to the output lines
(Q,-Q;) according to the table given below.

1820-0836

1—
a—
2 —
5

Ao
Ay

8o

8,

2-BIT
COMPARATOR

A=B

—6

10 ——

13—

Ao
A
8y

2-8BIT
COMPARATOR

A-B

SELECT LINES OUTPUT
So S an
(1,2,34)
0 0 BN
0 1 BN
1 0 XN
1 1 1

)

8o
DUAL
28IT

Ay

Dy

G

COMPARATOR

o

If the input bits A, and A, compare with the input bits B, and
B, then the output line A= B will go high. Similarly for C and D

bits.

1820-0837
DUAL 4-INPUT NOR GATE

1820-0839
4-BIT REGISTER

a—{ g Qg 2
5—{ Dy Qg p—3

12— D, ap—7
13— D3 61 b6
4BIT Gz 10

REGISTER  g,|—n

9 —{ CLOCK Qg p—15

1 —@ CLEAR Q3 p—14

Data on the input lines (D,-D;) is stored at the low-to-high
transition of the CLOCK line. A low signal on the CLEAR line
will clear the register.

R
:?:é}_ij}‘}:ﬂ}'

1820-0842

PARITY GENERATOR/CHECKER .

00D
PARITY —38
1R

PARITY
GENERATOR
CHECKER

PARITY o)
5
GENERATOR/
CHECKER

UDD PARITY BIT

Pin 8 will be high as long as the high state is present on an
even number of D inputs.



1820-0843 1820-0845

DUAL DATA DISTRIBUTOR QUAD 2-BIT MEMORY
A
3 ——q DATA Qg f— 11
Qs
Fod 1-TO-4 Qs b
"1, wmultieLexemn 22
13 2 0 pb—1
10 —{ Og Qg |—15
n a, 6 —o, ay p—1
8
' QUAD 2.BIT
7 —=d DATA sV n 1104 % 9—e Wy QUAD Yo t—12 i MEMORY
TWO-BIT
P H a MULTIPLE XER m, o 7 —ow, MVEVSOBRY (29 S
8—2° 1-70-2 O f—9 v
MULTIPLEXER 9o vtz O 14 —44ag Y2 b5
MULTIPLE XER
DATA 2 —@ Ay Yy p—3
B

Element A multiplexes data on the DATA line to one of four The memory is loaded by selecting the desired address with
output lines Q,-Q;. The output line is selected by the select the W, and W, lines. Data present on the input lines D, and
lines 2° and 2'. D, is then stored in the addressed word.

Element B multiplexes the data on the input line to one of the
two output lines Q,-Q,. The output line is selected by the 2°
select line.

A word is read from memory by addressing the word with the
A, and A, lines. The word content is then output to the Q,
and Q, lines.

1820-9844

1820-0846
DUAL 3-INPUT PULSE SHIFT/DELAY AND GATE

QUAD BUFFER

Rt

The outputs of the gates are delayed by an amount deter-
mined by an external RC network.
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1820-0899
DECADE COUNTER

3 —— A QA L
4 — B Qa8 pb— 13
5§ —d C ac b 12
6 —8—{ D Qo 1
s —e@ CARRY L 15
ouTPUT
77— EN:BLE
10 ———{ ENABLE
T

"~

cLx

CLR

Synchronous operation is provided by having all flip-flops
clocked simultaneously so that the outputs change coincident
with each other when instructed by the count-enable inputs
and internal gating. Clock inputs trigger the four flip-flops on
the rising (positive-going) edge of the clock input.

The counter is fully programmable. The outputs may be pre-
set to either level. As presetting is synchronous, setting up a
low level at the load input disables the counter and causes
the outputs to agree with the setup data after the next clock

+5V

ENABLE  ENABLE
P LOAD T

pulse regardless of the levels of the enable inputs. The clear
function is asynchronous and a low level at the clear input
sets all four of the flip-flop outputs low regardiess of the levels
of the enable inputs.

Both count-enable inputs (P and T) must be high to count,
and the T input is fed forward to enable the carry output. The
carry output, being enabled, will produce a positive output
pulse with a duration approximately equal to the positive
portion of the Q, output.

1820-0900
TRIPLE 3-INPUT NOR GATE
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1820-0902
DUAL 2-INPUT DRIVER

1820-0906
DUAL 4-INPUT MULTIPLEXER

—la DUAL
° 4701
— A, MULTIPLEXER @y b—
—a,
— A,
——{ DISABLE A
%

B,
b )

—8; G, —

~— DISABLE B

[

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 appropri-
ate output line (A inputs to the Q, terminal etc.).

S

1 pb——— DISABLE A

DISABLE B

DUAL 8;
4701

MULTL
PLEXER 2

SELECT
INPUTS

DATA INPUTS

STROBE

QUTPUT

2' | 2°

>
=)
>
—
bl
N

>
w

P

e]
>

- = ~ - 0O 0O 0 o X
- = O C = ~ 0O 0O X

X X X X X X = O X
X X = O X X X X X

XX X X =2 O X X X

- 0O X X X X X X X

© O 0O 0 0 o o o =

- O - O = O = O O

Select inputs S, and S are common 10 both sections.

X < rrelevant




1820-0907
TRIPLE 3-INPUT POSITIVE-NAND GATE

1820-0921
HEX INVERTER

1820-0990
QUAD NAND LINE RECEIVER

2

RESPONSE
CONTROL
1 3

5 RESPONSE

CONTROL
—Jo)—

9 RESPONSE

CONTROL
10 [+ 8

12 RESPONSE

CONTROL
13 11

Each receiver section has an external response control input
that permits the connection of an external resistor to control
the threshold voitage level.
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1820-0998
DUAL 4-TO-1 MULTIPLEXER

6 —dq A0 STROBE .5
a
5 med Ay Qg }—7
4—qhy Qg p—9
3—Ja,
DUAL
FOUR-TO-ONE
MULTIPLEXER
DUAL
—{8
10-—% A FOUR TO ONE 82 1
MN—=—aB; <« o MULTIPLEXER
12—48; § é Ag B
£ g =
e 2 2 a, 8g |~ 10/
PR 11 14 2 Qgt—y o,

Each part of the 1820-0998 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 Q,
terminal etc.).

SELECT

INPUTS DATA INPUTS STROBE | OUTPUT
2'| 2° ja0 | A1 | A2 | A3 A QA
x| x|x | x| x| x 1 0
ol ojo | x| x| x 0 0
ol o1 | x| x| x 0 1
ol 1{x | o | x| x 0 0
o 1{x | 1| x| x 0 1
1 olx ]| x| o] x 0 0
1 oflx | x| 1] x 0 1
1 1 lx | x| x| o 0 0
1o lx | x| x| o 0 1

Select inputs S, and S, are common to both sections.
X = irrelevant



1820-0999
FUNCTION GENERATOR

2—{ Ag Fop—29
23— Aq Fq b 10
21— A2 Fp 11

18— 83 E3p—13

1= 8o FUNCTION
2|8,  GENERATOR

20—y B A=Bl—14
19— A3
7 —@ CARRY IN CARRY OUT g— 16
8 — MODE CPo—15
6—4 So CG @ 17
5—d Sy
a—ds;

3—53

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 iine wiii be true.

