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PREFACE

S s s

This manual provides the customer engineer
with a functional understanding of the
microcircuits used in equipment manufactur
by the Normandale facility. It is not
intended to be a logic designer's handbook
and does not include design ground rules
for using the microcircuits.

Section 1 discusses the characteristics,
operational theory, and physical packaging
of TTL (transistor-transistor logic), ECL
(emitter-coupled logic), and CMOS (comple-
mentary metal oxide semiconductor) micro-
circuit families. It concludes with some
general information on operational ampli-
fiers.

Section 2 describes the symbeclogy used on
the individual data sheets in section 3,
including the meanings of the various
modifiers and qualifiers found within
each logic symbol.

Section 3 contains the data sheets.

ed Appendix A is a glossary of microcircuit
terminology used in this manual.

NOTE

The data sheets in section

3 incorporate the latest CDC-
approved symbology. As such,
some of the symbols may be at
variance with those found in
the logic diagrams sections
of less-recent product support
manuals. This in no way
lessens the validity of the
data sheets with respect to
those earlier manuals.

field to correct

manual. And the

SPECIAL NOTE TO READER

Despite every reasonable effort by us, a
manual of this scope may contain errors,
omissions, or ambiguities. To a very large
extent, we depend upon feedback from the

you, therefore, to let us know about what
you consider to be deficiencies in this

to use the postage-paid comment sheet just
inside the back cover.

those situations. We urge

surest way to do that is
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GENERAL THEORY



GENERAL THEORY 1

INTRODUCTION

A microcircuit is an electronic circuit in
a miniature package that performs a specific
binary or linear function. Microcircuit
complexity varies from a few logic gates to
more than 100 gates on a single silicon
chip. The term small-scale integration
(SSI) is sometimes used to refer to a level
of complexity of up to 12 logic gates.
Medium scale integration (MSI) refers to
circuits containing from 13 to 100 gates.
Large scale integration (LSI) generally
indicates circuits containing 100 or more
gates. These gates may be interconnected.
within a microcircuit to form flip-flops,
multivibrators, etc., which in turn are
further interconnected, again within an
individual microcircuit, to form registers,
counters, coders/decoders, multiplexers/
demultiplexers, etc. Thus it is possible
for a microcircuit to provide simple gating
functions (AND, OR, NAND, NOR) as in SSI,
or to provide complex functions (registers,
counters, arithmetic logic units, memories,
etc.) as in LSI.

TRANSISTOR-TRANSISTOR-LOGIC (TTL)

TTL microcircuits provide small physical
size and high performance-to-cost ratio.
Reliability also improves because relatively
few interconnections are necessary. Most
TTL microcircuits are of the monolithic
type. That is, a complete circuit or group
of circuits is fabricated on a single
silicon chip. Another type of microcircuit
is the hybrid. Hybrid circuits consist of
small discrete components mounted on a
ceramic substrate. A metallization pattern
on the substrate forms the interconnections.
Hybrid circuits usually appear in relatively
small quantities. Ordinarily, microcircuits
cannot be opened for repair or trouble-
shooting.

STANDARD TTL CHARACTERISTICS

There are five series of TTL circuits:
Standard, Low-Power, High-Speed, Schottky-
Clamped and Low-Power Schottky TTL circuits.
These series are functionally identical
except for propagation time and power
consumption. All five series are compatible;
circuits from any series can interface with
any other series. These series are des-
cribed under their individual headings
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further in this section. A circuit of a
series normally drives 10 circuits of the
same series. However, combining circuits

of different series varies the output

drive capability (fan-out) from 1 to over 50.
Typical values of the essential character-
istics for all series are:

Min Nom Max
Supply voltage +4.75 +5.0 +5.25
High output voltage +2.4 +3.3
Low output voltage +0.2 +0.4
High input voltage +2.0 +3.3
Low input voltage +0.2 +0.8

The logic levels may be observed as indicated
below, depending on the circuit load:

HIGH - from +2.0 to +3.3 volts.

LOW -~ from +0.2 to +0.8 volts.

TRI-LEVEL CIRCUITS

Tri-Level (tristate) circuits are similar to
conventional TTL circuits, 1In addition to
the normal high or low, tri-level circuits
have a special control input that places

the output of the circuit into an "off"
(high impedance) state. In the off state,
the circuit effectively disconnects from

the output line. This characteristic is
useful in a bus or party-line application
where a number of driving circuits connect
to a common transmission line, but only one
circuit is active at any given time. A tri-
level circuit draws significantly less

input current when it is in the "off" state.

OPEN COLLECTOR CIRCUITS AND WIRED LOGIC

Some TTL microcircuits have an open-collector
output. That is, the collector load or
active pull-up portion of the ouput is not
present. The output pin of the package
connects only to the collector of an npn
transistor. An open-collector output can go
low only. It cannot drive the input of a
following circuit high. To operate properly,
an open-collector output must connect to

an external pull-up resistor tied to Vcc.
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More than one open-collector output may
connect to the same pull-up resistor to
form wired logic. This is sometimes
called "collector dotting". Figure 1-1
illustrates open-collector circuits and a
wired - AND gate. Each gate accomplishes
the NAND operation for active-high inputs,
and the NOR operation for active-low
inputs. The expression for the function
performed at the wired output is Y = AB+CD
or ¥ = AB+CD. Although sometimes referred
to as "wired - OR" or "dot - OR", "wired -
AND" is the correct description of the
logic performed by this circuit.

UNUSED INPUTS

Generally unused inputs of TTL microcircuits
are terminated in one of the following
methods:

® Unused inputs are connected to used
inputs if this does not exceed the
fan-out of the driving output,

® unused inputs are connected to Vcc
through a 1kQ resistor. The resistor
protects the input from transients.
Up to 25 inputs may be connected to
one 1 kQ resistor,

e unused inputs are connected to the
output of an unused gate. This output
must always be high.

® Unused inputs are connected to a sep-
arate supply voltage between 2.4 V
and 3 V.

Leaving unused inputs open degrades the
switching and noise characteristics of TTL
microcircuits.

DUALITY OF FUNCTION

Figure 1-2 shows the four basic TTL gates
(NAND, NOR, AND, OR). As implied by the
logic symbols and truth tables, each of the
two inverting gates may be considered as
performing either the NAND function or the
NOR function, depending upon which of the
input states (high-or low-level) is regarded
as being more significant-- that is, "active".
Likewise, the two non-inverting gates can
perform either the AND or the OR function,
depending upon the polarity of the active
inputs.

This principal of duality applies to all of
the microcircuit families, not just to TTL.
Later in this manual, these symbols are used
in either representation to illustrate the
logical construction of more complex circuits.
When each of these composite circuits is
constructed a new symbol is generated.
symbols are then used to construct yet a
more complex circuit, such as flip-flops
being used to construct registers, counters,
etc.

These

BASIC TTL CIRCUITS

Generally, all TTL microcircuits are derived
by using combinations of the four basic (ox
"standard") gates shown on figure 1-2. These
standard gates may be modified in various
ways to meet the requirements for faster
switching speed or lower power consumption.
The several "series" thus produced are dif-
ferentiated as follows:

e XXX = Standard series
® XXXL = Low-Power series

e XXXH

High-Speed series
e XXXS = gchottky Clamped series

® XXXLS

Low~Power Schottky series

The following paragraphs describe the charac-
teristics of each series. Electrical sche-
matic diagrams are included to show how the
standard NAND gate (depicted at the top of
figure 1-2) is modified for each series. The
other basic gate types would, of course,
undergo similar alterations.

Standard Series

Because of the effect of capacity, decreas-
ing the impedance of a circuit tends to make
the circuit switch faster. However, decreas-
ing the circuit impedance also tends to in-
crease power consumption. The Standard
Series TTL attempts to compromise speed and
power requirements. Typical switching speed
is 10 ns. Power consumption is 10 mW per
gate. The standard-series NAND gate, shown
it the top of figure 1-2, operates as follows:
If one or both inputs are low, Q1 conducts,
bringing the base voltage of Q2 close to
ground. Q2 turns off, causing Q3 to be off
and Q4 to be on. Thus, the output is high.
If both inputs are high, the base-collector
junction of Q1 is forward biased. This
allows current to flow through Rl into the
base of Q2 turning Q2 on. When Q2 is on,
base current flows into Q3, and it turns on,
causing the output to be low.

The multiple-emitter input transistor, Q1,
replaces combinations of resistors, diodes,
and transistors found in other types of
logic. This configuration results in small-
er size, which reduces stray capacity. Low
stray capacity and low circuit impedances
help to increase switching speed. At the
output, Q3 and Q4 form an active pull-up
or totem pole drive circuit. When the
output is low, Q3 is saturated, providing

a low source impedance. If the output is
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Figure 1-1. Open-Collector Circuits and a Wired AND
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high, Q4 acts as an emitter-follower that
also provides a low source impedance. This
arrangement permits driving several loads
and reduces the effect of capacity on
switching time.

Low-Power Series

The low-power gate circuit is shown in
figure 1-3. Typical switching speed is
33 ns, and power consumption is 1 mW per
gate. Generally, an L suffix on the ele-
ment identifier number indicates the low-
power series.

High-Speed Series

Figure 1-4 shows the basic high-speed gate.
Typical switching speed is 6 ns. Power
consumption is 22 mW per gate. Usually, an
H suffix on the element idéntifier indicates
the high-speed series.

Schottky Clamped Series

Figure 1-5 shows the basic Schottky series
gate. This series uses Schottky-barrier
diodes as base-collector clamps. Clamping
the collector prevents a transistor from
saturating and thereby improves switching
time. Switching time is 3 ns and power
dissipation is 20 mW per gate. An S suffix
on the element identifier indicates the
Schottky series.
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Figure 1-3. TTL NAND Circuit, Low-Power Series
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Low-Power Schottky Series

The low-power Schottky gate is shown in
figure 1-6. The suffix letters LS on the
element identifier denote this series of
microcircuit. The LS series offers a happy
substitute for the standard TTL microcir-
cuits, and in fact enjoys the best speed-
power product of any of the five TTL series.
Switching time is typically 9.5 ns per gate
(as against 10 ns for the standard series),
while power dissipation is 2 mW per gate as
opposed to 10 mW for the standard TTL gate.

LOGIC INTERFACE CIRCUITS

Special microcircuits are used to interface
different families of microcircuits. 1In
the case of interfacing TTL (logic levels
of HIGH = +3.3 volts, LOW = +0.2 volt) to
ECL (logic levels of HIGH = -0.5 volt,

LOW = 1.75 volts), circuits such as illus-
trated in figure 1-7 are used.

oVvee
é RI R2 R3
22K 8K
‘\I\oz
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A Ql
O e e F;‘” aK
RS o i I QOouTPUT
_— 21K
- 05
o ‘9
R7
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9K6A

Figure 1-6. TTL NAND Circuit, Low-Power Schottky Series
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TTL PACKAGING

TTL microcircuits are manufactured in several
physical configurations. Three common ones
are the dual-in-line packages, flat packages,
and plug-in packages. These units are
hermetically sealed and have from 8 to 40
pins. Flat packages and plug-in packages
are available with various numbers of leads.
Figure 1-8 shows an example of each package.

1 0.77in
19.5mm 0.35in
14 1312 11 109 8 8.9mm
“131211 109 8
1234567 0.2in
== 0.185in
Smm ooy 3 7mm
mm 1 34
0.2in
Smm

__0.30in
Ie 7.6mm P
L F
| . 0.86in 5 I
21.8 mm

DUAL INLINE FLAT PLUG - IN
PACKAGE PACKAGE PACKAGE

9K 8

Figure 1-8. Typical TTL Packaging
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EMITTER-COUPLED-LOGIC (ECL)

The emitter-coupled-logic (ECL) microcircuit
is, by design, nonsaturating, and therefore
avoids transistor storage time and its
attendant speed limitation, characteristic
of transistor-transistor logic (TTL). The
high speed of ECL microcircuits has either
or both of two characteristics; switching
rates of over 50 megahertz and/or gate
propagation delays of less than 6 nano-
seconds. In general, the gate propagation
delays of ECL logic are approximately 2
nanoseconds.

Some of the salient features of ECL micro-
circuits are as follows:

e High input impedance/low output
impedance properties enable large
fanout and versatile drive character-
istics.

e Minimal power supply noise generation
due to differential amplifier design.

® Nearly constant power supply current
drain.

e Minimal crosstalk due to low-current
switching on signal path.

® Low on-chip power consumption (e.qg.,
less than 8 milliwatts in some complex
function chips)

® No line drivers needed due to open
emitter outputs of ECL

® Capability of driving twisted pair
transmission lines of up to 1000 feet
in length.

® Simultaneous complementary outputs

available at logic element output
without using external inverters.

LOGIC AND, POWER LEVELS

Nom Min Max
Supply voltage -5.2
(V)
Noise immunity * * *

High output voltage -0.924 -0.96 -0.81
Low output voltage -1.75 -1.65 -1.85
High input voltage -1.105

Low input voltage -1.85 =1.475
*Noise immunity of a system involves line

impedances, circuit output impedances,
propagation delays, and noise margin

1-10

specifications. Noise margin is a dc
parameter calculated from specified points
tabulated on an ECL data sheet for the
particular microcircuit in question.

CIRCUIT THEORY

A typical ECL gate circuit is shown in figure
1-9 and consists of a differential amplifier
input circuit, a temperature and voltage
compensated bias network, and emitter-
follower buffering transistors for trans-
mission line driving. To explain operation
of the gate, each of the major sections is
discussed in the following paragraphs.

The differential amplifier is an emitter-
coupled current switch consisting of tran-
sistors Q1 through Q5. The multiple gate
inputs provide an OR function (Q1l through
Q4) which is amplified by current switch

Q5. To understand the gate's operation,
assume that all gate inputs are low (-1.75 V
and Q1 through Q4 therefore cutoff). Under
this condition, Q5 is forward biased, the
base being held at =1.29 volts by the bias
supply voltage (Vgg), and its emitter is at
one diode voltage drop (0.8 V) more negative
than its base (-2.09 volts total). The
base-to-emitter differential then becomes
the difference between the low logic level
(-1.75 V) and Vg (-1.29 V), or 0.34 volt.
Since this voltage is less than the thresh-
old voltage to turn Q1 through Q4 on, they
remain in the cutoff state. The current
through Q5 will be about 4 milliamperes
with a voltage of -2.09 volts at the emitter
nodes of Q1 through Q4 using an emitter
resistor Rg of about 780 ohms.

The emitter-follower outputs buffer the
current switch from loading and restore
output voltages to proper ECL levels. The
OR output is obtained through Q8 producing
the low-level logic signal of -1.75 volts.
Similarly, the NOR output is obtained
through Q7 producing the high-level logic
signal of -0.924 volt.

When any or all of the logic inputs is
switched to the high logic level, the
appropriate input transistor turns on, a
current flows through resistor RCl in the
differential amplifier, and transistor Q5
cannot sustain conduction due to forward
biasing, so is cut off. After translating
through the emitter followers, the NOR
output is a nominal -1.75 volts and the OR
output a nominal -0.924 volt.

The differential action of the switching
transistors (one section off when the other
is on) produces simultaneous complementary
signals at the output.
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Figure 1-9.

The bias network provides a reference volt-
" age (VBB) of -1.29 volts. This network
compensates for variations in power supply
voltage and temperature changes to ensure
that the bias voltage threshold point
remains in the proper operating region.

LOADING CHARACTERISTICS

The differential input to ECL circuits
offers several advantages. Its common mode
rejection feature offers immunity against
power supply noise, and its relatively high
input impedance enables any circuit to
drive a large number of gate inputs without
deterioration of noise margins. The dc
loading factor (the number of gate inputs
of the same family that can be driven by a
circuit output) for ECL circuits is 90.
While dc loading causes a change in output
voltage levels, thereby tending to affect
noise margins, ac loading increases the
capacitances associated with the circuit,
and therefore affects circuit speed. For
ECL circuits, best performance at fanouts
of greater than 10 will occur with the use

83322440 A

Typical ECL Gate

of transmission lines. The propagation de-
lay and rise time of a driving gate are
affected very little by capacitance loading
along a matched parallel-terminated trans-
mission line. However, the delay and charac-
teristic impedance (Zy) of the transmission
line itself are affected by the distributed
capacitance and loading due to stubs off

the line. Maximum allowable stub lengths

for loading of an ECL transmission line vary
with line impedance. For example, a trans-
mission line with a 2o of 50 ohms will accept
stubs 4.5 inches (114.3 mm) long. When the
Zo of the line is changed to 100 ohms, stubs
may be only 2.8 inches (71.1 mm) long.

The input loading capacitance of an ECL
10109 is 2.9 picofarads. Therefore, fanouts
in a non-transmission line environment
should be limited to a maximum of 10 loads
due to line delay increases which in turn
limit speed.

1-11



UNUSED INPUTS

The input impedance of the differential
amplifier used in the typical ECL circuit
is high when the applied signal level is
low. Under low signal conditions, any
leakage to the input capacitance of the
gate may cause a gradual buildup of volt-
age on the input lead, thereby adversely
affecting switching characteristics at
low repetition rates. All but a few of
the ECL circuits contain input pull-down
resistors between the input transistor
bases and the -5.2 volt power supply
(VEg) . Therefore, unused inputs may be
left unconnected because leakage current
is dissipated by the resistor, keeping
inputs sufficiently negative so that cir-
cuits will not trigger due to noise
coupled into those inputs.

Input pull-down resistors must not be used
as pull-down resistors for preceding open-
emitter outputs. If an ECL circuit (such
as the 10116) does not contain input pull-
down resistors, one input of a circuit
must be connected to the reference bias
supply voltage (Vgg) and the other input
to VEE .

1-12

WIRED LOGIC

Wired-OR gates can be produced in ECL
microcircuits by wiring output emitters
together (to a maximum of 10) outside their
respective packages. Wired-OR gates can
be connected directly to a bus, also.
Propagation delay is increased by approx-
imately 50 picoseconds per wired-OR gate.
To economize on power dissipation, a
single output pull-down resistor is used
per wired-OR gate. Normally, wired-OR
gates are connected between gates on the
same logic board.

ECL PACKAGING

ECL microcircuits are manufactured in a
variety of physical configurations. Two
of the more common ones used for the ECL
microcircuits described in this manual are
the ceramic dual in-line and the plastic
dual in-line cases having both 16 and 24
pins, depending upon the size of the pack-
age. Figure 1-10 illustrates these
packages.
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Figure 1-10. Typical ECL Packaging
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COMPLEMENTARY METAL-OXIDE
SEMICONDUCTOR (CMOS)

CMOS microcircuits use four-terminal,
enhancement-type field effect transistors
(FETs), the symbol for which is given in
figure 1-11, to form the basic inverter.

DRAIN (D)
SUBSTRATE (B}

N — CHANNEL
DRAIN (D)
SUBSTRATE (B)
GATE (G) SOURCE (S)
P - CHANNEL 9Kl

Figure 1-11. FET Symbol

As shown in figure 1-12, a complementary
inverter may be formed by applying the input
signal to the gates of two opposite-polarity
FETs.

INPUT O——9

+
INPUT [ |
0
+
ouTPUT | [
0
Io A A

9K 12

Figure 1-12. Typical CMOS Inverter
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In this circuit, a low input signal turns
the N-channel transistor Q1 off, and turns
the P-channel transistor (Q2) on. The out-
put is shorted to the positive supply, but
virtually no load current is drawn if the
load is assumed to be another CMOS device
with high-impedance input. When the input
signal goes high, Q1 is turned on and Q2 is
turned on. The output is pulled to ground,
but no steady-state current is drawn. Power
dissipation in the circuit is thus limited
to the crossover points as the device
changes state, and with proper design is
typically 2 nanowatts per gate.

ADVANTAGES/DISADVANTAGES
Advantages
® High circuit density

® High noise immunity

® Lower power dissipation (2.5 nW per
gate, typical)

® High fan-out to other CMOS elements
(>50)

® Logic swing independent of fanout

® Input threshold is constant over wide
temperature range (5% variation,
typical)

Disadvantages

e Fabrication complex and more costly
than TTL or ECL

® Buffering required when driving several
TTL loads

® Level translation required when driving
ECL loads

® Characteristic complementary output
configuration precludes use of "wired
OR" schemes.

e Inputs extremely electrostatic
sensitive -- require special precau-
tions when handling.

OPERATING VOLTAGES
An additional advantage of the CMOS family
is its wide range of operation voltage

(Vpp) , which may vary from 3 V dec to 16 V dc
although, as is shown later, operating
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speed suffers for the lower supply voltages.
Noise immunity is typically 45% of the
supply voltage. The range of input and out-
put voltages is shown below for a Vcc of

+5 V.

Min Nom Max

High output voltage 4.99 5.0 -
Low output voltage - 0 0.01
High input voltage 3.5 5.0 -
Low input voltage - 0 1.5

INPUT PROTECTION NETWORK

CMOS devices can be seriously damaged if
subjected to high electrical fields in the
gate oxide region. Any potential over

about 100 V between the gate and the sub-
strate breaks down the oxide, resulting in
permanent damage. The input protection
network shown in figure 1-13 protects the
CMOS against voltages in the hundreds region,
which is normally sufficient for ICs mounted
on.a circuit card that is already plugged
into a logic-chassis connector. When remov-
ing, replacing, shipping, or otherwise
handling these electrostatic-sensitive cards,
special precautions should be observed to
prevent static buildup between the handler
and the card. These precautions are outlined
in the maintenance manual for any equipment
using such cards. The CE is strongly
advised against attempting to remove and
replace CMOS ICs on these cards; adequate
measures to avoid harmful electrostatic
discharges during such repair procedures

are simply not realizable in the field.

The diode-resistor input protection network
shown in figure 1-13 is built into every

external input lead as part of the fabrica-
tion process. The circuit, while adding
some delay time, provides protection by
clamping positive and negative potentials
to Vpp and ground, respectively. (The
protection network is not usually shown in
CMOS electrical schematic diagrams.)

The series isolation resistor, RS, is typi-
cally 1500 ohms. Diodes D1 and D2 clamp the
input voltages between Vcec and ground.

Diode D3 is a useful parasitic structure
resulting from the diffusion fabrication of
Rgs. The 6 to 7 ns delay of Rg allows excess
energy present at the input pin to be
diverted through the protective diodes be-
fore reaching the sensitive gate dielectric.

Diodes D1 and D2 have a sharp 30-35 volt
avalanche breakdown characteristic. Posi-
tive (breakdown mode) and negative (forward
conduction) over-voltage protection, with
respect to ground when Vpp is open, is
provided by Dl1.

Diode D2 similarly provides positive (for-
ward conduction) and negative (breakdown
mode) protection with respect to Vpp when
ground is left open. Both diodes limit
the applied voltages to well within the
critical breakdown potentials of the gate
dielectric. The avalanche characteristic
of D3 and D4 is typically 120 V.

REPRESENTATIVE CMOS GATES

Figure 1-14 contrasts a 2-input NAND with a
2-input NOR. The dashed-line boxes enclose
the output buffer that is usually a part of
the gate. Buffering achieves high perform-
ance, standardized output drive, highest
noise immunity, and decreased sensitivity
to output loading.

- =0 Vee
N _
\ y W D2 D4
(I |
INPUT O ANN—— O outpPuT
RS
o (ﬁ;
} 3
= oK I3
Figure 1-13. Diode-Resistor Input Protection
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Figure 1-14. Typical CMOS Gates
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TRANSMISSION GATE A typical use of the transmission gate is
shown in figure 1-15, which depicts a

The transmission gate (TG) is a valuable positive-edge-triggered J-K master-slave
tool in CMOS design. Two representations FF (circuit 4027). Here, four transmission
of the gate, as found in vendor literature, gates are controlled by complementary clock
are shown below. The symbol on the left is signals (G, G) . When the clock is low, TGl
used in functional diagrams in this manual. and TG4 are on, while TG2 and TG3 are off.

This logically disconnects the Master from
the Slave.  Gates 3 and 4, however, are
cross-coupled through TG4 (which is on), and
the output state remains stable. Assuming

- that the S and R inputs are inactive, TGl
transmits the state of the J and K inputs
to Gates 1 and 2.

When the clock goes high, TG2 and TG3 turn

The two control inputs, one on the top and on, while TGl and TG4 turn off. Now gates
the other on the bottom of the symbol, are 1 and 2 are cross-coupled through TG2,

most usually fed complementary signals. A and latch into the state they held when the
high on the top control input turns the low-to~-high clock transition took place.
gate off; a high on the bottom control With TG3 on, the logic state of the Master
input turns the gate on. section (output of Gate 1) is fed through

an inverter to the Q output. Simultaneously,
the Q output receives the double inverted
output of Gate 1.

MASTER | SLAVE
SO .
| I3
= o
BEE |
J GATE | ' 3 GATE 3 ATE S
1 jj ) GATE 2 | F - |
1 N TG 1 |
| = I G
|
— f { | |
KO- | ] T6 | T6
2 | 4
I ! I
G I G l\I_I-I 0aQ
RO N L_J
1
I XMSN | CLOCK
] T
G NO G G
CLSCK E‘\ E 6 T6 (o] i AON
1,4 I | ol offF
TG ol 1 | off
2,3 i | o ON

9KITA

Figure 1-15. Use of Transmission Gates in J-K Flip-Flop Circuit
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OPERATING SPEED

Propagation delay and rise/fall times are
functions of the device temperature, operat-
ing voltage, and output load capacitance.
Delay and transition times increase approx-
imately 1/4 of one percent for each degree
Celsius above +25°C, and decrease approx-
imately as the inverse of the operating
voltage. For a given Vpp, the rise, fall,
turn-on and turn-off times are about equal
for a load capacitance of 15 picofarads

and increase at different rates above that

point. The table below gives representative
figures.
DELAY/TRANSITION TIMES FOR VARIOUS OPERATING VOLTAGES
Vbp = 5 V l] Vpp = 10 V " Vpp = 15 Vv
Time i
Measured Load Capacitance Units
15 50 100 15 50 100 15 50 100 pF
Turn off/on 60 120 200 20 40 65 10 25 40 ns
Fall 60 130 220 30 60 110 20 40 70 ns
Rise 60 220 w320 30 90 170 20 60 120 ns

UNUSED INPUTS

Unused CMOS inputs should be connected to

an appropriate logic voltage, depending upon
the function of the logic device. Unused
NAND inputs should be connected to the

+5 V bus, unused NOR inputs to ground.

This prevents the input protection structure
from floating to some undesired voltage
level that prevents the device from function-
ing properly. 1In addition, "floating"
inputs may be subjected to electrostatic
potentials that will permanently damage

the device.

CMOS/TTL INTERFACE

The majority of CMOS devices will not sink
the 1.6 mA required for the logical zero
input (+0.4 V) to a TTL device. The sink-
ing capability is usually increased by
using a 2- or 4-input NOR gate (CMOS) to
drive the TTL input. For multiple TTL
inputs, special CMOS buffers are used.
Sourcing the pA-range needed for a TTL
logical one is no problem for the CMOS
device.

1-18

When converting from TTL to CMOS, it is
important that the TTL output device does
not source other TTL circuits, but only the
CMOS input. (Sourcing 400 pA for a TTL
logical one drops the TTL output to about
2.4 vV, considerably below the 3.5 V CMOS
threshold required for a logical one.)
Sourcing the 10 pA for a CMOS logical one
results in a TTL output of around 3.6 V.
This is adequate, but provides little noise
margin. For this reason, a 2000-ohm pull-
up resistor is usually inserted between

the TTL output and Vcc..

CMOS/ECL INTERFACE

The -5.2 V typical for an ECL supply is
easily handled by a CMOS device. If higher
negative voltages are advisable because of
required CMOS speed, a diode clamp on each
ECL input is required to prevent the input
from going below the -5.2 V ECL supply.
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Level translation is required when going
from ECL to CMOS. The 800-mV output swing
of an ECL device is not sufficient to drive
a CMOS input, so a pnp transistor is used
(figure 1-16). A diode in series with the
transistor's emitter provides a reverse
bias of about 900 mV, which is beyond the
output voltage typical of an ECL logical
one (-0.924 V). The transistor switches
from about -0.9 V to -5.2 V, which is well
within the ~1.7 V typical for an ECL
logical zero output.

ECL

O 10102

CMOS PACKAGING

CMOS microcircuits are manufactured in dual-
inline ceramic (DIC) and dual-inline plastic
(DIP) packages with 14, 16, or 24 pins.
Figure 1-17 shows the various packaging
dimensions.

CMOS

O O
-5.2V Ve
(VEg) §S

4001 K O

Vss
9KI5

_Figure 1-16. ECL-To-CMOS Interface
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OPERATIONAL AMPLIFIERS
INTRODUCTION

The operational amplifier (op amp) is a high-
gain integrated circuit that can apply
signals ranging in frequency from dc to its
upper frequency limit, which may be more

than one megahertz. It is used frequently in
a disk drive as a linear amplifier of servo
analog signals. Because of its versatility,
however, it has multiple applications.

The op amp approaches the following charac-
teristics of an ideal amplifier:

1. Infinite voltage gain
2. Infinite input resistance
3. Zero output resistance

4. Zero offset:
input is zero

output is zero when

5. High bandwidth frequency response

BASIC CIRCUIT ELEMENTS

Figure 1-18 is a simplfied schematic of a
typical op amp with its basic feedback net-
work. Detailed circuit analysis information
may be obtained by referring to the manuals
prepared by the applicable manufacturers.

INPUT STAGE

All op amps utilize a differential amplifier
in the input stage. This circuit may be
relatively simple, as shown, or may consist
of multiple circuits with FETs or Darlington-
connected transistors. The advantage of this
type of amplifier is that it amplifies the
difference between the two input signals.

For example, if 10 mV are applied to the
non-inverting input while 9 mV are applied

to the inverting input, the 1 mV difference
is amplified. The amplification, which may
be a voltage gain of up to 100000, is linear
until the op amp saturates or until increas-
ing frequency causes rolloff.

If the same input is applied to both input
terminals, the signal is referred to as the
common-mode input signal. In the preceding
example, 9 mV is the common-mode input, while
1 mV is the differential input. In the ideal
op amp, the output is zero with identical
inputs; only the difference (1 mV in this
case) is amplified. Since the common-mode
input is not amplified, signals common to
both, such as noise and hum, are cancelled.

83322440 A

SECOND STAGE

Not all op amps have a second stage. If
used, however, it may contain additional
amplification and level shifting.

BASIC CIRCUIT FUNCTIONS

Resistors Rl and R2 provide degenerative
feedback to control the overall gain of the
circuit. As long as the ratio R2/Rl is low
compared to the open loop gain at the operat-
ing frequency, circuit gain is independent of
the characteristics of the specific op amp.

Rapid analysis of this circuit is possible if
two basic principles of op amps are assumed:

1. Insignificant current flows into either
input terminal; therefore it is
assumed to be zero.

2. The differential voltage (V3) is in-
significant and therefore is assumed to
be zero.

Rule #1 may be presumed since the input
impedance is very high. 2As a result, all
current (Il) entering the summing point must
leave it (I2). These currents are:

I1 = V1/R1

I2

-V4/R2

The minus (-V4) indicates that the output is
the inversion of the input. Since no current
flows into the op amp, Il must be equal to
I2. By Ohm's Law:

v4/V1l = -R2/R1 or V4 = -V1 (R2/Rl)

Therefore, the output is simply the ratio of
R2/R1. This linear output/input relation-
ship holds true as long as the input (V1)

is not of sufficient amplitude to saturate
the op amp.

Resistor R2 is frequently shunted by a capac-
itor. This controls the roll-off charac-
teristics of the circuit where the full op
amp bandwidth is not required. The effec-
tive feedback to the input is the resistance
of R2 in parallel with the capacitive
reactance of Cl. Capacitive reactance de-
creases as frequency increases. Therefore,
as frequency increases, the effective
impedance of R2/Cl decreases to reduce over-
all gain.
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Figure 1-18. Simplified Op Amp Schematic
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If Cl is large enough, its charging time
becomes more of a factor. The output cannot
react as fast as the input may change. This
is the integrating or low pass function. For
example, doubling the frequency halves the
gain. The output is the mathematical
integral of the input when the effects of Cl1
predominate over the effects of R2. Thus,
if the input voltage is proportional to
velocity, the output is proportional to
distance.

Since there is actually a slight current
(measured in nanoamperes) entering the dif-
ferential stage, the difference or unbal-
ance between the two input currents would
be amplified. This results in an error
known as dc offset; that is, the output
would be non-zero with a zero common-mode
input. If, however, the currents are made
equal, that is, the same input impedance
is presented to both, they are therefore
common-mode and are cancelled. Resistor
R3 is selected to balance out the offset
voltage and current by making the imped-
ance to ground of the two inputs equal.

Rule 2 holds true as long as feedback is
provided by R2 or its equivalent. As long
as the amplifier is not saturated, it will
adjust its output voltage to maintain the
differential voltage V3 at zero. Therefore,
the summing point is at V2. Since V2 is
usually at ground potential, the summing
point is also at ground. This is a virtual
ground; that is, it is at ground potential
even though there is no connection between
this point and true ground. If the summing
point is monitored with an oscilloscope,
little or no signal can be observed.

Typical op amp circuit functions are illus-
trated in figure 1-19.
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SCHMITT TRIGGER CIRCUITS

Operational amplifiers can also be connected
in the Schmitt trigger configuration (figure
1-20). Note that the degenerative feedback
path is not provided. It is replaced by a
regenerative feedback path. This is the
open-loop configuration: if the voltage at
the non-inverting input is greater than the
voltage at the inverting input, the output
is saturated at its most positive value. Re-
versing the inputs causes the circuit to
slew (change) at its maximum possible rate
to saturate negatively.

All Schmitt triggers have hysteresis. Hys-
teresis is supplied by regenerative feedback
from the output to the non-inverting input.

Consider A376 of figure 1-20. Assume the
voltage at A is zero. A voltage divider
network (not shown) sets point B at +1.28 V.
Without feedback and, since the non-inverting
input is more positive than the inverting
input, the output is saturated positively.

As the input A goes more positive, the output
does not change until A equals B (+1.28 V).
The differential voltage is then zero, so

the output starts to switch to a zero-volt
output. However, there is now a path from

Y to B; the B input becomes less positive
than the A input. The output very quickly
saturates negatively.

With about -14 V available at Y, the voltage
at B is reduced to +1.10 V. The input must
now swing to less than +1.10 V for the output
to change its state back to positive satura-
tion.

The remaining circuits work in a similar
manner.
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Figure 1-19.
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Op Amp Circuit Functions (Sheet 1 of 3)
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CIRCUIT TYPE SYMBOL outrutO
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Figure 1-19. Op Amp Circuit Functions (Sheet 2 of 3)

83322440 B

1-25 @



CIRCUIT TYPE SYMBOL FUNCTION

OPEN LOOP 2>0v Vour = + Vsat IF V) < V2

{ COM PARATOR) Vour Vour = OV F oV, = Vp
Vo O————
Vour = ~Vsar 'F vy >V
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[« SE——
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Figure 1-19. Op Amp Circuit Functions (Sheet 3 of 3)
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LOGIC SYMBOLOGY 2
GENERAL The qualifying symbols shown in the figure
: denote basic operations being performed by
Logic symbols are used to portray various the function. A 1 indicates an OR circuit,
types of electronic circuits and are composed while an & indicates an AND circuit. A com-

of the following parts:
® Symbol outline
e Qualifying symbol(s)
e Modifier (s)
® Indicator(s)
® Internal tagging information
e External pin assignments

All of these items are briefly explained in
the following paragraphs.