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

CP = FoF,+F,F,

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

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

CG = ArB; + (ArB;) (A +By) + (ArBy)(A+B))(A+B,)
+ (A Bo)(A+B,)(A+B;)(A;+Bs)

FUNCTION

GENERATOR

FUNCTION

SELECT OUTPUT FUNCTION

LOGIC ARITHMETIC

S31521811S0) £ yncTioNS OPERATIONS
L|LjL|L |F=A F=A
L|L]|L|H |F=2A%B F=A+B
LiL|H|L |[F="2aB F = A+B
LJL [H|H |F=Logical0 | F=minus 1(2’s complement)
L|H]|L|L |F=AB F = A plus AB
LiH|L [H |F=B F = [A+B] plus AB
LIH|H|L |F=A%B F = A minus B minus 1
LIH|H|H |F=AB F = AB minus 1
HiL L |L |[F="A+B F = A plus AB
HiL|L|H|F=A®B F = Aplus B
HIL|H|L|{F=8B F = [A+B] plus AB
HIL [H|H |F=AB F = AB minus 1
H|H]L L F = Logical 1 F=AplusA1
HIH|L|H|F=A+B F = [A+B] plus A
H|H|[H|L |F=A+B F = [A+B] plus A
HIH|HIH |F=A F = A minus 1

1820-1015
QUADRUPLE 2-LINE-TO-1-LINE DATA

SELECTORS/MULTIPLEXERS

2—14 1A
33— 18

5 —
66—
11—
10—
16 et
13—
71—

15—4¢

2A
28
3A
38
sA
4B
SELECT
p STROBE

1ve—4

2y ¢—7

3y —9

&Y g——i2

positive logic:
Low level at S selects A inputs
High level at S selects B inputs

INPUTS

STROBE

SELECT

@

OUTPUT Y

xr r r rr X

~ X X X

I

H = high level, L = low level, X = irrelevant

1820-1016

DUAL 2-INPUT OR GATE




(&1} 2y 14 5} i6)

1820-1027
4-BIT SHIFT REGISTER

48IT
SHIFT
REGISTER

CLOCK

SHIFT/LOAD

SERIAL
INPUT PARALLEL INPUTS

/__/\_\ A

J R A [] c

SMIFT
1040 DY
CONTROL

e

— T
[ T - !
|
|
Il |
- + - ;
‘ 8 |
H ﬂCLEAR ] : ] RCliAﬂ “CLEAR ! “CLEAS
Lq A 9‘—’[! D ”—]\
| b CcK ! b Ccx —p cx cK |
S Qal—¢ '—<{>—s os|—¢ —D—s ac s e[ |
15} (311} t13) “ua u('”)
04 o8 ac a0 P

A4
PARALLEL OUTPUTS

Tr_ng 4-bit registers feature parallel inputs, parallel outputs,
J-K serial inputs, shift/load control input, and a direct over-
riding clear. The registers have two modes of operation:

Parallel Load
Serial shift

Parallel loading is accomplished by applying the four bits of
data and taking the shift/load control input low. The data is
loaded into the associated flip-flop and appears at the out-
puts after the positive transition of the clock input. Serial data
fiow is inhibited during loading.

Shifting is accomplished when the shift/load control input is
high. Serial data is entered at the J-K inputs. These inputs
permit the first stage to perform as a J-K, D-, or T-type
flip-flop as shown in the function table.

1820-1027

4 BIT SHIFT REGISTER (CONTINUED)

clock _ MMM i e e re e rerere

CLEAR

SERIAL | J —L T 1 1

INPUTS ) « 1

SHIFT/LOAD

1
! ]
( A ] l H : |
]
PARALLEL 8 L N
DATA INPUTS c : ]T
o — -
(@a 2223 — 1
Qg ---1 [ I 1 ! 1
ouTPuTs { B -=--1 , i .
9 Il - I 1 '
1 [}
 zzI3 ! 1 ! _F L I | I,
| i 1 t
I jmm————SERIAL SHIFT - [ SERIAL SHIFT——e
CLEAR LOAD
FUNCTION TABLE
INPUTS OUTPUTS
SHIFT/ SERIAL PARALLEL
CLEAR CLOCK Qa Qg Q¢ Qp Op
LOAD J K|A B C D
L X X X X | X X X X L L L L H
H L t X X a b c d a b c d d
H H L X X X X X X | Qao Qgo Qco Qpo  Qpo
H H t L H X X X X Qa0 Qa0 Ogn Qcn Qcn
H H t L L X X X X L Qan QBn Qcn Qcn
H H t H HfX X X X H Qan QOBn Qcn OQcn
H H t H L X X X X |0an Qan QBn Qca OQcn
H = High level (steady state)
L = low level (steady state)
X = irrelevant (any input, including transitions)
1 = transition from low to high level
a, b, ¢, d = the level of steady-state input at A, B, C, or D,

respectively
Q.o Qgor Qo Qg = the level of Q,, Qg, Q. or Q,, respec-
tively, before the indicated steady-state
input conditions were established
Q... Qan. Qc, = the level of Q,, Qg, or Q., respectively,
before the most-recent transition of the
clock



1820-1053
HEX SCHMITT-TRIGGER INVERTERS
(PULSE SHAPING)

1820-1042
PARALLEL-LOAD 8-BIT SHIFT REGISTER
WITH COMPLEMENTARY OUTPUT

SHIFT/
LOAD +5V
11 12 13 4 3 4 5 6 cLock SIS:?:I.‘; (l:hafBKlT
LIl J o)
A B CDEFGH E
F “ c
PARALLEL PARALLEL
NPUTS [ayb— 9 o PARALLEL
10 s:llt;.AL ' OUTPUTS INPUTS G g[ INPUTS
Quf— 7 H l’ A
QUTPUT
—— o o o] el
1 ® 2 n g:’"“"
. 1820-1064
The 8-bit serial shift registers which shift the data in the 8-BIT PARALLEL-OUT SERIAL SHIFT REGISTER
direction of Q, toward Q,, when clocked. Parallel-in access to o ——
each stage is made available by eight individual direct data ook SARALLEL] OUTPUTS °”;:“T
inputs which are enabled by a low level at the shift-load input. INHIBIT | CLOCK | SERIAL | A..H 9% %% .
. X a h a b
The register has gated clock inputs and complementary out- X X
uts from the eighth bit ' R I X | %0 %o | o Oa 3 SERIAL 14] 5V
p (] g . L 1 H x H  Qan Qga 2‘:: semaL Z: :2 INPUTS - r— 5] o)
Ciocking is accomplished through a 2-input positive-NOR - ' | - X | & O %an samaLier | 00 6 a, ol 05%
9 P 9 L H top X X Qr0 %o Qxo OUTPUTS | ap — 10 % ouTPUTS
gate, permitting one input to be used as a clock-inhibit func- j oo g OUWTS# ag o b— 1] 0
tion. Holding either of the clock inputs high inhibits clocking 9 —& CLEAR o — 12 o o] o
and holding either clock input low with the load input high oy b—mn o ]
. NI cx CLEARG 9 | CLEAR
enables the other clock input. The clock-inhibit input should
3 | CLOCK

be changed to ihe high ievei only while the ciock input is high.
Parallel loading is inhibited as long as the load input is high.
Data at the parallel inputs are loaded directly into the register
on a high-to-low transition of the shift-load input indepen-
dently of the levels of the clock, clock inhibit, or serial inputs.