As is shown in figure 2-1, the symbol outline
merely determines the limits and shape of the
logic symbol. In some cases, the outlines
used to represent certain functions in a
logic diagram set will differ from the
standard ones shown in this manual. However,
the pin numbers and meanings are the same.

CONTROL INPUTS

plete listing of the many meanings of quali-
fying symbols appears later in this explanation.
In some cases, a functional name may replace
a qualifying symbol (e.g., ALU, meaning
Arithmetic Logical Unit.) The qualifying
symbol appears in the neck of the common
control block of certain symbol outlines,

as shown.

QUALIFYING SYMBOLS

Qualifying symbols and functional names used
in binary combinational logic are listed
below. . Combinational logic means that for
each function or interconnection of binary
functions at the input of a logical device,
there corresponds only one binary state at
its output.

INDICATORS

/— MODIFIERS
—

QUALFYING (FUNCTION) \ \

SYMBOLS
—T
4| 228s
DATA INPUTS = |— >
8
—/

/

COMMON BOUNDARY LINE
(DISTINGUISHES FUNCTIONAL
AREAS WITHIN LOGIC
SYMBOL OUTLINE)

Figure 2-1.
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RGTR CONTROL BLOCK
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co—~ |—

SECTIONS CONTROLLED
— BY

COMMON
CONTROL BLOCK

] ]]
L
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COMBINATIONAL LOGIC QUALIFYING SYMBOLS

8&-AND: Output of element assumes its active
state if and only if (IFF) all in-
puts are in active states.

8 -Wired AND: Same as AND gate above except
that AND function is accomplished
by wiring outputs together rather
than by using gates involving other
elements. Output of a Wired AND
cannot be an input to a Wired OR.

Output of element assumes its active
state IFF one or more of its inputs
assumes its active state.

l-Wired OR: Same as OR gate above except
* that OR function is accomplished
by wiring outputs together rather

than by using gates of other elements.

=1-Exclusive OR: Output assumes its active
state IFF one of its two inputs
becomes active.

>m-Logic Threshold: Output assumes its
active state IFF the number of in-
puts which assume their active
states reaches or exceeds the num-
ber (m) specified in the qualifying
symbol.

=m-m and only m: Output assumes its active
state IFF m of its n inputs (where
n > m) assume their active state.

=Logic identity: Output assumes its active
state IFF all inputs assume same
state.

2K+1-0dd and only odd: Output assumes its
active state IFF an odd number of
inputs assume their active states.

2K-Even and only even: Output assumes its
active state IFF an even number of
inputs assume their active states.

X/Y-Level converter: Converts binary sig-
nal of one pair of states to cor-
responding levels of second pair of
logical states.

X-¥-Coder: Input code X converted to output

code Y per weighting technique
m of modifiers or table. Logic
sets using common control block

as shown here may use the func-
tional name CODER.

X MAX»Y-Priority Coder: An element with
multiple inputs and outputs in
which resultant outputs are a rep-
resentation of the active input
with the largest coefficient.

DEMUX=-Demultiplexer: A function or array
of functions in which data input
is selectively routed to one of
several outputs as determined by
control lines.

MUX-Multiplexer: A function or array of
functions in which control lines
determine which one of several in-
puts is selectively routed to the
output.

ALU~-Arithmetic and Logic Unit: Performs
either arithmetic or logic func-
tions (or’ both) according to internal
notations or by external reference
data.

SEQUENTIAL LOGIC QUALIFYING SYMBOLS

Qualifying symbols and functional names
designated as sequential logic qualifiers are
listed and explained below. Sequential logic
means that for at least one combination of
states of the input(s), there exists more
than one possible state of the output(s).
Outputs are also affected by time and pre-
vious internal states of the element as well
as the normal inputs.

[T - Schmitt trigger: Output of ele-
ment assumes its active state IFF
its hysteresis type input exceeds
its active threshold value as it
changes from inactive to active
state. One threshold exists for
positive-going signals, and another
for negative-going signals.

1_I_ - Monostable element: A one-shot
monostable retriggerable multi-
vibrator which assumes its active
state if the input changes from
inactive to active state. Its out-
put remains active for time period
determined by element characteristics
and externally connected RC compo-
nents. It may be reset at any time
by an input labeled R (Reset) .

P——— - Time delay: Output of element
OR assumes its active state only

m m' after the period of time (m)

P following the transition of the

input to its active state. Out-
put reverts to inactive state
only after time period (m or m'
in alternate symbol) following
the transition of the input to
its inactive state.

If one or both delay times are

not fixed values, they are indi-
cated by t; or t,, as appropriate.
Where tapped delays are used and

83322440 A



Symbol)

[ I-Register:

delay time is equal in both
directions, the appropriate time
period replaces m in first ver-
sion of symbol and a correspond-
-ing numerical value of delay is
used as an output modifier. The
second version of the qualifying
symbol is used IFF delays are
unequal in opposite directions.

EXAMPLES:
] Both zeros and
35ns ones are delayed
I by 35 nsec.
R Zeros delayed by
t 30ns 30 nsec when input
e becomes a 0.
Ones delayed by
200ns to t
200 nsec when in
Lee—— put becomes a 1.

Flip flop: A binary ele-

ment with two stable states.

One is called set (or active)
state and the other is reset

(or inactive) state. Flip flops
are identified by one or more of
the following input signal
modifiers: C,D,J,K,R,S,T.

An array of flip flops

RGTR

having common input connections,
such as reset, clock, or other

[i,~,,u,;] gating functions.

- ] -shift Register:

SRm -m

m-CNTR

m arrays of
£lip flops, each containing m'
bits. The SR has at least one

Ce——~-_- input used for transferring in-

formation in a specified direc-
tion from one bit position to
another. The direction of shift-
ing and number of bit positions
shifted is indicated by input
modifier which activates the
shifting. IFF the shift register
is dynamic, the qualifying symbol
(D> SRm-m') is used.

—» — Shift Register:  An array of
flip flops comprised of m bits
similar to other SR, but with
only serial input and output.

- Counter: An array of flip flops
in which the states represent a
number that may be increased or

] decreased by inputs designated

by +m or -m. The counter modulus
is indicated by the number used
to replace m.

83322440 A

MEM

- Memory: An addressable array of
flip flops in which input(s) and
output(s) are multiplexed to and
from bit positions. The number
of addresses at which bits are
located is indicated by address
(A) modifier suffixes in cammon con-
trol block. Number of bits at each ad-
dress is indicated by number of flip
flops abutted vertically to common
control block.

ANALOG QUALIFYING SYMBOLS AND
FUNCTIONAL NAMES

>m -

Som-

fm -

Amplifier: A single input amplifier
having a gain of m. Inversion of the
signal is indicated by an N at the
appropriate input or output(s).

Summing or Differential Amplifier:
The basics of single input amplifiers
apply, but with additional provision
for multiple inputs. Output is
algebraic sum of weighted values of
inputs, times the gain factor m.
Weighting values are implied to be
unity if omitted from symbol.

Integrating Amplifier: An amplifier
whose output is proportionate to the
integral parts of the input signal
times the gain factor m.

Threshold or Comparator: A circuit
with one analog input that provides
an output proportional to the amount
the input passes a predetermined
threshold (applies to analog circuits).

For comparator circuits, the binary
output remains inactive until the
input either exceeds or becomes less
than a predetermined value.

In the symbol, m is replaced by the
applicable value and units of measure-
ment.

Threshold circuits and comparators

are differentiated from each other

by indicators or modifiers at their
outputs. Directly to the right of

the symbol outline, the threshold
circuit (analog output) may have an

N or N indicator while the comparator
(binary output) may have either a # or
indicator. If the output connects to
another input across a common boundary
line, the threshold circuit output is
indicated by an N or P; the comparator
output by a polarity (i) indicator,



or by a modifier such as G,R, or S, or A/N = Optical to Analog Converter: The
by a - (minus) across the common boundary analog output (No N indicator)is
line. more pbdsitive in proportion to
NOTE increasing analog light inputs,
and conversely more negative for

N is never used with single- decreasing light inputs.

input threshold or comparator

circuits. N/\ - Analog to Optical Converter: The

optical output has an increasing
light intensity in proportion to
the analog input (No N indicator)
becoming more positive and a de-
creasing light intensity in
proportion to the analog input
becoming more negative.

INi>m - Rectifying Threshold Circuit:

IS]>m Analog output is proportional to
the amount the rectified input
exceeds the predetermined value,m.

N/# - Analog to Digital Converter: Sum-
mation of the weighting factors of
the active binary outputs is a
representation of the analog in-
puts. The minimum value of analog
input that corresponds to all
weighted outputs inactive, and the
maximum value of analog input that
corresponds to all weighted outputs
active, is indicated next to the
symbol. For example:

mVR - Regulator or Reference: The out-

mAR put provides a regulated or
reference value of m amperes or
m volts including the effect of
external components.

V/V - Voltage to Voltage Converter:

m Output voltage is isolated from
power supply connections at top
or bottom of symbol outline. A

+V ALL HI=+9.96V value is substituted for m.
T"‘ If pin 1=+9.96V —" 4 - pelay element: An analog function
N/# relative to pin 2, similar to that used in Sequential
XXX 1283 all outputs will Logic except that the delayed
eal2 be HI. If pins 1 output is not usable for unequal
— 32l and 2 same voltage, delays in both positive and nega-
2 16O . all outputs will tive directions, but must allow
—N 82— be10. for continuous analog values
Py Lo (not just binary states). A
Zg value or a time unit such as ns
! replaces the time delay period, m.
>——< - Bilateral Switch: A binary-
controlled switch which passes
or blocks analog or binary sig-
#/0 -~ Digital to Analog Converter: nals in either direction. It
Analog output is a representation passes signals if the affecting
of the summation of the weighting inputs are active and does not
\ factors of the active binary in- amplify.
puts. A voltage value is stated -
next to symbol as it is for A/D FBm- Amplifier: An amplifier with
converter previously explained. special transfer functions.
Mathematical symbols are pre-
A/# - Optical to Digital Converter: ferred as a replacement for F.
The binary output is active for Appropriate values are used to
analog or binary light inputs replace m. Some typical
greater than stated threshold functions for F are:
value. The binary output is in- SIN Sine
active for inputs less than thres- .
hold. The output is indeterminate COS  Cosine
for light input values within the d/dt  differentiation
defined threshold tolerance of the , .
element. S integration

nM  exponential power
#/X - Digital to Optical Converter: The

optical output has the highest LN  Log natural

light intensity for an active LOGp Logarithm to base 10
binary input and the lowest inten- .

sity for an inactive binary input. X multiply

2-4 83322440 A



+ divide
?L——$ band pass
M ™ band reject
m/m' gggé%%gﬁ & negative clamping
m,~m bidirectional threshold
circuit
M resonant circuit
T notch filter

GENERATOR QUALIFYING SYMBOLS

The following symbols apply to both binary
logic or analog functions.

(] - Generator: A cyclic or static
m( signal source as indicated by m.

The m is replaced by an appropriate
graphical signal or static value
generated. The m' is replaced by
the frequency, such as 6 kHz. Some
typical graphics for m are:

/| /l /l sawtooth

| l | | | | square wave

||” or ”|| pulse

NN\ triangle wave
v

VAVANR

sine wave

rectified sine wave

16! -~ Generator: A synchronously started
and stopped generator.

OTHER QUALIFYING SYMBOLS

/m - Variable Parameter Function: A
m/ parameter of the basic function,

smp m, is variable.

m* - Incomplete Symbol: A symbol re-

m** quiring additional information to

F interpret, but with similarity to

any symbol m shown.

MODIFIERS

Modifiers are identifiers used to describe
any special relation of an input or output
to other input(s) or output(s) and/or to the
qualifying symbol. They pertain to the
virtual inputs or outputs as contrasted to
indicators which pertain to the real or
measurable. inputs or outputs.

83322440 A

All modifiers fexcept the inhibit) are placed
inside the symhol outline. The inhibit
modifier is pléced outside the symbol (see

below) .
INHIBIT - _
/\MDDIFIERS l \/_' |
MODIFIERS

mal
IDE/ \e[f]:

ZPOLAFNTY
INDICATOR

BASIC MODIFIERS

Unless otherwise noted, the basic modifiers
described in the following paragraphs are
active, IFF:

1. Their input is active and the necessary
A,C,F, and G affecting inputs prefixing
the modifier are also active according
to dependency notation, or,

2. One or more of the V (OR) relationship
affecting inputs prefixing the modifier
are active.

D - Data: Analog or binary input clocked
in by a control (C) input.

E - Extender: Input or output used to
expand the inputs of one element
with outputs of another.

I - Initial Conditions: An analog
initial conditions input which is
always gated by a control (C) input,
and whose analog value causes the
sequential analog function to take
on a proportionate analog value.

S - Set Input: A binary input that
causes a sequential analog or binary
element (such as a flip flop) to
assume its set condition.

T - Toggle Input: A binary input that
causes a flip flop or other se-
quential binary function to change
its state each time the T input
assumes its active state.

R - Reset Input: A binary input that
causes a sequential analog or binary
element (such as a flip flop) to
assSume its reset condition.



J - Input: A binary input analagous to input has an effect only on those inputs or

the S input, but modified such that outputs which relate to it according to the
if both J and K inputs assume their " notations discussed in the following para-
active states simultaneously, the graphs.
flip flop changes to the opposite !
state. AFFECTING | 2 T 3]e] 2
G2 3
_ ) INPUTS e, -1
K - Input: A binary input analagous to
the R input, affecting a flip flop [ 5 =
in the same way as a J input. 31 a }G
AFFECTED 2h6 2
+ - Divisor Input: An analog divisor INPUTS {_ﬂ.|2 | 7] '
input for use with a function that . [_d
includes analog division. AFFECTED OUTPUT 2| & 7
/’— Parameter Input: An analog input
which controls a variable character-
istic of the function as denoted by f
the qualifying symbol or by tagging.
+m, - Increment or Decrement Input: A
-m binary input that causes the states
of flip flops serving as a counter A - Address: A binary affecting input, or
to change the binary number by +m affected input(s) and output(s) used
or -m each time the +m or -m input as data ports of addressable memories.

is active.
C - Control (Clock): A binary affecting

- m,- Shift Down (Right) or Shift Up (Left) input or affected input(s) used where

«m Input: A binary input that causes more than a simple AND relationship is
the flip flops forming a shift implied to those inputs or outputs
register to shift m positions down labeled with the same identifier. Also,
(or right) or up (or left) each time it is used as a data gate as contrasted
the appropriate input is active. to an active state gate (See G).

4J- - Inhibit Input: A binary input used G - Gate or AND: A binary affecting input
“--  to block the active state outputs of having an AND relationship to the
a non-sequential binary function. active state. Two affecting inputs
‘ labeled G but having different identi-

m - - Output Delay: A binary output which fier suffixes stand in no relation to
changes state only after the refer- each other. IFF they have the same
enced input (m) returns to its in- identifying character, they stand in
active state (whether HI or LO). an OR relationship.

#m - Phase Relationship: A binary output NOTE
which is active according to the
phase relationship denoted by m. When inputs are affected by both

G and C modifiers (e.g., data --

(m) - Coincident Input or Output: A re- or D -- input), the AND relation-
strictive modifier that is not ship is between G and the active
associated with any input or output, state of the input signal. G
but restricts the number of inputs does not affect control (C modi-
or outputs which may be active fier) inputs.
simultaneously.

V = OR: A binary affecting input having an
OR relationship to those inputs or

DEPENDENCY MODIFIERS outputs which are labeled with the
same identifier. Two inputs labeled
Dependency notation is a means for obtaining V having different identifying char-
simplified symbols to represent complex ele- acters stand in no relation to each
ments by denoting the relationships between other.
inputs,or between inputs and outputs, with-
out showing all elements or interconnections. F - Free: A binary affecting input, or
The input or output that is dependent upon affected analog or binary inputs or
another input is called the affected input outputs, acting as a connect switch
or output, and the input on which it depends when active or a disconnect when in-
is called the affecting input. An affecting active.

2-6 83322440 A



WEIGHTING MODIFIERS

Weighting modifiers show the relative coef-
ficients applicable to various inputs and/
or outputs. For example:

xSy T 4 =1
—a IA7 64-1-
_—— 32+
—— | I _ L
fL X | T
WEIGHTING —-_a
MODIFIERS

GROUPING MODIFIERS

Grouping modifiers are used to designate a
group of two or more inputs or two or more
outputs to simplify reference to that group
of inputs or outputs. For example:

— 8 F(A,B)
— 4

—{ 214 A>B|—
_—._|—.‘ A=8+—-
—1 8 A<B|—-
— 4 g A#£B |—-
— 2

171\

\- GROUPING

MODIFIERS

INDICATORS

An indicator is a symbol used to specify -
physical values and/or properties of an in-
put or output connection. Explanations of
various groups of indicators follow:

BINARY INDICATORS

All binary inputs or outputs have active
state indicators (implicit or explicit) to
specify the active state relative to the
logic function.

B 3
— . - Implied Indicator: The absence
of the polarity indicator (IN)
implies a static logical HI.

L -

r =
—D >— - pPolarity Indicator: Indicates
the active state is a static LO.

- Inhibit/Polarity Indicator: Same
as polarity indicator above,
except signal is blocked when a
static LO.

83322440 A

LEFT

RIGHT

SYMBOL SYMBO|
LI Al

dm
[ m|

| &
__%_

Negating Indicator (internal con-
nections only): Used to indicate
a negating type of internal con-
nection. The bubble indicates

the inactive state output of the
left symbol will provide an active
state input for the right symbol.
The m in the second symbol repre-
sents a modifier.

Dynamic Active State: The triangle
represents the transition from
the inactive to active static
state of the input (not merely the
presence of the active static
state) .

SUPPLEMENTARY BINARY INDICATORS

-{ -

Non-Standard Logic Level: Slash
mark used on signal lines (input
and/or output) to indicate binary
levels that differ from those
defined as standard.

This indicator

—#—[ ]—# - Binary Logic:
differentiates binary from

m#—[ :l.-m# - Serial Binary Bit:

analog logic levels.

This
indicator denotes a line
carrying m bits of binary in-
formation in serial form. The
m is replaced by the number of
bits in each repetitive pattern.

This indicator

—Qm—{ }—@m — Phase Line:
denotes a line carrying a

[

phase reference signal that must
be differentiated from other
binary or analog signals. The m
is replaced with the appropriate
character.

Grouping Bracket: This indicator
represents two or more grouped
lines (such as a differential
pair) carrying only one bit of
binary information and represents
a single input.

ANALOG INDICATORS

1}

Implied Indicator: The absence of
the N indicator implies a non-inverting
input relative to other inputs or out-

puts. :



_N{ }N_

N

of Jo

Sign Indicator: 1Indicates an
inverting input or output.

Internal Sign Indicator: This
indicator is similar to the
polarity indicator used in
binary circuits. Here N means
inversion, and P means non-
inversion.

Analog Signal: This indicator
is used to differentiate analog
signals from binary (#).

SUPPLEMENTARY ANALOG AND BINARY INDICATORS

}_

Wired Connection: This indicator
represents an analog or binary
line that enters a wired func-
tion when necessary to distin-
guish that its value or state

may be affected by one or more
outputs elsewhere.

Optical Signal Path: This indi-
cator shows that a path of light
is the conductor rather than an
electrical wire.

LO Output Only: The minus sign
denotes that an element's out-

put is capable of supplying LOs
only (binary) or negative-going
drive signals (analog).

HI Output Only: The plus sign
denotes that an element's output
is capable of supplying HIs only
(binary) or positive-going drive
signals (analog).

Implied HI-LO Output: The absence
of plus or minus indicates the
element is capable of supplying
HIs or LOs or positive or nega-
tive-going drive signals.

MISCELLANEOUS INDICATORS

-

j}*

Voltage Indicator: Denotes that
this line carries a power supply
or reference voltage when neces-
sary to differentiate it from
binary or analog signals.

NP

ul
|

Parameter Control: This indi-
cator denotes a line used for
varying the characteristic(s) of
an analog or binary function
indicated by a qualifying symbol.

Non-Binary and Non-Analog Indi-
cator: Denotes that the line so

analog information (when neces-

sary to distinguish it from other
lines,
apply) .

J marked does not carry binary or

and no other indicators

INTERNAL TAGGING

Internal tagging information, as applicable,
is placed on successive lines within the
symbol outline in the following order:

1. Qualifying symbol representing a func-

tion (when used).

Circuits such as flip

flops do not have a qualifying symbol.

2. Logic identifier such as I3909, K3900,

etc.

(Optional.)

3. Element (circuit type) identifier.

4, Physical location code.

QUALIFYING SYMBOL

cigD2

& /—LOGIC IDENTIFIER

13909 L

141~
[ ELEMENT (CIRCUIT TYPE)
IDENTIFIER

LOCATION CODE

In symbols having a common control block,
tagging information is placed in the neck of
the symbol, as shown in Figure 2-1.

EXTERNAL PIN ASSIGNMENTS

3 5
—2 6

ar —— (ouTPuT
|2 L9 ( PINS

" ~~

‘\\v—POWER SUPPLY

OR REFERENCE
VOLTAGE INPUTS
(TOP & BOTTOM)
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DATA SHEETS 3

INTRODUCTION

This section contains two cream-colored
divider sheets, separating the information
into three subsections:

1. Introductory remarks

2. Data sheets arranged by CDC element
identifier

3. Data sheets arranged by vendor refer-
ence number.

Subsection 2 is arranged numerically by CDC
element identifier. This identifier also
appears as a page number at the bottom of
the data sheet. Speed variations (H,L,LS,
S, etc.) are shown on the same page as

the basic circuit. When an element requires
more than one data-sheet page, the page
identifer is followed by a dash number.
For example, 141 indicates a single data
sheet, but 941-4 indicates the fourth

page of the data sheet for the 941 micro-
circuit. '

Subsection 3 contains information on micro-
circuits for which no CDC element identifiers
presently exist. The data sheets in this
subsection are arranged numerically first,
and alphabetically second. Thus, 74H51
precedes 74173, but both appear before the
alphanumeric identifiers such as IM6503,
MC426, SG82, and so on. The "dash number"
scheme is also used here to show multiple
sheets.

DATA SHEET INTERPRETATION

All of the data sheets in this section con-
tain the following kinds of information:

1. LOGIC SYMBOL - The ANSI/CDC symbol for
the high-active version of the micro-
circuit and, where applicable, the
alternate low-active version. Pin
numbers are included as part of the
symbol. Special notations to clarify
the various input and output functions
are added when helpful, but are not to
be construed as part of the symbol.

83322440 A

2. DESCRIPTION - An explanation of the
function or functions performed by
the microcircuit.

3. NOTES - Helpful information, such as:
® Vendor reference number

e Package pin configuration.
Defines pins used for external
voltage sources (Vcc, VEE: GND,
etc.) and keys, slots or marks
used to orient the microcircuit.

In addition, the following information is
included on individual data sheets, when
applicable:

4. FUNCTIONAL DIAGRAM - Basic logic
symbols (NAND, NOR, FF, etc.) arranged
to show the internal logic of the
microcircuit.

5. TRUTH TABLE - A table showing the
state(s) of the microcircuit's output
for varying input conditions. .

6. TIMING DIAGRAM - Used to clarify
complex timing relationships between
inputs and outputs.

DATA SHEET LIST

The list on the following pages shows the
order in which the data sheets appear, and
also provides a quick reference to the

family (TTL, ECL, CMOS) to which a particular
microcircuit belongs. If a circuit requires
more than one data sheet, the number of
sheets is given in parentheses.

3-1



TTL

139
140
141
142
143
144
145
146
147
148
149

158
159

161
162
163
164
166
167

170
172
173
175
176

180
182
188
189

191
193
195

200
201
202
203
205
206
207
208
209

210
212
213
216
218

220
222
223
224
225
226
228
229
230

242
243

(2)

(2)

(2)
(2)
(2)

(2)

(2)

(2)

(2)

(2)

OP AMPS

300
301
302
304
306
307
308
309

310
313
315
316
318

320 (2)
321
322
324
326
327 (2)
329

330
331
332/353
333
334 (2)
338 (2)
339

340
341

356
357

386

TTL

500
501
502
505
506
507
508
509

510
512
514
515
519

520
521
522
524
525
527
528
529
530
531
532
537
538
539

542
543

550
551
554
559

563
568

571
572
579

581
582

768
774

775
779

(2)

(2)
(3)

(2)
(2)

(3)

(3)

(2)

TTL

902
905
209

910
911
912
915
916 (3)

921
922
923
926
927

930
939

949
986 (2)

ARRAYS

3046
3096

CMOS

4001
4011
4016
4017 (2)
4023
4027
4049

ECL

5100/5200/
5300/5400 (9)
5600/7500 (3)

10101
10102
10104
10105
10106
10107
10109
10114
10116
10117
10124
10125
10131
10141 (3)
12040 (2)

50255700 (2)

MISCELLANEOUS

74H51
74153
74L8221

IM 5603

MC 426 (2)
MC 1648

see
} MC
426

SNG 82
SNG 83

83322440 D
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DESCRIPTION

+12v
The 139 circuit consists of two high-gain vol-
tage comparators with separate differential
inputs and a common output. Individual strobes 4 z o
>0V
(G) allow independent gating of the inputs to 3Nl 139 !
each section. 2 4
—#—23s 6T |4 v
The circuit has a voltage gain of 500. — 6
N
NOTES:
. —#—8c 6t
1. Vendor identification: 711C :EJ 5,C
2. Package pin configuration: v
-6V

(# IDENTIFIES BINARY LOGIC SIGNAL)

LOGIC SYMBOL

139
Rev A
Sheet 1 of 1

139



DESCRIPTION
The 140 circuit is a four-section (quad),

2-input, positive NAND gate.

NOTES:
1. Symbol Sections may appear separately.

2. Vendor identification:

Element Vendor Number
140 7400,9002
140H 74H00
140L 74100
140LS 741800
1408 74500

3. Package pin configuration.

tvee s 8
ToP
VIEW
! 76ND

A B|C

0O Ofl

0o 1}

I 0}

I 1|0

TRUTH TABLE
(FOR ONE GATE)

140

(A)—H

(B)Y—

140

la L5|5 Ln L‘lb

I
|
NS 3
(C) 2 140
Q —an) 6
TN
OR
9]
8 8
10
12
U 1]
13
LOGIC SYMBOL
140
Rev D

Sheet 1 of 1
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FUNCTION DIAGRAM

Ji
™
CJZ
OJB l
G
o— |
dK

Kl
052
o |

142
Rev B
Sheet 2 of 2

142-2



DESCRIPTICN

The 141 circuit is a three-section, 3-input,
positive NAND gate.

NOTES :
1. Symbol Sections may appear separately.

2. Vendor identification:

Element Vendor Number
141 7410,9003
141H 74H10
141L 74L10
141LS 741510
1418 74810

3. Package pin configuration.
+Vcc'

a4
TOP
VIEW

! )

—-——=-—0000|»
——00--00|w
-0—-0-0-0|0o
Omeeem—=|oO

TRUTH TABLE

141

m— =&
(B)—Z- 141
(c)—13

LOGIC SYMBOL

141
Rev C
Sheet 1 of 1



DESCRIPTION

The 142 circuit is a J-K master-slave flip-
flop with asynchronous set (S) and clegr (R)
inputs. Input J-K is common to both the J-
and the K- input AND networks, and may be
used as a gating input.

Information is received by the master while

the clock (G) is low, and transferred to the
slave section on the leading edge (negative-
to-positive transition) of the clock pulse.

On the trailing edge of the clock pulse, in-
formation is transferred to the outputs.

Bringing S or R low will cause the FF to set
or clear, respectively. Conflicting syn-
chronous inputs may cause spikes at the out-
put during the preset-preclear operation, but
these will disappear with the clock pulse.

NOTES:
1. Vendor identification: 74104/9000

2. Package pin configuration:

[} 14 Veo

GND 7 8

)
(JI)—i—
4
(J2) —
(J3) —12 8 HGJ
(K 4 a
g 142
——
3
(K)) —=
c2) ] a lek

6 ()

8 (@)

LOGIC SYMBOL

INPUTS AT tn OUTPUTS AT tn +1
JK | J% | K% Q q
Lt X X Qn @n
H Lt | Lt Qn Q
H L H
H H L
H H H an Qn

*J=JlJ2 J3
K= Kl K2 K3
t THESE LOW LEVELS MUST BE
MAINTAINED WHILE THE CLOCK
IS LOW

tn BIT TIME BEFORE CLOCK PULSE
tn+1 BIT TIME AFTER CLOCK PULSE

142-1

TRUTH TABLE

142
Rev A
., Sheet 1 of 2



DESCRIPTION

The 143 circuit is a two-section, 4-input,
positive NAND gate.

NOTES :
1. Symbol Sections may appear separately.

2. Vendor identification:

Element Vendor Number
143 7440,9009
143H 74H40
1438 74540

3., Package pin configuration.
+Vee 4 8

TOP
VIEW

! TaND

A B C D|E
0 0 0 Of!
0O 0 O I|I
00 1 Ol
o 0 I ]l
O 1 0 O}l
o1 0 1}
o | t O]l
o 1 11
I 00 O}l
I 0 0 I}l
I 01 0]l
1o 1 1]l
1 1 0 01
11 0 1]l
11 ofl
I 1 1 1]0

TRUTH TABLE
(FOR ONE GATE)

143

(A)

143

6 2p 143
2 (E)

(8)—2
(c)—2
(D)—
9
10}
12
13

OR

LOGIC SYMBOL

143
Rev C
Sheet 1 of 1



DESCRIPTION

The 144 circuit is a positive-edge-triggered JK flip-
flop with separate (asynchronous) set and clear inputs.
The asynchronous inputs control the state of the flip—
flop independent of static conditions of the clock and
synchronous inputs. With pin 13 or pin 2 LOW

one output will be high, but if opposing data is pre-
sent at the synchronous inputs and the flip-flop is
clocked, the low output may momentarily spike

HIGH synchronous with a positive transition of the
clock. A low level to the set input (pin 2) will set

pin 6 to high level regardless of the level at the

clock (pin 9) input. A low level to the reset (pin 13)
input will clear pin 6 to low level regardless of the
level of the clock input.

Data is accepted by the master while the clock is in
the low state. Transfer from the master to the
slave occurs on the LOW to HIGH transition of the
clock. When the clock is HIGH, the J and K inputs
are inhibited.

NOTES:

1. Vendor identification:

74105
9001
2, Package pin configuration..'- vee,
TOP
z‘ lew
! 7GND
INPUTS | BeroRE TOGGLE|AFTER TOGOLE
GJ|[GK| SET |RESET| SET | RESET
0]0 0 | 0 |
o|o ! 0 | (o]
Ot 0 | 0 !
011 | 0 0 l
110 0 | ) 0
110 | 0 | 0
1] o | | 0
I i 0 0 [

TRUTH TABLE

144-1

_Z_BS

5 N s

4 61

12 8|GJ

1

° G 144

3

1] &{GK

10 [ Gjﬁ_e
-

B__B‘R

GJ-J OUTPUT CONDITIONED BY LEADING EDGE
OF DYNAMIC TOGGLE(G)

GK-K OUTPUT CONDITIONED BY LEADING EDGE
OF DYNAMIC TOGGLE(G)

G-GATE INPUT, HAS NO DIRECT EFFECT ON
CIRCUIT, BUT MUST PRESENT BEFORE
SIGNALS PRESENT ON INPUT(S) CAN BE
TRANSFERRED TO OUTPUT(S)

S-SET INPUT, WHEN "0", FF IS SET REGARDLESS
OF INPUTS AND GATE STATES

R-RESET (CLEAR) INPUT, WHEN "0', FF IS CLEARED
REGARDLESS OF INPUTS AND GATE STATES

LOGIC SymBOL

GJ 1
Gk | I
0 I o O I i
SET_| LT 1
RESET ™ | ] |

TIMING SEQUENCE

144
Rev B
Sheet 1l of 2



PIN , SET
Q
49 JI o-
8 —
L_q PIN
- L
5 2 o—DN & 1 B~ °Q 6
1 n & -
12 J3 o [
& |
9 . CLOCKo—] 1 P>
X X X
| JK o
a —
3 Kl o
1 B> 8
10 K2 oD 4 a | 1 ©Q 8
a ——
H K3 o
o
RESET
I3
FUNCTION DIAGRAM
144
Rev C

Sheet 2 of 2,

144-2



DESCRIPTION 2 o] ! 2\ T @
Circuit 145 is a dual, expandable AND-OR- ——-—% 145 G —3n 145 6
— ——
INVERT gate. Section B of this circuit is a A |
expandable. If not expanded pins 11 and 12 T —5n
are open. a — I |
13 OR 3R
NOTES : o 8 —N 8
10 & o] !
1. If not used, expander pins may not be = e =
shown. 12 ]E 12 ]E
,L_& ~& |
2. Vendor identification:
Element Vendor Number LOGIC SYMBOL
145 9005
145H 74H50
3. Package pin configuration.
tvec,, 8
TOP
t::mwew 1 EXPANDABLE GATE
. 7GND &
13— —l_
SECTION B8 1 P>~—s8
99— _J—
8
A B C DI|E 10 I—-Il *EMIT
0 0 0 O 12 *coLL
8 8 ? (l) : ¥CONNECTION FOR EXPANDER
O 0 I 1}0
O ! 0 O} NON-EXPANDABLE GATE
8 I 0 cl) I 2—
[ |
o1 1 1}]0 8 |
I 0 0 Ofl 3—
I 0 0 1|1
1 0O I O] SECTION A 1 ——6
I 01 I]O
Il 1 0 0}]O 4 ——
I 1 0 I]O l
I 11 ofo &
11 110 [ —

TH
TRUTH TABLE PIN ASSIGNMENTS

145
Rev B
Sheet 1 of 1

145



DESCRIPTION

The 146 circuit is a six-section (hex)

inverter.
| |
NOTES : 1] 14 L2 In 146 |2
1. Symbol Sections may appear separately.
3 NG 3 4
2f Vendor identification: "5 6 OR 5
Element Vendor Number 9 N8 N 8
146 7404,9016 — N0 e 0
146H 74H04 13 N2 130 2
1l46L 74L04
l46LS 74LS04
1468 74504 LOGIC SYMBOL
3. Package pin configuration.
+V¢:c’4 8
TOP
7 Tenp
146
Rev C

Sheet 1 of 1

146



DESCRIPTION

The 147 circuit is an 8-input, positive
NAND gate.

NOTES:

1. Vendor identification: 9007

- 2. Package pin configuration.
+Vce 14 8

TOP
VIEW

! "6ND

147

S8 OR

147

LOGIC SYMBOL

PPERbbEY

147

147
Rev C
Sheet 1 of 1



DESCRIPTION

Element 148 is a auad, 2-input, positive

NOR gate.
2 2
NOTES : |4|s N | 2N Ig‘e ‘ I
3 3 N
1. Symbols may appear separately. 5 5 D
N4 4
2. Vendor identification: 6 6 NN
8 MIPEIIN
Element  Vendor Number N 10 0
S 9 N
148 7402 i M A
N 13 13
148L 74102 12 2__ N
148LS 741502
148s 74802 LOGIC SYMBOL
3. Package pin configuration.
+Vee
14 8
—
TOP
VIEW
g
! GND
148
Rev C

Sheet 1 of 1

148



DESCRIPTION

The 149 circuit is a guad 2-input Exclusive
OR gate that performs the function Y=AB + AB.
When the input states are complementary, the

output goes to the high level. (A) | o ] -
149 3 () 149 N3
NOTES : (8) 2
1. Symbol Sections may appear separately. _‘: le ___: 6
2. Vendor identification: _9 OR 9
Element Vendor Number |Q‘ 8 10 8
149 7486 — 12 12
1 U
149H 3021 13 13
149LS 74LS86
1498 74586 LOGIC SYMBOL
3. Package pin configuration.
+V<:t.:|4 8
TOP
! Tenp
A BlY
0 0jJ0
o 1|1
I O}l
I 1]0
TRUTH TABLE
149
Rev C

149

Sheet 1 of 1



DESCRIPTION

The 158 circuit is a 4-bit synchronous binary

counter. This circuit can be preloaded with

data

is low.

at the data inputs when the load input

the data inputs. Input data will be trans-
ferred to the outputs the next time the clock

input has a low to high transition.

In order for the counter to count, the load

(pin
must
will
less

When
that
low,
both

9), clear (R), and P and T enable inputs
be high. A low level to the clear input
clear the outputs to low level regard-
of the level to any other input.

P is low, the clock input is disabled so
the counter can not count. When T is
the clock input and carry output are
disabled. ’

NOTES:

1. Vendor identification:

Element Vendor Number
158 74161,9316
158A 74161
158LsS 74LS161

2. Package pin configuration.

+Vce

158-1

This disables the counter and enables

P

x=y| | H}i5
154

5 i2

4 3

3 14

IGCNTRr
158

G2

10

816Gl

&]C

-
> 1,241

aniaill

LOGIC SYMBOL

158
Rev C
Sheet 1 of 3



PIN

| (CLEAR) L
9 (LOAD) il
3 ! S
4 —
5(NPUTS o sssss—
6 M —
2 (CLOCK)  —rurLrurrrunUn
7 (ENABLE P) ! : ; '
10 (ENABLE T)__L_+F: v
14 - !
13 [ = U a | e
2 (OUTPUTS : ;
H = : :
15 (TC CARRY)__{ 1 1 M '
oTuzus 4150 1| 2
- non COUNT —dle—>
mm =DON'T CARE  CLEAR
CONDITION PRESET g‘(;{l::!;

TO 12

NOTES:
@ MODE SELECTION WITH POSITIVE-GOING CLOCK IS:

| I |COUNT UP
0 | | NO CHANGE
! O |PRESET

0 O |PRESET

PIN 15 IS HIGH WHEN ALL OF THE FOLLOWING
PINS ARE HIGH: 10, I}, 12, 13, AND 14,

© ILLUSTRATED ABOVE IS THE FOLLOWING:
I. CLEAR OUTPUTS TO ZERO
2. PRESET TO BINARY 12
3. COUNT TO 13, 14, I5, O, | AND 2

4. INHIBIT
©®  PIN(S) FUNCTION
I MASTER RESET (ACTIVE LOW) INPUT (CLEAR)
2 CLOCK ACTIVE HIGH GOING EDGE INPUT

3,4,5,6 PARALLEL INPUTS

7 COUNT ENABLE PARALLEL INPUT
9 PARALLEL ENABLE (ACTIVE LOW) INPUT
10 COUNT ENABLE TRICKLE INPUT

II, 12, 13,14  PARALLEL OUTPUTS
i5 TERMINAL COUNT OUTPUT (CARRY)

TIMING SEQUENCE

158
Rev B
Sheet 2 of 3

158-2



Loap o>

0 QA

8 JCLOCK

N
DATA A 0> b K

CLEAR ol iy ' T_.

& |CLOCK

e
DATA B c4 & K CLEAR

& J QcC 0 QC

a |cLock
S
DATA C oo N K cLEAR
2
CLOCK o— | > 1]
1 s J  adj—'loan
COUNT -
ENABLE 0—] a |cLock
5 1 a
N
DATA D 02 : & K cLear
. 15_RIPPLE
COUNT a 5
ENABLE 0'2 CARRY
T
FUNCTION DIAGRAM
158
Rev B

Sheet 3 of 3
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DESCRIPTION

The 159 circuit is a synchronous 4-bit shift
register capable of shifting, counting, stor-
age, and serial code conversion.

Data entry is synchronous; the outputs
change state after each low to high transi-
tion of the clock. When the load/shift input
is low, the parallel inputs determine the
next condition of the shift register. When
the load/shift input is high, the shift
register performs a one bit shift to the
right, with data entering the first stage
flip-flop through the J-K (serial) inputs.
By tying the J and K inputs together, D-type
entry is obtained.

A low level to the clear input will clear the
outputs to a low level regardless of the
levels to any input.

NOTES:

1. Vendor identification:

Element Vendor Number
159 74195,9300
159Ls 74LS195

2. Package pin configuration.
+Vece

159-1

9
~| &
|° —_—
1N Iy
__Jt>rR
SR-4
159
2res 15
Heop
——§D>GK
51 co 14
] P 13
; i2
cd N

4,5,6,7

9

10
12,13,14,15
11

LOGIC SYMmBOL

Function

Master Reset (clear)
First stage J input
First stage K input
Parallel data inputs
Load/shift control
Clock

Parallel outputs

Complementary output (I2)
for last stage

159
Rev B
Sheet 1 of 3



PIN

| CLEAR I I

9 LOAD/ SHIFT

Y,

T

f
A g
s (T
O SN ch s 77/
L el L
R L L
: _— S
N O e o e o B e
i e LAy H

! |
" {12) 1 |

NOTES :

CLEAR| LOAD

®

Parallel data entered via
CD inputs by pin 9 low and
positive-going signal on
pin 10.

Data shifts down
(Pin 15—Pin 14, etc.)
with clock.

Serial data entered into
J-K inputs by pin 9 high
and positive-going clock.
Pin 4 input inhibited
because pin 9 is high.
Outputs follow Truth
Table shown below. (Were
J and K tied together,
output at pin 15 would
track the J input with
no deviation from the
Truth Table.)

SHIFT

159-2

ENTER SERIAL DATA AND SHIFT

©

INPUT PINS [ ouTPUT PIN
2 3 15
0 0 )
0 | |O(NOCHANGE)
I | 0 |1(TOGGLES)
| I [

159
Rev B
Sheet 2 of 3



£€-6ST

€ JOo ¢ 3I99Ys

g aAd9Yy

6ST

PARALLEL

OUTPUTS
A —
‘e QB ac QD @D
PINS——= 15 Tia 3 2 Qi
=K QA — —S QB |4 1 s Qc e S QD
—INCLOCK CLOCK —NCcLOCK CLOCK
o BAl oD
R cear® R cLEAR R CLEAR R oear®
/ / / /
1 1 1
— 75 rJ 75 ,
& & a & a & & & 8 a
r
1 1
/
1
pms—->l9 2 3 4 5 6 7 I (LIO
) o o) o) o o
SHIFT J X A B C D CLEAR CLOCK
LOAD \ v g
CONTROL SERIAL PARALLEL
INPUT (NPUTS

FUNCTION DIAGRAM




DESCRIPTION

{TIMING
The 161 circuit is a monostable retriggerable multi- NETWORK)

Tu Tls

vibrator that provides an output pulse whose duration

| 8
is a function of external timing components. ;B 4 _,_L -
£ N 161
' 3 8 [>
Input pins 3 and 4 trigger on the positive going edge '4""_ 6
of the input pulse and pins 1 and 2 trigger on the N P~
negative going input pulse. The 161 circuit will re-
trigger while in the pulse timing state (pin 8 high) ; LOGIC SYMBOL
the end of the last pulse will be timed from
the last input.
NOTES:
1., Vendor identification: 9601
PIN
2. Package pin configuration. ! L_l RETRIGGER
+Vee 8 | i
TOP 3 i 1
N e
T e ¢ R —
] 1
e L[ LI
¥ pULSE WIDTH DETERMINED BY
RC TIMING NETWORK
INPUT PINS OPERATION OUTPUT PINS
! 2 3 4 8 6 TIMING SEQUENCE
H—L| H H H TRIGGER | L | LT
H |H-—L| H H TRIGGER I ur
L | X |[L—H| H | TRIGGER | IL | LT Cx R y
x | L |t—H n | TRIGGER | | 1T “{“ ;,3“ Tee
L X H |[L—H TRIGGER | JL | I 1 8
X L H [L—H TRIGGER | L | LI 211
H H H L H 3 & .
X X L X L H 4 e
X X X L L H
X=DON'T CARE OUTPUT PULSE WIDTH (1) IS DEFINED AS
FOLLOWS:

t=0.32 Ry Cx |]+%]
X

TRUTH TABLE
Ry IS IN K, Cx IS IN pF, t IS IN ns

FUNCTION DIAGRAM

161
Rev C
Sheet 1 of 1
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DESCRIPTION

The 162 circuit is a dual differential line

receiver.

25 mV is required to insure a high or low
Common mode voltages of #*3V

output level.

A minimum differential voltage of

* 162C symbol is similar to others, but has
the open-collector modifier by each

output:
or less will be rejected. The maximum allow-
able differential input voltage is 5 volts.
The 162C features open-collector outputs.
NOTES :
1. The two sections may be shown separately. +5V
Y
2, Vendor identification: l
Element Vendor Number 2
s-enent ~EnToT ~umoet ,
X
162 75107 :XX’, i ] Al a
7
162C 75108 * 50 61 12
1628 NE521F 6, |62
3. Package pin configuration. G2
*Vee 6 8161 .
)
(8)—2 N ] T>ov , . :
A 162 ?
()—F*—; L2 4
Gl TWISTED PAIR
6 RECEIVER APPLICATION
T
G2
861
B —A—1 ] 22— —
(A)7l—'3N
4 [ x
| 2] > ITY
ANALOG TO DIGITAL 3 L—/—
CONVERTER APPLICATION = Slg 123 4
6[ 62
G2
(a)#] e (A)+——'—] X/Y 8161
<1 P h2 -1 = ,IZI\]
6 1]V -
G2 <-0.8V=Y
8 e 'Y A A
1 9 2 9 162 DUAL DIFFERENTIAL RECEIVER USED AS A
(B)—/—] |_,2:x___. (A)—/—-——] " 3E¢%ggKgRAggEg‘x\félgH iXTERNAL FEEDBACK
0 BIAS ENABLING G| AND
(A) 120 (8)A-1E 62 STROBE INPUTS.
y3 r3
-5v + 5V
162
Rev E
Sheet 1 of

LOGIC SYMBOLS

162-1



5,6,8 4V
I
27 —
PIN
4_ | | 5,6,8 +V
l 2 N |
I,IZ—\-—A--r— -—4-- oV
PIN 4 1S LOW ONLY IF Gl AND G2 ARE " ¢ ! ' 0.8V
AR £ RO S = 1
N2 MUON T 89 g I e B B
CONVERTERS. o 9
162 DIGITAL TO ANALOG 162 TWISTED PAIR 162 SCHMITT TRIGGER
CONVERTER APPLICATION RECEIVER APPLICATION
TIMING SEQUENCE
DIFFERENTIAL STROBES
OUTPUT
INPUTS Gl G2 |—+ >
Vip225MV  |L ORHLOR H H
A LORHl L H o]
-25MV<V,p<25MV | L |LORH H
H H | INDETERMINATE
LORH L H : 6
Vip £ -25MV L |LORH H 22—+ >
H H L N
THE DIFFERENTIAL INPUT VOLTAGE POLARITIES - a B o
SHOWN MEASURED AT PIN A WITH RESPECT TO
PIN B. A MINUS POLARITY INDICATES THAT ‘ 8
PIN A IS MORE NEGATIVE THAN PIN B.
TRUTH TABLE FUNCTION DIAGRAM

(RCVR APPLICATION)

162
Rev B
Sheet 2 of 2
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DESCRIPTION

Element 163 is a 4-bit binary counter, the
first stage of which is independently clocked.
This permits utilizing the first stage as an
independent FF while using the other stages
as an 8-counter, or using the IC as a 16-
counter by cascading the first stage output
to the input of the second stage.

For symbol outline and truth table, refer to
the data sheet for element 182,

NOTES:
1. Vendor identification: 8281
2. Package pin configurations

1l4-pin DIP (see element 182)

163

163
Rev A
Sheet 1 of 1



DESCRIPTION

The 164 circuit is a dual negative-edge- ('0)4 s 5
triggered JK flip-flop. Each flip-flop is (“)3 o4 164 ——(9)
rovided with a direct SET input. These

o : . P . 13) -6
direct inputs provide a means of presetting
the flip-flop to initial conditions.

6 (8)

12)2—{ek

LOGIC SYMBOL

Data may be applied to or changed at the clocked
inputs at any time during the clock cycle, except
during the time interval between the set-up and hold-
times. The inputs are inhibited when the clock is
low and enabled when the clock rises. The JK inputs
continuously respond to input information when the
clock is high. The data state at the inputs through-

. OUTPUT UTPUT
out the interval between set-up and hold time is INPUT BEFORE G AOFTER G
stored in the flip-flop when the clock pulse goes low. J K | SET [CLEAR| SET [CLEAR
Each flip-flop may be set at any time without regard 0 0 o 1 0 1
to the clock state by applying a low level to the SET 0 0 | 0 ) 0
input. (o] | (o] | (o] I
0 | | 0 0 |
NOTES: 1 o] o] 1 1 [ o
1. Symbol repeated for each flip-flop. 'I 0 (I) 0 ! g
1 | |
2. Vendor identification: I 0 0 ) 0 |
Element Vendor Number
164H 3062 TRUTH TABLE
164sS 745113
3. Package pin configuration.
+vee o 8 PIN
— e —
VIEW
1 TaND 4(10) | |
103) Ll L

I e
so)_ L[
) L[ Lo

TIMING SEQUENCE

164
Rev C
sheet 1 of 2
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CLOCKO——+¢

0 Q

| L
P
— __J_
[__
X
L
H L
L e
[

(REPEATED FOR EACH FLIP-FLOP)

FUNCTION DIAGRAM

164-2

33— Q——5
|_._.‘
2—— Q——6
I — QF—9
13—
12— Q—s8

164
Rev C
Sheet 2 of 2



DESCRIPTION

The 166 circuit is a 1l-of-8 (8-bit) multi-

plexer that can select one bit of data from
up to eight sources. It has complementary
outputs, an active low enable, and internal
select decoding. With the enable inactive

(high), output pin 15 is low and the comple-
mentary output pin 14 is high regardless of
all input conditions. Data is routed from a
particular data input to the outputs accord-
ing to the binary code applied to the three

select inputs.

Element 166C is identical in pin configura-
tion and function, but provides an open-
collector output on pin 14.

NOTES:
1. Vendor identification:

Element Vendor Number
166 9312
166C 9313,8231
2. Package Pin configuration. TOP VIEW
| 6*5Y
GND 8 9

COMMON
SELECT
INPUTS

INHIBIT WHEN HI

DATA
INPUTS

INA

/

ELECT INPUT
RY VALUE

13 (4

4 X—>Y
2

|

MUX
166

Go
G7

R

[

OPEN COLLECTOR
MODIFIER
APPLICABLE

4

o

o a0 d wp -

7

a—

ONLY TO I66C.

4

15

(14

DATA INPUT
—~ NUMBER
OCTAL VALUE

LOGIC SyMBOL

COMMON SELECT PIN

INPUT PIN GATED TO
OUTPUT PIN I5 WHEN

PIN 10 IS LOW %

13 12 1
(o] o] 0
o] o |
0 | 0o
o | 1
| 0 (o]
| 0 |
| | (o]
| | |

W~NOOADOIN—

PIN I5,

%PIN 14 OUTPUT IS THE COMPLEMENT OF
IF PIN 10 IS HIGH, PIN IS5 IS LOW
AND PIN 14 IS HIGH, REGARDLESS OF
SELECT /-DATA INPUTS,

TRUTH TABLE

166-1

166
Rev C

Sheet 1 of 2



————0(14)

(1)o-
&
(2)o-
&
—
(3)o
&
(4)o- a
1 ]
(5)o- a __r*
(6)0
&
(7)o
8
(8)o
a
p—1
(13)0 1
(12)o— 1
(1n)yo— 1
(10)o0—D

FUNCTION DIAGRAM

166-2

4 0 (15)

166
Rev B
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DESCRIPTION

The 167 circuit is a 4-line-to-16-line decod-
er/demultiplexer. When inputs Gl and G2 are
“both low, the 167 decodes binary-coded data
appearing on inputs A, B, C, and D. As shown
in the truth table, one of the outputs 0
through 15 will be low corresponding to the
binary coded data on the inputs.

This circuit also performs a demultiplexing
function. To do this, it uses the A, B, C,

D inputs to address an output, and routes data
from the Gl or G2 input to the addressed out-
put. When either Gl or G2 is high, all out-
puts are high. Thus data may enter at either
Gl or G2 with the other input held low.

NOTES :
1. Vendor identification: 74154

2. Package pin configuration:

1 24 Voo
2 23
3 22
4 21
5 20
L] 19
? 18
8 17
9 1]
i ]
n 4
GND 12 13

D__§23)9—>¥
c—=24a
G
22, _Glé
23
A—=21 |
DEMUX
167
61—H8[x v s s & PZs
CODER
Gz—ﬂig 167 l4>d§—M >J§—H
] NUEAEY SNEEY
4o AP
||>J§_“ :Jé_”
oI jo ST
D__QQG QZJQ_Q OR EJQ_Q
C__Jy.4 8:£l—8 G,.Bh; 2&1_8
822, 87 e 8 7
A._3§| el ¢ N7 6
555—5 >§_5
apd 4 NS 4
3:£i_3 :JL_3
2=£i—2 N2 o
g Sy N2
opl—o | U
LOGIC SYMBOL
INPUTS OUTPUTS
6162[D C B AJO | 2 3 4 56 7 8 9101112131416
Litft ottt W HHHHHHHHHHHMHHEH
LLiLLLHHLHHHHHMHHHHHHHEHEH
LL|LLHLHHLHHHHHHHHHHHEHEH
LL[LLHH/HHHLHHHHHHHHHHHHHM
LLIL HLLIHHHHL HHHHHHHHHEMHEH
LLILHLH|/HHHHHLHHHHHHHHEHEH
LLILHHL/HHHHHHLHHHHHHHGHEAH
LLILHHHHHHHHHHLHHHHHHMHH
LLIHLLL/HHHHHHHEHLHHHHGHHEH
LLIHLLHHHHHHHHHHLHHHHEAHE
LLIHLHL|HHHHHUHHUMHHHLHMHHUHMHMH
LLIHLHHHHHHHHHHHHHLHHHGE
LLIHHLLIHHHHHHHHHHHHLEHGHEH
LL/HHLH/HHHHHHHHHHHHHLEHEH
LL|HHHL[HHHHHHHHHHHHHHLMH
LL|HHHHHHHHHHHHHHHHHHHL
L HIX XX X|HHHHHHHHHUMHUHIBHHMHUHH
HL|X XX X|HHHHHHHHHHHHHHEHH
HH[X X X XIHHHHHHHHMHHHHHHHDMH

167-1

TRUTH TABLE

167
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@

@z

@l
Ol

5

©

(%)

556666

®

5

5

[2]1]

@E:

(%

b

58

FUNCTIONAL DIAGRAM

167-2
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DESCRIPTION

X—>vy |
The 170 circuit is a dual 4-input multiplexer. ___EL_Z g%
The binary code at select inputs (pins 3 and 13 ] |
13) determines the input selected.
: MUX
170
NOTES : |
12 p—
1. Vendor identification: 9309 L 1 | 15
10 14
2. Package pin configuration. ° 2 P
—_—A3
Vee 4
16 9 =1° ! |
| 1] L
TOP 6 2
P VIEW 7 1 E—
U u 3
| 8
GND LOGIC SYMBOL
SELECT
INPUTS INPUTS OUTPUTS
41 5] 6|7 | 2
3113
12 1 1l 0] 9115 14
L L L X X X L H
L L H X X X H L
H L X L X X L H
H L X H X X H L
L H X X L X L H
L H X X H X H L
H H X X X L L H
H H X X X H H{L
H=HIGH VOLTAGE LEVEL
L=LOW VOLTAGE LEVEL
X =HIGH OR LOW LEVEL
TRUTH TABLE
170
Rev B

Sheet 1 of 2

170-1



PIN

(120
&
1O
| & —l PIN
DATA INPUT < 1 pP—o015
100 OUTPUT
* —| & o14
90—
- 80 ¢— 8
[
r 40-
8
o—
50—
+ @ 8 —|
DATA INPUTW 1 b0
60 I OUTPUT
¢ @ —02
L 70— a
@
so— 1 o1 b
SELECT
INPUT
30— 1 P—e 1P
FUNCTION DIAGRAM
170
Rev B

170-2

Sheet 2 of 2



DESCRIPTION

|
The 172H circuit is a quad, 2-input, AW— 1 —Inf 8
I72H N3 (© 172H |3
positive NOR gate.
(BP——Q —2n
NOTES: —4 6 OR ls
1, symbol Sections may appear separately., 9 9
-/ N8 — 8
2. Vendor identification: 3002 10] _lon
3. Package pin configuration. —12 U —lary ]
13 13
tvee, 8
_—
VIEW LOGIC SYMBOL
' 76ND
A B|C
o 0! .
1 0}0
o 1|0
| 1]0
TRUTH TABLE
172
Rev D

Sheet 1 of 1

172



DESCRIPTION

The 173H circuit is a quad, 2-input,positive
NAND gate with an open collector output.

NOTES:
1. Symbol Sections may appear separately.
2. Vendor identification: 3004

3. The output of each gate is an open
collector.

4. Package pin configuration.

+Vee , 8

TOP
VIEW

! TenD

——00| >
—-—0—0|®

o———|o

TRUTH TABLE

173

(A)

(8

&
I73H

ik sl ol

._.lb |
>3 (0) T3
__2n]
4
N6 e
OR =N
o9
N8 _I8
100 —
12
1 _[u
13
LOGIC SYMBOL
173
Rev C

Sheet 1 of 1



DESCRIPTION

The 175 circuit is a dual, positive-edge-

triggered, D-type flip-flop. This device con-

sists of two completely independent D flip-
flops, both having direct SET and RESET .
inputs for asychronous operations such as
parallel data entry in shift register appli-
cation.

Information at input CD is transferred to output Q
(pin 5/9) on the positive-going edge of the clock
pulse. Clock pulse triggering occurs at a voltage
level of the pulse and is not directly related to the
transition time of the positive-going pulse. When
the clock is at either the high or low level, the CD-
input signal has no effect.

The flip-flop can also be set or cleared dii'ectly at
any time regardless of the state of the clock by
applying a low input to the SET or RESET inputs.

" NOTES:

1. Symbol repeated for each flip-flop.
2. Vendor identification:

Element Vendor Number

175 7474
175H 3060
175Ls 74LS74
1758 74874

3. Package pin configuration.

]
+Vee

14
VIEW
| 7
GND
(10) 255 75 -2 (9)
(12) ——CD
un2—>c ]
(13) LR ~2 ()

LOGIC SYMBOL

PIN
4 (10) 1

2 12)___[51 .
3(||)||||||||5

1 (13) ' |
5 (9) . M
e (&) L[ LI

TIMING SEQUENCE

4,10(SET)

1,13(RESETIO- 1 1 05,9

3,11 {CLOCKD > 9

2,12 (DATA) O—

FUNCTION DIAGRAM
(EACH FLIP-FLOP)

175
Rev B
Sheet 1 of 1

175



DESCRIPTION

The 176 circuit is a dual differential line driver.
This circuit accepts a DTL or TTL logic signal and
transmits it over a differential line pair. "On" state
output current is typically 12 mA. "“Off" state output
current is 100 uA max. The output common mode
voltage range is -3V to +10V with respect to the

circuit ground.

NOTES:
1. Type 176 Vendor identification: 75110

2. Package pin configuration.

TOP VIEW
\ l4+5v
n-5v
GND 7 8
| —— » 13
& X/Y
2 —— ,> 12
f P
&
10
N 8
8 X/Y
L 9
4
&

FUNCTION DIAGRAM

LOGIC INHIBIT *
INPUTS INPUTS OUTPUTS c%lr{JBIPTL:ch
1,5 2,6 3,4 10 9, 12 8,13
IORO |IOR O 0 1 OR O | |
JORO |[IOR O |1 0ORO 0 , | |INHIBITED
0 I OR O i i 0 1 ACTIVE
| OR O 0 ) | 0 | DATA
! ! ! I ! 0 STATE

% LOW OUTPUT REPRESENTS THE CURRENT ON STATE.
HIGH OUTPUT REPRESENTS THE CURRENT OFF STATE.

TRUTH TABLE

176

lOfF3

DRVR
176 b
| i
— | xsy
2l & F2,3-—I§—-/——L
3 12 |
F2  F2,3
5 xnr23 P
6 F|,3-§_’i
= 9
4 Fi F|,3.l_/_l_
OR
Of¢3
DRVR
176 o
N X/Y
NE Fz,s-'z—-PL
—
—3r2 F2,3->'3—f—3,|§
_SB X/Y
e |=|,zs—9—"—‘|L
—3ry F|,3—i4—>|¢

LOGIC SYMBOL

s_ 1l
o]
Eos I
12 L

Il -0ON'T CARE CONDITION

TIMING SEQUENCE

176
Rev D

Sheet 1 of 1



DESCRIPTION

Element 180 consists of two positive NAND
drivers with a common strobe (G), as shown in
the Basic Symbol. The package also provides
two high-current, high-voltage n-p-n transis-
tors with separate pin-outs. The representa-
tion of the transistor-only function depends
upon how each transistor is connected (see

Supplemental Symbols).
NOTES:
1. Vendor identification: 75450A

2. Package pin configuration and functional
diagram:

28 2C 2| suB

[1] [o] [o] [e

=

] Is] Lef Lo

B IC IE GND

N
<
m

Ve 2A

[14] [o]

|

®

c— L5

N
£
o0

b3
=

180

X/ Y
4 7| 180 _3__,L
1]
12
13nd 7
OR
—2Txsv
al 180 >3_7I_
6!
t _ (12 /
13

BASIC SYMBOL

X/Y
180

X/Y
180

et
£ ey

1478,

o e ey
=R
-16,7,8,9

GROUNDED EMITTER

GROUNDED BASE

+5v
T5.I0
X/Y
/| 4 180 +6 /
AL +9 [

T 78

EMITTER FOLLOWER

SUPPLEMENTAL SYMBOLS

180
Rev A
Sheet 1 of 1



DESCRIPTION

Circuit type 182 is a 4-bit binary counter. During
the count operation, transfer of information to the
outputs occurs on the negative-going edge of the
clock pulse. The direct clear (pin 13), when taken

low, sets all outputs low regardless of the states of (23) L cD -—IZ(QD)
the clocks (pins 8 and 6). The 182 is fully program- (22)-—3———4 cD ——i(oc)
mable; that is, the counter may be preset (21 19 cD ——Q—(QB)
to any state by placing a low (''0") on the count/load 8 CNTR
input (pin 1) and entering the desired data at the 182 l.
inputs. The outputs will then change to agree |?l> c
with the data inputs independent of the state R
of the clock inputs. This allows the 182 to ,6—52 +1 ‘
be used as a 4-bit latch (register applica- |
tion) by inactivating the clock inputs and (29) . cD : (@)
using the count/load input as a data strobe. . 8 C>T

R

NOTES:

1. Vendor identification:

Element Vendor Number
182 74197,8291
1828 82591

2. Package pin configuration.

LOGIC SYMBOL

Vccm 8
fode
VIEW
! TenD
OUTPUT PIN
COUNT [ 1 1
NT [aolaclaal o : I 3UL: GATE [')}\JPUTS
137 L
? 18181819 8 | g MGTTSET REG TO ZERO
2 |ojoli]o s6_r1L 1L Lo 4 I
3 |olo]|I]1 L o4 J
4 ol1]olo 9 1 1 : 5 I 1 [
5 J|oll|o}fl 2__ . o_Ir -
6 |o|li]i]o : -
7 |o|t |1} 12 e S I
s 1S 9019 COUNTER z —_—
o fifofir] - b
2 |[i1]{1]ofo e
550 REGISTER
15 BERERN APPLICATION

TRUTH TABLE
(WITH PINS 5 AND 6 WIRED TOGETHER)

182-1

TIMING SEQUENCE

182
Rev B
Sheet 1 of 2



CONNECT PINS 5 & 6 FOR 4-BIT COUNTING, USING DATA INPUT A.
AS A 3-BIT COUNTER, DATA INPUT B IS USED. FIRST STAGE MAY
THEN BE USED AS AN INDEPENDENT DATA LATCH IF COUNT/LOAD AND
CLEAR FUNCTIONS COINCIDE WITH THOSE OF THE COUNTER.

|
| . |
| DATA A o — 8 l’_‘ o
| CcouNT/LOAD o | ] I
| PRESET | ¢l
| ;oS00
| cLEAR o ' CLEAR
. 8
| CLOCK | o
| iy
10
DATA B o
= T +— a F
———————— : PRESET| o
p—-0
cLOCK 2 o8 4r s Qe
CLEAR
DATA C o>
200
1!
DATA D o
PRESET] |2
| J,  9o—°a
CLEAR

FUNCTION DIAGRAM

182
Rev B
Sheet 2 of 2
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DESCRIPTION

The 188 circuit consists of one 4-input and

L LN
three 2-input positive NOR gates. 13 13
| wl 1 AR = 8 12
21 ss Ld SN
NOTES : 15 IS
1. Symbol sections may appear separately. 2 | 4 2 4
3 . OR 3 N —
2. Vendor identification: 9015 P
- 5 7 5 N
3. Package pin configuration. 6 S 6 |7
+Vee 6 9 &_ ° |0[ o
ToP I —— H s —
VIEW —

LOGIC SYMBOL

188
Rev C
Sheet 1 of 1

188



DESCRIPTION 1 (c]]
189 i a4 1-of-2 (2-input) 60
i i e is a qua -of- -
CJ.;‘C\.u: typ qd 15 I
exer.
multiplexe H MUX '-
When the inhibit (pin 15) is high all out- 189
puts are held low. 2 U 4
3 o]
NOTES : 5 i 7
) _ 6 0
1. Vendor identification: 0 '
Element Vendor Number 10 ———40 9
189 74157/9322 14—
— 2
189L 741157 13 0
189LS 74185157
1898 748157 LOGIC SYMBOL
2. Package pin configuration.
INPUTS
INH SEL OuUTPUT
+Vee [0} |
16 9
‘ 8‘”“’ L L L X L
GND L L H X H
L H X L L
L H X H H
TRUTH TABLE
(ANY SECTION)
L=LOW LEVEL
H= HIGH LEVEL
X = IRRELEVANT
2
a
3 1 4
a —
——
5
&
o1
6 1 7
DATA J — & —!
INPUTS "
1 & [
10 1 9
a I
’_.
14
&
*—
13 1 12
N a | ¢
>—
SELECT 1 P 1P
inHiBIT 2 4
189
Rev D
FUNCTION DIAGRAM Sheet 1 of 1

189



DESCRIPTION

Circuit type 191 is a BCD-to-decimal (l-of-
10) decoder. Four active-high BCD inputs
provide one of ten mutually exclusive active-
low outputs. Whén a binary code greater. than
9 is applied, all outputs are high. This
facilitates BCD to decimal conversions and
eight-channel demultiplexing and decoding.

The 191 circuit can serve as a one-of-eight
decoder with the D input acting as the active-
low enable. Eight-channel demultiplexing

then results when the desired output is

" addressed by inputs A, B, and C.

NOTES:
1. Vendor identification: 9301

2, Package pin configuration.

+tVee

9 7

X—>Y .

pcor K

(D) 2 s 'O o4

(c) 1—Ja 5P~ 3

(8) 14—2 a9

(A) 15 I 3P~—0

'E';\:m{w — 2b>—

VALUE N N

OUTPUT /'0>—I3
DECIMAL

VALUE

Lo ("0") oUTPUT

(OTHER OUTPUTS='I

PIN

nn

VIEW
| 8
GND
INPUT PIN
2 I |14 |15
O] o] oo
ol o] o |
o | o I 0
o] o ! |
0 [ o | o
0 | 0 |
0 | 1| o
0 | | [
I o | o]l o
I o] o I
[ 0 | o
| ) I I
! [ o | o
| [ o I
1 [ 1 | o
| | | |

XEKXKXKK~NOOHL WO

% =ALL OUTPUT PINS HIGH
TRUTH TABLE

191-1

LOGIC SYMBOL

191
Rev B
Sheet 1 of 2



INPUT
PIN

15

14

2

OUTPUT

x (BINARY)
A g F~—00UTPUT 0
INPUT A O— i)
A
A B S 0OUTPUT |
L g
B
X
g S~ o0UTPUT 2
3
B g ~S—00UTPUT 3
INPUT B O—— + b
X
B g ™ OoOQUTPUT 4
B
z g ™0 QUTPUT 5
INPUT C O- ’ o
X
h © 8 S 00UTPUT 6
)
5 8 P~—ooutpPuT 7
INPUT D O—| B
D S0 0UTPUT 8
[~ D
A
2 S O0O0UTPUT 9
D

FUNCTION DIAGRAM

191-2

13

PIN

191
Rev B
Sheet 2 of 2



DESCRIPTION

The 193 circuit is a two-section retrigger-
able monostable multivibrator. Triggering

the input before the output pulse is termi-
nated extends the output pulse duration. The
overriding clear input (pin 3/11) immediately
terminates any output pulse.

Successive inputs having a cycle time shorter
than the delay time produce a constant high
output from pin 13/5.

NOTES:
1. Vendor identification: 74123

2. Package pin configuration.

+Vee

16 9
) TOP
VIEW
] 8
GND

PIN

RETRIGGERS
to(9) | I I |||lJ |

2 (10) M T

3 (1)

xS Oaxuse U
13 (5)

(12) [ |

I I

PULSE DURATION IS A FUNCTION OF THE RC
TIMING NETWORK.

4
*
(D OUTPUT HELD HIGH DURING RETRIGGER PULSE.

OUTPUT TIMES OUT FROM EDGE OF LAST
TRIGGER PULSE.

TIMING SEQUENCE

193

TIMING
NETWORK
Na 1is
AN
=l A
2_
193
N L
9 8 5
10—
1n—IR 2
R
TIMING
NETWORK

LOGIC SYMBOL

INPUT PINS OUTPUT PINS
1{9) 2(10)| 13(5) 4(12)
H X L H
X L L H
L 4 |ITL U
J H M LJ
TRUTH TABLE
I—B"’l—‘_
2 | @ ob——13
Q—4
3 CLEAR
9 1 [
&
10 Q—>5
Q}——12
1 CLEAR

FUNCTION DIAGRAM

193
Rev B

Sheet 1 of 1



DESCRIPTION

The 195 circuit is a dual retriggerable
monostable multivibrator. Input pins 4 and
12 trigger on the positive-going edge of the
input pulse and pins 5 and 11 trigger on the
The 195 circuit will

retrigger while in the pulse timing state

negative-going edge.

(pin 3/13 high) and the end of the last pulse

will be timed from the last input. A low
level to the reset input (pin 3/13) resets
pin 6/10 to low levelkand inhibits data in-
puts.

NOTES:

1. The full timing network would be shown

on the logic diagram.