H = high level (steady state), L = low level (steady state)

X = irrelevant (any input, including transitions)

1 = transition from low to high level

a... h = the level of steady-state input at inputs A thru H,
respectively.

Q,0,Qe0.Quo = the level of Q,, Qg, or Qy, respectively,
before the indicated steady-state input conditions were
established.

Q,..Qq, = the level of Q, or Qg, respectively, before the
most-recent 1 transition of the clock.
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The 8-bit shift register has gated serial inputs and an asyn-
chronous clear. The gated serial inputs (A and B) permit
complete control over incoming data. A low at either (or both)
input(s) inhibits entry of the new data and resets the first
flip-flop to the low level at the next clock pulse. A high-level
input enables the other input which will then determine the
state of the first flip-flop. Data at the serial inputs may be
changed while the clock is high or low, but only information
meeting the setup requirements will be entered. Clocking
occurs on the low-to-high-level transition of the clock input.

H = high level (steady state), L = low level (steady state)

X = irrelevant (any input, including transitions)

1 = transition from low to high level

Quor Qgo.Quo = the level of Q,, Qg, or Q,, respectively,
before the indicated steady-state input conditions were
established.

Qan Qqn = the level of Q, or Qg before the most-recent ¢
transition of the clock; indicates a one-bit shift.

INPUTS

OUTPUTS

Qg - Oy

CLOCKIA
X X

L ‘ X

X Qa0 Qgo Qug

H H
X L
L L

Qan Qga
Qan Qg
Qan  Qgn




1820-1072 1820-1073

DECODER/MULTIPLEXER 4-BIT QUAD EXCLUSIVE-NOR
“ ve gy 0(12)
o (11}
ENABLE 1G © r—o '3
1
Ag 13!
— }—“' 1v2 ENABCEF ! '—1 +5v 8, 02
@ 1A j.__A G . | ENABLE (10} ¢
4 —{ S ; ce—inlog —o2
SELECT L SELECT . —u -:; ‘
INPUTS @ m w3 18 ‘j.—a ApP— 11 2A ) A (8)
{ > : > SELECT 2
® 1Yo | : —evo B 1l
ouTroT - : 8,08
pata Y1 . —em vo#—i 12) 2vg ‘ °
N "] (4)
h2 2vo ouTPUTS Y2 —ev2 vu)—aﬁ 2Y1 DAT "
— . | ATA
ENABLE 26 Y3 e __‘gﬁ’__'.‘:' 2v2 TPOUTPUTS A‘&(ﬂ
(LT ;:' = 12)
_%7 Y 2v3 ) By ot
- u -ﬁo'o
’IIOP 2v2
24 (14} | Ag cll)
sl T 2 —\ .
l ) D [> 2v3
3
+5V = (14), GND = (7), ( ) = Denotes Pin Numbers
The decoder/demultiplexer consists of two individual two-line
to four-line decoders in a single package.
1820-1076
INPUTS
ENABLE[seLeer]  OUTPUTS HEX D-TYPE FLIP-FLOPS WITH CLEAR
G B A Y0 Y1 Yz Y3 ’
H X X H H H H
L L L L H H H
L L H H L H H
L H L H H LoH
L H H H H H L

H = high level, L = low level, X = irrelevant

FUNCTION TABLE
{(EACH FLIP FLOP)

INPUTS OUTPUTS

CLEAR CLOCK D Q
L X % L

H : B -4 :

- " L i L ;

! |
2] L X ul

i 6 |




1820-1077

QUADRUPLE 2-LINE-TO-1-LINE DATA

2 1A 1Y 4
3—4 18
5 — 2a ¥ 7
s — 28

— 3 v f—9
10— am .
14— 4A ay [— 12
13— 48

1 —— SELECT
15 STROBE

SELECTORS/MULTIPLEXERS

o] 3v  outeur

INPUTS,

OUTPUT Y
STROBE | SELECT | A

- - - r-
xr xr r - X
x X I X
I r x x X
r I r I T

H = High Level, L = Low Level, X = Irrelevant

positive logic:
Low level at S selects A inputs
High level at S selects B inputs
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Rout

Dour

Din

Rout

Doyt —

Oin

1820-1081
TRI-LEVEL QUAD BUS TRANSCEIVER

s D/E

)
Rout

I3

gl

A

TRI-LEVEL

13

— Doyt QUAD BUS Do m
TRANCIEVER

:

12
Din

N Rour

)s

1% Dour

Y

LI Y

The Tri-Level Quad Bus Receiver consists of four pairs of
tri-level logic elements configured as Quad Bus Drivers/
Receivers along with separate buffered receiver enable and
driver enable lines.

A logic “1” on the Data Enable (D/E) inut allows input data to
be transferred to the outputs of the Drivers while a logic “0”
will force the outputs to a high impedance state.

The Receiver gates are enabled by a logic “0” on the Re-
ceiver Enable (R/E) pin. A logic “1” forces the Receiver
outputs to a high impedance state and disables the inputs.



Al
WORD
SELECY

A2

cLoCK

[&]]

MDC

[Fi)

(11}

1820-1100
QUAD 2-INPUT MULTIPLEXER

QUAD
2INPUT O
MULTIPLEXER

)

03

CLOCK

SELECT
A/B

—{>

8
I
g

Y

When the word-select input is low, word 1 (A1, B1, C1, D1)is
applied to the flip-flops. A high input to word select will cause
the selection of word 2 (A2, B2, C2, D2). The selected word is
clocked to the output terminals on the negative-going edge of
the clock pulse. -

FUNCTION TABLE
INPUTS OUTPUTS
WORD
SELECT CLOCK Qa Qg Q¢ Qp
L i al b1 cl d1
H { a2 b2 c2 d2
X H Qa0 Q80 Qco Qpo
H = high level (steady state)
L = low level (steady state)
X = irrelevant (any input, including transitions)
| = transition from high to low level

at, a2, etc. = the level of steady-state input at A1, A2, etc.
Qe Qi etc. = the level of Q,, Qg etc. entered on the
most-recent | transition of the clock input.

2 —

4 —
5 —d
10 —
" —
12 —

q —

|

A
B
c
]
E

F

G

H
SERIAL
INPUT
CLK

CLOCK
INHIBIT

SHIFT/

LOAD

O4 |— 13

CLEAR

H
L
X
t
a

15

|

9

SERIAL
IN

D, SHIFT/
° LOAD

0,4 D,

CLEAR

1820-1107
8-BIT SHIFT REGISTER

o, s8I

SHIFT
b, REGISTER o
cLock
INHIBIT Dg M0
€LOCK Dy b 10

The parallel or serial-in modes are established by the shift/
load input. When high, this input enables the serial data input
and couples the register for serial shifting with each clock
pulse. When low, the parallel data inputs are enabled and
synchronous loading occurs on the next clock pulse. During
parallel loading, serial data fiow is inhibited. Clocking is ac-
complished on the low-to-high level edge of the clock pulse.
Holding either of the clock inputs high inhibits clocking; hold-
ing either low enables the other clock input. A direct clear
input overrides all other inputs, including the clock, and sets
the register to zero.

cLock S auuuunrunryurunougronuy

] i
CLOCK INHIBIT ~ 1 : : J. l| :
CLEAR lLJ: : : : :
SERIAL INPUT f 1: 1 : : : :
SHIFT/LOAD | | : I_:J b
A |1 I | HI I [ ]
! I ] I \ 1
g1 ! | L L
[ 1 ] [
c [ i | H! 1 [N
] i i L 1 [
I
PARALLEL | O —— : : —
INPUTS E__t | ! I [
[ ] ! 1
F 01 [ L 1ot
o [ [ [
G [ | | H! 1 1|
[ ] | [
{ H [ | | H|l (S
[ t } [
OUTPUT Q77 | o) IS gvn I pp B0 v B
H - iNnmigiTH H H H H
| |t SERIAL SHIFT ——— | j.¢—e] |we——— SERIAL SHIF T ——e
CLEAR LOAD
FUNCTION TABLE
INPUTS INTERNAL
OUTPUT
SHIFT/  CLOCK PARALLEL OUTPUTS
CLEAR CLOCK  SERIAL Ql
LOAD  INHIBIT A...H aa Qg
L X X X X L L L
H X L L X Gap Qo QHo
H L L 1 a...h a b h
H H L 1 X H Qan QgGn
H H L t X L QAn QGn
H X H ! X Qao Qgo QHo

high level (steady-state)
low level (steady-state)
Irrelevant (any input, including transitions)
transition from low to high level

H, respectively.

... h = the level of steady-state input at inputs A through

Q.. Qgo. Quo = the level of Q,, Qg, or Q,, respectively, be-
fore the indicated steady-state input condi-
tions were established.

Q.n: Qg, = the level of Q, or Q,, respectively, before the

most-recent 1 transition of the clock.



1820-1113 1820-1116
TRI-LEVEL 8-BIT LATCH DUAL J-K POSITIVE EDGE TRIGGERED FLIP-FLOP

I'_ __________ A
SECTION 1
N I .
DATA INPUT/OUTPUT
|| s | 2 JCLRop—— 6
I 3 CLK
[ . 5 4 — K PRO}— 7
. R §— T
L _____ _V_ _i 15—
e o : i : - 14 ——— ; CLR g 10
I— -1 12 ———joik
| 13—k of— 29

DATA INPUT/OUTPUT 2 °3__|_ 5 1"
| 4 | SECTION 2
| L |

]
l 4
ol _ _ _ = L+ o _I FUNCTION TABLE
—_—_——— = — — — — - —

DATA INPUT/OUTPUT 3 0 _'}—4 INPUTS OUTPUTS
e e e —_— e — — _ -_—
——_————— — - — 4 PRESET CLEAR CLOCK J K Q Q

DATA INPUT/OUTPUT 4 0 —s
A S — — 2 L H X X X H L
—_————— = — - _—

DATA INPUT/OUTPUT 5 0] 4 H L X X X L H
e - —_——_—_— _

—_———— — — — —_— L L X X X H* H*

DATA INPUT/OUTPUT 6 0—4 —

—_ e — —_ —_ — — — J— -
1 - H H 4 L L L H

DATA INPUT/OUTPUT 7 oﬂ{ _\}—4 H H + H L TOGGLE
e e e — = ] - —

TRUTH TABLE
[ | CLEAR | ENABLE READ WRITE | WO STATE H H t L H 00 QO
DATA INPUT/OUTPUT 8 O——] i ; o R Outpat =
’ [ s x ‘wut-o
: : ! | H H t H H{H L
. . 0 0 ) 1 Read
R H H L X X | Qo Qg
13 L4
o
EnABLE 02
AEAD O
READ s
1820-1130

CLEAR o’—D‘f

13-INPUT POSITIVE-NAND GATE

Inputs and outputs are accessed on the same leads of
the tri-level 8-bit latch. When in the high impedance
state, the outputs and inputs are disabled and no in-
formation can be entered. When the outputs are active,
the gating associated with each latch prevents informa-
tion from being entered. Outputs are disabled while
information is entered.
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A3 9
10 —
1M
n
w6 25
w 8

7 STROBE

1820-1131
6-BIT COMPARATOR

The comparator determines equality or non-equality between
two 6-bit words. A strobe over-ride, when a logic 1, will force
the output to a logical 1.

CONDITION STROBE z
s

A=B A#B 1 1

A=B 0 0

A+B 0 )

240

1820-1140
9-BIT PARITY GENERATOR AND CHECKER

P 00D
i5) :D—("G’ ouTPUT

EVEN
OUTPUT

——0(9)

{8)INHIBIT

LOGIC EQUATIONS:

ODDOUTPUT = Py Pa* Py PP Pg* Py Pg* Py
EVENOUTPUT = Py * P, * Py * Py * Pg® Pg* Py - Py Py

The 9-Input Parity Generator/Parity Checker is used to detect
errors in data transmission or in data retrieval. Two outputs
(EVEN and ODD) are provided for versatility. An INHIBIT
input is provided to disable both outputs. (A logic 1 on the
INHIBIT input forces both outputs to a logic 0.)

When used as a Parity Generator, the generator supplies a
parity bit which is transmitted together with the data word.

At the receiving end, the device acts as a Parity Checker and
indicates that data has been received correctly or that an
error has been detected.