Vendor identification: 9602

3. Package pin configuration.
+Vee
16 9
TOP
l 8
GND

H = high level (steady state), L = low level
(steady state), # = transition from low to
high level, ¢ = transition from high to low
level,J L = one high-level pulse, LJ = one
low level pulse, X = irrelevant (any input,

including transitions).
5. Output pulse width ( t) is defined as follows:
0.7
Rx

Ry is in k@, Cx isin pF tis inns

t=0.32 Ry Cy [1+

INPUT PINS OUTPUT PINS
5(11) 4(12) 3(3)] 6(7) 10(9)
v v o wa |JLLT
TR I B
X X L L H

TRUTH TABLE
(SEE NOTE 4)

195

PIN

7

% PULSE DURATION IS A FUNCTION OF THE
RC TIMING NETWORK.

TIMING
NETWORK

T

T

5 6
4_1 111
3 N R 195 N 7
LEN |10
S
I_s_h.‘R 195 ~ 8
\LIS \1,|4
TIMING
NETWORK
LOGIC SYMBOL
4
-
5
2 e gt
12
Q 10
H
3 R 65_9_
FUNCTION DIAGRAM
|LI U RETRIGGER
|
AT
]
| | | l I
> ¥uS (e | »{%us
L U I
J___

P

I

TIMING SEQUENCE

195
Rev B

Sheet 1 of 1



DESCRIPTION

The 200 circuit is a hex inverter buffer/

driver with an open-collector output. | X/Y N2 | X/Y _ 2
200 200
NOTES: - 3 | N4 3 _ 4
1. Symbol sections may be shown separately.
5 6 5 6
2. Vendor identification: 7406 - - = i
OR
3, Package pin configuration. 9 .8 9 N _ 8
+Vccl4 8
TOP ' 1 D 10 S _ 10
VIEW
| 7
GND 13 N2 13 12
LOGIC SYMBOL
200
Rev B.

Sheet 1 of 1

200



DESCRIPTION

The 201 circuit is a quad, 2-input, positive

AND gate. Version 201C provides open-
collector outputs.

NOTES:

1. Symbol sections may appear separately.

2. Vendor identification:

Element

201
201H
201L
2011s
201cC

Vendor Number

7408
74H08
74L08
74L508
7409

3. Package pin configuration.

TOP
VIEW

GND

201

OPEN - COLLECTOR MODIFIERS
APPLICABLE ONLY TO 20IC.

/

LN N A
8 1
201 Y| 2;>\->¢L
2N
6 A L6
T or 2n )
SN
-8 0 N
" LIN i
B
- S—— |3 -
LOGIC SYMBOL
INPUT | OUTPUT
00 0
ol 0
10 0
[} ]
TRUTH TABLE
(FOR ONE GATE)
201
Rev C

Sheet 1 of 1



DESCRIPTICN

; fe 4 A— 8 4
The 202 circuit is an quad, 2-input,positive ! ¢ OR
NAND gate with an open-collector output. -
B—— 202 —IN 202
NOTES: -
LOGIC SYMBOL
1. Symbol repeated for each gate.
2. Vendor identification:
Element Vendor Number
202 7403
202H 74H01
|_.__d
202Ls 74LS03 SECT 3
2028 74503 : » A
3. Package pin configuration.
q ——
SECT
+Vee 14 8 B —--6
_ 0 & ——o
TOP
VIEW
9_——
' 7 6nD SEé:T s
10 —
12—
SECT
D 1"
13—

FUNCTION DIAGRAM

-=-—00|>
-0=-0|®

c
|
|
i
o

TRUTH TABLE

202
Rev B
Sheet 1 of 1

202 1



DESCRIPTION

The 203 circuit consists of six individual

inverters with open-collector outputs. Each

output must be connected to an external pull- | 1 » 1
up resistor tied to VCC. Each inverter per- A—— 203 EL"-Y A—In 203 2y
forms the function Y=A.
A~_Jl Li_y A_éb. _i__y
NOTES: A—3 S or A 1N ey
1. Symbol sections may appear separately. A—2 N8y A2y B—v
. . o A—H oy At e —v
2. Vendor identification:
A—3 ARV A 2y
Element Vendor Number
203 7405
203H 74HO5 LOGIC SYMBOL
203LS 74LS05
203s 74805
3. Package pin configuration:
[] 14 Vee
2 3
3 12
4 ]
] 10
] -]
@ND 7 8
203
Rev A

203

Sheet 1 of 1



DESCRIPTION

The 2058 circuit is a 4-2-3-2-input AND-OR-
INVERT gate.

NOTES:
1. Vendor identification: 74S64

2. Package pin configuration:

| 14 Vee

GND 7 1]

205

r\sla_

|

|6|w|m Ln|a|u‘m

205

205

?kkkﬁkbkb?-

LOGIC SYMBOL

205
Rev A
Sheet 1 of 1



DESCRIPTION

Element 206 is an 8-input,positive NAND

gate.

NOTES:

1. Vendor identification:

Element Vendor Number
206 7430
206H 74H30
206L 74L30
206LS 74LS30
206sS 74830

2. Package pin configuration.

+ Vec
14

TOP
VIEW

GND

206

L

206

b bbbl

206

LOGIC SYMBOL

2
3
4
5

12—

206
Rev B
Sheet 1 of 1



DESCRIPTION

The 207 circuit is a dual, 4-input; positive
NOR gate with a separate strobe input (G) for -

N
each section. ! | |
2 207 2 207
NOTES: 4 .6 4n | & 6
1. Symbol sections may appear separately. 5 S
2. Vendor identification: 7425 63 6 —2
3 Package pin config ration 2 OR 2
. g u :
¢ : 10 TN
12 N8 12 8
| 14 Vece __l.3.. ___B‘B
Glhﬂ—‘ G_lh>
GND 7 8
LOGIC SYMBOL
A 8
8
8
- ] 1
[ Y
[
INPUTS OUTPUT 8 __J
-
AlB|C G Y
H{X|X|X|H L
X|{H|{X]|X]|H L &
X|X[{H}X|H L
X|X|X|H]H L
Licjejxy M FUNCTIONAL DIAGRAM
XX {x|xjL H (HIGH ACTIVE LOGIC)
\
TRUTH TABLE ,
207
Rev B

Sheet 1 of 1
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DESCRIPTION

Type 208 is a dual, 4-input, positive NAND

gate.

NOTES:

1. Symbol sections may appear separately.

2. Vendor identification:

Element

208
208H
208L
208LS
208s

3. Package pin configuration.

2088

L
2
4 |
5 |
2
10
12
Vendor Number 13
7420
74H20
74L20
741520
74820
+Vee 4 8
VIEW
! 7 6nD
INPUTS |OUTPUT
A B COD E
0 00O !
0 0 O 1 |
O 01 O |
00 | 1 |
Ol 00 |
o1 0 1 I
Ol 1 0 |
(o I I 1
I 0 0O |
I 0 0 | |
I O 1 O |
I ¢ I | |
I 1+ 00 |
| R O I | I
| I I B 0] I
| | 0

TRUTH TABLE

208

N
2 1
N 6 6
An] 208s
5
OR 9 N
10
8 —I 8
13
LOGIC SYMBOL
208
Rev B

Sheet 1 of 1



DESCRIPTION

|
The 209 circuit is a 4-wide, 2-input AND-OR- 13 & 1
INVERT gate. Expander gates can be connected > | | 209
to pins 11 and 12, otherwise these pins are
left open. 3 &
4 N 8
NOTES : 5 8 P~ =
1. Vendor identification: 4 :;
10
Element Vendor Number I ||
209 7453 :f 12 ]E
209H 74H53 .
OR
2, Package pin configuration. L p
ENE &
2 |1 209
Vee —
14 8 3 |
1 — 0N
TOP 4 n 8
VIEW 5 N | —
U u -
! 7 — %
GND 10 !
(VN
/12 ]E
LOGIC SYMBOL
PIN
EXPANDER [ !!
INPUTS 12
INPUT PINS OUTPUT
132 9 |1w0fa4 |5 8 '— &
Hln | x| x| x| x|x]|x L 13—
X | x |HlH] X ]| X ] X]|X L 2 PIN
8
X X X X H H X X L N
3 1A 8
X X X X X X H H L 1
Ll x| o x| x|{ue|[x H 9 &
10 —
H=HIGH LEVEL
L=LOW LEVEL 4 ——
X =EITHER HIGH OR LOW LEVEL 5 &

TRUTH TABLE
FUNCTION DIAGRAM

209
Rev C
Sheet 1 of 1

209



DESCRIPTION

The 210 circuit is a quad, 2-input, positive
NAND: buffer. The buffered output provides a
maximum fan-out of 30 for each section.

NOTES:
1. Symbol sections may appear separately.
2. Vendor identification: 7437

3. Package pin configuration:

i 4 Vee

GND 7 e

210

210

b bk Ll LI L

F P kbbb |

1

210 3
6
8
11

210

Rev A

Sheet 1 of 1



DESCRIPTION

The 212 circuit is a dual, 4-input, positive

AND gate.
The AND function is: Y=ABCD A—] Py A—Inl 1
______ 2 212 2, 2i2
The OR function is: Y=AfB+C+D B—= 6 B —=I 6
NOTES c—2 c—
: ) p—23 - p—2n
1. sSymbol sections may appear separately. A 9 OR A —On
10 10
2. Vendor identification: B8 8 B —1 CHR
D 12 - c 12,
Element Vendor Number £ 13 £ 13
212 7421
212H 74H21
3. Package pin configuration: LOGIC SYMBOL
[} 14 Ve
2 13
3 12
4 (1]
s [+
[ ] 9
GND T 8
212
Rev B

212

Sheet 1 of 1



DESCRIPTION

Element 213 is a triple, 3-input, positive
AND gate.

NOTES:
1. Symbol sections may appear separately.
2. Vendor identification:
Element Vendor Number
213H 74H11
213Ls 74LS11
213s 745811

3. Package pin configuration:

] 14 Veo

GND 7 8

213

| 8 I |
2 213 12 2 B 213 K 12
13 [ENEN
3 3
4 60R4 .6
5 5 B
9 | >IN
10 8 10 _n 8
1] [ 1IN
LOGIC SYMBOL
213
Rev A

Sheet 1 of 1



DESCRIPTION

Circuit type 216 is a tri-state,quad,2-input
buffer. Each buffer section has a control
input and data input. A low level at the
control input pin enables non-inverting data
to pass through from the data input pin. A

high level at the control input pin switches

the buffer to the high impedance state, thus
inhibiting signals applied to the data input
pin. Input data applied to the buffer out-
put pin also sees a high impedance; this is
significant in applications that transmit in
both directions on a common line.
NOTES:
1. Symbol sections may appear separately.
2. Vendor identification: 8093

3. Packaage pin configuration.

Vee
14
i

TOP

E, VIEW
P

GND

— o

216-1

—2 | 1
216 3
-
3 6
_.i_£>p F
9
— L8
10 N
12
— I
RN F

LOGIC SYMBOL

DATA |CONTROL| OUTPUT
PIN 2 PIN | PIN 3
| o] |
0 (o} o
X | Hi-2

X=EITHER HIGH OR LOW LEVEL
Hi-Z =HIGH IMPEDANCE STATE

TRUTH TABLE
(FOR ONE SECTION)

216
Rev B
Sheet 1 of 2



PIN—/ 14 13 12 1 10 9 8
Vce CONTROL DATA QUTPUT CONTROL DATA OUTPUT

|
_

CONTROL DATA OUTPUT CONTROL DATA OUTPUT GND
PIN—/ | 2 3 4 ) 6 7

FUNCTION DIAGRAM

216
Rev B
Sheet 2 of 2
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DESCRIPTION

Element 218 is a quad, 2-input, positive

OR gate.
| |
J—— A 3 — N ‘8 3
NOTES: | 2| 28 [ 2] 28 P
1. Symbol sections may appear separately. 4 45
5 6 5 N6
2. Vendor identification: —] oR —2D
9 9
Element Vendor Number 18 — N8
— = 10 10
218 7432 12 i 12 "
218H 3003 13 — EN ~—
218LS 74H32
3. Package pin configuration.
L.OGIC SYMBOL
Yec 14 8
! 7 GND
218
Rev B

218
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DESCRIPTION

The 220H circuit is an expandable, 2-wide, po-
sitive AND-OR-INVERT (AOI) gate. The number

of inputs can be increased by an external "ex- |

A— 1 A—In 8
pander" circuit (e.g. 214H) that, in essence, B 2 XXX B 2 XXX
shorts inputs X and X. If the expansion fea- 3| & c_3 1
ture is not used, X and X must be left open. OR
For AOI, the circuit function is: g— 19 SCHERY LN 8
S 11 1]
Y=ABCD+EFGH+X. F—q F—,
G 12 G 12
i it function is:
For OAI, the circuit i H—13 Hi3
Y= (A+B+C+D) (E+F+G+H) X. — —_ p—
( VLI JE x#]E
NOTES : x5 X2
1. Vendor identification: 74HSS5
2. Package pin configuration: LOGIC SYMBOL
1 14 Vee
2 13
3 2
4 n
5 10
[ 9
GND 7 (']
INPUTS ouTPUT|
A{BIC|D FIG|H]X Y
XIX|X|X]X|[X]|X]|X]H L
X|X|X|X]JH|{HjH|HI]X L
HIHIH|H]X|X[X]|X]X L
L|X|X|[X]|e—Z—|L H
X{L{X|[X]| *=—Z—>|L H
X|X|L|{X| «=—Z—> |L H
XX |[X|[L] «=—Z—> L H
«—Z7Z—> |L|X|X|X]|L H
77— | X|L|X|[X]L H
-7 | X | X|L|X]L H
-—Z—>> | X|X|X|L}L H
H = HIGH X =DONT CARE
L= LOW Z = ANY INPUT LOW
TRUTH TABLE
(AND-OR - INVERT ONLY)
220
Rev A

Sheet 1 of 1
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DESCRIPTION

Element 222S is a guad, 2-input, positive Ex-
clusive OR. The 222S may also be used as an
equivalence gate for low-active outputs.

NOTES:
1. Symbol sections may appear separately.
2. Vendor identification: 82541

3. Package pin configuration:

| 114 Vee

GND 7 8

o |5 o o jo cnIN

A| B C
00 {|O
| (o] |
0 | |
| 1 0

TRUTH TABLE

222

FUNCTIONAL DIAGRAM

(ONE SECTION)

|
2228 3 2225 K3
_ 2]
4 —2) 4
OR 6 =
10 —& 10
9
Il —12 L 11
13}
LOGIC SYMBOL
1 K
&
D
N 1 c
&

2228

Rev A
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DESCRIPTION

Element 223 is a dual, 2-wide, positive AND-
OR-INVERT gate.

NOTES : —2 i N Y
3| &) 223 3] 1| 223
1. .Symbol sections may appear separately. - 6 ] 6
4 ar
2. Vendor identification: 5| 8 B
Element .Vendor Number —9 OR _5n]
10 10
223L 74151 ) ﬁ‘*
223p 74LS51 . - 8 *B__ 8
| IS
3. Package pin configuration: 12 12p
13 13
t 14 Vee
LOGIC SYMBOL
GND 7 8
223
Rev A
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DESCRIPTION
The 224 circuit is a triple, 3~input, posi-

tive NOR gate.

NOTES:
1. Symbol sections may appear Separately.

2. Vendor identification:

Element Vendor Number
224 7427
22418 74LS27

3. Package pin configuration.

Vce
14 8
n i
P TOP
VIEW
1] u
| 7
GND
INPUT OUTPUT
12 13 12
O 0 o ]
o o0 | 0
o | o0 0
o 1 i 0
! 0 O 0
10 | 0
] 1 0 0
r i 0

TRUTH TABLE
(FOR ONE GATE)

224

224

“

zeq4 | 12

K”
o
P+l

P ERE

4
r

LOGIC SYMBOL

224

Rev C
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DESCRIPTION

Element 225H is a positive AND-OR-INVERT gate
with a 2-2-3-2 input configuration.

NOTES : — ! 1 TN B
: 13| & 225H 130 | 225H
1. | Vendor identification: 74H54 ] -
2 2N
2. - Package pin configuration: 3| & 3] !
' A 8 oR N 8
5] & TN
] 14 Vee 6 6
—9 ] o]
__lo] & _on ]!
GND 7 8
LOGIC SYMBOL
225
Rev A

Sheet 1 of 1
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DESCRIPTION

Element 226S consists of two 5-input positive

NOR gates. I Y 1 n
NOTES : —2n] 2268 2] 2ees
3 5 3
1. Symbol sections may appear separately. : ] 2
12 __12]
2. Vendor identification: 745260 13; OR 13
3. Package pin configuration: TN 4
8 8
_S_B 6 9l :6
[} 14 vee 10 10
ELN —_u
GND 7 8
LOGIC SYMBOL
226
Rev A

Sheet 1 of 1
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DESCRIPTION

Element 228S is a dual, 2-wide, 2-input AND-
OR-INVERT gate.

NOTES:
1. Vendor identification: 74S51

2. Package pin configuration:

+Vee 14 8

TOP
VIEW

GND

228

o
[+

10

(7]
®

228

OR

n

L

w

- 228

LOGIC SYMBOL

228
Rev D
Sheet 1 of 1




DESCRIPTION

Element 229 consists of four 2-input AND gates

with open-collector outputs.

NOTES
1.
2.

Symbol sections may appear separately.

Vendor identification:

Element Vendor Number
229LS 74LS09
2298 ) 74509

Package pin configuration:

' J14 veo

GND 7 8

229

229

FFE bk bbb

—r =
N 229 3
2
9
ks le
oR —>
-9
N8 I8
0
12
N U ([
13
LOGIC SYMBOL
229
Rev A

Sheet 1 of 1



DESCRIPTION

: . . A — 8 —In
Element 230LS is a triple, 3-input, positive 230LS 230LS
] 2 _ki2 2n LS |2
NAND gate with open-collector outputs.
13 13
NOTES: 3 OR 3
1.. Symbol sections may appear separately. —4 i NG _4n -&
5 Sk
2. Vendor identification: 74LS12
9 /N
3. . Package pin configuration: 10 _ks8 10x _Is
1 N
Vee 4 8
I 7 6ND LOGIC SYMBOL
230LS
Rev A

Sheet 1 of 1
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DESCRIPTION

The 242H package consists of two edge-triger-
ed J-K flip-flops with asynchronous set (S)
and clear (R) inputs. Data from the J or K
inputs is loaded into the FF when the clock
is high, -and is available at the outputs when
the clock goes low.

Data at J and K may change while the clock is
hlgh but must be stable for a period of 13
nsec prior to the clock going low.

Data at the S and R inputs will override any
clocked data inputs, providing that the S or
R data is stable for 2 minimum of 16 nsec.

NOTES:
1. Symbol sections may appear separately.
2. Vendor identification: 74H106

3. Package pin configuration:

| 118 Ve
2 15
3 114
4 3
5 112
8 1]
T J o
eND @ 19

242-1

+5V
s I5
SET > S a2y 0
—Hey
cLock—b6
Kk —8fek
RESET—2R 14 5
SET—Ns H q
s —gy
cLOCK—E>6
k—216k
RESET—2NR 10 3
I3
LOGIC SYMBOL
INPUTS | OUTPUT
Tn Ta+1
J |k Q
L L Qn
L|n L
H|L H
H|H Qn
Tn = BIT TIME BEFORE
CLOCK PULSE
Tn+ 1=BIT TIME AFTER
PULSE
TRUTH TABLE
242H
Rev A

Sheet 1 of 2



FLIP-FLOP |
_l_____
8 A ' a

@iESET L : T & 1 Q @
16 =

iy

@}jET 1
@ =l o

K — &

M
m
h 4

: FLIP-FLOP 2 _—0@
@ CLOCK

O _
X . —©

FUNCTIONAL .DIAGRAM

2421
Rev A
Sheet 2 of 2
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DESCRIPTION

seT—s E—a
The 243 package consists of two Schottky-type, 3 243
edge-triggered flip-flops with asynchronous J i 6J
. CLOCK—I>6
set (S) and clear (R) inputs. Data from the >
J and K inputs is loaded into the FF while K 5 6K 6
. : ; : RESET—2NR ]
the clock is high, and is available at the 10
SET—INs F——Q
outputs when the clock goes low. I
J—GJ
Data at J and K may change while the clock is CLOCKjB>G
high, but must be stable during the input set- KL GK
up time, which is just prior to the clock go- ReseT—3NR N 5
ing low. Typical set-up times are 10 nsec
for the 243LS, and 3 nsec for the 243S.
Data at the S and R inputs will override ény LOGIC SYMBOL
clocked data (J-K) inputs. '
NOTES: INPUTS | OUTPUT
Tn Tn+l
1. Symbol sections may appear separately. v]k] a TRUTH
L{L] an TABLE
2. Vendor identification: L|H L
: H{L H
3 Element Vendor Number HiK]| Qn
243LS 74LS112
2438 748112
3. Package pin configuration: FLIP-FLOP |
8
| 16 Vee @ J a ; a
g [;i @RESET — @
4 i3 Y
s 2 cLOCK - —J
L .
7 N © Lﬁ
GND 8 9
8
) SET s 1 6@
(2}L a
O-L— FLIP-FLOP 2 O
RESET
@ CLOCK
SET
: K Q @

FUNCTIONAL DIAGRAM
(EITHER SECTION)

243

243
Rev A
Sheet 1 of 1



DESCRIPTION

Element 300 is a high-gain operational ampli-

+I15V
fier mounted on a single chip.
7
Pin Function —2 N '
2in Zunceion o |e
1 Input Frequency Comp. 3 300
2 Inverting Input T8 Tacls
3 Non-inverting Input t ‘ 'lnl j
4 -V (Connected to Case) FREQUENCY ~!5V FREQUENCY
5 Output Frequency Comp. COMPENSATION COMPENSATION
6 Output LOGIC SYMBOL
7 +v
8 Input Frequency Comp.
NOTE:

1. Vendor Identification: 709C

PACKAGE PIN CONFIGURATION

300
Rev. D
Sheet 1 of 1

300



DESCRIPTION

Element 301 is a frequency compensated, high
gain, operational amplifier.

Pin Function

1 Offset Null

2 Inverting Input

3 Non-inverting Input

4 -V

5 Offset Null

6 Output

7 +V

8 Not Used (no connection)
NOTE:

1. Vendor Identification: 741C

PACKAGE PIN CONFIGURATION

301

+I5Vv
7

2o Jg
3 301

ll 15 ;4,c
NULL ~I5V

LOGIC SYMBOL

301
Rev. C
Sheet 1 of 1



DESCRIPTION

Element 302 is a high performance, wide-band
amplifier with differential inputs and outputs.
Fixed gains of 100 and 400 are obtained by
jumpering gain select pins 3 and 10, or 4 and
9, respectively. A gain of 10 is realized if
the four gain select pins are left open.

Other gains within this 10-400 range may be
obtained by using an external resistor. Emit-
ter-Follower outputs provide low output imped-
ance for driving capacitive loads.

NOTES:
1. Vendor identification: 733C

2. Package pin configuration:
(pin 5 connects to case)

5
% 7 %0
ol
10 6o
O 7
38 C

302

GAIN
SELECT , v

L

,z'n 7
302
—N N

3 l|o ls,c
e -6V

GAIN
SELECT

&

LOGIC SYMBOL

302
Rev B
Sheet 1 of 1



‘-DESCRIPTION
Element 304 is a high-speed, high-gain oper-
ational amplifier for use where fast signal
acquisition or wide band width is required.
The 304 features fast setting time, high
slew rate (100 V/us), low offsets and high
output swing for large signal applications,
NOTES:

1. Vendor identification: uA715C

2. Package pin configuration:

02 60
(o] 70

304

,-J;\Hsv = (E

bl te )

34y
Yo 6
4 304
l7 llo rs
L—F~J -5V

E=EXTERNAL COMPONENTS
F=FREQ COMPENSATION

LOGIC SYMBOL

304
Rev A
Sheet 1 of 1



DESCRIPTION

high gain, operational amplifier.

g
-
=}

Function

Inverting Input A
Non-inverting Input A
Offset Null A

-V

Offset Null B
Non-inverting Input B
Inverting Input B
Offset Null B

+V (B)

Output B

No Connections

Output A

+V (A)

Offset Null A

O 0O N LW N l

[ el =
I

NOTE:

1. Vendor Identification: 747C

+Vce

TOP
VIEW

' 7 6ND

PACKAGE PIN CONFIGURATION

Elemerit 306 is a pair of frequency compensated,

306

NULL  +I5V
( [ rur
hado bs

b

rzo 2
2 306

5 Is |4
P ey
NuLL —ISV

LOGIC SYMBOL

306
Rev. B
Sheet 1 of 1



DESCRIPTION

+12V
Element 307 is a differential voltage com-
parator. 8
2]
Pin Function Z>ov g
1 GND —35 37
2 Non-inverting Input 1 4,C
3 Inverting Input _L
4 -V : = -6V
5 No Connection LOGIC SYMBOL
6 No Connection
7 Output
8 +V
NOTE:

1. Vendor Identification: 710

PACKAGE PIN CONFIGURATION

307
Rev. C
Sheet 1 of 1

307



DESCRIPTION

Element 308 is a hi-slew-rate operational

amplifier.
Pin Function
1 Offset Null
2 Inverting Input
3 Non Inverting Input
4 V-
NULL COMPEN-
5 Offset Null SATION
6 Output
. vt LOGIC SYMBOL
8 Frequency Compensation
NOTES:

1. Vendor identification: 531T

PACKAGE PIN CONFIGURATION

308
Rev C
Sheet 1 of 1

308



DESCRIPTION

Element 309 is a wide-band differential
amplifier with a nominal voltage gain of 9.

NOTES :

1. Vendor identification: 3001

PACKAGE PIN CONFIGURATION

309

+6V
1 2 8
29
313

mas oV
NETWORK
LOGIC SYMBOL

309
Rev C
Sheet 1 of 1



DESCRIPTION

Element 310 is a dual differential-voltage
comparator. Maximum common-mode input volt-
age range is *7 V. Maximum differential
input voltage range is *5 V. A minimum dif-
ferential input voltage of 5.0 mV is required
to switch the output.

NOTES
1. To show symbol sections separately,
duplicate the Vo~ and Vgg pins (2 each)
and Ground symboi for each section.

2. Vendor identification: MCl414

3. Package pin configuration:

I 14 Vgg
Vee 3
11 GND
10 Ve
Vee 7 8

2V
3 i
5 > Q
>0V
S N T30 ofE—u
—#—2 g
12
I3 N GI #*
-2 g
J. 17, 14
= -6V
LOGIC SYMBOL
DIFFERENTIAL STROBE
INPUT (G) [OUTPUT
Vip 2 5.0 mV L L
> .
b = m H H
L L
-5.0 mV < VID< 50 mV
H ?
Vip < —5.0 mV L L
-. m
b= H L
? = INDETERMINATE OUTPUT
TRUTH TABLE
310
Rev B

310

Sheet 1 of 1



DESCRIPTION

Element 313 is a frequency compensated, high

gain, operational applifier.

Pin

1

0 N o W

NOTE:

Function

Offset Null
Inverting Input
Non-inverting Input
-V

Offset Null

Output

+V

Not Used (no connection)

1. Vendor Identification: 741

PACKAGE PIN CONFIGURATION

313

+15V

L

xo |g
3| 313

1 |5 |4C
Ve
NuLL -8V

LOGIC SYMBOL

313
Rev. D
Sheet 1 of 1



DESCRIPTION

Element 315 is a wide-band amplifier for fre-

quencies up to 200 MHz.

NOTES:

1. Vendor identification:

CA3040

2. Package pin configuration:

fo————— —
|
|
4 O
|
|
INPUT |
|
|
I JemTTeER
GO_I FOLLOWER
TO
| ALL
I STAGES
I T
|
| BIAS
CIRCUITS
|
I
L =
5111 3789
C——d
SUBSTRATE

(-v)

FUNCTIONAL DIAGRAM

315

+6v

|

4 10
Y 36
315
Sy fl2
11 17 13 19 la vls,u
-6V
BIAS
CONNECTIONS
LOGIC SYMBOL
1
EMITTER ! o
‘OLLOWER | !
1
|
| OUTPUT
I
I
EMITTER I 2
FOLLOWER .
)
|
|
|
[
|
|
315
Rev A

Sheet 1 of 1



DESCRIPTION

Element 316 is a wide band, unity-gain cur-
rent amplifier capable of providing peak
currents of #200 mA into a 50-chm load. The
symmetrical class-B output provides a con-
stant low output impedance for both the
positive and negative slopes of the output
pulses.

Separate connections are provided for + (Vecc)
and - (VEE) voltages to both the input and
output stages (see electrical schematic
diagram). This increases the versatility

of operation by allowing a decreased voltage
to be applied to the output stage (03, Q4),
thereby minimizing the power dissipation.

Typical applications: differential input/
output op amp, booster amplifier, level

shifter, pulse-transformer driver, and trans-

mission-line driver.

NOTES
1. Vendor identification: LHO002CH

2. Package pin configuration:

S
|
8l a6 |4
5
Ior

-Vi -v2

LOGIC SYMBOL

Vec Vee
4l 2
5kQ3
Q3
@ S
———0
320
INO——¢ | ouT
329
5
0
Q2 E)
5 k§d
7 be
Vee Vee
ELECTRICAL
SCHEMATIC
DIAGRAM
316
Rev B

Sheet 1 of 1

316



DESCRIPTION

Element 318 is a dual, high-performance
operational amplifier.

Pin Function
1 Output A
2 Inverting Input A
3 Non Inverting Input A
4 V-
5 Non Inverting Input B
6 Inverting Input B
7 Output B
8 v+
NOTES:

1. Vendor identification: 72558

PACKAGE PIN CONFIGURATION

318

+I5v

Yo

3i8

LOGIC SYMBOL

l4

=I5V

318
Rev B
Sheet 1 of 1



DESCRIPTION

The 320 circuit is a negative voltage regu-
lator that can be programmed by an external
resistor to provide any voltage from =40 V
to 0 V while operating from a single unreg-
ulated supply. Regulation is 1 mV, no load
to full load. The full-load current of 25

mA can be increased by adding external tran-

sistors.

See page 320-2 for typical applications.

NOTES:

1.

2.

Vendor identification: LM304

Package pin configuration: (pin 10 is
unused)
O © )
@) O
O
|
10 O
Q O

320-1

8 REG
OUTPUT
320
6 >MAL 7
|
9 14 13 12 15,c
= T 0D B -V c

T = TERMINATION

D=DIVIDER COMPONENTS

8= BIAS CIRCUIT (REFERENCE VOLTAGE)
-V =UNREGULATED INPUT

C =CURRENT MONITOR

REPLACE m WITH NOMINAL VOLTAGE AS
DETERMINED BY D

REPLACE m WITH NOMINAL CURRENT AS
DETERMINED BY C

LOGIC SYMBOL

320
Rev B
Sheet

1 of 2



(—-12 V)

‘l" é."zom.
|
320
6
9 |4 3 |2 |s,¢C
324
= NC TkQ
Viy —

BASIC REGULATOR

L +
'l‘ 1,4‘5 kQ 10 uF
|
320
—5 7—-szeos
9 l4 3 2 |[s5,C
s24
= NC " k)
[
47 uf ! !
T 302 0 $68 Q

HIGH-CURRENT REGULATOR

Vout

‘———@3055

320-2

22

—

ANA

320

32.4
Tel I
- pF

Veias =10 v

7T 4.7 uF
8 i
J Vout
7 2N3740
Cc
Vin

SEPARATE BIAS SUPPLY

1

| +
3:2.5 k2 _LIOO pF -1~ 80 uF
T Toma -
| VWA
g, Vout
320
6 ; “540 1H
9 [a |3 J2 I5¢C
ot T ]
x §
2N2219 =
2.44; <=|Oo S;l\
k23 3 '/
‘F{N37IG
347 Q
Vin )
(<-8.5 V)
SWITCHING REGULATOR
320
Rev B

Sheet 2 of 2



DESCRIPTION

The 3218 is a dual differential comparator. Output
(pin 10) is high when either pin 2 is at'a lower po—
tential than pin 3 and pin 13 is high, or pin 6 is at a
lower potential than pin 5 and pin 9 is high, A low

level to pin 9 or 13 will inhibit operation of that

section,

NOTES:

1. Vendor identification: TSC 5711
2. Package pin configuration.

GND +Vee

c N ¥ N
4131211109 8

1234567
NC 4 NC
=Vee

> P

’

13,9 |
o ] M

FUNCTION SEQUENCE

321

+12V
A
I>ov
—2y 32|sG
13 +
# y 104
8N
a9 G-
2 2
= -6V
LOGIC SYMBOL
321
Rev D

Sheet 1 of 1



DESCRIPTION

Element 322 is a frequency compensated, high +I15V
speed, operational amplifier.
7
Pin Function 2 N
1 Offset Null/Compensation 1 322
3
2 Inverting Input
51 |8 |4
33 Non-inverting Input D
NULLS -
4 -V -~ ! .:5V
5 Offset Null/Compensation 3 FREQUENCY
COMPENSATION
6 Output
7 +V LOGIC SYMBOL
8 Compensation 2
NOTE:

1. Vendor Identification: LM318

PACKAGE PIN CONFIGURATION

322
Rev. B
Sheet 1 of 1

322



DESCRIPTION

The 324 circuit is a dual, internally com-
pensated, high-performance operational
amplifier.

Pin Function
1 Output A
2 Inverting Input A
3 Non-inverting Input A
4 VEE
5 Non-inverting Input B
6 Inverting Input B
7 Output B
8 Vee

NOTE:

Vendor Identification: MC1458/N5558

PACKAGE PIN CONFIGURATION

+I5V
,
NN Yoo I
3 324
5
7
RV

l4
-5V
LOGIC SYMBOL

SECTION A

o>+

SECTION B

FUNCTION DIAGRAM

324
Rev C
Sheet 1 of 1

324



DESCRIPTION

Element 326 is a high-gain operational

amplifier.
Pin Function
1 No Contact
2 No Contact
3 Offset Null
4 Inverting Input
5 Non-Inverting Input
6 V-
7 No Contact
8 No Contact
9 Offset Null
10 Output
11 V+
12 No Contact
13 No Contact
14 No Contact
NOTE:

1. Vendor Identification: 741C

+Vee

TOP
VIEW

! 7 enD

PACKAGE PIN CONFIGURATION

326

+15v
H

2o |0
326

Frr
NuLL —I5V

LOGIC SYMBOL

326
Rev. C
Sheet 1 of 1



DESCRIPTION

Element 327 is a dual-polarity voltage regu- VOLTAGE FREQ
lator for providing balanced positive and ADJUST COMP(-) +V :EFRF%J
negative output voltages at currents up to I I I NITO
100 mA. Internally, the device is set for 14 12 7
t15 V outputs, but voltage and balance pins
permit simultaneous adjustments from 8 to 20 4 >mA N TMVR 5
volts. Input voltages up to 30 V can be | 327 ¢
used, and current monitor connections provide N
for adjustable current limiting.
) —N —-mVR
For typical applications, see page 327-2. ""__—____1 _|io
NOTES L 8
—

>m
L P r
L CURRENT

1. Vv identification: MC1468L
endor identification Cl BALANCE \ MONITOR

FREQ
2. Package pin configuration comp(+) ADJUST
GND | 14 REPLACE m WITH NOMINAL VOLTAGE

AS DETERMINED BY VOLTAGE AND
BALANCE ADJUST COMPONENTS.

REPLACE m' WITH NOMINAL CURRENT
; s v AS DETERMINED BY CURRENT MONITOR
Vee EE COMPONENTS.