INHIBIT



F— 2
—3
— 7
—e6
—10
—11
l—1s
—14

CLEAR
PRI PN 10
10
5— 0 =
20
3Q
12— 30 _
3Q
4Q
13 —{ 40 —
4Q
CLOCK
9
INPUTS OUTPUTS
CLEAR CLOCK D | a at
L X x| L H
H 1 H|H L
H 1 Lt |t H
H L X | Qg Qq

1820-1158
2 WIDE 2-INPUT AND 3-INPUT
AND-OR-INVERT GATES

1820-1191
QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR

rJ Y
CLEAR] 1 }_b_ e -sv
wl ¢ {1 |aa
| | {q cLr CLR o
Wi cK cK {11 aQ
i HONE: ol
0 . l 413} 4D
PLIS. ‘L < 1,13D
?v a o o Q -::
200 nw F bk cK 'V‘!zn
:j ace ca o
) 7 030

‘ | -
[ — I'—<':J cLocx

H = high logic level (steady state)

L = low logic level (steady state)

X = irrelevant

1 = transition from low to high level

Q, = The level of Q before the indicated steady-state input
conditions were established
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1820-1199
HEX INVERTER

24 A 4
! —

Y | 2 — 11 5A
—= j LS

3A | L .5y

1820-1212

DUAL J-K NEGATIVE-EDGE-TRIGGERED
FLIP-FLOPS WITH PRESET AND CLEAR

INPUTS OUTPUTS

PRESET CLEAR CLOCK J K | Q@ @
L H X X X | H L
H L X X X | L H

L L X X X | W W
H H l L L | Q Q
H H ' HL|H L
H H i L H!IL H
H H ' H H | TOGGLE
H H H X x| Qg Q

H = high ievei (steady state), L = iow level (steady state),
X = irrelevant, | = transition from high to low level
Q, = the level of Q before the indicated input conditions

were established.
TOGGLE: Each output changes to the complement of its
previous level on each active transition of the clock.
* This configuration is nonstable; that is, it will not persist
when preset and clear inputs return to their inactive (high)
level.



1820-1216

DECODER/DEMULTIPLEXER

6 - Yob—— 15

o~ dorn Lenmae ng—

5 —@cze vao— 12

1—Jda Ye@— 11

28 }snscv ::::: ':

S v7¢— 8

INPUTS
OUTPUTS

ENABLE SELECT
G1 G2*| C B A|[Y0 Y1 Y2 VY3 Y4 Y5 Y6 VY7
X H X X X| H H H H H H H H
L X X X X H H H H H H H H
H L L L L L H H H H H H H
H L L L H H L H H H H H H
H L L H L H H L H H H H H
H L L H H} H H H L H H H H
H L H L L H H H H L H H H
H L H L H|H H H H H L H H
H L H H L H H H H H H L H
H L H H H H H H H H H H L

*G2 = G2A + G2B
H = high level, L = low level, X = irrelevant
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8-INPUT MULTIPLEXER WITH
COMPLEMENTARY OUTPUTS

1820-1217

\Y

J

/

STROBE _{7)
{ENABLE)
B0 (4)
o1 (3)
p2 12
D1 (1)
IC:JAPU}S D4 s
DS (14)
06 (13)
\07 $12)

S AR

A A B B C
FROM DATA SELECT LINE

[

ADDRESS BUFFERS

i INPUTS OuTPUTS |
| SELECT TROBE

cC B A * sO oW

X X X i H ; L H
LoL oL L | oo 60 |
T L DT D1 !
Lo L 02 8 |
Comow L DI 03
At L oa Ds |
e, L 05 BB |
K{H HoL Pt 06 D6 :
to N oM l L pr 07 ;

{5

! OUTPUT W

6)
OUTPUT ¥



1820-1240

DECODER/DEMULTIPLEXER

6 —1 a1 Yo—15
«— gu }EWLE ig—n
PYD g Y29—13

v3p—12
v da Yas— 11
i— [} }s&zcv s¢—10
3—c ver—o

Y79— 8

INPUTS
OUTPUTS

ENABLE SELECT
G1 G2*| C B A |Y0D Y1 Y2 Y3 Y4 Y5 Y6 Y7
X H X X X H H H H H H H H
L X X X X H H H H H H H H
H L L L L L H H H H H H H
H L L L H H L H H H H H H
H L L H L H H L H H H H H
H L L H H H H H L H H H H
H L H L L H H H H L H H H
H L H L H H H H H H L H H
H L H H L H H H H H H L H
H L H H H H H H H H H H L

*G2 = G2A + G2B

H = high level, L = low level, X = irrelevant

QUAD 2-INPUT EXCLUSIVE OR GATE

1820-1250

1820-1260
DUAL MULTIVIBRATOR

1—4
2 —4¢
2 —4

9 —4
10 —4
nmn—4

RL:}

T 0 f—13
. - . 1CLR
1cLR 12
2 20 f—3s 2
b 28 20 12 2 CEXT
b 2cLm

2REXT/

2 CEXT CERT

2REXT/
CEXT

1 REXT/
CEXT
1 CEXT
e

286

2CLR ¢

Each multivibrator features a negative transition triggered
input and a positive transition triggered input. Either input can

be used as an inhibit input.

Output pulse width is determined by external component

values. Approx. pulse width = 0.7 X RC.

FUNCTION TABLE
(EACH MONOSTABLE)

1820-1261

4-BIT BINARY FULL ADDER

INPUTS OUTPUTE_

CLEAR A B Q Q

L X X L H

X H X L H

X X L L H

H L ? R

H ¥ H JLr U
Also see description and switching
characteristics

I

high level (steady state)
low level (steady state)
transition from low to high level
transition from high to low level
JL = one high level pulse
LF = one low level pulse

X = irrelevant

“— > r-T
I

243

10 Al
S1p—39
11—t B
8 ——i A2
24— 6
7 — B2
3 — A3
S22
4 —{ B3
1 — A4 Sa4 pb— 15
% — B4 co p— 13
OUTPUT
WHEN WHEN
INPUT co=tL CoO=H
WHEN WHEN
c2=1L C2=H
A1 ] 8B1 A2 182 A1 v2 c2 11 T2 ez
A3| B3| A4l B4 v3| 4| “ca 3| 4| “ca
L L L L L L L H L L
H L L L H L L L H L
L H L L H L L L H L
H H L L L H L H H L
L L H L L H L H H L
H L H L H H L L L H
L H H L H H L L L H
H H H L L L H H L H
L L L H L H L H H L
H L L H H H L L L H
L H L H H H L L L H
H H L H L L H H L H
L L H H L L H H L H
H L H H H L H L H H
L H H H H L H L H H
H H H H L H H H H H

H = high level, L = low level
Input conditions at A1, B1, A2, B2, and CO are used
to determine outputs 3,1 and 2,2 and the value of the
internal carry C2. The values at C2, A3, B3, A4, and
B4 are then used to determine-outputs 23, 34, and

NOTE:

C4.