LOGIC SYMBOL

327
Rev B
Sheet 1 of 2

327-1



NOT TISOO pF ¢——o0+Vout
USED =
+20 V|NC b3 RSC
14 2 |7 3470
4 5
+
1.0 FF:L‘ N
= —N
10
Il
]
1.0 puF 7 _l.' 3 |2 8 s Rsc
= = * 4.7 )
NOT
1500 pF /]—\ USED
= +—°-Vour
-20 VIN o
BASIC 50 mA REGULATOR
39kfl 20k 39 kO o+V
—l- b '}' b _i ouT
= —:L j?LOpF
TISOO pF =
‘P
= 3 Rsc
+Viy ©
b 14 2 |7
3 5
N
—N
10
1l
1 3 2 8 .
Il J_ | $100 10
I 1500 pF
= $Rsc
V|N0
—t 0 —Vour
1LO ufF

T

VOLTAGE ADJUST/BALANCE CIRCUIT

327
Rev B
Sheet 2 of 2

327-2



DESCRIPTION

The 329 circuit is a wide-band RF/IF/Audio
amplifier with external AGC control.
NOTES :

1. Vendor identification: 1590

2. Package pin configuration. (T0-99
metal case)

. /0%0
o o
ooo
8
I} i)
7 7
3 5 3 5
/! ym
29

' 3 | 29 |
—NL NS —N| kN——
2 13.8.C Tz.4,8¢

LOGIC SYMBOL

329

329
Rev C
Sheet 1 of 1



DESCRIPTION

The 330 circuit is a differential voltage
comparator. The circuit has differential
analog inputs and complementary logic out-
puts compatible with ECL. A latch function
allows the comparator to be used in a sample-
hold mode. If the latch enable input is
high, the comparator functions normally.

When the latch enable goes low, the compara-
tor outputs are locked in their existing
logical states.

Function

+V

Non-inverting Input
Inverting Input
Latch Enable

-V

No Connection

Q Output

0 Output

GND

GND

L)
W N s W N I;

=
o

NOTE:

1. Vendor identification: AM685

PACKAGE PIN CONFIGURATION

+6V
: 7
2rssov +H——+
3N cD 330
——3He 42
5 9 10
l P
L
-52v -
LOGIC SYMBOL
NON- 2
ON=INVERTING 8 6 a outPuT
INVERTING _ 3 7
INPUT 0 Q OUTPUT
$RL 3R_
4 1 1
LATCH l
ENABLE
V1
FUNCTION DIAGRAM
330
Rev A

330

Sheet 1 of 1



DESCRIPTION

Element 331A is a dqual-polarity tracking

voltage regulator that provides balanced or

unbalanced positive and negative output volt-

ages at currents up to 200 mA.

A single

external resistor adjustment changes both
outputs between the limits of +50 mV and

42 V.

The 331A comes in a 9-pin (type H)

"top hat" package that can dissipate up
to 3 W.

‘Element 331 is similar to the 331a, except
that it comes in a 1l4-pin DIP that can dis-

sipate up to 900 mw.

NOTES

1. Vendor identification:

Element Vendor Number
331 RC4194D
331A RC4194TK

2. Package pin configuration:

Ve 7 8

1 14 Vv¢e
12 GND

GND

CASE CONNECTED TO Vg

331 331A

331

331A
FREQ N +v
!
T |7 8 5
]
> + mVR
03A N o N
<46
<175°C
T -mVR
cle—
>03A N
|
4 9 3 }2 C
L
kMJL'V'\J
FREQ B -V
OR
331
FREQ N +V
!
E 4 14
[
+mVR
>0.3A N ] o
G
<|i75° C
T - mVR
8
G___.
>03A N
]
12 5 0o In |7
%I 1
e
FREQ 8 =y

REPLACE m WITH NOMINAL VOLTAGE AS
DETERMINED BY BIAS (B) AND BALANCE (N)

COMPONENTS

LOGIC SYMBOL

331
Rev B
Sheet 1 of 1



DESCRIPTION

+V
The 332 and 353 circuits are positive voltage
regulators. Output voltage is adjustable 3
from 4.5 to 40 volts. The full-load output 7 +mVR 2
current of the 332 is 45 mA, that of the 353 ?53 GIn
is 25 mA. Either of these may be increased 6
in excess of 10A by using an external pass —N
transistor. —
H >ma N o+
The 332 comes in an 8-pin metal can, the 353 |
in an 8-pin DIP. ry 5
Pin Function 1
) = FREQ c
1 Current Limit COMP
2 Booster Output é}o
3 Unregulated Input
4 Ground OR
5 Reference Bypass rEEESASQEE; +V
6 Feedback I I
7 Compensation I 3
+mVR 2
8 Regulated Output 332 /353 N
6
——N
NOTES —————l
| >m'A N 8
1. Vendor identification: )
Element Vendor Number 4 F
332 LM305A =
FREQ
353 LM376 COMP c
2. Package pin configurations: . }D
! 8
H REPLACE m WITH NOMINAL VOLTAGE
4 5 AS DETERMINED BY D DIVIDER.
353 REPLACE m WITH NOMINAL CURRENT
AS DETERMINED BY C.
LOGIC SYMBOL
(o) O
o
(o]
(o]
OB
o ©
PIN 4 CONNECTED
TO CASE
332
332/353
Rev A

Sheet 1 of 1
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- DESCRIPTION

BAL-
Element 333 is a dual-polarity tracking volt- FREQ ANCE +v
age reulator that provides balanced positive f !
and negative 15 V outputs at currents up to
100 mA. The type-H packaging permits heat =
dissipation of up to 2.4 W, 7 2 5
The 333 circuit may also be used as a single- >00 A N +§§%ﬁ 3
output regulator with up to +50 V output, G
where: 4G
<|75° C
(V out +3 V) <V in <60 V TC6 -i5vR
G |
>0.l AN
NOTES |
8 9 c
1. Vendor identification: RC1495TK )
2. Package pin configuration: £ 1
= ——J
FREQ -V

LOGIC SYMBOL

Vee CONNECTED TO CASE

+V|N o—
+Vjy O-
2 |s Is
3 3 .
+—>+Vour + * +Vour
. 10 pF
333 P 10 uF 333 .T ~
| i -
L o
= _\L * =Vour
10 uF

VW

AAA

T

- R2
vom-+|5v(|+ Rl)

+Viy 0—

BALANCED OUTPUT
(£Io <100 mA)

AAA
VWA~

o N
x
o

SINGLE +50 V OUTPUT
(Io <100 mA)

TYPICAL APPLICATIONS

333
Rev B
Sheet 1 of 1

333



‘'DESCRIPTION

The 334 circuit is a monolithic voltage

regulator.

Internal circuitry consists of

a voltage reference, a differential errorxr
amplifier, and a series pass transistor.
Typical applications for this device are
shown in figures A and B on page 334-2.

Pin

—

F WO 00 N oYW N

NOTES :

1. Vendor identification:

Function

No Connection
Current Limit
Current Sense
Inverting Input
Non-inverting Input
Voltage Reference
Ground

No Connection

Not Used

+V out

+V1l (V¢)

+V2 (Vee)
Compensation

No Connection

MC1723C

2. Package pin configuration:

4
13
2
i
10

~a d N~

D +VvI +v2
KW\

TG i2__{u

10
R
3

N T>ma l
)2 N
|
r v
= F

C=CURRENT MONITOR COMPONENTS

D=DIVIDER COMPONENTS

F =FREQUENCY COMPENSATION COMPONENTS

Nom. Min. Max. Units
Output Current 150 mA
Input Voltage Range 9.5 40.0 \Y
output Voltage Range 2.0 37.0 v
Load Regulations# 0.03 0.2 VO
Reference Voltage 7.15 6.8 7.5 v
in/Out Voltage
Differential 3.0 38.0 v
# IL =1 mA to 50 mA
LOGIC SYMBOL
334
Rev B

334-1

Sheet 1 of 2



Typical Application:

Figure A provides an output current up to 150
mA. For higher currents, figure B is sub-
stituted, using an extermal transistor to
source the high current. Here, the series
output resistor, RSC, senses the output
current. Output voltage is applied to one
input (pin 4) of the error amplifier. Re-
sistors R1 and R2 drop the internal reference
voltage to the desired output reference vol-
tage, which is applied to the other error am-
plifier input (pin'5).

In this example, the output voltage is com-
pared with the output reference voltage. Any
difference voltage is amplified, and the re-
sulting regulator output drives the series
pass transistor in direct propoxrtion to the
output load. If the current limit is reached,
the output current remains constant, and the
output voltage decreases for a greater load.
Capacitor 'C' provides for frequency compen-
sation.

334-2

RSC

R3

FIGURE A

Vout

R2

FIGURE B

o *3
® REGULATED
R SC ouTPUT
334
Rev A

Sheet 2 of 2



+I5V

DESCRIPTION F .
Element 338 is a dual high-gain operational T TI
amplifier. 4 314T
NOTES -—SN Z @© 7 2
: —_ 5| 338
1. Symbol sections may appear separately. 8 12
9
2. Vendor identification: MC1437 —N
o[t [7 |13
3. Package pin configuration:
U =D
1 14 vee F F
- 15V
F = TO FREQUENCY
Veg T & COMPENSATION
EE
NETWORK

LOGIC SYMBOL

o —
INPUT |

INPUT 2
o—]

EQUIVALENT CIRCUIT

338
Rev A
Sheet 1 of 2

338-1



316 10K
- 5 100 PF
r
15.4K 6
+I5V t——AV\ Y © 2 _
ANA~ N
10K 03V=Y
orv:=Y
316 10K
ANALOG —A
ALOG T —AAN~ VWA —»—
(FINE POSITION) =
~y| |00 PF
7 o
15.4K s
-15V - AAN— T © 2
AAA, N
10K —0.7v=Y
-0.3v=Y

TYPICAL APPLICATION

338-2

338
Rev A
Sheet 2 of 2



DESCRIPTION

Element 339 consists of two high-speed volt-
age comparators in one package. Each section
provides an open-collector output capable of
driving lamps or relays requiring up to 25
mA. Inputs and outputs can be isolated from
system ground. .

The 339 can operate from a single +5 V supply,
or from * supplies with a total potential dif-
ference of up to 36 V. Maximum differential
input voltage is 5 V.

NOTES

1. If sections appear separately, the
supply-voltage pins are repeated as
needed and only the applicable ground
pin is shown for each section.

2. Vendor identification: ILM319

3. Package pin configuration and functional
diagram:

OUTPUT INPUT 2 GND
| VC et | 2

14] [13] [re] [] [io] [3] [e]

o

Ll 2] (31 [a] L8]

N
|

@
o
o
m
o
S
Mo
c
3

INPUT |
339

339

+V
.
Z>OV 12
5 339 -
—N
9
o
ION

T

= -v

LOGIC SYMBOL

339
Rev B
Sheet 1 of 1



DESCRIPTION

Element 340 is a high-performance operational
amplifier with high open-loop gain, high com-
mon-mode range, internal frequency compensa-

tion, and exceptional temperature stability.

Internal short-circuit protection allows for

nulling of the offset voltage.

NOTES:

1. Vendor identification:

Element Vendor Number
340 741C
340A 7418

2. Package pin configuration:

(pin 8 not connected)

340

+15v

N
Yo
340 —
__ 3

5‘r
NULL -5V
COMP

LOGIC SYMBOL

340
Rev B
Sheet 1 of 1



DESCRIPTION

Element 341 consists of four independent
precision voltage comparators, each having
an offset voltage specification as low as

2 mV, maximum. The 341 interfaces directly
with TTL and CMOS. Operating range is

+2 V dc to +36 V dc, or +1 V dc to +18 V dc.
Current drain (0.8 mA) is independent of
supply voltage.

The input common-mode voltage range includes
ground, even when operating from a single po
power supply.

NOTES :

1. Sections may appear separately (Vgc and
GND connections repeated).

2. Vendor identification: LM339

3. Package pin configuration:

Vee 3 12 GND

341

+v
3
_‘r.’. z >70V 2
ay| T34 - [—#—
7 |
- _#_
T
9] .
- #_
—8y
-1 i3
10, T #—

LOGIC SYMBOL

341
Rev A
Sheet 1 of 1



DESCRIPTION

mVR
Element 356 is a negative-voltage regulator. 356X _|2
Output currents in excess of 1A can be

delivered with adequate heat sinking. Thermal .
overload and short circuit protection is —t 413&

provided internally, and "safe area" compen-

sation at the output reduces the short-circuit -V

as the voltage across the pass transistor is

increased.
Replace 'm' in qualifying
symbol according to the

NOTES : value in parentheses below
for the element used:

1. Vendor identification:

Element Vendor Number 356A (-5)

J : 356 B {-5.2)
356A MC7905C/1LM320T~5 356 C (-12)
356B MC7905.2C/LM320T-5.2 356D (-I15)
356C MC7912C/LM320T-12
356D MC7915C/1LM320T-15 ' LOGIC SYMBOL

2. Package pin configuration:
(heat sink connected to pin 3)

r—wszo—*
4] L

l
i

A
K

HEAT SINK 150
AN
T0220
356
Rev A

Sheet 1 of 1

356



DESCRIPTION

Element 357 is a positive-voltage regulator
featuring internal current limiting, thermal
shutdown, and safe-area compensation. Output
~currents in excess of 1A are possible with
adequate heat sinking.

NOTES:

1. Vendor identification:

Element Vendor Number
357A 7805C/LM340T+5
357B 7806C/LM340T+6
357C 7808C/LM340T+8
357D 7812C/IM340T+12
357E 7815C/1LM340T+15
357F 7818C/1LM340T+18
357E 7824C/LM340T+24

2., Package pin configuration:
(heat sink connected to pin 3)

+V

T.

mVR

357 _+2

I

Replace 'm' in qualifying
symbol according to the
value in parentheses below
for the element used:

357A (45)
357B H6)
357C (+8)
357D (+12)
357E (+15)
357F (+18)
357G (+24)

LOGIC SYMBOL

100 TYP
FX=XK=] [
Ry S
HEAT SINK —150
T0220
357
Rev A

Sheet 1 of 1
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DESCRIPTION

B3 +V
Element 386 consists of three independent I T
operational transconductance amplifiers and 4 6 3
an independent bias regulator. Maximum po- —N $00
tential between +V and -V pins is 14 volts. Va3 386 7 Va3
Typical common-mode input voltage range is 1 o
+4.6 to -5.2 volts. ‘ 2
1
NOTES vi2 S Vo2
1. Vendor identification: CA3060AD —N
10 8
2. Package pin configquration: l l
B2 -V
1 16
VRy 2 15 AND
Vi B
5 12 BI +V
6 i
-V g S IIS TB
|3N
ZOO 6
vyl 386 Vo!
4
mVR VRO
|2 8
T{
-~
<
-V

B=BIAS COMPONENTS
T=TERMINATION COMPONENTS
m==-V + 7V

LOGIC SYMBOL

386
Rev B
Sheet 1 of 1
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DESCRIPTION

The 500 circuit is a synchronous 4-bit up/ p §>E§(BORRoulouﬂ
down counter. Synchronous operation is pro- x—Y | 62 |
vided by having all flip-flops clocked L él ~N 12 (CARRY OUT)
simultaneously so that the outputs change (23)9 D 15 | 7
coincidently with each other when so in- 10 6
structed by the steering logic. The outputs (22) co —_~E
of the four master-slave flip-flops are 223 15 gg T“fg
triggered by a low-to-high=-level transition IR
of either count (clock) input. The direction _] 500 l-
of counting is determined by which count in- 5
put is pulsed while the other count input is COUNT%:UP 4 Gl
high. DOWN a
>
The counter is fully programmable; that is,
the counter may be preset to any state by :gz
entering the desired data at the data inputs G2
while the load input (pin 11) is low. The . 1 ¢
output will then change to agree with the 14 R

data inputs independently of the count pulses.
A high level applied to the clear input
forces all outputs to the low level. The LOGIC SYMBOL
clear function is independent of the count

and load inputs.

NOTES :

1. Input/Output identifiers are not part
of the symbol.

2. Vendor identification:

Element Vendor Number
500 : 74193,9366
500LS 74LS193

3. Package pin configuration.

+Vee
16 9
TOP
VIEW
: aGND

500
Rev B ;
Sheet 1 of 3
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CLEAR 1
[
LOAD (I L
L
S I T
P
B I
DATA T 1
C v o~
[ e
D | 1 [
L1
COUNT UP T L L L
Lo |
COUNT DOWN 1 IR EREEER
ot [ |
Qu _ _| ! I N N N O A s A
—Tra ] |
T l v 11 [ LI
OUTPUTS Fr 0 I |
Q I o l L [ [
T ot |
Qp __| ! [ | 1 ! | [ |
T 1 |
CARRY rror LI o I
Lt L |
BORROW e 1 | I
o] |3 I 4 15 0 | 2I | I 0 15 14 |3|
e N ED ’ COUNT UP COUNT DOWN
CLEAR PRESET
NOTE:

@ ILLUSTRATED ABOVE IS THE FOLLOWING SEQUENCE:
1. CLEAR OUTPUTS TO ZERO.
2. LOAD (PRESET) TO BCD THIRTEEN.
3. COUNT UP TO FOURTEEN, FIFTEEN, CARRY, ZERO, ONE AND TWO.
4, COUNT DOWN TO ONE, ZERO, BORROW, FIFTEEN, FOURTEEN AND THIRTEEN.

COUNTING SEQUENCE

500
Rev B
Sheet 2 of 3
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L BORROW
& OUTPUT 13
« CARRY
& © GUTPUT 12
DATA
5 iNPUT AC a
A
- PRESET
4 DOWN . & Q, oOUTPUT Q, 3
COUNT 4 pdny
Qa
o CLEAR
N
5  count © 1 Lh ___P
a -
DATA
' weut B®T a A
a [PRE
Qg——1—OOUTPUT Qp 2
1 P T
i Tp
& CLEAR
a P .
o DOATA
INPUT €O a .
I_b
a ‘L(PRES ]
] Qc —OOUTPUT Q¢ 6
1> T
Q
a CLEAR
a -
o  DATA
INPUT D a |
14 CLEAR o 1~ l—h ’
a | PRESET
1 Qo 0OUTPUT Qp 7
IR N T
Qp
a CLEAR
N
Il L0AD o—DN 4 8

FUNCTION DIAGRAM

500
Rev B
Sheet 3 of 3
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DESCRIPTION

The 501 circuit is a 5-bit comparator that provides
comparison between two 5-bit words and gives three
outputs: 'less than", '"greater than'', and "equal to'.
A high level on the active low enable (pin 1) forces

all three outputs low.

 NOTES:

l. Vendor identification: 9324

2. Package pin configuration.

E:::_':] Top
VIEW
! 7eND
3. Pin names:
Pin Function
1 Enable (active low) input

9,10,11,12,13 Word A parallel inputs
3,4,5,6,7 Word B parallel inputs

2 A Less Than B (A < B) output
14 A Equal to B (A=B) output
15 A Greater Than B (A > B)
output
INPUT OUTPUT
I A B A<B{A>B]| A=B
H X L L L
L |WORD A =WORD B| L L H
L |WORD A>WORD B| L H L
L |[WORD A<WORD B| H L L

H =HIGH LEVEL
L =LOW LEVEL
X =EITHER HIGH OR LOW LEVEL

TRUTH TABLE

501-1

2 el =

© _|g| 501

L _tala

2|,

13

=] as>s-18
T _fig] a<e—t
5 s

5 lals

2 12

3 1y

LOGIC SYMBOL

501
Rev B
Sheet 1 of 2



13

12

10

15

A<B
A=B
14

A>B

[ o} [ o]
J
o3 a
[T— T
.2}
=
] 2
o
] & Wn
- <
o
J « 5
Z
] = -
[\ ] o
—|||||I|Av
wn
oS
I ° ]
o o>
- ]
~ [To]
[1o] [ o]
) I S |
— ~ 501

501-2

Rev D
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DESCRIPTION

The 502 circuit is an 8-bit parity generator/checker

with bomplementry outputs and control inputs to 8 8
facilitate operation in either odd-or even-parity 9 2K 9 2K+1
applications. 10 502 10 502
Al I
NOTES: 12 6 12 5
OR
1. Vendor identification: 74180 3 NS B ~ 6
| I
2. Package pin configuration. 2 2;__
tvee,, 8 3 ] 3 ]
TOP 4 4
: "sND )
LOGIC SYMBOL
INPUTS OUTPUTS
$ OF 4's ATPINS| PIN| PIN | PIN| PIN
I, 2, 8 THRU I3 3 4 5 6
EVEN | (o] ! (o}
0DD | (o] 0 |
EVEN o] | o] l
oDD 0 | 1 (o]
X I [ (o] o]
X (o] (o] ! 1
X= IRRELEVANT
TRUTH TABLE
-
® | =4 a
90— I I 3
N s 3 EVEN
= _’_B OUTPUT
00— I
=4 &
I —
DATA | T =4 D
INPUTS —
20— -1 *— 8
3 ) [ | &
9 a 8 0DD
= —© outPuT
| O—o I
=1 J— a
20—
ODD INPUT 40—
EVEN INPUT 30—
FUNCTION DIAGRAM
502
Rev C

Sheet 1 of 1
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DESCRIP’I‘ION"

5 will be low.
pin 5.

NOTES :

1. Vendor identification:

Element

505
505S

2. Package pin configuration. +Vcc 6

X—>Y I
Element 505 is a 1l-of-8 multiplexer/selector ° GO
that takes data from one of eight data inputs, SELECT INPUTS I|<|) ? 6
depending upon the state of the select inputs, __—I
ani gatez ii to pin 5 when G8 (strobe inpit) 7T—"cs
goes low. When the strobe input is high,pin .| "ggg l_
Pin 6 is the complement of - 4 0' N
3—1
2 2
|—3 G8 5
DATA INPUTS 5 4 g8 b 6
Vendor Number 14 5
74151 | 13 &
745151 12 7
9 LOGIC SYMBOL
TOP
VIEW
7 GND
"INPUTS OUTPUTS
c B A [STROBE|(DO | DI| D2 | D3| D4|D5|DE6| D7} Y Y
X X X I X X X X X X X 0 |
0 0 0 0 X X X X X X X (o} |
0 0 0 o} | X X X X X X X | 0
0 (0] | o} X 0 X X X X X X 0 |
(o) o] | 0 X | X X X X X X | (o]
(0] | (0] (0] X X 0] X X X X X o} I
0 | 0] 0 X X | X X X X X 1 (0]
0] | | 0 X X X [0} X X X X (o] 1
0 | | 0 X X X | X X X X t (o]
l 0 0 ] (0] X X X X (o} X X X (o) |
l 0] 0 0 X X X X | X X X I 0
ol 0 x{x|o|lx|x|o]|x|x]o]1
| (0] | (0] X X X X X | X X | (o}
| | (o] (o) X X X X X X [0} X [0} |
[ | (0] [0} X X X X X X | X | 0
| | | (o] X X X X X X X 010 |
| | | (¢} X X X X X X X | | (o}

TRUTH TABLE

505-1

505
Rev B
Sheet 1 of 2



STROBE

(ENABLE) o—I
(7)
—
DO O-
(4) 5
DI ©
&
D2 o
(2) & I O OUTPUT Y
(5)
D?:(c;T
DATA &
INPUTS ~ v
[ = O QUTPUT ¥
D4(%) )
a
05%
(14) 8
D6 O
(13) a
D7 o
| (12) a
Ao o |
()
DATA
SELECT — BO P I~
(BINARY) (10)
co = 1P
| (9)
FUNCTIONAL DIAGRAM
505
Rev B

Sheet 2 of 2
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DESCRIPTION

The 506 circuit is a 4-bit shift register
capable of shifting right, shifting left, or
parallel-in, parallel-out operations. When
the mode input (pin 6) is low, the parallel
inputs (pins 2 through 5) and clock 2 input
(pin 8) are disabled. Serial data may then
be entered at pin 1 and shifted right from
pin 10 toward pin 13 under control of the
right shift clock (pin 9). When the clock
input is high, the serial input is enabled.
When the clock goes low, the serial input is
disabled, and the data is transferred to
output pin 13. The right shift of data at
the outputs also occurs at this time.

When the mode input is high, the serial
input and right shift clock are disabled
and the circuit now functions as four R-S
master-slave FF's with a common clock input,
clock 2 (pin 8). By connecting pin 10 to
pin 4, pin 11 to pin 3, and pin 12 to pin 2,
a left-shift register is formed with input
pin 5 as the serial input and pin 8 as the
left shift clock. Thus, the circuit can
shift left or right at independent clock
rates by controlling the mode input.

NOTES:
1. Vendor identification: 7495A

2., Package pin configuration:

Vee

14 - 8
0 N

TOP

VIEW
4 ] U
1 7

GND

506-1

LOGIC SYMBOL

506
Rev B .
Sheet 1 of 3



MODE CONTROL

PIN
6

1| b R

—_—— e |— | ] — | —

:Eli T
L P
i |
| L
| L
[ 1 i ) |
N T I O I I O

III|I:
| T
[} I ' 1 1

[ L L
[ L
PoJ

| |

[ 1

9 @ (5 o
< [14] (] (=] o [«] (¢} [«}
5 =
2 u
o g pued
z w o (7]
-1 -n -
= J - X 2
g < - oT a
z T =
7] aZ ox o]

Sheet 2 of 3

506
Rev B

ENTRY

PARALLEL DATA

FUNCTION SEQUENCE
506-2

RIGHT SHIFT

CLOCK 2

8



€-90S

£ Jo ¢ 399yg

LOCK |
RIGHT
SHIFT
CLOCK 2
LEFT
SHIFT

SERIAL
INPUT

MODE
CONTROL

Ay
90s

q

PIN—/ 13 12 H 10
OUTPUT
PIN f P
Q Q Q Q
9 E A B c 0
|
T L]
S Al—e S B—e S Ci—e S D
CLOCK CLOCK CLOCK CLOCK
R R R R
& &
I
66—
A c
. Y
INPUTS
PIN—2 4



DESCRIPTION

The 507 circuit is a 4-line-to-10-line (BCD-
to-decimal) decoder. For encoded input counts

of 0 through 9 (0000-1001), the appropriate XY 9>.ﬂ_
decimal output goes low. For other input COSDOE;R Bi
states (1010-1111), all outputs are high. 709
NOTES : 23—12lg e —
22 1314 sh8
1. Vendor identification: 7442/9352

2l 1815 4SS

2. Package pin configuration: 20___151 34
o3
1 8 Veo | 2
ofl

oo 8 ° LOGIC SYMBOL

507
Rev A
Sheet 1 of 2
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DESCRIPTION

Element 508 consists of two 4-line-to-l-line
multiplexers with common select inputs and a
separate low-active enable (high-active in-
hibit) input for each section. When either
inhibit/enable input (pins 1, 15) is high,
the output from that section will be low,
regardless of which data input has been
selected. When inhibit/enable is low, the
output follows that of the selected data
input.

NOTES:
1. Vendor Identification: 74153

2. Package pin configuration.

Vce

16
0
TOP
VIEW
iy

GND

508-1

__j;2>e>w 93
— 14}, °

‘l MUX |’

508

—3F 3
— 45
—1 7
— 6lg
41
13l
2],
__uf, 9
—10,
_'_|5

LOGIC SYMBOL

ﬁ‘EP'-Uﬁ.CST DATA INPUTS ENABLE | OUTPUT
2(ale|[s[als3 I
x | x [ x| x| x| x H L
Lloluol x| x| x L L
clofln | x| x|x L H
clw x| x|x L L
clw x| H| x| x L H
Hio ] x| x|o|x L L
HiL x| x|n|x L H
Hiw x| x| x]|L L L
RiH| x| x| x|~ L H
H = HIGH
L =LOW
X = EITHER HIGH OR LOW
TRUTH TABLE
508
Rev. B

Sheet 1 of 2



ENABLE

05 —| & 1
——(output v
DATA [
INPUTS
&
O - L
O =i
q 1
O*—
SELECTS
1 1
( )|’4 N ¢
OIO
T
DATA O
INPUTS (}2 SELECTOR / MULTIPLEXER ——§OOUTPUTY
Ols
enasLe (O3

LOGIC DIAGRAM

508
Rev, A .
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DESCRIPTION

The 509 circuit is a 4-bit, high-speed, paral-
lel arithmetic logic unit (ALU). It can per-
form 16 different arithmetic operations or 16
different logic operations on active high or
active low data. The function table on page
509-2 lists these operations.

Placing a high on the mode control input (M)
causes the 509 circuit to perform logic oper-
ations on the individual bits as listed. When
the mode control input is low, the device per-
forms arithmetic operations on the two 4-bit
words. The carry out Cn+4 signal provides for
ripple carry between devices, or for carry
look-ahead between packages using the carry
propagate (P) and carry generate (G) signals.
In slower circuits, the 509 circuit may be
used in a ripple carry mode by connecting the
Cn+4 signal to the carry input (Cn) of the
next unit. Using the 509 circuit in conjunc-
tion with the 510 circuit, carry look-ahead
circuit makes possible high speed operation.
Each group of four 509's requires one 510.

The 509 circuit subtracts by l1l's complement
addition and generates the 1's complement of
the subtrahend internally. The resultant out-
put is A-B-1, which requires an end-around or

forced carry to provide A-B.

Logic equivalence between the four bits of A
and the four bits of B is indicated by the

A = B output being high when the unit is in
the subtract mode. The open~collector A = B
output can be wire-AND connected to other

A = B outputs to give a comparison for more
than four bits. Used with the carry out sig-
nal, the A = B signal can indicate A > B and
A< B. The A = B output must connect to a
pull-up resistor tied to Vcc.

NOTES:
‘1. Vendor identification:
Element Vendor Number 1 Y Pas vy
509 74181
5098 748181

2. Package pin configuration:

GND 12 D3

509-1

(MODE CONTROL)M |s X—>Y
s3—2|
se—3 4
(FUNCTION SELEC | 5 600
— G3Il
so—8&}i |
ALU
509
19
A3— 28 TF(ABC)
- |e|> 6
A2—2l44 3
(WORD A) 2l A 8
al—23{> 0
2|, 4
smo—=f | ho
18
B3 8 | 9
(WORD B) 62—
a1 —22f, |B
so—H)
(CARRY) cn—I1n} | p-p-f4—
OR
— Blig x—>v
—3lg
4
5 GO0
R '} 2=
. 63

2
P
o
3
72
>

g

A=B- -'4_

SA,B>I5 ¢G(GCARRY )

CSA B=15 ip( %NA%'?&TE )
. PROPAGATE

LOGIC SYMBOL

509
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MODE SELECT ACTIVE LOW INPUTS ACTIVE HIGH INPUTS
INPUTS AND OUTPUTS AND OUTPUTS
LOG IC ARITHMETIC LOGIC ARITHMETIC
53 52 SI SO| (MeH) m=Lricn =0@ | m=H) (M=L) (Cn = HID
L L L LA A MINUS 1 A A
L L L H]|AB AB MINUS | A + B A +8B
L L H L|A +8B AB MINUS | AB A +B
L L H H|LoeicaL MINUS | LOGICAL O MINUS |
L H L L}A+B A PLUS (A +B) AB A PLUS AB
L H L HI|B AB PLUS(A +B) B (A+B) PLUS AB
L H H L|A@Ps A MINUS B MINUS | | A B A MINUS B MINUS |
L H H H|A+B A+B AB AB MINUS |
H L L L ]|as A PLUS (A #B) A+B A PLUS AB
H L L H|APDSB A PLUS B AP B A PLUS B
H L H L|B AB PLUS (A +B) B (A+B) PLUS AB
H L H H|A+B A+B AB AB MINUS |
H H L L |LosicaLo APLusa(® LOGICAL | A PLUS A (2)
H H L HI}AB AB PLUS A A+B (A+8B) PLUS A
H H H L | AB AB PLUS A A+B (A+B)PLUS A
H H H H]a A A A MINUS 1|

Cn is active.

nificant position.

FUNCTION TABLE

509-2

Add "plus 1" to arithmetic operation when

Each bit is shifted to the next more sig-

509
Rev A
Sheet 2 of ‘2
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DESCRIPTION:

The 510 circuit is a look-ahead carry genera-

tor.

Tt is generally used with the type 509

arithmetic logic unit circuit to provide carry

look-ahead capability.

propagate (Pg, Py, Py, P3) and carry generate
(Gop» G1+ G2, G3) signals and an active-high

carry input (Cn).

Each 510 circuit ac-
cepts up to four pairs of active-low carry

high carries (Cn+X, Cn+y, Cn+z).

cuit also has active-low carry propagate (P)
and carry generate (G) outputs for cascading.

Cascaded 510 circuits can provide look-ahead

across N-bit adders.

NOTES

l. Vendor identification:

Element Vendor Number
510 74182
5108 745182

2. Package pin configuration:

GND

! ]
2 1]
3 14
4 3
S 12
6 n
7 0
8| 9

The 510 circuit can antici-.
pate a carry across four adders or groups of
adders, and provides the anticipated active-

The 510 cir-

Vee

.10 G
Lp

Cn+z

Cnty

Cn+x

GO, GI, G2 AND G3 —
CARRY GENERATE INPUTS

PO,PI,P2 AND P3 —
CARRY PROPAGATE INPUTS

C - CARRY INPUT

Cn+x,Cn+y, AND Cn+z —
CARRY QUTPUTS

G - CARRY GENERATE OUTPUT
P — CARRY PROPAGATE OUTPUT

LOGIC SYMBOL

510-1

INPUTS OUTPUTS
Cn6oPoGi P 62P263P3[Cnix Cnty Cniz G P
X H H L
L HX L
X L X H
H X L H
X X X H H L
X H HHX L
L HXHX L
X X XL X H
X L X XL H
Ho X L X L H
X X X X X HH L
X X X HHHX L
X HHHXHX L
L HXHXHX L
X X X X X L X H
X X X L X XL H
XL X XL XL H
H X L XU XL H

X X X XXHH H
X X X H H HX H
X HHHXHX H
H H X HXHX H
X X X X X L X L
X X XL X XL L
X L X XL XL L
L XL XL XL L

T H x x x H

X H X X H

x X H x| H

X X X H H

L L L L L

TRUTH TABLE

510
Rev A
Sheet 1 of 2



(E}PB

*®

<§>63

44

L Chtz @

L Cn+ L@

L1 Chtx

FUNCTIONAL DIAGRAM
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DESCRIPTION

The 512 circuit is a 4-bit binary, synchronous,
reversible up/down counter having a com-
plexity of 58 equivalent gates. Synchronous
operation is provided by having all flip-—
flops clocked simultaneously so that the
outputs change coincident with each other
when so instructed by the steering logic.

The outputs of the four master-slave flip-
flops are triggered on a low-to-high transi-
tion of the clock input if the enable input
is low. A high at the enable input inhibits
counting. Level changes at the enable input
should be made only when the clock input is’
high. The direction of the count is deter-
mined by the state of the down/up input.
When low, the counter counts up and when

high, it counts down.

The counter is fully programmable; that is,
the outputs may be preset to any state by
placing a low on the load input and entering
the desired data at the data inputs. The
output will then change to agree with the
data inputs independently of the state of
the clock input.

Two outputs are available to perform the cascading
function: ripple clock and maximum/minimum
count. The latter output produces a high-
level output pulse with a duration approxi-
mately equal to one complete cycle of the
clock when the counter overflows or under-
flows. The ripple clock output produces a’
low-level output pulse equal in width to the
low-level portion of the clock input when an
overflow or underflow condition exists.