1820-1275 1820-1293 1820-1302
DUAL 5-INPUT POSITIVE-NOR GATES 10-BIT COMPARATOR _ DATA SELECTORS/MULTIPLEXERS
WITH 3-STATE OUTPUTS

A
«

:::) > « —o0 1 161 +BV
Ay 1 ag 24 |45V 3 —01 2 b2 03 o6 15
8 :)D= 2 . . 2 —02 3 o . "
Aq 1t —03 YpP—s
By :)D)_"l__— 3 A LY 15 — 04 s . 00 o 3
A D —] oty
Bg : }_T_D:— b ™ ‘e 21 :: _ :: we—s 5 v o7 12
: D)_‘— s Az LY » 12— 07 s —w N "
oD 1 e o o, 3 R o
7 A L] . s—¢c s
:: :jD’_—' ; .: r = 7 ——gSTROBE :
Ag
a,:) Y A, 8¢ i
STROBE [\ .
Ll TRUTH TABLE hd ™ * °
CONDITION smgas 2 1" STROBE LY 14
ArB A%B 1 1 12 z 13
A=B '] 1
A%*B ] 0
1820-1288 ~rgw g A . -
DUAL CLOCK DRIVER 8- By thru By The data selector/multiplexer contains full binary decoding to
INPUTS OUTPUTS select one-of-eight data sources and feature a strobe-
SELECT STROBE | . controlied three-state output. The strobe must be at a low
C B A S logic level to enable these devices. The three-state outputs
X X X H Zz 2 permit a number of outputs to be connected to a common
L L L L Do Do bus. When the strobe input is high, both outputs are in a
L L H L D1 D1 high-impedance state in which both the upper and lower
02 o7 transistors of each totem-pole output are off, and the output
L Wt t o : neither drives nor loads the bus significantly. When the
L H H L 03 % strobe is low, the outputs are activated and operate as stan-
H L L L D4 D4 dard TTL totem-pole outputs.
H L H L D5 D5
H H L L D6 D6 To minimize the possibility that two outputs will attempt to
H H H L D7 D7 take a common bus to opposite logic levels, the output con-

trol circuitry is designed so that the average: output disable
time is shorter than the average output enable time.
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1820-1304
4-BIT BIDIRECTIONAL UNIVERSAL
SHIFT REGISTER

3 —a QA }— 15
4 —e PARALLEL outeurs | B — ™
s —c i oc — 13
6§ —o) lepb— 12

The register has four distinct modes of operation.

Parallel (broadside) load

Shift right (in the direction Q, toward Q)
Shift left (in the direction Q, toward Q,)
Inhibit clock (do nothing)

Synchronous parallel loading is accomplished by applying
the four bits of data and taking both mode control inputs, SO
and S1, high. The data are loaded into the associated flip-
flops and appear at the outputs after the positive transition of
the clock input. During loading, serial data flow is inhibited.

Shift right is accomplished synchronously with the rising edge
of the clock pulse when S0 is high and S1 is low. Serial data
for this mode is entered at the shift-right data input. When SO
is low and S1 is high, data shifts left synchronously and new
data is entered at the shift-left serial input.

Clocking of the flip-flop is inhibited when both mode control
inputs are low. The mode controls should be changed only
while the clock input is high.

INPUTS OUTPUTS
MODE SERIAL PARALLEL
CLEAR|[ S1 S0| cLOCK | LEFT RIGHT| A B ¢ D | Q Qg Q¢ Qp
L X X X X X X X X X| L L L L
H X X L X X X X X X|Qag Qgg Qo Qpo
H H H t X X a b ¢ d a b c d
H L H 1 X H X X X X| H Qu Qg Qg
H L H t X L X X X X| L Qa Qg Qcp
H H L t H X X X X X|Qg, Qc Qp, H
H H oL t L X X X X X|Qg, Qg Qp, L
Ho | L oL X X X X X X X |0a Qg Q Qpg

H = high level (steady state)

L = low level (steady state)

X = irrelevant (any input, including transitions)

t = transition from low to high level

a, b, ¢, d = the level of steady-state input at inputs A, B,
C, or D, respectively.

QAO) an.Oco, Qm = the 'evel Of QA, Qg, Qc, or QD! re-

spectively, before the indicated steady-state input con-
ditions were established.

QAm an, Qc", QD,. = the 'evel Of QA, Qa, Qc, QD' re-

spectively, before the most recent 1 transition of the
clock.
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1820-1305
LOOK-AHEAD CARRY GENERATOR

3—Go PP—7
g ) G — 10
11— G1 Cpx — 12
24P Coty [— 11
14 —{ G2 Cavz |— 9
15— P2
5— G3
66— P3
1B—Cq
DESIGNATION PIN NOS. FUNCTION
ACTIVE LOW
1,G2,G3 3,1.145
60.G1.G2, CARRY GENERATE INPUTS
ACTIVE-LOW
POP1.P2P3 42156 CARRY PROPAGATE INPUTS
[ 13 CARRY INPUT
Corg Coy
noemy 12,119 CARRY OUTPUTS
n+z
G 0 ACTIVE -LOW
CARRY GENERATE QUTPUT
ACTIVE LOW
P 7 CARRY PROPAGATE QUTPUT
+5V 16 SUPPLY VOLTAGE
GND GROUND




1820-1319 1820-1321

8-INPUT MULTIPLEXER WITH 4-BIT MAGNITUDE COMPARATOR
COMPLEMENTARY OUTPUTS

stroge (1IN
(ENABLE) V 10 —{ AQ
(DG (4)
X 9 —4q B0
12 — AY
01 {3) n—m A>B}—S
\ 13 —f A2 ouTPuUTS { A=Bl—¢
j 14— 82 A<sl—7
D2 (2} 15— A3
>* 1— .
2—4 A<B
o3t ) L S outruTw R }fﬁﬁmm
4—q{ A>B
DATA (15) {6)
INPUTS o4 OUTPUT Y
(14)
DS
Y
o612 ~ COMPARING UNITS CASCADING INPUTS OUTPUTS
oy 121 / A3,B3| A2,B2 | A1,B1 | A0,BO| A>B|A<B|A=B|A>B|A<B | A=8
h Y A3>B3| X X X X X X H L L
J A3<B3| X X X X X X L H L
A3=B3|A2>B2 X X X X X H L L
AAB BT A3=B3|A2< B2 X X X X X L H L
FROM DATA SELECT LINE A3 =B2]A2=B2 | A1>B1 X X X X H L L
ADDRESS BUFFERS A3 =83 A2 = B2 A1< B1 X X X X L H L
A3-B3|{A2-8B2 | A1=B1 |A0 >BO| X X X H L L
A3=B3/A2-B2 | A1=B1 |a0<BO| X X X L H L
A3-B3[{A2=B2 | A1=B1 |A0 =BO| H L L H L L
A3=B3|A2-B2 | A1=B1 (A0 = BO| L H L L H L
INPUTS OUTPUTS A3 -B3| A2 =B2 21 =B1 |AQ = gg L L H L L H
A3=B3!A2-B2!A1=B1 |A0 = X X H L L H
SELECT | STROBE Y w A3-B3|A2-8B2| A1=B1 |A0=B0| H H L L L L
C B A S A3=B3|A2=8B2| A1=B1 |A0=8B0| L L H H L
X X X H L H ’
L L L L Do DO
L L H L D1 Ot
L H L L D2 D2 1820-1322
L H H L D3 D3 QUADRUPLE 2-INPUT
HoL oL L o4 Da POSITIVE-NOR GATES
H L H L D5 D5
H H L L D6 D6
H H H L D7 D7
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1820-1323 1820-1464 1820-1633