Power dissipation is typically 325 milliwatts
for either the decade or binary version.
Maximum input clock frequency is typically

25 megahertz and is guaranteed to be at least
20 megahertz.

512~-1

X = Y
-’I5 . b2 maxsmin
0|3 N3 RiPPLE cLOCK
9
D CcD 7 5
c_10 6
paTA {C 2 , ¢\ pata
INPUTS B o [ 2 _qg( OUTPUTS
A-——Jé-go L 3 o
16 CNTR
512

ENABLE XS gs

DOWN / UP i[—lj G4
e

LOAD 62
E; ¢

cLock 2en g
—>2, 4,5+
I, 3,51

LOGIC SYMBOL

NOTES:
1. Vendor identification: 74191, 9336

2, Package pin configuration:

+Vee 16 9
TOP
VIEW
! 8 6nD
512
Rev B

Sheet 1 of 3



FUNCTION PIN

LOAD 1 L]
—
1 e e e e e e e . e . e —— — — — —— — — — — —
s _ [ L _____T
H |
DATA t_] e e e -
INPUTS S b o o e e e e ——————
10 li n__ _ - - - - - -
. e e
S __ i - oo o oo
CLOCK 14 EIEIIIIIIIIIlIllLILJLJULJL_
1 '
] I '
DOWN/UP 5 | 1 [ B
[] e 1)
) t y '
ENABLE 6 ]! | [ '
[l ] [} '
- oot 1 ' t
34 J L L i D
11 . : :
| 1 —
DATA | 2 __. ; ] I
TPUT _— : ' b
OUTPUTS 1 6 -1 1] ! P [
] ] ]
Bl e I I Y s O
S : P
MAXIMUM (-2 S B ' I
1! 1 ] 1
e— e [ ' ' [
RIPPLE CLOCK 13 __ [ I LI i P
3114 15 0 1 2! 2 271 0 15 14 13
| | ——count up—s| | J——counT pown—+]
[ N—] ———
LOAD INHIBIT

LOAD (PRESET) TO BINARY THIRTEEN.

COUNT UP TO FOURTEEN, FIFTEEN (MAXIMUM) ZERO, ONE, AND TWO.

INHIBIT.

COUNT DOWN TO ONE, ZERO (MINIMUM), FIFTEEN, FOURTEEN, AND THIRTEEN.

TYPICAL, LOAD, COUNT, AND INHIBIT SEQUENCES

Pl ol \

512
Rev B
Sheet 2 of .3
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cLock O—D\

DOWN/UP °_D —rk RIPPLE
[—4_4 CLOCK
. MAX/MIN
Mk OUTPUT
| I
DATA LD
INPUT ' {ah
A il | J
= PRESET o OUTPUT
i Rl TOGGLE L ~eLock
ENABLE = 18}
: l &F K Q
CLEAR
LD
18]
DATA 5
INPUT o Tah
° = )
o PRESET ouTPUT
1a J Qg Qs
| S
UP
8 " Ts
CLEAR
LD
18§
DATA L0
INPUT ra)
c iJ
DN PRESET oUTPUT
] & ! % Qc
1 I CLOCK
up
18 K Qc 3
CLEAR :
LD
18F
- DATA o
INPUT =
° 5] I
on PRESET oUTPUT
{8 S @ a
. [lr LJciock
ﬁ—r X 3o
CLEAR
LD
‘ o]
LOAD o—-bm
FUNCTION DIAGRAM
512
Rev C
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DESCRIPTION

: . . — 13 x—>|
Element 514 is a 16-bit (4x4) random-access s‘é’fngTg 4 1A3
register file/memory with open-collector out- : 1A0

. X—>¥
puts and non-destructive readout. Separate
Read/Write addressing permits reading from 4 %\%
—2
4-bit d 1 ti hil imul READ
one it wor ocation while simultaneously SELECTg 5),
writing into another location. 12 ____l

Writing or reading is accomplished when the
corresponding enable signal is locw. When the
Read enable is high, all outputs will be high

(see function tables).

WRITE ENA —=D

READ ENA —LIn

G
MEM
_l i l—

Maximum read and write times are 35 and 45 ___Ii: IACD 246 _i
ns, respectively. IB?QJ"F\S _2n :iz:; ::((: :>7_
NOTES: —3n IACD 2AG - SCHN
1. Vendor identification: 74170
2. Package pin configuration: LOGIC SYMBOL

] 16 Vee

oo 6 ° INPUTS OUTPUT PINS
2 1 G 10 9 7 6
L L L |wOB{i |wOB2 | wOB3|woB4
L H L |wIBI [ wIB2 [ WIB3 [wiB4
H L L |waBl |w2B2 | w2B3 |w2B4
H H L |w3B! |w3B2|w3B3|w3B4
X X H H H H H
WRITE FUNCTION
INPUTS WORD
2 | c (o} | 2 3
L L L Q=D| Qn Qn Qn
L H L Qn Q=D | Qn Qn
H|L L Qn Qn Q=D| @n
H H L Qn Qn Qn =D
X X H Qn Qn Qn Qn

READ FUNCTION

L= LOW, H= HIGH, X= DON'T CARE

. WOBI: WORDO, BIT I, ETC.
. Q=D: THE FOUR STORED BITS WILL ASSUME

THE BINARY VALUE OF THE FOUR DATA

INPUT BITS.

. On: NO CHANGE

514

Rev A
Sheet 1 of 1
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DESCRIPTION

The 515 shift resister consists of five set-
reset, master-slave flip-flops connected to

pexform marallel-to-serial or serial-to-par-
allel conversion of binary data. Since both
the inputs and outputs to all flip-flops are
accessible, parallel-in/parallel-out or ser-
ial-in/serial-out operation may be performed.

All flip-flops are simultaneously set to the
low state by applying a low voltage to the
reset input (pin 16). This condition may be

applied independent of the clock input (pin 1).

The flip-flops may be independently set to
the high state by applying a high to both the
set input of the specific flip-flop and the
common Gate input G3 (pin 8). Input G3 is
provided to allow flexibility of either set-
ting each flip-flop independently or setting
two or more flip-flops simultaneously. G3 is
also independent of the clock input or clear

input.

Transfer of information to the output pins
occurs when the clock input goes from a low
to a high. Since the flip-flops are J-K mas-
ter-slave circuits, the proper information
must appear at the two inputs of each flip-
flop prior to the rising edge of the clock.
The serial input provides this information to
the first flip-flop, while the outputs of the
subsequent flip-flops provide information for
the remaining flip-flop inputs. The reset in-
put (pin 16) must be at a high and the gate

G3 input must be at a low when clocking occurs.

NOTES:
1. Vendor identification:
2. Package pin configuration:

18 Ve

|

2

3 14
4 3
L] 12
6 n
7 10
GND 8

515-1

+5V
be
CLOCK—>2—/c4
GATE§[;GB
G2
e |8
RESET cl
R
SR~5
515
SERIAL
INPUT 9C|,4D LN
A2
g3 14
PARALLEL 13
INPUTS § C 4 ——
oS 5
7 0.

Ts

LOGIC SYMBOL

OUTPUTS

515
Rev B
Sheet 1 of 2



SET A2 )
1 L——Bs

] |
SERIAL 2 N 6J 6 'S ouTPUT A
6
! : 6K G—p>
RESET 16— - o
| i
cLocK
SET 82 Cl N -
GATE 63 £ 4
6J 64 . OUTPUT B
GK G—
R
X vy
NOTE: FLIP - FLOPS C,D, AND E NOT SHOWN. THEY ARE IDENTICAL
TO. A AND B.
FUNCTIONAL DIAGRAM
PARALLEL
RESET = LOAD SERIAL SHIFT
Ny N— \
| |
PIN | :
RESET i6 U |
|

cock 1 _____ e eigEgigiplipipipininiy
GATE G3 8 LT 1 {

|
T R | gy I
SETA 2 __ =_|‘_—I___l ____________ I P

1
SET B 3 | |
------; I___.__‘............_.ﬂ .......
OUTPUT A I5 | | L L] | 1
\

OUTPUT B 14 L f | I I I I

———- = LEVEL HAS NO EFFECT

TIMING DIAGRAM

515
Rev A
Sheet 2 of 2

515-2



DESCRIPTION

The .519 circuit is a register made up of six D-type

9
flip-flops with common clock and clear inputs. —F¢C
.I__B‘R -
NOTES: '| RTR r
1. Vendor identification: 3 ) y 2
Element Vendor Number 4= - 5
519 74174 E—CD 7
519s 745174 L e | 10
13 I35 12
2. Package pin configuration. 14 oD 15
fi-Vo:cls ° : :
TOP 7 :
VIEW LOGIC SYMBOL
8 'eno
CLEAR L] L1
CLOCK 'R ! [ [ ]
DATA 3,4,6
INPUT I, 13, 14

DATA 2,57
OUTPUT 10,12,15

[l = DON'T CARE

FUNCTION SEQUENCE

519-1

519
Rev C
Sheet 1 of 2



o3 = 3120
= cK
CLEAR
o? D Y
¢
CLEAR
paTA ) 6 7
INPUTS ) © b Q—o
- CK
CLEAR
ol D %
-~ CcK
CLEAR
o3 ) a2
~ CcK
CLEAR
LB
0'4 D Q—o"s J
[4
cLock o {1 F\ ~ CK
CLEAR
CLEAR o—'—BE\

FUNCTION DIAGRAM

519-2

>

DATA
OUTPUTS

519
Rev B
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DESCRIPTION

—9——1>C
Element 520 contains four positive-edge- IR
triggered D-type flip-flops with common
clock and reset (clear) inputs. Each FF RGTR
has complementary outputs. Information at 520
the input is transferred to the output on 4 cD 2
the positive~going transition of the clock 3
pulse., When the clock is either high or P~ =
low, input data has no effect on the outputs. 5 o 4
N 6
12 co 10
N |1
NOTES : 3 I$ 15
1. Vendor identification: 19
Element Vendor Number
LOGIC SYMBOL
520 74175
520LS 74LS175
5208 748175
2, Package pin configuration:
+Vce 6 9
1l Nl
TOP
5*7 VIEW
U 1|
! 8 anD
INPUTS OUTPUTS
CLEAR  CLOCK D Q Q
L X X L H
H 4 H H L
H 4 L L H
H L X NC NC
4= TRANSITION FROM LOW TO HIGH LEVEL
X=DON'T CARE
NC=SAME AS BEFORE INDICATED INPUT
CONDITIONS WERE ESTABLISHED
520
TRUTH TABLE %ﬁv 1:CI ‘o
eet 1 o

520-1



1IDO @ D QTOIQ
—ad>CK 5T”—OIQ
CLEAR
D Q+———0
200—= D Q77029
—d>CK a__@_oaa
CLEAR
300 0) D Q(l—o)’030
¢—a>CK 6—Tﬁrosa
CLEAR
40 D Ql—o4q
TR (15)
— -
CLOCK 05y dq>ck Qe 4@
| cLear
CLEAR O- {:>c T
mn

FUNCTIONAL DIAGRAM
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DESCRIPTION

The 521 circuit performs the addition of two 4-bit
binary numbers. The sum ( Z) outputs are provided
for each bit and the resultant carry (C4) is obtained

from the fourth bit.

NOTES:

1. Vendor identification: 7483

2., Package pin configuration.

GND
16 2 9
TOP
VIEW
| 5 8
Vee
INPUT QUTPUT
WHEN WHEN
CO=L CO=H
WHEN WHEN
Cc2=L C2=H
|At /1Bl /a2 1B2 /121 /12 c2/ |21 /12 c2
A3| /B3| A4 /B4 33| 34| C4 3 >24l/C4
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 L H | L H H
H H H H{L H H H H H

NOTE I: INPUT CONDITIONS AT Al, A2, BI, B2, AND CO
ARE USED TO DETERMINE OUTPUTS I AND
2 AND THE VALUE OF THE INTERNAL
CARRY C2. THE VALUES AT C2, A3, B3, A4,
AND B4, ARE THEN USED TO DETERMINE

OUTPUTS X3, Z4, AND C4.

TRUTH TABLE

521

I
13

Al

"I— NS m]—— A T e o]

3A,B,C
L 52

B

c

LOGIC SYMBOL

BI

T

co

H

i

Az —>

B2 —>

A3

¥

B3

A%~

84—

i

/

T

T

9

2 6

INTERNAL
CARRY C2

]
T 1

23 2

24 15

c4 14

FUNCTION DIAGRAM

521
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DESCRIPTION

9
Circuit type 522L is a quad 2-input selector/ ' Gl
storage register that allows four bits of G2
data to be switched in parallel to the ap- 0
propriate outputs from four 2-bit data P C
sources. The outputs consist of four S-R RGTR
morter-slave flip-flops that hold the data 5221
output states until new data is gated in. 2
—ICD
15
Uacop
3
NOTES : 4ICD 14
2CD
1. Vendor Identification 50co
13
Element Vendor Number —=8co
522 74198 2Tico 0
. . . 7 2CD
2. Package pin configuration.
+Vce
16 9 LOGIC SYMBOL
VIEW
' 8snD
ot 3
GATEQP_&DET;) N '\{ll——s an 20
| & —>cLock
(e
R
o> a
—.
| '\ILIJI T )
o 8 CLOCK
INPUT R OUTPUT
DATA > DATA
05
8 —
T ! ]I [~ S QC—EO
6 & [ c
° CLOCK
R
oI2
L | &
] "II i Ir S QD——H'O
ol & b NCLOCK
= . R
(cLOCK) LOAD ol m

FUNCTION DIAGRAM

522
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DESCRIPTION

Element 524 performs a magnitude comparison
of two 4-bit words (word A and word B). One
of three conditions will exist and the out-
put corresponding to that condition will be
high (the other two will be low). For words
greater than 4 bits, two or more circuits
are cascaded using the cascade input (pins
2, 3 and 4).

CASCADE

For applications requiring only an equality INPUTS

ifidication, the logic symbol may appear as

in "B". 1In this usage, the grounded pins may

not always be shown.

NOTES :

1. Vendor identification: 7485
2. Package pin configuration.
+ycc|6 9
TOP
VIEW
: 8 6D
CASCADING
COMPARING INPUTS INPUTS OUTPUTS

A3 B3]A2 B2| Al BI |[AO BO|A>B|A<B | A=B >B | A<B|A=B
A3 >B3 X X X X X X H L L
A3<B3 X X X X X X L H L
A3=B3 [A2>B2 X X X X X H L L
A3=B3 |A2<B2 X X X X X L H L
A3=B3 | A2=B2 | Al>BI X X X X H L L
A3=B3|A2=B2| AI1<BI X X X X L H L
A3=B3 [A2=B2| Al=BI [A0>BO| X X X H L L
A3=B3 | A2=B2| AI=B! [ AO<BO| X X X L H L
A3=B3 |A2=B2| AI=BI |A0O=BO| H L L H L L
A3=B3 | A2=B2 | Al=BI [A0=BO L H L L H L
A3=B3 |A2=B2| AI=BI |AO0=BO| L L H L L H

TRUTH TABLE

524-1

as 2 Je s |
Az ': 4524 .
I
Ay 2 A
10 A>B+
Ap — ! | m
A> —2 I o
|..-
83 8 G
ez A=B+ oG2S
= —
A<B_4 pJ&lg3 |63t
B3 l T e
Ba 14 |, 7
| A<B-+
Bl_ | 2 B8
Bo |
IIAII
fo_Sae
15rs] sea
13,
2, |a
10f | ke
s
14
" *le
2
21
lz,4,5.7
IIBII
LOGIC SYMBOLS
524
Rev D
Sheet 1 of

A>B

A=B

A<B



a
&
(15) A3 o _1—
~
(1) B30 8 —j—« N
8
- —
8 —oA>B (5)
& —J
a
(13) A2 0 ——1__
& [>T 1 & —
(14) B2 o
a
a
(2) A<Bo
{2) A=B O & |—oA=8B(6)
(4) A>BoO
. a
a
(2) ato . 1 1 ) 8
(1N Bio
o
i I v
~ 8 F—oaca(7)
& - N
& ——
&
(10) A0 O a8 o _L :
(9) BOO =
&
a

FUNCTIONAL DIAGRAM
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DESCRIPTION

General

Elemént 525* consists of two separate sections
that are used as either 2-to-4 decoders or 1-
Each section has indi-
vidual strobes and data inputs;

to-4 demultiplexers.
however,
they -have common code inputs (select A and B).
These circuits may also be used in combina-
tion: to form either a 3-to-8 decoder or a 1l-
to-8 ‘demultiplexer circuit. Figure 1 shows
the functional diagram for this chip, with
pin numbers in parentheses. The following
paragraphs discuss each of the possible

applications.

Dual Two-Line to Four-Line Decoder

When used in this manner (refer to Figure 2),
the two-line code is applied to the common

select inputs, A and B. The two output sec-
tioné are then enabled individually via their
strobe and data inputs. Outputs 1Y0-1Y3 are

enabled when strobe input 1G is low and data

*Element 525C is

identical in pin (14) (15) (13)
configuration and STROBE DATA A
function to 525, 2G o 2C

but provides open-

collector outputs. |

input 1C is high.
section (2Y0-2Y3) is enabled when both strobe
2G and data 2C are low.

The other four-line output

OPEN COLLECTOR MODIFIERS
APPLICABLE ONLY TO 525C

(1c) D—x—y 3—* 4 (1v3)
(16) ——2 COOER -5 (iv2)
(B) —3 o2 -5 1)
(a) 3 | o-b T (ivo)
S P 3-p 12 (oy3)

| 2-pt__(2v2)

(26) ——4H} -9 __(2vn
(2€) ——15 o-b—2 (2vo)

LOGIC SYMBOL

(3) (n (2)

B DATA STROBE
[T]

0] | [s

- & & 2]

.

o
2vy3 2v2 a2yl 2Y0
[12) N uo)  (9)

O 1
& 8 8 | 8
DD
1Y3 1Y2 1Y) YO

(4 (5)  (6) (7),

1
QUTPUTS 525

Figure 1.

FUNCTIONAL DIAGRAM
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Dual One-Line to Four-Line Demultiplexer

When used as a demultiplexer (refer to Fig-
ure 2), the serial input data is applied to
each section via the data inputs 1C or 2C
and what appears at the outputs is control-
led by the A and B select lines. The two
sections are enabled individually by their
strobe inputs 1G or 2G.

Three-Line to Eight-Line Decoder

When used as a 3-to-8 decoder (Figure 3), the
data inputs 1C and 2C are connected together

and serve as a third select line (C). The

strobes 1G and 2G are also connected together

forming a common strobe. The code is then
applied to the select inputs and the outputs
are enabled when the strobe is low.

x—sY |

)
ole
olw

[

DEMUX
525

te) — |
(16) —2D]

4 (1va)
S5 (1v2)
I~ 6 (v
>~ 7 (ivo)

(20) — 15
(ZG)___lﬁJD>

S 12 (2v3)
N 1 (2v2)
S 10 (2v1)
~ 9 (2vo)

O — N WO — v w1

LOGIC SYMBOL

X—>Y 7 N 4
CODER 5
» 525 ef>~—->2
Yi 2Y3 1Yl Y3 2 N [
2Y0 2v2 IYO IY2 STROSE —'T ] 5 7
] afbs <
r——=1-rt1Tr-———-—-- - T . aps 12
4
: | { 15 ] o !
| : B 3 k10
| | A 13 | fo) N 9
| A B B A |
: . & l—o___] a ! '
I v _ : LOGIC SYMBOL
| ]
| I
LG4y f0s) _ _ (3 K3) _ _ (2] qm_
2 éé A g G C
G | |
P N SELECT
(sTroBEI paTal STROBE DATA
~
INPUTS OUTPUTS INPUTS OUTPUTS
SELECT | STROBE | DATA SELECT | STROBE | DATA
B A 1G IC 1YO 1Yt 1Y2 1Y3 8 A 26 2C 2Y0 2v! 2Y2 2Y3
X X H X H H H H X X H X H H H H
L L L H L H H H L L L L L H H H
L H L H H L H H L H L L H L H H
H L L H H H L H H L L L H H L H
H H L H H H H L H H L L H H H L
X X X L H H H H X X X H H H H H
Figure 2. Two Line to Four Line Decoder/
One Line to Four Line Demultiplexer 525
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One-Line to Eight-Line Demultiplexer

This application uses the same configuration
as the 3-to-8 decoder; however, the common
strobe line now serves as the data input and
the outputs are controlled by the select
lines - (A, B and C). Refer to Figure 3.

2Yl 2Y3 1Yl Y3
2Y0 2v2 1YO Y2
NOTES:
. s . | R R R H - N
1. Vendor identification: I |
Element Vendor Number : . :
| ) |
525 74155 I | A B 8 A I
525C 74156 : a I I 8 :
2. Package pin configuration. 1 - j |
l , |
tVee 16 9 | l;'.__] |
| |
ToP L_Ua qas) 3] 1) _ () qm
VIEW 26 2¢
IC
! 8 GND P 6
. 28 ¢
STROBE
DATA INPUT “SELECT
INPUTS QUTPUTS
R
SELECT  |SAoamal (@ @ 3 @ ;e (7
c B A (] 2Y0 2yl 2Y2 2Y3 I1YO0 Ivi Iy2 1v3

X X X H H H H H H H H H

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

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

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

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

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

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

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

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

Figure 3. Three Line to Eight Line Decoder/

One Line to Eight Line Demultiplexer

525-3
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DESCRIPTION

The 527 circuit is an 8-bit shift register with gated 8
serial inputs and an asychronous clear. The gated

—>/C

serial inputs (pins 1 and 2) permit complete control S N

over incoming data as a low at either (or both) SR-8

input(s) inhibits entry of the new data and resets the 527

1>

first flip~flop to the low level at the next clock pulse. !
A high-level input enables the other input which will 2

then determine the state of the first flip-flop. Data

at the serial inputs may be changed while the clock

|O’|U’l|-h !Ol

is high, but only information meeting the setup re-

(@)

qurements will be entered. Clocking occurs on the !

low-to-high-level transition of the clock input.

NOTES: 13

1. Vendor identification: 74164,8570

2. Package pin configuration. LOGIC SYMBOL
+Vee

s o

(® cLock |
(O
OLT I
®ec 7]
®a ]
©ae "]
@ar 7]
@as 771
LT

|

(®cLear ™ | ]
|
|
|
|
|

—

-
—

—
—

OUTPUTS <

|

)

L

INHIBIT SHIFT
CLEAR CLEAR

INHIBIT

o

NOTES: |. TYPICAL CLEAR, INHIBIT, SHIFT, CLEAR, AND INHIBIT SEQUENCES.
2. O=PIN ASSIGNMENTS.

527
Rev C
FUNCTION SEQUENCE , , Sheet 1 of 2

527-1



¢~-LZS

®

OUTPUT
Qa
o

@

OUTPUT

Qp

®

OUTPUT
Q¢
o

®©

OUTPUT
Qp
o

OUTPUT
Qe
(o]

Q

OUTPUT
Q¢
?

@

OUTPUT

Qg
o

®

OUTPUT
Qy

w
(=]
>
w

—NCLOCK ~DCLOCK

Qc s

—NCLOCK

~—CLOCK

R ag
I CLEAR

S Qg

~CLOCK

—NCLOCK

—>CLOCK

~NCLOCK

R Qg

CLEAR

QGI R

CLEAR

A B CLOCK CLEAR

SERIAL INPUTS @
ONG

z 30 z 3199ys
d AS9Y
LZS

() =PIN ASSIGNMENTS

FUNCTION DIAGRAM



DESCRIPTION

The 528 is a bidirectional shift register that
has 4 distinct modes of operation.

Mode Control
Pin 10| Pin 9
Parallel (Broadside) Load (Pins 2-7) H H
| Shift Right (Pin 15 Towards Pin 12) L H
shift Left (Pin 12 Towards Pin 15) H L
Inhibit Clock (Do nothing) L L
In the parallel load mode, data is loaded into
the associated flip-flop and appears at the
outputs after the positive transition of the
clock inpﬁt. During loading, serial data flow CLOCK _Y 83 /6<rca
is inhibited. Shift right is accomplished X—Y
synchronously with the rising edge of the clock MODE 10 2 3‘ggﬁm
pulse when pin 9 is high and pin 10 is low, CONTROL {__9__| ?CI/GS
Serial data for this mode is entered at the CLEAR ___Li>R
shift right data input. When pin 9 is low and %Sﬁ?
pin 10 is high, data shifts left synchronously
and new data is entered at the shift left ‘ RIGHT SHIFT 2 15
o : SERIAL INPUT ~ —5 | "D
serial input. Clocking (and hence data entry) ¢3,4D
; _ .
is inhibited when both mode control inputs are PARALLEL ﬂ——-CS 4D 14
DATA -
low. The mode controls should be changed only INPUTS 5 C3,4D 13
when the clock is high. 6 C3.4D 12
1
LEFT SHIFT 7 _lec2.4p
1
NOTES : SERIAL INPUT
1. Vendor identification:
Element Vendor Number ‘ ) LOGIC SYMBOL
528 74194
5288 745194
2. Package pin configuration.
+Vce 6 9
TOP
VIEW
8
' GND
528
Rev B

Sheet 1 of 3
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CLOCK 11
INPUTS

MODE
CONTROL

B U O I O A

[ L

T At

L
e—— SHIFT RIGHT ——e| |e— SHIFT LEFT —ete——— INHIBIT —-I

S it Y

CLEAR
PARALLEL
DATA
INPUTS
OUTPUTS <

528
Rev B
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€ 3o £ 399Us

D a8y

PARALLEL INPUTS
N

MODE
CONTROL
INPUTS

®

I
| I— |

SHIFT

RIGHT
SERIAL

INPUT

-

CLEAR

Qg

CLEAR

CLEAR

Qc—*

O
SHIFT
LEFT
SERIAL
INPUT

>CK

CLEAR

11

CLEAR ! |

o

82§

Qpl—

FUNCTIONAL BLOCK DIAGRAM
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DESCRIPTION

Element 529 simultaneously and independently
compares two 4-bit inputs, A and B, against
a 4-bit reference input, C.

529 529C

lu|b!0 L

Output pin 7 (A=C) will go high when all four
A inputs equal the respective reference in-
puts; output pin 9 (B=C) will go high when
all four B inputs equal the respective ref-
erence inputs.

bbb

o
il
- N b mJ-— N l ml4- S

=C
B=C

A=C |——
B=C [——

™
~

o

Element 529C is logically similar, but pro-
vides open-collector outputs that require
external pull-up resistors to attain the
high-active state.

S |
- N b ml-— N oA @ l— N o
)

Lol ]

L]

NOTES:

1. Vendor identification:

LOGIC SYMBOL

Element Vendor Number

529 MC 4022
529C MC 4021

2. Package pin configuration:

529
Rev A
Sheet 1 of 1

529



DESCRIPTION

Element 530 is a quad 2-input multiplexer
with tri-state outputs. The input select and
strobe (output enable) lines are common to
all four sections. A high on the strobe in-
put (F) puts all outputs in the Hi-Z state,
regardless of the state of the select (G) or

data inputs.
NOTES '

1. Vendor identification: 8123
2. Package pin configuration:

1 i6 Vee

GND 8 19

530

25;

—2f 1 4
—3g
5| 7
F.____
—Slo
"l
Fle—
IOO

Ia I3|
o -
-n

~

LOGIC SYMBOL

INPUTS OuUT-
CONTROL| DATA | PUT
Fle |o|li1]|] F
H | x |x|[x]H-2Z
L|LfLix] v
L| L |HiX]| H
L|H[x|L] L
L|H |xIH] H

TRUTH TABLE

530
Rev A
Sheet 1 of 1
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DESCRIPTION

The 532 circuit is a priority encoder that
accepts eight active-low inputs and produces
a binary weighted output code reflecting the
highgst-order input. A weight is assigned to
each active-low input so that when two or
more inputs are simultaneously active, only
the input with the highest weight is repre-
sented on the output. Weight priorities are
in descending order with input 7 having the
highest weight. BAn active-low input enable
(pin 55 and an active-low output enable (pin
15) are provided to expand priority encoding
to more inputs.

A group signal output (pin 14) will be low
if any‘input is low. This active-low output
differentiates between a case where there is
no active input and the case where only the
lowest~priority input (pin 10) is active,
since both of these cases cause the three
encoded output pins to go high.

Pin 15'is low when all inputs are high. Us-
ing the output enable along with the input
enable: allows priority encoding of N input
signals. Both pin 15 and pin 14 are inactive
(high) when the input enable is high.

NOTES:
1. Vendor identification: 9318

2. Package pin configuration.

Vee

16 9

il Il
TOP
VIEW

u 1]

| 8

GND

532-1

¢ _JQ_L}O XMAX ——>Y
11_p|, CODER
532 6
—2 ~—— | encobep
OuUTPUT
PRIORITY
(BINARY) A
INPUTS
GROUP
| SIGNAL
QUTPUT
INPUT ENABLE
ENABLE
LOGIC SYMBOL
INPUT OUTPUT
5 10 11 1213 1 2 3 4|14 9 7 6 I5
H X X X X X X X X|H H H H H
L HHHUHGHTMHIEHEHH|ARHHHL
L X X X X X X X t]lu oL L H
L X X X X X X L H|lL #H L L H
L X X X X X L H H|L L H L H
L X X X X L H H HlL H H L H
L X X X L HHHH|IL L L H H
L X X L H HHHGUBHIL H L HH
L X L H HHUHTUHGBH|L L HHH
L LHHUHHTHIHIEH|L HHAH
H=HIGH VOLTAGE LEVEL
L =LOW VOLTAGE LEVEL

X =EITHER HIGH OR LOW VOLTAGE LEVEL
TRUTH TABLE

532
Rev B )
Sheet 1 of 2
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z 30 z 2199Ys
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ZES

WEIGHTED
INPUT

PIN

O 15

~——0 14

‘>___o7

(0 100
I 1o
2 120

ﬁs 13 0-
4 I O—
5 20—
6 30

L7 40

50

FUNCTION DIAGRAM

BINARY

> CODED

OUTPUT



DESCRIPTION

P . R . +
The 537 :circuit is a binary counter capable >V

of eithér 4-bit or 3-bit operation. (See func- 5

tional diagram and truth tables on sheet 2.) I
As a 4-bit counter, pin 12 is connected to 8
pin 1, and pin 14 is used as the count-pulse B
input. " For 3-bit operation, pins 12 and 14 8 CNTR
are not used, the count pulse being brought 537 [-
in on pin 1. 2
: 3 &|R
The count advances on the negative-going edge N r
of the input pulse,,provided that the counter +1
is enabled by a low level or either of the : ’
Reset inputs, pins 2 and 3. ! '
: LT NC |
During 3-bit operation, the toggle-input FF
may be used independently, provided that its :;}R
Re;et f&nction coincides with that of the _ﬂp
octal cdunter. =
NOTES:
1. Vendor identification: 7493 LOGIC SYMBOL
2. Package pin configuration:
NOTE
' ' If the toggle-input FF is used

independently, the Element Iden-

Vee S

symbol.

537-1

tifier is repeated within the FF

537
Rev A
Sheet 1 of 2



OUTPUTS
/\.

CONNECT PIN 12/
TO PIN | FOR 4-BIT Q

Qg Qc Qp

OPERATION
ATION _ _ _ ™
! Pa 9 8 ‘n
: J Q J Q J Q J Q
Y
A/ () > (B) > (C) > (D)
1
: K Q K Q K Q K @
IN '[—bR SR fBR I—hR
1)
s gf———
:2
RESET({ 3 8
o—|
FUNCTIONAL DIAGRAM
OUTPUTS OUTPUTS
COUNT COUNT
Qp |Qc |QB|Qa Qp| Qc| Qg
0 L|LyicL|u ) L|L]|L
I t|c|{L|H I L|lc|H
2 L|c|{n|lL 2 L|H|L
3 LlL|wlmn 3 L |H|H
4 L|H{L]|L 4 H L |L
5 L|H|{LI|H 5 H| L |H
6 L|H|H|L 6 H|lHL
7 L H|H|H 7 H|H|H
8 [rjLjrit 3-BIT OPERATION, INPUT B
9 H|lL|L]|H (INPUT A AND OUTPUT QA UNUSED)
10 HlL|H|L
I H|{LIH]|H
12 HH|L]|L
13 HlRH{L]|H
14 H|{HI|H]|L
15 H|H |H|H
4_BIT OPERATION, INPUT A

{CONNECT QA TO INPUT B)

TRUTH TABLES
537

Rev A
Sheet 2 of 2

537-2



DESCRIPTION

Element 538 is a dual 1-of-4 decoder with low-
active outputs.

NOTES :
1. Symbol sections may appear separately.

2. Vendor identification:

Element Vendor Number
538 9321
5388 745139
538LS 7418139

3. Package pin configuration:

1 16 vee

GND 8 9

538

I
INHBIT —— X—Y sbh
CODER
3|, 538 >~
ENCODED I
INPUTS 2|, oh
INHIBIT 13 3
3], 2
ENCODED e
INPUTS 1, o
OR
3 |
ENCODED) — |2 %3—
INPUTS | __2f, N
N N
1
ENABLE —IN 538 1>
N
| N
ENCODED 3, 63 S
INPUTS ) __14], G0
A Y N
1
ENABLE—L2D S~
LOGIC SYMBOL
INPUTS OUTPUTS
N/ 2] o] 3
cloef{oulw]Hn
Hiv|nr|{oe[nln
tlcelw|H]H L ]H
Ll |Hu|H]H][H]L
Hix I x| n|lw|H]|Hn
TRUTH TABLE
538
Rev A

Sheet 1 of 1



DESCRIPTION

The 539S circuit is a quad, 2-to-1 selector/
multiplexer with inverting outputs that act
in accordance with the truth table at the

right.
NOTES:
1. Vendor identification: 745158

2. Package pin configuration:

| 116 Vee

2 I

3 14

4 13

[ 12

8 an

7 10
GND 8 19

539-1

MUX
.] 539

w—2r 1 Ay
18 —o
2a—2, B2y
28—S8lo
3a—H N9 3y
38—l
an—12, N2 gy
as—3lo

LOGIC SYMBOL

INPUTS OUTPUT
ENABLE |SELECT ]| A | B Y
H X X1 X H
L L L X H
L L H X L
L H X L H
L H X H L

TRUTH TABLE

539
Rev A
Sheet 1 of 2
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@28

@ 3A
@33
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@ 4A
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FUNCTIONAL DIAGRAM

539-2
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DESCRIPTION

The 542 circuit is a tri-state, dual 4-to-1
multiplexer. The two binary select inputs
are common to both sections. A separate
strobe line for each section holds the output
of that section in the Hi-Z state when the

strobe input is high.

The tri-state feature allows the outputs from
as many as 128 sections to be connected, pro-
viding a 512-line-to-1l-line multiplexing fun-
ction. Appropriate control of the select and
strobe inputs then converts the data from

parallel-in to serial-out.

Figure 1 shows two 542 ICs connected in this

manner to serialize 16 data input bits.
NOTES:
1. Vendor identification: DM8214

2. Package pin configuration:

\/
ccle 9

—

| 8
GND

542-1

2[5 Xx—=vy
—=2 G3
SELECT{ 14, &
A
MUX
542
— 3
DATA -2
___5. | F 7__
__Slp
STORAGE —F
137
12| »
DATA i | 9
1 .
1o} P8
STORAGE O F

LOGIC SYMBOL

INPUTS

DATA  [SELECTISTROBE 33?
oli[a]3]2]1] *
X[IXIX[X XX HI-Z
ofx[x|x|olo] L )
tlx|x|x|olo]| L
xlo|x|{x|of{1 | L )
x|1|xf{x]o|lt] L
x[xlol[x|i]o] L )
x{x|1ix]i|o] L

x | x ol1|[1] L 0
xIx|x{i i {i] o

TRUTH TABLE
(ONE SECTION)

542
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SERIAL

DATA
ouTt

1

|

|

)

[

I

|

|

121311415

542

T = T 5 B R

]
2
I
(o]
3
2
|
o]

Sl

- m
< = FB _\ u® u? e e = ——
(7]
MWIVEMBR Z 0o o o ~ o0 g m o - O
5@ N e b
AY

SO

2131 4|5|6|7|8]9]10]1

GATEDTO —— |D|D{D|D|C|C|C|C|B|B|B|B|A[A|A]|A

DATA BIT —— |0
OUTPUT VIA

Rev A

Serializing 16 Data Bits

Figure 1
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DESCRIPTION

Element 543 is an 8-bit parallel/serial-in,
parallel-out shift register. Loading and
shifting is accomplished on the positive-go-
ing edge of the clock pusse, provided that
the clock enable input is held low. Neither
loading nor shifting is possible when the
clock enable input is high.

For shifting, the shift/load input must be
high. During shifting, serial data is enter-
ed at the J-K inputs. See the J-K truth ta-
ble for states needed to enter data into the
first FF stage.

For parallel loading, the shift/load input
must be low. Serial data flow is inhibited
during loading.

NOTES:
1. Vendor identification: 74199

2. Package pin configuration:

10 (24 vee

GND 12 13

543-1

cLock —13 Lcaca

SHIFT/LOAD Z—{G2
[: cl

RESET —4np
SR-8
543

cLock eNaBLE —InN o 12—»
>

SERIAL INPUT '4' —2{2 2k 2 A
PARALLEL INPUT 'A'—>{cC1,3D
SERIAL INPUT'R' —IN 2, 4k

B8 —3IcCi,3D € B

c—1ci,30 8 ¢

o—ci3p 0o

e e Soo o

F CI,3D LA—

6—=2%ci,30 19 ¢

H—228lc) 3D 21

LOGIC SYMBOL

INPUTS | OUTPUT
AT tn AT tn+1
J | K QA

L H QAn
L|L L
H|H H
HL QAn

tn = BIT TIME BEFORE
CLOCK PULSE

tn+ 1= BIT TIME AFTER
CLOCK PULSE

J-K TRUTH TABLE

543
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LOAD
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19 20 21 22
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CLOCK

BEREE

SHIFT/LOAD
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1
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SERIAL SHIFT —————>
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DESCRIPTION

The 550 circuit is a 4-bit latch. It can be

1 . AS "R/S" TYPE FF AS "D" TYPE FF
used as single input D latches or set/reset
latches. The four latches have a common _——LD>G2 ! C
active low enable and an active low master 9N 9
N IR R
reset. When the common enable goes high,
data present in the latches is stored and RGTR RGTR
the state of a latch is no longer affected 550 550
by the not S and D inputs. The master reset, 3 l
when activated, overrides all other input ———gﬁ>|,23 15 I1CD 5
conditions forcing all latch outputs low. 3 \ . 26,
Each of the four latches can be operated in ——I:E;ZR OR 4|CD 13
one of two modes: D-type latch or set/reset 14 N 13 14 .
latch. For D-type operation the not S input h2s Gl
of a latch is held low. While the common Gl 6;00 12
enable: is active the latch output follows 2R 5
the D input. Information present at the 5 12 6
latch output is stored in the latch when ————D>I,25 7|CD 10
the enable goes high. During set/reset 6 Gl 11
operation, when the common enable is low, [ Gl
a latch is reset by a low on the D input, 2R
gnd can bg set py a_low on the not S input H 25 10
if the D input is high. If both not S and 7
D inputs are low, the D input will dominate Gl
and the latch will be reset. When the en- | E 2R ,
able goes high, the latch remains in the
last state prior to the low to high transis-
tion.
LOGIC SYMBOL
NOTES :
1. Vendor identifications:
Element Vendor Number
550 9314
2. Package pin configuration.
+vee o 9
VIEW
: 8anp
MR| E| D |S | oy | OPERATION
Hit]L}L L D MODE
H LIH|L H
HH]X|X]QON-
HiL|LiL L R/S MODE
HiL]H]L H
HlL]JL]|H L
HlL|H]H{QN—
RIH|X]X]|aN-
L X|X]|X L RESET

X = DON'T CARE

L = LOW VOLTAGE LEVEL
H =HIGH VOLTAGE LEVEL

Qn-) = PREVIOUS OUTPUT STATE
Qn =PRESENT OUTPUT STATE

TRUTH TABLE

550-1

550
Rev A
Sheet 1 of 2
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DESCRIPTION

The 551 latch may be used as a temporary stor-
age device for binary information. Informa-
tion present at a data (D) input is transfer-
red to the high output when the clock is high.
The high output follows the data input as long
as the clock remains high. When the clock
goes low, the information that was present
at the data input at the time the transition
occurred is retained at the high output until
the clock goes high. The latch has comple-
mentary high and low outputs.

NOTES:
1. Vendor identification: 7475
2. Package pin configuration:

1]
1]
4
13
12 GND
"
1o
°

cC

BNE AR GN —

i

N 16 HI
OUTPUT

3

cLock -

pata 2—4

ouTPUT

e L
Iy

T0
OTHER
LATCHS

NOTE: LOGIC DIAGRAM FOR ONE LATCH ONLY

FUNCTIONAL DIAGRAM

551

DATA
INPUT

CLOCK
INPUT

Lo
OUTPUT

+5v

bs

— 131 g
.___:L (:2
RGTR
55|
XXX
—2fcio Je—
U
...._.§., ciD '5_
14
._-.__Si. (: E![) JS!—-—-.
1
.___;Z- (:2[) ja____
8
Iw

LOGIC SYMBOL

EACH LATCH
Tn Tn+1
HI
DATA QUTPUT
H
L L

Tn = BIT TIME BEFORE
NEGATIVE - GOING

TRANSITION OF CLOCK

Tn+1 = BIT TIME AFTER

NEGATIVE - GOING

TRANSITION
OF CLOCK

TRUTH TABLE

TIMING DIAGRAM -

551
Rev A
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DESCRIPTION

The 554 circuit is a 1-0f-2 selector/multi-
plexer with storage.

R-S flipflops on the negative-going clock
transition,

15 nsec; word select set-up time is approxi-
mately 25 nsec.

by the clock signal remains there until the
next clock transition. The FFs are not di-
rectly resettable.,

NOTES :

1. Vendor Identification: 74298

2. Package pin configuration.

Vce
16 9
1] i
TOP
VIEW
i 1]
1 8
GND

Data is entered into the
Data set-up time is approximately

Data gated to the FF outputs

WORD SEL12
ok !
RGTR
554
A2 2fc2p S aa
Al 3cip
B2 2o 14 o8
BI 4lcio
DATA 5 3
INPUTS | C2 c20 Qc
cl Slcip
D2 6fcap 2 qp
DI Acip
LOGIC SYMBOL
TRUTH TABLE
INPUTS OUTPUTS
4D fcik {oa [eB |ac |ap
L J, Al | Bl | cl| Ot
“H { A2 | B2 c2 | D2
x | H |aao|eBo{aco [opo

L = low level, steady state

H = high level, steady state

¥ = transition from high to
low level

X = irrelevant

Al,A2,etc. = steady-state
level of data input signal

QA0,QBO,etc. = the level of

QA,QB,etc. entered on
last high-to-low transi-
tion of clock.

554
Rev. A
Sheet 1 of 2
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a3

WORD (10) [T} |
SEL ]
a2 12)

g4}

g2

S

cl (9)

(5)

(IS)QA

C]

(14) QB

(13) ac

%

c2

(7)

DI

b2 {8)

C]

O

CLK {n

PIN NUMBERS ARE IN PARENTHESES

LOGIC DIAGRAM

554-2

{12) Qb

554
Rev. B
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DESCRIPTION

The 559S circuit is a 9-bit parity generator/

checker. This circuit is commonly used to

2K+ 1
generate a parity bit (if necessary) which is 2] 5598
transmitted along with the associated data 3
word. This circuit can also be used as a par- 4
ity checker indicating that data has been re- 5
ceived correctly or that an error has been 19 6
detected. — A
Referring to the functional (logic) diagram, —12
note that if an odd number of inputs are high, — 13
the odd output is high (the even output is 8 v
low). If an even number of inputs are high, 6

the even output is high (the odd output is

low) .

A high on the inhibit input (pin 8) forces

both outputs low).

NOTES:

1. Vendor identification: 82S62

2. Package pin configuration:

' 16 Vce
2 ]
3 )
4 3
s [
. ]
7 10
GND 8 9
INHIBIT
oL
_ )
| Pl
@ P2 [ =1
°3 - u
3 1 N

LOGIC SYMBOL

@Lr

DATA< ~ ps

10

@PG M

2 P7

639 P8 [

K§> P9

FUNCTIONAL DIAGRAM

559

l 2K
__ 2| s59s
3
__ 4
_5
__1o] 9
R _ 1 NG
_12]
B3
8 v
e
oDD (E)
EVE§4<§)
559
Rev B
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DESCRIPTION

of XY T
Element 563LS is a 3-to-8-line decoder that DA 563 9
also functions as a l-to-8-line demultiplexer. 4 6
One active-high and two active-low enable '5 5:!9_
inputs reduce the need for external inverters —— 1"
when cascading for larger words. (See ex- 4
ample on sheet 3.) — 34 32
2 13
An enable input can be used as a data input —2 2P~
when demultiplexing. j—| ¢ ] -
; oIS
NOTES:
1. Vendor identification: 74LS138 LOGIC SYMBOL
2. Péckage pin configuration:
' 18 Vge
INPUTS
OUTPUTS
GND 8 ® ENABLE | SELECT
Gl [G2 [c|{B|AlYO|YI|Y2|Y3|Y4|Y5|Y6|YT
X H | X|X|[X||HIHIH|H|{H|H|H]|H
L X X|[X[X||HIH|H|/H|H|{H[H|H
H L |LIL|JLJLIH|H|{H|H {H]|H|H
H L L{LIHH|L|H{H{H|H HIH
H L |L|{H{LJH|{H]JL|H|H | H|H|H
H L [LIH|HfJH|H|H|L|[H|H|H|H
H L |HILILJH|[H|H]H|L|H|H|H
H L H{L|HfH{H|{H|H|H L|[H|H
H L HIH|LJH|HIH/H{HIH|L|H
H L HIHIH|HIH{H|H{HIH|H|L

H = High, L = Low, X = Irrelevant
* G2 = G2A & G2B

Input/output labels refer to
functional diagram on sheet 2.

TRUTH TABLE

563
Rev A
Sheet 1 of 3
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& ks .,
|
e 8 K4 |,
ENABLE
INPUTS < |[ v a B3,
coa 4 8
ng_i§l__£>
~N
a B2y,
h—
B DATA
OUTPUTS
S UL
—
/A m | | a B0
2% -
8 (2) P B | & ﬁ)——--YG
TS @ —
& ﬂly-(
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FUNCTIONAL DIAGRAM
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Vee

"ENABLE"
INPUTS

~ 0 % "
]
o @ ) Y
" 9 "
[1e]
2 w 0 b3
11 411 1t L1
i
—k
L
- O
LA™
Nlo - o - o - c-o-lo-—0-0 -0 -
~|lo o - o - - 0O 0O -——-—|0O O - =0 0 — —
~N
anlo 0 o - - - - —-——-=-|loco000 = = = -
'njo o o o oo — ——-—~-]loooo o ooo
%o o o oo o c o000l = — - - - - -
© -« 0 o ~ ymgwljler o Q 5 8K

24
25

27
28
29
30
31

CASCADING FOR 5-TO-32- LINE DECODE

563
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DESCRIPTION

Element 568L is a 4-bit wide, 2-word data
selector with storage properties, If the
Word select input (pin 9) is low, Word 1
inputs (Cl, 3D) are selected. When pin 9

is high, Word 2 inputs (C2, 3D) are selected.

The selected 4-bit word is stored in four
S-R masterslave FFs and passed to the outputs
on the negative-going edge of the clock (pin
10). Stored data is then available until the
next high-to-low transition of the clock.
NOTES

1. Vendor identification: 74198

2. Package pin configuration:

| 16 Vee

GND 8 9

568

>C3
c2

Cl
RGTR
568L

€2, 3D
Cl,3D
€2,3D
Cl1,3D
€2, 3D
C1,3D
€2,3D L —
cl, 3D

mi!

N

I
ry

o

)
o

6]

~

>

LOGIC SYMBOL

568
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DESCRIPTION

The 571LS circuit is a 4-bit binary full
adderi, featuring a full look-ahead that
generates a fast carry in 10 ns, typically.

See sheets 2 and 3 for function table and
functional diagram.

NOTES":
1. Vendor identification: 75L5283

2. Package pin configuration:

1 18 vge

571-1

—2rg Y ABC

_ "4 s7Ls
—3 1 ef—
3, glo
N ry a3
.___E4 2|_
_22IB |.4_
__6l,

— e

LOGIC SYMBOL

571
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OUTPUT

INPUT

i
i

Tzl |rir|r -] E

b= = = 3 e o Yl N O O = =l sl = S S [ = = ) Y

Tir|r|T | T|r|r|xjz|rir ||| {r|r§

T|x|z|ziz|xz|z|E|rir|r|lc|r]r]r]|r o
x|z |r|r|{zl{z|r|r|z{z|r |||

£N
T|x{x|z|z|r|r|r|T|r i riCir|r ks

Tirfr|rirjfz|z|Tjrjxjx{x|xc(r{rjir|x

Tix|T|TIF(r[F|F ||| (||| rEs

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

izl |z IE

H = High, L = Low

CO0 = Carry in {pin 7)
c2

Internal carry

Cc4

Carry out (E16, pin 9)

NOTE
Input conditions at Al, Bl, A2, B2 and CO are used to
determine outputs Il and £2 and the value of the

internal carry, C2. The values at C2, A3, ‘B3, A4 and
B4 then determine outputs I4, £8, and C4 (Il16).

FUNCTION TABLE

571-2

571
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| ) 56
(CARRY OUT)
a -
o (m__E,L
A8 (12) 1
(15)
B4 a
a4 o4
(2)
B2 5
a2 ol3)
81 o8 " .
e
Al ot8) | 7]
c o711 (PIN NUMBERS IN PARENTHESES)
(CARRY IN) —

FUNCTIONAL DIAGRAM

571
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DESCRIPTION — 2K —8& 2K +1
] ] ] ) —39 728 9  s728
Element 5725 is a nine-bit parity generator/ 10
checker. These devices can be eascaded to — — 1o
provide parity for up to 81-bit words in 11 1
typically 25 ns. 2 ) 2 6
NG OR NS
13 13
Notes: _—_T ___T
1. Vendor identification: 745280 2 2
2. Package pin configuration: 4 __4
[] ie VCC
LOGIC SYMBOL
GND 7 [
NUMBER OF INPUTS Esggpg:;%
HAT ARE HIGH
(5) | (6)
0, 2, 4, 6, 8 H L
1, 3,5, 7 9 L |H
TRUTH TABLE
572
Rev A

Sheet 1 of 1
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DESCRIPTION

The 579 phase-locked loop (PLL) is a monolithic
signal conditioner and demodulator system. As
shown in the block diagram on sheet 2, the PLL
comprises a VCO (voltage-controlled oscillator),
phase éomparator, amplifier and low-pass filter.
The center frequency of the PLL is determined
by the free-running frequency (fo) of the VCO.
This VCO frequency is set by an external capa-
citor attached to the Frequency Control, pins

5 and 6.
the capture characteristics of the loop, is

The low-pass filter, which determines

formed by an external RC network connecting
pins 13 and 14.

The 579 has two sets of differential inputs,

one for the FM/RF input and one for the phase
comparator input. Both sets of inputs can be
used in either a differential or single-ended
mode.

self-biased.

The FM/RF inputs to the comparator are
An internally regulated voltage
source. (pin 1) is provided to bias the phase
The VCO output, at high

level and in differential form,

comparator inputs.
is available
for driving logic circuits in signal condi-
tioning ‘and synchronization, frequency multi-
plication and division application. Pin 7 is
provided for the optional extension of the

tracking range.

NOTES:

1. Vendor identification: 562B

2. Package pin configuration.

+Vee
16

TOP
VIEW

GND

579-1

LOW-PASS
FILTER
—— DE-EMPHASIS
Tm Tl:s 10
oA-8// > /> FM
579 OUTPUT
FM/RF] —HIN
INPUT § 12
G A [~N3
INPUT v S 7o vCo
15 MHZ 4 (OUTPUT

] 7 ls le
REF 7TRACK ‘“——
BIAS RANGE FREQ

CONTROL CONTROL

LOGIC SYMBOL

579
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pA-B/f D>
/>
{ TS ]
Fo
12 A
. /7 ‘A T riewro
B
2 ] /> MHZ
BIAS /"-- >-*vw-—] o> /’ . IF Fo =806 KHZ
REFERENCE oon P e N l6
NETWORK 2 7 THEN F| =806XI6 = 12.896 MHZ
____K_ < - N
COUNTER
APPLICATION
LOW-PASS
AUDIO
L&%F‘)r Eg'gDE)R BANDSHAPING
Pl am (NOT USED)
Q o
i 14 ?13 10
12
° o1—0 S 9 , DEMODULATED
RFINPUTS F;:'Z)AMS;E /> > FM OUTPUT
o ~ AMP
MP
2 | g2 LOW PASS
S FILTER
COMPARATOR
INPUTS 5
O-
3
- o
X A L > 4{)}v00 OUTPUT
BIAS |
REFERENCE 0—3) YT
VOLTAGE LIMITER VCO
7 5 6 1,6 Ie
O o) o
RANGE CONTROL ‘=~ r onp
(NOT USED) FREQUENCY
CONTROL

BLOCK DIAGRAM

579
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DESCRIPTION

The 581 circuit is a phase-frequency detector. This

device contains two digital phase detectors, an !
emitter follower amplifier, and a charge pump cir- 581 1
cuit that converts TTL inputs to a dc voltage for Ta PR
use in frequency discrimination and phase-locked- 3 o T R N2
loop applications.

a N2
The two phase detectors have common inputs.
Phase~frequency detector A is locked in (indicated & ~N6
by both outputs high) when the negative transitions I 10
of the variable input (pin 3) and the reference input 4 N ::" i NS
(pin 1) are equal in frequency and phase. If the 9 8
variable input is lower in frequency or lags in phase, =m - |N

output:pin 13 goes low; conversely,output pin 2 goes

low when the variable input is higher in frequency LOGIC SYMBOL
or leafds the reference input in phase. The variable '

and reference inputs to phase detector A are not

affected by duty cycles because negative

transjitions control operations.

Phase:detector B is locked in when the variable in- REFERENCE | N i3
put phase lags the reference phase by 90° (indicated INPUT PHASE
by output pins 6 and 12 alternately going low with EEEFQEUCET%CRY
equal pulse widths). If the variable input lags by VARIABLE 5 A N »
more than 90°, pin 12 will remain low longer than INPUT
pin 6. Conversely, if the variable input phase lags
the reference phase by less than 90°, pin 6 remains 12
low longer. In phase detector B,the variable input PHASE
and the reference input must have 50% duty cycles. FDREETQEUCET%%Y
S NG
The charge pump accepts the phase detector outputs
and converts them to fixed-amplitude positive and
negative pulses. 4 [ 5
CHA
NoTES: ARG
1. Vendor identification: 4044, 4344 H—1" +——10
2. Package pin configuration.
+Vee 14 8
-
VIEW
| Y 9— amp P38
GND :

FUNCTION DIAGRAM

581
Rev B
Sheet 1 of 1
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DESCRIPTION

The 582 circuit is a dual voltage-controlled
multivibrator. The dc control input on pins
2 and 12 determines the precise frequency of
the multivibrator. The value of the external
capacitor between pins 3 and 4 or 10 and 11
determines the operating frequency range.
Variation of the output frequency over a 3.5
to 1 range is possible with an input dc con-
trol voltage of +1.0 to +5.0 volts. The val-
ue of the external capacitor may be deter-

mined by either of two equations:

C = 500 uF or C = 100 uF,
F max F min

with F given in hertz. The maximum operation

frequency is 30 megahertz.

The 582 has three power and three ground con-
nections.
power (pins 1 and 13) and ground (pins 5 and
9) connection. The two output buffers have
a common power (pin 14) and ground (pin 7)

connections. All grounds must always be con-
nected. The output buffer transforms the lo-

gic levels.

Each multivibrator has its separate

FREQUENCY RANGE
COMPONENTS
5 4,

k
G2

Jus
582

+5v
3,14

6

8

2o 1579

FREQUENCY RANGE
COMPONENTS

LOGIC SYMBOL

NOTE: Lines to pins 2 and 12 could be thus:
X ’ £ v or depend-
ing upon whether the input is analog
or non-logic level, non-standard logic
level, or from a variable parameter
control, respectively.
r 4i
4(10)! 3()
VOLTAGE 1
202 CONTROLLED N 6 (8)
VIBRATOR
FUNCTIONAL DIAGRAM
FIGURE 2 FIGURE 3

INPUT VOLTAGE VERSUS OUTPUT FREQUENCY

(I00pF FEEDBACK CAPACITOR)

INPUT VOLTAGE VERSUS OUTPUT FREQUENCY

(430pF FEEDBACK CAPACITOR)

NOTES:
1. Symbol sections may appear separately.
2. Vendor identification: MC4024
. . . | 14
3. Package pin configuration: 2 13
3 12
r'y 1"
5 0
€ -]
7 8
FIGURE |
INPUT VOLTAGE VERSUS OUTPUT FREQUENCY
(15pF FEEDBACK CAPACITOR)
5.5 1717 S5 T T
5.0 |- Vgc=5.0vDC 5.0 |—Vcc=5.0vDC
[4 4
4.0 5 a0
g . 8
8 10 & 30
« «
2 5
o
> 204 > 20—
§ g
] 2
Z 10+ Z 10
0 [+
0 50 10 15 20 25 30 0 1o 20

OUTPUT FREQUENCY (MHz)

3.0

OUTPUT FREQUENCY (MHZz)

582

55 L g
5.0 - Vgc=5.0vDC L
@
Y a0
o
2
]
2 30
-
p
(=]
> 20
-
=1
a
Z 10
[o]

40 50 6.0 0 0.2 04 06 08 1.0

OUTPUT FREQUENCY (MHZ)

582
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DESCRIPTION
Element 768 is a 576-bit random access
memory, organized as 64 words of 9 bits
each. Input data appears at the open-
collector outputs in inverted form.
Data is written when pins 13 and 15 are both
low. Data is read when pin 15 is low and
pin 13 is high. Access time is typically
30 ns.
NOTES:

1. Vendor identification:

2. Package pin configuration:

N 28 g

GND 10 [

768

—2faco ac-pE—
—Meo ne-pT—
0facp  ac-pN&_
9
8

ACD AG-p2
ACD  AG- P22
—Taco  ac-PE—

ACD  AG P22
—SIacD ac-P2-
—4xc0 ac- P

LOGIC SYMBOL

768
Rev A
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DESCRIPTION

each.

state of Chip Select.

NOTES:

13 8 X—>Y|
. . . WORD —_EL—"4 AIS_
The 774 is a TTL 64-bit Read/Write Random AOO
_ SELECT | —2 12
Access Memory organized as 16 words of 4 bits | \
T
Words are selected through a 4-input binary 2 alc
decoder when the Chip Select input (2) is at “[:i:
logical 0. Data is written into the memory Gl
when Read Enable (3) is at logical 0 and read MEM
from the memory when pin 3 is at logical 1. 4 774
The complement of the Write Data inputs is 2 ! _k>s
available at the Read Data outputs whenever 6 ACD Aﬂ
Read Enable is a logical 0, regardless of the ”‘[:::2 _h7
WRITE ACD AII READ
1
DATA —OEZ _bheo DATA
, JACD Al
. s . ' 2 N
1. Vendor identification: 7489 oD AI—
|
2. Package pin configuration.
+veo . LOGIC SYMBOL
TOP
VIEW
I 8 GND
WORD
— L — I— _—
ADDRESS L l J'.
DECODING
| F—w%fo-—t *— —9 ¢— —o ¢— L ¢
15
. I |
: | J I |
2 | 1 1 |
»—Awﬁ?D-—q *-— —o &— —o o—
READ
WRITE
READ ENABLE ——
BIT 1 BIT 2 BIT 3 BIT 4
‘4 1; IG 1; LO i; LZ TFI
\
v / 774
DATA IN AND OUT Rev B

FUNCTION DIAGRAM

774
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DESCRIPTION

The 775 circuit is a 256-bit read/write mem-
ory with a tri-state input. The inputs to
this memory consist of eight address lines,

a write enable and three memory enables (all
three must be low to read from or write into
a memory location). This memory provides
three output states; high or low (depending
on stored data) and a high-impedance state.
The high-impedance state permits bus connect-

ing to similar outputs.

A Write operation is performed by placing a
low on the write enable input, a low on all
three memory enable inputs and selecting a
memory address. This stores the complement
of the input data in the selected location. |

A Read operation is performed by placing a
high on the write enable input, a low on all
three memory enable inputs and selecting a
memory address. This places the complement
of the stored information at the output.

The output is held in a high-impedance state
when the write enable is low or if any one of

the three memory enables is high

The two circuits (775 and 775A) are function-
ally identical except for cycle time.

NOTES:
1. Vendor identification:
Element M Vendor Number

775 74200
775A 82506

2. Package pin configuration:

18 Vee
15
14
13
12
"

[ 4]
1

@NORD AN =

H
S

775-1

—i28

X—>Y

-~
o
>|>
o
18]
2]

BefAc2D A

NOTE:
SEE FUNCTIONAL
DIAGRAM FOR
PIN FUNCTIONS

LOGIC SYMBOL

FUNCTION

INPUTS

MEMORY | WRITE
ENABLE*| ENABLE

OUTPUT

WRITE (STORE
COMPLEMENT OF DATA}
READ
INHIBIT

L L

L H
H

HIGH IMPEDANCE

STORED DATA
HIGH IMPEDENCE

% FOR MEMORY ENABLE:
L = ALL ME INPUTS LOW
H = ONE OR MORE ME INPUTS HIGH

TRUTH TABLE

775
Rev A
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(ME)
@ MEMORY ENABLE |
7). MEMORY ENABLE 2 a

®
@ MEMORY ENABLE 3 ] LI
() WRITE ENABLE (wE) NEE N :
qgoAn 1 8 43}___ a
[— B
r— ﬂ_J &L
b— B8
[a]
r._ 8 S
-y
O
(D-AvoRess A e [ = ) B ;?’ " ®
S— — Y
(7)-Ao0REss 8 LN fa]
g —]
@ Aoomess ¢ |° [ U "M 1—1
'™
[a]
S r— fLJ -
)
h )
=" :
Y
8
A, h
Q) ADDRESS D
N
(@)-Anoress &
"
a
g N
1
256-BIT MEMORY
. ADORESS F g\ MATRIX ORGANIZED
N 32x8
'S
@ ADDRESS 6 |-
N
.
®Aonnsss H N
L

FUNCTION DIAGRAM
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DESCRIPTION

Element 779 is a 1024-word by 1l-bit (1024x1)
random-access memory with an open-collector
output. On-chip address selection is made

when the Chip Select input goes low.
and Write operations are controlled by the

low-active Write Enable signal, as given in
Information read from the

the truth table.

selected address is real (non-inverted) data.
As in all open-collector elements, a pull-up
resistor is required to provide a High output.

NOTES:

1. Vendor identification:

93415

2. Package pin configuration:

GND 8

16 Vee

Read

INPUTS ouT-
PUT
CHIP |WRITE| DATA Fp MODE
ISELECTIENABLE|(PINIS)| "7
H X X H | NOT SELECTED
L L L H WRITE “0"
L L H H wRITE "I"
L H X D READ

D= DATA STORED AT SELECTED ADDRESS

TRUTH TABLE

779

X—>Y
—3lsp2

— 120556
— 128

10
64 A1023
ADDRESS 32 A000

INPUTS 6

- N » @

WRITE ENABLE alc
CHIP SELECT

WRITE ENABLE
CHIP SELECT

LOGIC SYMBOL

779
Rev A
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DESCRIPTION

The 902 is a monolithic quadruple line re-
ceiver satisfying interface requirements for

equipments as defined by EIA Standard RS-232C.

The receiver is DTL/TTL compatible on inputs
and inverting outputs.

NOTES:

1.

2.

Vendor identification: 75154

Package pin configuration.

+Vcee
1615 9

TOP
VIEW

GND

For normal operation connect threshold-
control terminals to Vec 1, pin 15.

For fail-safe operation threshold-
control terminals are open.

RS - 232C MODE
NORMAL OPERATION

+5V
}1,2,3,15,15
o X/Y
4 902 N 13
7
58 N2
6 1
8
7 10
A
>+22V
<-11V
RS- 232C MODE
FAIL SAFE OPERATION
+5V
bis
ing X/Y
a| 902 13
4] MNERS
/5 12
48] Ll
7 10
+
>+22V
<+l.4V

LOGIC SYMBOLS

!<-—>!—— 10t 2ns !<———>|— 10% 2ns
| ! _ S 5V
| 3"/'.; 90% 90%\ !
INPUT : : ! ov
|
v | 'BV\KL
|
_ 10% i |l 10% -5V
! |
1
i
— i PLH f=— —>| tPLH e
!
l .
|
2v¥ E ' 2y VoH
1 4
! /1
OUTPUT D Xasv LsVA
[}
! 08V .08V :
o e . o
—> {THL l=— —> {THL p=—
VOLTAGE WAVEFORMS 302
. ev. B

902
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DESCRIBRTION

The 905 circuit is a dual driver incorporat-
ing TTL logic with open-collector output.
The output is low when either or both inputs
are low. The output is I (indeterminate)
when both inputs are high. When an external
pull-up resistor is used the output is high,
instead of I. The propagation delay from a
low to a high output is typically 45 ns.

The total power dissipation is 800 mW (contin-
uous) . The input threshold is approximately
1.4V. OQutput drive current in the low state
is 150 mA. The input or output may be open or
grounded for troubleshooting without damage

to the chip.

NOTES:
1. sSymbol sections may appear separately.
2. Vendor identification: 75451AP

3. Package pin configuration:

i & Ve
2 7
3 ]

GND 4 s

vCC

A—1 X7Y A—In X/Y
905
& -PA4c 1 -pS4c
B—2 B —2n
6 5 [ 5
—7 N L-IV3 N -pSe
%C=AB T=3+B

* Depends upon external output circuitry. A
high is supplied when an external pull-up
resistor is used in the output. The maxi-
mum voltage that the resistor can be con-
nected to is 30 Vv,

LOGIC SYMBOL

INPUT PINS OUTPUT PINS
A(1,6) B(2,7) €(3,5)
L L L
L H L
H L L
H H 1

I=Indeterminate-the open-collector output sup-
plies neither a high nor a low. A high is
supplied when an external pull-up resistor
is used in the output.

TRUTH TABLE

|/ Ok

N ©

@GND

FUNCTIONAL DIAGRAM

905
Rev B
Sheet 1 of 1



DESCRIPTION

Element 909 is a dual differential-line driver
featuring a 4-input positive AND gate.

|
NOTES : —1 8 A
. ) —2 909 e -2 909 e
1. Symbol sections may appear separately. 3 5 ‘ 3 s v
2. Vendor identification: 4 :6& ap, S Y
Element Vendor Number 19 OR 10p]
I P 1IN P
209 7830 T2 9 ‘ 2 s {
9092 8830 ——l3. (s ¢ 3 S
3. Temperature range:
909(7830): =-55°C to +125°C
9092(8830): 0°C to 70°C LOGIC SYMBOL
4. Package pin configuration:
[} 14 Veo
GND 7 18
1 E— O TV
O— ouTPUT
2
O 6
8 I b2 NAND
o OUTPUT
o%—
10 90 AND
O— OUTPUT
ol— 4 8 . NAND
12 I P—Ooutpur
O=
CﬂS |

FUNCTIONAL DIAGRAM

909

(POSITIVE LOGIC)

909
Rev A
Sheet 1 of 1



DESCRIPTION

Element 910 is a dual differential-line re-
ceiver; with an independent strobe (G) for each
sectioh. Response time can be controlled by
an external capacitor to reject input noise
spikes?é The output is forced High if both
differential input pins are open, or if the
strobe: is held Low.

NOTES:: °
1. SYmbol sections may appear separately.

2. Vendor identification:

Element Vendor Number
910 7820
©'910a 8820

3. Temperature range:

910 (7820): -55°C to +125°cC.
910A (8820): 0° to +70°C.

4. Package pin configuration:

1 4 Vec

GND 7 18
]
O—— Yo
; — ==
TERMINATION |7
RESISTOR -
(170Q)
2
SO RESPONSE TIME
40 STROBE

FUNCTIONAL DIAGRAM
(ONE SECTION)

910

(RESPONSE)
TIME CNTL
| 2 5
/i X/Y
71__3_5. 910 N6
. ]
iofg
i NN
7 s, ]
S L
\
{ RESPONSE )
TIME CNTL

LOGIC SYmMBOL

910

Rev B
Sheet 1 of 1



DESCRIPTION

1(10)
Element 911 consists of two dual input, non- 2(11) X/Y
inverting AND/OR line drivers mounted on a 3(12) a ol 7(9)
single chip. 4(13) +b—
5(14)
NOTES : s(5 | &

1. Pin numbers in parentheses are for second
section.

LOGIC SYMBOL

2. Sections may appear separately.

3. Vendor identification: 9743 (Honeywell)

IN ouT
0 ov ov
l 3V 2.5-3.5V
’ |

LOGIC VOLTAGES

PACKAGE PIN CONFIGURATION

INPUT PINS OUTPUT

| 2 3 4 5 6 (PIN 7)

[ T | x| x [
x | x| ox [ x| 0| 1

X = DON'T CARE CONDITION

ALL OTHER INPUT CONDITIONS
RESULT IN O OUTPUT

TRUTH TABLE

911
Rev B
Sheet 1 0f1l

911



DESCRIPTION

)

Element 912 consists of three line receivers 7 7
mounted on a single chip | X/Y | & ! 2 -ZJ:LJ | &
3 92 | g 3NN 92 |g
4 | an
NOTES : 5 8 or | !
1. Symbol sections may appear separately. “urrv/vla 1 d_Iv/v[ a
15 N3 15D 13
2. Vendor identification:
- [§aN
Element Vendor Number 1op] l 10 I
912 9748 | CHITN I8
912R 9749 2_ 12p]
3. Package pin configuration:
: 16 Vee LOGIC SYMBOLS
GND 8 9
TRUTH TABLE
OUTPUT PINS
INPUT PINS
HI—-ACTIVE | LO-ACTIVE
14115] 1 2(3 (4|50 fj12|136}j9}13|6]9
LT =T =Trl=1T= LOGIC VOLTAGES
X - - H| -] - INPUT
OUTPUT
e ST T=Tal= (PINS 2, 10, 14)
Ll x ! x L] =] =l HI - L| <15 v 0.2 v |0.5 V MAX
L h T -1l =1 =1~ H|>15 v£0.2 v [30-39V
X[ x|H]{-| =] L]|-]|-
L=LOW, H=HIGH, X=DON'T CARE
INPUT CONDITIONS OTHER THAN THOSE SHOWN RESULT IN
H" OUTPUT FOR HI-ACTIVE-OUT CONFIGURATION AND 'L
OUTPUT FOR LO—ACTIVE—OUT CONFIGURATION.