8-INPUT POSITIVE-NAND GATE DUAL 4-BIT BINARY COUNTER TRI-LEVEL
OCTAL LINE DRIVERS/

LINE RECEIVERS

Q 2Q
1 24, "4,
1Q 2
__8‘ ;-.810
OUTPUTS OUTPUTS
o 'O, o
BIT BIT _
A cNTR i qp CNTR |20 118
1 ———— s, —d —¢
2 A _q_ FI
3274 |:5: 1Y s
«_1A2 }\Dlli 245 4y
2 1 CLEAR ] 2Y3 I‘j‘( 1Y2 1.
1324 : '_Bfl
12 _2CLEAR ¢ _'A3 g 283 45
y_2Y2 ‘g/ 1Y3 14
o 1A4 242 43
COUNT SEQUENCE \
1820 1367 {EACH COUNTER} ° 2Y1 lD/ 1Y4 12
QUAD 2-INPUT AND GATE COUNT QuTRUT \ WQI 241y,
\ O Oc Og Qs ~J
0 [N L
; nL. t :.‘ : logic 1Y = TA when 1G 15 low
2 L onh _2Y = 2A when 2G 1 low
" : t M N L wnmEunn.leoowuuvcnamw-nwm
n When 2G 15 high 2Y outputs are at 2 high 1
[ L H L H moedance
B n [ L H H L
7 L H H H
a 8 H L L L
w 9 H L L H
10 H L H L
ol n H L H H
12 H H L L
-] n 13 H H L H
' 1 H H H L
zv 15 H H H H

1820-1395
6-BIT LATCH
1820-1638
1
‘I’:Iz-(l)..E\GIz:L 9-BIT ODD/EVEN PARITY
GENERATOR/CHECKER

OCTAL LINE DRIVERS/
LINE RECEIVERS

*SV
, 16
K f 3
3 o——18
D D? INPUTS
PRRLY: g m
5_2¥3 D v2_ .,
AN S~ B,
31% 2215
° 2Y1 1Y4 12
.. o . . o . \. 2AY 1" TRUTH TABLE
This integrated circuit contains six high speed latches or- m': otnOF oTo SUTPUTS
ganized as an independent 4 bit and 2 bit latches. The N “‘"“”:"“‘ HIGH IEVEN :oo0
. a et E . : = o0 1G 1 low 0.2.4.6.8 H
latches act as high speed inverters when the “write” input is Y= 2Awhen G i g L1570 N
o ” When 1G 1 high 1Y outputs are at 2 high impedance
low". ) When 2G is low 2Y outouts are at 2 hgh impedance H = hgh leved, L = low levet
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1820-1639

1826-0049
QUAD EXCLUSIVE OR/NOR GATE

VOLTAGE REGULATOR

Ve FREQUENCY Ve
TRUTH TABLE COMPENSATION "
feuts ] oureur " SERIES PASS
A 8 C M INVERTING 4 AMPLIFIER TRANSISTOR
LN S L INPUT
H
WL " NONINVERTING 5 |
H H L L INPUT 1 10 REGULATED
L Lt H H OUTPUT
. O . VOLTAGE
H H H H 2 CURRENT
; CURRENT Lmir
HT R el L2 ow et LMIT CURRENT tNPOT
positive logic. ¥ = (A ¢ B) & C = ABC + ABC + ABC + ABC INPUT 3 #:‘MIT v -
ANSISTOR 4
VOLTAGE et REG
REFERENCE "N(;““,""’ ouTPUT
IN{PLIFIER Iazrueamcs VOLTAGE
¢ REFERENCE VOLTAGE v,
VOLTAGE
L( e S‘"P‘"
When C input is low, operates as a Exclusive OR gate.
When C input is high, operates as a Exclusive NOR 3 A
ate. of
g ; \Z/ temperatune
COMPENSATED
v- ZENER
This integrated circuit provides a regulated voitage and a
low-current reference voltage. Provisions are included for
voltage shut-down in the event of excessive current in an
external circuit. The integrated circuit can be used with exter-
nal components in a variety of configurations. For specific
information, refer to the applicable technical manual.
1820-1758 1826-0065
QUAD TTL TO MOS DRIVER VOLTAGE COMPARATOR
LOGIC DIAGRAM U

- aono [ 1] (8] v
B | e u ouTPUT
weur u ' BALANCE/

STROBE

v n n BALANCE

I

?

®
<
PIN NAMES
1,1, SELECTINPUTS 0,0, DRIVER OUTPUTS
£, £, ENABLE INPUTS Vee  *5V PCWER SUPPLY

CLOCK CONTROL INPUT

Ii REFRESH SELECT INPUTS Voo +12V POWER SUPPLY
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1826-0069
OPERATIONAL AMPLIFIER

NULL (COMP)

INVERTING

NON-INV

This integrated circuit is an operational amplifier. External
components permit its use in a variety of functions, such as a
long interval integrator, timer, sample-and-hold circuit square
wave generator, or pulse-width modulator. For specific infor-
mation, refer to the applicable technical manual.

1826-0070
OPERATIONAL AMPLIFIER

OFFSET

R TS

OFFSET
NULL

This integrated circuit is an operational amplifier. External
components permit its use in a variety of functions. For
specific information, refer to the applicable technical manual.

1826-0100
DUAL OPERATIONAL AMPLIFIER

INVERTING

n INPUT OFFSET NULL u
NON INVERTING
INPUT

n OFFSET NULL

INVERTING
INPUT

This integrated circuit consists of two separate operational
amplifiers. External components permit their use in a variety
of separate and combined functions. For specific information,
refer to the applicable technical manual.

1826-0106
VOLTAGE REGULATOR

[T === outPuT2)
O [T ==—== COMMON (3)

INPUT (1)

The voltage regulator provides a positive 15 volt output with
current limiting, thermal shutdown, and safe area compensa-
tion internally incorporated in the device. Refer to the applic-
able equipment manual for specific use of the device.

2449

1826-0138
QUAD VOLTAGE COMPARATOR

Refer to the applicable equipment manual for specific use of
the device.

1826-0161
QUAD OPERATIONAL AMPLIFIER

OUTPUT 1 OUTPUT 4

OQUTPUT 2 OUTPUT 3

This Integrated circuit consists of four independent, high
gain, internally frequency compensated operational
amplifiers. They operate from a single power supply over a
wide range of voltages. Input common mode voltage range
includes ground. Differential input voltage range is equal to
the power supply voltage, 3 to 30 volts.

1826-0175
DUAL VOLTAGE COMPARATOR

OuUTPUT
2




1826-0120

s
P vee
b3
< R
pd
5. CONTROL
. VOLTAGE
THRESHOLD O~ COMPARATOR b—@
> +5v
<
>
<R
<>
2
@——] COMPARATOR O Y
! THRESHOLD u
Sa
bs
DISCHARGE 01— ﬁ
4
FLIP-FLOP O RESET
ouTPUT
= STAGE
O OouTPUT i GROUND
3 1

The timer is a highly stable controller capable of producing
accurate time delays or oscillation by the selected values of
external components.
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DIAGRAMS

3-1. INTRODUCTION

This section contains Engineering Diagrams for the printed
circuit assemblies (PCA's) used in the HP 3000 series 33
system.

Each Diagram set contains a schematic diagram and part
location diagram for each assembly. The Diagram sets
are arranged numerically by the major assembly part
number, as indicated in table 3-1.

3-2. PART LOCATION DIAGRAMS

Each diagram set contains a part location diagram. The
part location diagram is provided as an aid in physically
locating integrated circuits on the PCA.

3-3. SCHEMATIC DIAGRAMS

The Schematic diagram contents are exact duplicated of the

engineering masters with no alterations to the information
contained on each diagram.
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PART NUMBER

30016-60001
30016-00001-2
30016-60001-1
30016-60001-51
30016-90001-1
30016-90001-2

30017-60001
30017-00001-2
30017-60001-1
30017-60001-51

30070-60007

30070-60007-51

30070-60007-2
30070-60007-3
30070-60007-4
30070-60007-5

30070-60016-51

30670-60078-1
30070-60078-2
30070-60079-1
30070-60079-2
30070-60080-1
30070-60080-2
30070-60071-1
30070-60089-1
31000-60028-1
31000-60028-6
31000-60056-1
31000-60056-6
31000-60067-1
31000-60067-6

30070-60008
30070-60008-1
30070-60009-2
30070-606009-51
30070-60010-4
30070-60010-51

30070-60012
30670-60012-1
30070-60012-51
30070-60012-52

TITLE

POWER CONTROL MODULE (60Hz)
PCM Front Panel

PCM Wiring

PCM Schematic

PCM Assembly

PCM Assembly

POWER CONTROL MODULE (50HZ)
PCM Front Panel

PCM Wiring

PCM Schematic

POWER SUPELY UNIT

P/S Schematic

P/S Wiring (0ld versicn)

P/S Assy. (01d version)

P/S Distributicn Assy. (01d version)
P/S Front Panel Wiring (01ld version)
Power Distribution PCA

P/S Assy. (New version)

P/S Wiring (New version)

NJD P/S Assy. (New version)

NJD P/S Wiring (New version)
Memory P/S Assy. {(New version)
Memory P/S Wiring (New version)
Relay Wiring (0ld version)
Relay Wiring (New version)
Memory Regulator Assy.

Memory Regulator PCA

Power Control Assy.

Power Control PCA

Memory Pre-regulatcr Assy.
Memory Pre-regulator PCA

SYSTEM FRONT PANEL
SFP Assy.

SFP Logic PCA

SFP Logic Board
SFP Switch PCA

SFP Switch Board

CPU PROCESSOR
CPU Assy.

Pr ocessor PCA
Pr ocessor PCA

TABLE 3-1. DIAGRAM INDEX

PAGE PART NUMBER

3-4 30070-60013

3-4 30070-60013-1
3-5 30070-60013-51
3-6 30070-60013-52
3-7 30070-60013-53
3-8 30070-60013-54
3-9 30070-60067

3-9 30070-60066-1
3-10 30070-60066-51
3-11 30070-60067-1
3-12 31000-60053
3-12 31000-60053-11
3-13 31000-60053-16
3-14 31000-60053-16
3-15

3-16

3-17 31202-60001
3-18 31202-66001-1
3-19 31202-60001-6
3-20 31202-60001-6
3-21 31202-60001-6
3-22

3-23

3-24 31204-60001
3-25 31204-60001-1
3-26 31204-60001-6
3-27 :
3-28

3-29 31262-60001
3-30 31262-60001-1
3-31 31262-60001-6

31262-60001-6
31262-600C1-6

3-32 31262-60001-6
3-32 31262-60001-6
3-33

3-34

3-35

3-36

3-37

3-37

3-38

3-39

TITLE

MAINTENANCE INTERFACE
MI Assy.

MI PCA

MI PCA

MI PCA

MI PCA

REMOTE MAINTENANCE SWITCH
Remote Assy.

Remote PCA

Switch Assy.

- BUS INTERFACE CONTROLLER

BIC Assy.
BIC Schematic
BIC Schematic

MEMORY CONTROLLEK

Memory Controller Assy.
Memory Controller Schematic
Memory Controller Schematic
Memory Contrcller Schematic

MEMORY ARRAY
Memory Array Assy.
Memory Array Schematic

GENERAL I/0 CHANNEL
GIC Assy.

GIC Schematic

GIC Schematic

GIC Schematic

GIC Schematic

GIC Schematic

PAGE

3-40
3-40
3-41
3-42
3-43
3-44

3-45
3-45
3-46
3-47

3-48
3-48
3-49
3-50

3-51
3-51
3-52
3-53
3-54

3-55
3-55
3-56

3-57
3-57
3-58
3-59
3-60
3-61
3-62



TABLE 3-1. DIAGRAM INDEX (Continued)

PART NUMBER TITLE PAGE
31264-60001 ASYNCHRONQUR DATA COMMUNI CATION 3-63
CHANNEL - MAIN
31264-60001-21 ADCC - Main Assy. 3-63
31264-60001-26 ADCC - Main Schematic 3-64
31264-60001-26 ADCC - Main Schematic 3-65
31264-60001-26 ADCC - Main Schematic 3-66
31264-60001-26 ADCC - Main Schematic 3-67
31264-60001-26 ADCC - Main Schematic 3-68
31264-60001-26 ADCC - Main Schematic 3-69
31265-60001 ASYNCHRONOUS DATA COMMUNICATION 3-70
CHANNEL - EXTENDED
31265-60001-21 ADCC - Extended Assy. 3-70
31265-60001-26 ADCC - Extended Schematic 3-71
31265-60001-26 ADCC - Extended Schematic 3-72
31265-60001-26 ADCC - Extended Schematic 3-73
31265-60001-26 ADCC - Extended Schematic 3-74
31265-60001-26 ADCC - EXtended Schematic 3-75
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