912

912
Rev C
Sheet 1 of 1
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DESCRIPTION
TERMINATION TERMINATION

The 915 circuit consists of two monolithic " "

TTL line drivers in one package. A 20-ohm,

1 percent resistor is connected between each Il_Jl2 fo |9 12 i Jio |9

of the TERMINATION pins (see logic symbol)

and Vcc. Thus terminated, the relationship DRVR : OR DRVR

between the two inputs and the two outputs al5 915

of either section are as follows (second- P P

section pin numbers in parentheses):

8 2

a. With both inputs in a High state, pin
2(5) is at a higher potential than

N2Y p

pin 1(6).

o |» |5 Jo
2337

NS

b. With either or both inputs in a Low
state, pin 1(6) is at a higher poten-

tial than pin 2(5). LOGIC SYMBOL

NOTES:
1. Vendor Identification: 5065989

2. Package pin configuration:

+Vee

| ToP
VIEW

GND

915
Rev. C
Sheet 1 of 1

915



B,F

DESCRIPTION > - Tf’ i =
<m <ov$S
3 N 3
The 916 circuit may be used as a one-shot, 6 EEJR 916 oR | NI 916
a free-running multivibrator, or a comparator- 4 i 6 Y>ovtR _|7
4
|

input FF. Descriptions are provided. for each R ‘
of these applications. Jl

NOTES:
1. Vendor identification: NE555 F F
2. Package pin configuration. 5 TG T., 5T2 TS T-,
2 16
‘EE’ s o UL s
6ND 1 do 8 vee V. 96 OR MHZ
4 3 916
TRIGGER 2 3 5 7 DISCHARGE +—R v
OUTPUT 3 — 6 THRESHOLD
RESET 4 o 5 CONTROL VOLTAGE _l'_ B=TO BIAS NETWORK _|'_
Arrows within the symbol outline and in
the line to pin 5 are omitted for fixed-
frequency or fixed delay applications.
LOGIC SYMBOLS
Vee
[)
8
2
6 NTRO
THRESHOLDO— COMPARATOR 5°$gLTAGé
1 2
COMPARATOR I'——O TRIGGER
3 VREF
4
= —o0 RESET

DISCHARGE c>7——\i ’_nl___s
F

| FLP FLOP |
= OUTPUT
STAGE
3 I
o
ouTPUT GROUND

BLOCK DIAGRAM

916
Rev C
' Sheet 1 of 3

916-1




Monostable Operation

In this mode of operation, the timer func-
tions as a one-shot. Referring to Figure la
the external capacitor is initially held
discharged by a transistor inside the timer.

Upon application of a negative trigger pulse
to pin 2, the flip-flop is set. This releases
the short circuit across the external capaci-
tor and drives the output high. The voltage
across the capacitor now increases expo-
nentially with the time constant 1=RpC.

When the voltage across the capacitor equals
2/3 Voo, the comparator resets the flip-flop
which,in turn,discharges the capacitor
rapidly and drives the output to its low
state. Figure 1lb shows the actual waveforms
generated in this mode of operation.

The circuit triggers on a negative going in-
put signal when the level reaches 1/3 Vie.
Once triggered, the circuit will remain in
this state until the set time is elapsed,
even if it is triggered again during this
interval. The time that the output is in
the high state is given by t=1. 1 RpC.
Because the charge rate and the threshold
level of the comparator are both directly
proportional to supply voltage, the timing
interval is independent of supply. Applying
a negative pulse simultaneously to the reset
terminal (pin 4) and the trigger terminal
(pin 2) during the timing cycle discharges
the external capacitor and causes the cycl
to start over again. The timing cycle will
now commence on the positive edge of the
reset pulse. During the time the reset pulse
is applied, the output is driven to its low
state.

When the reset function is not in use, it is
recommended that it be connected to VCC to
avoid any possibility of false triggering.

916-2

o +Vvce(5 TO I5V)

RESETT—— - $Ra
4

8
o0—2 7

_s_c

= I
__I_ C0=NTROL

VOLTAGE

Iomr

OUTPUT 0—3

(3

©-

e

Figure la.

t=0.1MS/CM

INPUT=2V/CM

OUTPUT VOLTAGE =5V/CM

/” ) d

/
/ / /

CAPACITOR VOLTAGE =2V/CM
RaA=9.1KQ, C=.01uF, R =IKQ

Figure lb.

916
Rev C
Sheet 2 of 3



Astable Operation

If the circuit is connected as shown in
Figure 2a (pins 2 and 6 connected) it will
trigger itself and free run as a mltivibrator,
The external capacitor charges through Rp
and Rg only. Thus the duty cycle may be
precisely set by the ratio of these two
resistors.

In this mode of operation, the capacitor
charges and discharges between 1/3 Vo and
2/3 Vpoc. As in the triggered mode, the
charge and discharge times, and therefore
the frequency are independent of the supply
voltage.

Figure 2b shows actual waveforms generated
in this mode of operation.

The charge time (output high) is given by:
tl = 0.693 (Ra + Rg) C

and the discharge time (output low) by:
t2 = 0.693 (Rp) C.

Comparator-Input Flip-Flop

This application is depicted by the top two
symbol drawings on sheet 1. Pin 5 determines
the quiescent voltage levels of the trigger
(pin 2) and the threshold (pin 6). 1In
practice:

Vpin6é = Vpin5; Vpin2 = Vpin5

When the level at pin 6 exceeds that at pin 5,
the FF sets. When the level at pin 2 exceeds
one-half of that at pin 5, the FF resets.

916-3

+Vee (5 TO 15V)
O~

o
l—<' 1: RA
OUTPUT 4 8
o 3 7
$Rg
5 6
| | 2
CONTROL
VOLTAGE | ==cC
Ol puF j[ ]:
Figure 2a.
t=0.5MS/CM
OUTPUT VOLTAGE 5V/CM
CAPACITOR VOLTAGE IV/CM
Figure 2b.
916
Rev C

Sheet 3 of 3



DESCRIPTION

Element 921 is a line driver capable of
driving terminated lines such as coaxial
cable :or twisted pairs. The outputs can
also be used in wired OR circuits.

NOTES:

1. Vendor identification: 8T23
2. Package pin configuration.

+Vee 6 9

TOP
VIEW

GND

921

1U0) N[
2(11) X/Y
3(12). ]! 92l
4“31 & +>ﬁg)_
504) [
6(15)n] !
‘ X/Y
8 921
] +—
8

LOGIC SYMBOL

921
S8¥eE 1 of 1



DESCRIPTION

The 922 is a triple Line Receiver. Each
receiver incorporates hysteresis to provide
high noise immunity and high input impedance

to minimize loading on the drive circuit.

An input voltage of +l1.8 volts or more is
interpreted as a logical one;
+1.2 volts
logical zero, and is an open-circuited input.

an input of
or less is interpreted as a

NOTES :
1. Symbol sections may appear separately.
2. Vendor identification: 8724
3. Package pin configuration;

+Vcc'6 9

L"—""L*mp

VIEW
[ 8

GND

FUNCTIONAL

922

3 3N
—1{018a 1 | [T] 1 &
_ﬁ__"J 922 | _iz>“J 922
"5 5 —
—_ a8 I 4
5 | TN
14 jEJ 14 JZJ
I5 I5
s | 13 OR -TB s K13
1] N
2 & 25
10 10
10 1 100
" £U& . utij1 &
2 12 9
LOGIC SYMBOL
| k2
14k
5 8
) AN
[ o S E—
2 s
DIAGRAM

922
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DESCRIPTION
Element: 923LS consists of four 2-input,
Schmitt trigger, positive NAND gates. The
“input threshold levels, which differ by
typically 800 mV for positive-and negative-
going signals because of hysteresis (backlash)
in the trigger circuit, are a part of the
logic symbol.
NOTES :

1. Sections may appear separately.

2. Vendor identification: 74LS132

3. Package pin configuration:

GND 7 .

923

| LI 3
——] 8] 923LS >
2
—4 6
— 35
2 ~8
10
12 0
13
>+ 17V
< +0.9v

LOGIC SYMBOL

OR

| IT
—INgl923s B
25
__4n 6
55,
—2 8
IQ - —
125 "
13 —
>4 17V
< +0.9v
923
Rev B

Sheet 1 of 1



DESCRIPTION

Element 926 is an analog gate that switches
on and off under the control of a binary
input. A logic "O0" turns the gate on and
allows it to pass an analog signal from
/input to output. A logic "1" turns the
gate off and causes it to block the analog
signal.

Pins - Function
3,6,11,14 Analog Inputs
1,8,9,16 Analog Outputs
2,7,10,15 Binary Inputs
4,5,12,13 Ground

NOTES:

1. Symbol sections may appear separately.

2, Vendor Identification: TH5012

TOP
VIEW

| 8

PACKAGE PIN CONFIGURATION

926

(&)

N
(22}
——

L

;

;

F

_|-4,5,|2,|3

LOGIC SYMBOL

(=}
X
~
(]

b

o

;

3 I
6 L Iz 8
I £5 IT 9
1a E'Z Iuo 16

o| 3 Its ,

FUNCTIONAL DIAGRAM

bl

F

BINARY [FuNCTION

BLOCKS

I | ANALOG

SIGNAL

PASSES

o | ANALOG

SIGNAL
TRUTH
TABLE

J_4,5,|2,|3

926
Rev. D
Sheet 1 of 1



DESCRIPTION

The 927 is a dual peripheral positive-OR driver
with DTL /TTL compatible inputs and an open-col-
lector output.

NOTES:
1. Vendor identification: 75453

2. Package pin configuration.

+Vee
5

8
TOP
VIEW
4

|
GND

INPUTS OUTPUT
Y

L (ON STATE)
H (OFF STATE)
H (OFF STATE)
H (OFF STATE)

T r|»
rFxMjm

TRUTH TABLE

927

X/Y

I |
L X/Y N
2 |1] 927 2 2 8| 927 P2
6 OR 6
—_— X/Y 2N X/Y
7 11 927 2 78 927-‘>‘—£.-l
LOGIC SYMBOL
5 2y
6 oA |
70811
4 (GND)
A
I o]
B 1
2 o—
3 0y
FUNCTION DIAGRAM
927
Rev C

Sheet 1 of 1



DESCRIPTION ‘ A— T xrv A—In Ty
. . . 930 930

The 930 circuit is a dual driver incorporat=- & -55%4C I -éﬁffc

ing TTL logic with an open-collector output. B—2 B —2m

The output is low when both inputs are high. —$ L5 —5ny 5

The output is I (indeterminate) when either —7 —7n :

of both inputs are low. When an external T=AB VCC=PINS % C=F+B

pull-up output resistor is used, the output GND=PIN 4

is high instead of I. The propagation delay * Depends upon external output circuitry. A

time from a low to a high output is typically high is supplied when an external pull-up

i ] ] . resistor is used in the output. The max-
50 ns. The power dissipation is 800 mw imum voltage that the resistor can be con-

(continuous). The input threshold voltage is nected to is 30 v,

approximately 1.4 V. Output drive current in
the low state is 150 mA. The input or output
may be open or grounded for troubleshooting

LOGIC SYMBOL

without damage.to the chip.

NOTES :
) INPUT PINS QUTPUT PINS
1. Symbol sections may appear separately. A(1,6) B(2.7) c(3,5)
2. Vendor identification: 75452 L L I
3. Package pin configuration: L H I
H L I
vee H H L

-3

S

I=Indeterminate-the open-collector output sup-
plies neither a high nor a low. A high is
supplied when an external pull-up resistor
is used in the output.

TRUTH TABLE

vCC

"/ or

A

O—
@__

N~ ®

@ GND

FUNCTIONAL DIAGRAM

930
Rev A
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DESCRIPTION

Element 939 is a TTL non-inverting hex
buffer with tri-state outputs.

NOTES :
1. Vendor identification: 8097/74367

2. Package pin configuration:

1 . Voo

GND 8 L)

939

2] 0 2 |
| 9 FPR— | 939 Fp3—
F F
4 . 4
FP— F&
F F
6 6
FE— FNT—
- F OR F
10 0
Fle R che
F F
2 I 2r I
F FRNL—
15 e 15, nJe
14 14
[ N
o F

LOGIC SYMBOL

INPUTS OUTPUT
F |DATA

H X Hi-Z
L H

L L L

TRUTH TABLE
(EACH SECTION)

939
Rev A
Sheet 1 of 1



DESCRIPTION

The 949 circuit is a quad differential line

receiver with tri-state outputs and a common
. . ) —Andp —ANf
strobe input. When the strobe input (Pin 4)
is low, the output of each receiver section - RCVR ] RCVR
is determined by the differential voltage 949 [— 949 l-
across its line inputs. With the strobe in- 2[5 X/Y F3 | evry 7F=3
put high, all receiver outputs are in the high In 25 i
-impedance (Hi-Z) state. [ p = 5 7[5 i S 5
NOTES : —In | —6n |
10f= il 9 L0
1. Vendor identification: MC3450 F ] F
9 ] TN
2. Package pin configuration: 1= i3 155 PR3
15 I4b‘_
lIZ lIZ
vee o j ) -5V -5V
! &o LOGIC SYMBOL
INPUT STROBE |OUTPUT
L H
VID 2 +25mV
H Hi-Z
-25myv < L 1
VID <+25mV H HI-Z
VID £ -25mV L L
- m H HI-Z
I = INDETERMINATE STATE
TRUTH TABLE
949
Rev B

Sheet 1 of 1
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DESCRIPTION

The 986 ‘circuit is an eight-input digital-to-
analog converter that provides its maximum
output current (Io) when all digital inputs
are high (K=255), decreasing in discrete
steps as the count goes from 255 to zero.

A reference current amplifier provides a con-
stant current into the R-2R ladder, which
divides the current into binary-related com-
ponents :that are fed to the current switches.
Current from the reference amplifier is con-
trolled by adjusting the positive/negative
reference voltages. The output voltage (Eg)
range may be varied by the voltage applied to
pin 1. :The compensation input, pin 16, main-
tains correct phase margin throughout the

range.

The Typical Application diagram shows the 986
connectéd to provide 128 discrete output cur-
rent values to an op amp (not a part of the

986 circuit). The op amp feed-back resistor
is selected to provide an Eyz of 10 volts when
input current to the op amp is maximum — that

is, for a count of 127.

NOTES :*

1. On a logic diagram, usually only the
digital input and analog output pins are
shown.

2. Vendor identification:

Element Vendor Number
986A (6-Bit) MC1408L-6
986B (7-Bit) 1MC1408L~7
986D (8-Bit) MC1408L-8

986E (8-Bit) MC1408L-7.5

3. Package pin configuration.

+Vce
16 13 9
TOP
VIEW
2 8
! GND

986~1

DIGITAL INPUTS

e
|5 |6 |7 ]8 ls ||o ||| h?
128 64 32 186 8 4 2 '41
CURRENT SWITCHES 0
R-2R LADDER
I T 1 EL—GND
13 BIAS
+V— REFERENCE CIRCUIT |
CURRENT —Eg
+Veer 23 AMPLIFIER RANGE
Ps ps |3 CONTROL
-VgRgr COMP -V
BLOCK DIAGRAM
+VRer +v
14 13
sl Zx/n
~ —=1128
—Sl6a
8 ANALOG
DIGITAL -—6 4
INPUTS < 9lg 986  |—— OUTPUT
— (Ip)
101,
1],
(-2
B EEREEE
Eo 'L
RANGE
CONTROL COMP -V
~VRer
LOGIC SYMBOL
986
Rev C
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+5v

P LY MAX)IM |
5| XN
—Si28
—51eq
—32 . -
8
—16 4  (3.98 MA, MAX)
—21g %86 """ > Eo < IOV
10
—O14
r L
~11s
12],
-[= NEAEGEE
TYPICAL
APPLICATION

986
Rev C
Sheet 2 of 2
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DESCRIPTION

Element 3046 consists of five general-purpose

silicon n-p-n transistors on a common mono-
Two of the transistors
are internally connected as a differential

lithic substrate.

pair.

[14]

SUB-
STRATE

[13]

NOTES:

1. The substrate (pin 13) must be connected
to the most negative point in the
external circuit to maintain isolation
between transistors and to ensure normal
transistor action.

2. Vendor identification: CA3046

3. Pin connections are shown below.

Q5

Q4

3046

3046
Rev A
Sheet 1 of 1



DESCRIPTION

Element 3096 consists of five high-voltage,
general-purpose silicon transistors mounted
on a common substrate, which has a separate
connection. The five-transistor array
comprises three n-p-n and two p-n-p types.
Typical collector-to-emitter breakdown volt-

age is 100 V.

SuB-
STRATE

6]

[

[4] [n]

NOTES:

1. Vendor identification:

CA3096E

2. Pin connections are shown below.

Qi

Q5

Q2 Q3

[T & G [

3096

3096
Rev A
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DESCRIPTION

The 4001 circuit is a CMOS package consisting
of four 2-input positive NOR gates.

NOTES:
1. sSymbol sections may appear separately.
2. Vendor identification: 4001
3. Package pin configuration:

[ 14 Vpp

vgg 7 Js
(GND)

4001

400l

Ia Iﬁ LO lm Ls lw L° I—

| &
N3 4001 3
2N
_5n
N4 4
OR _ 6p
_8nl
N0 10
o
12p
U 1]
LTS
LOGIC SYMBOL
4001
Rev A

Sheet 1 of 1



DESCRIPTION

The 4011 Circuit is a CMOS package consisting

of four: 2-input positive NAND gates.

NOTES:

1. Symbol sections may appear senarately.

4011

2. Vendor identification: 4011

3. Package pin configuration:

1 4 Vpp

Vgg 7 8
(8ND)

4011

_lb 9
(3 q011 |3
—2r
50
4 4
4 R 4
N
RN
Y 10
— 5
125
N "
13
LOGIC SYMBOL
]
4011
Rev A

Sheet 1 of 1



DESCRIPTIONS:

Element 4016 consists of four independent
CMOS bilateral switches. As shown in the
functional diagram, a transmission gate (TG)
responds to control input V¢ (usually a
binary signal) to pass or cut off the input
data VIN. Vyy may be either an analog or a
binary signal with frequencies up to 54 MHz.
The maximum effective pulse frequency of V¢
depends upon Vpp, as shown below:

VbpD Vo freq (max)
+5 V 5 MHz
+10 V 10 MHz
+15 Vv 12 MHz

NOTES :
1. Vo high = TG ON
V¢ low = TG OFF
(See Transmission Gate description
on page 1-17)
2. Vendor identification: MCl4016B

3. Package pin configuration:

Voo 14 8
1 7 Ves
+V +V
koo
14 14
Vin (pata) —Y “a016 | —2 “a0i6 " |,
Ve o—ry Ve (conTroL) — — 13
4 3
—4 3 3 o
—5 ) 5 -
le O- TG OVOUT
8 9
1 . CI. . e
FUNCTIONAL DIAGRAM 0 o
(EACH SECTION) o 10 Tl 1

T ¥

-V -V
LOGIC SYMBOL

4016
Rev A
Sheet 1 of 1
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DESCRIPTION

The 4017 circuit is a CMOS decode counter with
an asynchronous, active-high reset and a built-
in count decoder. Changes in the output occur
on the positive-going edge of the Clock, pin
14, provided that the Clock Enable, pin 13 is
low.

Outputs are normally low, going high only at
the appropriate decimal count time.

A Carry output is provided that is high for
all counts less than 5, and low for counts 5
through 9.

NOTES:
1. Vendor identification: 4017

2. Package pin configuration:

I 18 Vce

GND 8| 9

4017-1

lOgﬁTR q

401

o 12

5

SL!
sle—
76

_Eh>EE}>+I ele——

__l14] sl
allo__
| LA
214
12

I5R Oé——

LOGIC SYMBOL

W

7

CARRY

DECODED
OUTPUTS

4017
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Qla

|

9
Qs

&4
Q2

1]

15
Q6

>
&
YNog
o
b w [¥7]
WOJ B o _QR
(SRS =)
|
%mﬂ. H <] _MR
O O O
[
© -
WOl. [ m _MR
O O O
_ 0 yi
N m
T - 4 _n#n &
O O 0O
—
—_— J <
%Oll [ | <} EW
O O O
SLt— L
2
o -
a —
l
< t
x
asomogE 2015

13
Qo

FUNCTIONAL DIAGRAM

CLOCK
0
CLOCK ENABLE |

2!3;4:5'6'7'8'9'0!l iz
: ! ! ' ! ! ! ; ! :Il

4017
Rev A

RESET .

TIMING DIAGRAM
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DESCRIPTION

The 4023 circuit is a CMOS package consisting
of three 3-input positive NAND gates.

NOTES:
1. Symbol sections may appear separately.
2. Vendor identification: 4023

3. Package pin configuration:

| 4 Vop

Vgg T 8
(GND)

4023

4023

lw |~° l‘-" 'm ,N =

ol

|

—In 1
N9 2N 4023 |9
8
3N
6 4 6
OR Sp N
T
Y 12n 10
138
LOGIC SYMBOL
4023
Rev A
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DESCRIPTION

The 4027 circuit is a CMOS package consisting
of two positive-edge-triggered J-K flip-flops

with asynchronous set and clear inputs. _7_s | Q
4027
The functional (logic) diagram for the 4027 —GGJ
circuit appears as figure 1-15 in section 1 CLOCK ———3->G
of this manual. ———E’-GK
— 4R N2 §
NOTES: 9 15
1. Symbol sections may appear separately. 19y,
2. Vendor identification: 4027 cLock —B3be
1]
3. Package pin configuration: 2 :K 14
\ e Vee LOGIC SYMBOL
Vgg 8 9
(anp)
INPUTS OUTPUT
Qn+1
G |[Gujek ]| s | rR|Q |Q@
X X X [0} | 0 |
X X X | [0} I 0
X X X | | | |
- |NO
J 10 (0] o} 0 Qn | Qn CHANGE
aI | 0 (0] o} | o]
|10 | 0 0 0 |
J |1t |1t ]J]o| o |Qn]|an [TOGGLE
Qn = STATE OF Q OUTPUT PRIOR TO
CLOCK TIME.
Qn + |= STATE OF QUTPUT AFTER
CLOCK TIME.

I~ = CLOCK TIME (L-TO-H TRANSITION)
X = DON'T CARE

TRUTH TABLE

4027
Rev A
Sheet 1 of 1
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DESCRIPTION

The 4049 circuit is a CMOS package consisting
of six inverting buffers, each capable of

driving up to two TTL loads when used as a 7 ;
CMOS-to~TTL converter. For that application, 3| 4049 2 3 4049 2
the high-level input voltage may exceed the
TTL supply voltage (Vccg). 5 (4 5pd 1a
OR
Pin 16 (normal VDD) is not connected inter-— — 7 N6 T 6
nally in this circuit, nor is pin 13. 9 U - N 10 _
1l N 12 T 12
NOTES:
14 IS 14 15
1. Symbol sections may appear separately.
2. Vendor identification: 4049
3. Package pin configuration: LOGIC SYMBOL
Yee 1 Jie NC
J13 NC
Vs o J9e
(6ND)
4049
Rev A

Sheet 1 of 1
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Elements 5100, 5200, 5300, and 5400 constitute a
phase-locked-loop oscillator (PLO), a simplified
diagram of which is shown in figure 1. Table 1
gives a list of center frequencies for typical
applications of the oscillator. A schematic dia-
gram of the PLO is presented in figure 2, and
subsequent. sheets in this series provide the sym-
bols and descriptions for each of the four elements,
with frequent references to the schematic.

5100/5200/5300/5400-1

Rev A
Sheet 1 of 9



GENERAL DESCRIPTION, PLO

The phase-locked-loop oscillator affords a
means of locking the timing of internal logic
circuits to an external signal frequency.
Typical usage is in the read/write circuits
of disk memorles, where the external signal
is a series of servo-clock or data pulses
from the rotating disk.

The essential elements of a PLO are 1) the
current pump, which either pumps current

into or out of a filter (R2/C2), depending
upon the state of a Comparator FF (not a
part of the PLO), and 2) a voltage-controlled

oscillator (VCO), the frequency of which is
determined by the charge across the afore-
mentioned filter capacitor.

Supplemental elements include a constant-cur-
rent source to minimize VCO frequence shifts
due to power supply fluctuations, and a fast-
start circuit that increases loop gain to
achieve rapid lock-in -- typically with 20
pulses. When the low-active fast start sig-
nal disappears, the inertia of the PLO returns
to normal so that it continues to track at

the locked-in frequency despite data shift,
gaps, Or uneven spots in the data.

[ PLO ]

FAST I FAST CURRENT
START i START SOURCE I
INPUT | (5100) (5300) |
DESIRED °°MPARAT°R| CURRENT [} VvCO |

FREQ —D + PUMP ' W—]  (5200) +——0sC ouT

INPUT (5400) Ri (2 REQ'D)
FF I R2 |
I R3 ICZ |
| +V = ci I

Figure 1. PLO, Simplified Block Diagram
Rev A
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The desired frequency and the VCO frequency
will be 180 degrees out of phase when the
PLO is locked in. Resistor R3 allows for
precise adjustment of this relationship.

NOTE

R3 is adjusted for optimum phase
relationship at the time the PLO
is fabricated at the factory.
This potentiometer must not be
altered or adjusted in the field.

The capture range and response time of the
VCO are determined by filter R2/C2. Rapid
lock-in is provided to frequencies that de-

The center frequency of the VCO is deter-
mined by Rl and Cl, and can be varied from
1 MHz to 40 MHz.

Typical center frequencies

NOTE

At the time the PLO is fabricated,
Rl is adjusted to the center fre-
quency for the particular applica-
tion. This potentiometer must not
be altered or adjusted in the field.

(fc), with Rl

and Cl values for each, are given in table
1 for various PLO applications.

viate by up to 20% from the center frequency.

TABLE 1. TYPICAL VCO/PLO CENTER FREQUENCIES
Application fc (MHz) R1 (Q) Cl (pF)
DMD Data Recovery 7.09 590 68
FMD Data Recovery 9.58 590 51
DMD Servo Input (x2) 0.886 590 680
x2 1.773 590 330
x2 3.545 590 150
x2 7,09 590 47
FMD Servo Input (x8) 2.4 590 220
x2 4.79 590 110
x2 9,58 590 68

Rev A
Sheet 3 of 9
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DESCRIPTION

Element 5100 is a Fast Start circuit that
accelerates .the locking in of a phase-locked
oscillator (PLO), usually to a data or servo-
clock signal from a disk drive. It accom-
plishes this by increasing the current han-
dled by the current pump (element 5400),
which increases the current going into (and
out of) filter R2/C2, thereby increasing the
voltage swing of the pump's output (V1).
This, in turn, extends the band width of the
PLO, allowing it to move quickly capture,

and then synchronize itself with, the desired
input frequency.

In figure 2 (schematic, sheet 4), note the
interconnections between elements 5100 and
5400. When diodes D1 and D2 are forward
biased by a low input (Fast Start) signal to
pin 3 of element 5100, the external 681 @
resistor conneacted to +5 V is paralleled with
the 1.2 kQ resistor in element 5400 (via pin
4). Likewise the 600 Q resistor is paral-
leled with the pump's 910 Q resistor via pin
6. BAs a result, current flowing in the in-
tegrating circuit of the pump (see 5400 de-
scription) increases.

NOTES :

1. Vendor identification is the CDC part
number -- 50225100.

2. Package pin cqnfiguration:

DOT

|

5100/5200/5300/5400-5

C 45V
I; T
FAST START 4
5100 +p— T0
CURRENT
B PUMP
I
= cC -5v
C: TO CURRENT - LIMITING
COMPONENTS
LOGIC SYMBOL
Rev A

Sheet 5 of 9



DESCRIPTION

Element 5200 consists of a Schmitt trigger
and a current switch. Two 5200 elements are

cross-coupled to form a voltage-controlled B F

oscillator (VCO) for the PLO network, as T T |

shown 1in figure 2 on sheet 4. The transistor 6 |I 4 =
label}ingg in figu;e 2 are merely to.aid in Eeial

the circuit analysis. 1If the analysis ap- 5 m 8

plies to both the left-hand and right-hand 721— 5200 '_7Z
elements in the VCO, the left-side transis-

tors are given first, with those for the

right side shown in parentheses. 13 17
Transistors Q1 and 02 (Q4, Q5) always assume cC -5V

opposite states, as is typical of a Schmitt-

trigger configuration. The ON state of the F: TO FREQUENCY - DETERMINING
circuit is considered to be that in which Q1 . COMPONENTS.

(04) conducts. In this state, output pin 8 C: TO CONSTANT - CURRENT
is held about two deode-drops above ground SOURCE
(approximately +1.4 V). This positive volt- B: TO BIAS COMPONENTS
age also appears at the base of Q3 (Q6) which,

because its emitter is connected to the neg- LOGIC SYMBOL

ative control voltage from element 5400,
turns Q3 (Q6) on. Q3 (Q6) then acts as a
switchito sink current from the associated
terminal of capacitor Cl.

The OFF state of the Schmitt trigger exists
when Q1 (Q4) is off and Q2 (Q5) is on. 1In
this state, the output voltage at pin 8 falls
to ground and base current through Q2 (Q5),
as well as excess collector current through
the associated Schottky diode, charges the

capacitor. NOTES :

In the ON state, the relatively heavy current 1. Vendor identification is the CDC part
through Q1 (Q4) holds the current-source volt- number -- 50225200.

age from element 5800 (as seen at pin 3) to

+2.5 V. 1In the OFF state, Q2, (Q5) draws 2. Package pin configuration:

little current, so pin 3 rises to +4.0 V and
is clamped there by the 5300 element. These
voltagé waveforms are shown in figure 2 and Dot

are important to understanding the following
circuit analysis, which examines one complete
cycle of the VCO. d 0

Rev A
Sheet 6 of 9

5100/5200/5300/5400-6



Let's assume that, as shown in figure 3, tl
has transpired and point B is more positive
than point C. In this state, Q2 is off, Ql
and Q3 are on, with Q3 sinking current out
of point B, while the output at point D rises
to +1.4 V. Meanwhile, Q5 and the associated
Schottky diode are conducting current into
point C, which is held at +3.3 V by the base-
emitter drop in Q5 (+4.40 -0.7 = +3.3 V).

As the ramping action passes 12, the charge
across Cl actually reverses, making point C
more positive than point B. Ramping contin-
ues until, at t3, point B reaches the switch-
ing point of Q2 (+2.5 -0.7 = +1.8 V). Schmitt
trigger action between Q1 and Q2 causes Q2 to
rapidly turn on, while Q1 turns off. (With

Q2 conducting, the base-emitter junction of

Q1 is biased below its conduction level by

the emitter-to-collector drop in Q2.)

Meanwhile, the output at point D has fallen

from +1.4 V to ground, turning off Q3, while
pin 3 has risen sharply from +2.5 V to +4.0

V.

This 1.5-volt rise is reflected through Q2
and the associated Schottky diode to point B.

Because the charge across a capacitor cannot
change instantaneously, point C is also raised
1.5 volts -- from +3.3 V to +4.8 V.

As a.result, Q5 turns off, causing Q4 and Q6
to conduct. The output at point E now rises
to +1.4 V, while Q6 ramps current out of
point C.

When point C reaches +1.8 V (at t5), Q5 turns
on. The resultant increase in voltage at pin
3 of the right-hand 5200 chip is reflected to
point B, cutting off Q2 and turning on Ql and
Q3. The VCO has now passed through one com-

plete cycle.

If the control voltage at pin 5 goes more
negative, more current is sinked via Q3 (Q6),
causing Cl to reach +1.8 V sooner. Thus, the
VvCD frequency increases. The opposite condi-
tion (a frequency decrease) results if pin 5
goes less negative.

The Schottky diodes enhance the switching
time of the circuit by preventing Ql and Q2
(04, Q5) from going into saturation.

tS5
(tn) t2

E3 (+4.8 V)

E2 (+3.3 V)

— El (+1.8 V)

|<53 (+4.8 V)
l_E2 (433 V)

El (+1.8 V)

— +l4V

—0 V

— +1.4 V

—ov

Rev A
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DESCRIPTION

Element 5300 provides a stable current source
for the VCO (element 5200), regardless of
fluctuations in the logic-power-supply volt-
age(s). As shown in the schematic diagram
of the 5300 element on page 5100-2, this is
accomplished by using a zener diode that
allows the base potentials of Q1 and Q2 to
track voltage variations in the +5 V supply.
The external resistor (connected to pin 2)

is selected at the time the logic board is
fabricated, and provides base drive in ac-
cordance with the output current requirement.

NOTES :

1. Vendor identification is the CDC part
number -- 50225300.

2. Package pin configuration:

5100/5200/5300/5400-8

c +5v

T Source +2
5300

+|2
F[TT
= B _.svy

B: TO BIAS COMPONENTS

C: TO CURRENT-ADJUST
COMPONENTS

LOGIG SYMBOL

Rev A
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DESCRIPTION

Element 5400, in conjunction with filter
R2/C2, is an integrating circuit that raises
or lowers its output voltage (V1) in response
to the phase relationship between 2 desired
input frequency and that of the associated
VCO.

Transistors Q1 and Q2 of element 5400 form a
current pump, biased such that Q2 always con-
ducts a current equal to I, regardless of
whether or not Ql is also conducting. When
Q1 conducts, it supplies a current equal to
2I, half of which sources Q2 and the other
half of which charges filter R2/C2. When Q1
is cut off, the current through Q2 is sup-
plied by the filter.

Current through R2, in charging and dis-
charging C2, causes a small-amplitude
digital signal that rides on the nominal
level maintained by C2.

4

-24 v—-l————- —————————— -——NOM. LEVEL

!

~05 V

This is called the "proportional" component
of the control voltage, V1. The nominal
level maintained by C2 is the "integral”
component.

The amplitude of the proportional component
determines how quickly the PLO can respond
to peak shifts in the individual pulses of
the desired input frequency. The rate at
which the integral component can change
determines how quickly the PILO can respond
to input frequency variations.

The Comparator FF (top left in the schematic)
is set by a positive-going pulse from the
desired input frequency. This puts the
emitter of Q1 essentially at ground, and Ql
is cut off. The filter now pumps current
through Q2, causing the voltage at point A
to decrease. This voltage is passed through
emitter-follower Q3 to output pin 6. (Q3
and Q4 constitute a buffer that minimizes
the effect of output loading up on point A.)
The voltage at pin 6 (V1) is referred to as
the "control voltage" input to the VCO.

When the Comparator FF is cleared by a posi-
tive~going pulse from the VCO, Ql turns on,
conducting a current equal to 2I. Because
the current through Q2 is limited by the
910-ohm resistor, the excess current (2I-I=I)
is pumped into the filter, thereby raising
the voltage at point A.

P
~——, #5V

s b b

5400 |4

16+ (vi ouTPUT)

(TO FILTER)

P: TO INPUT~PHASE —
DETERMINING COMPONENTS

LOGIC SYMBOL

If the Comparator is in a set state longer
than it is reset (Desired Freq > VCO Freq).,
the voltage at point A becomes less positive,
causing the frequency of the VCO to increase.
If the Comparator is reset (cleared) longer
than it is set (Desired Freq < VCO Freq), the
voltage at point A becomes more positive, and
the VCO frequency decreases.

When the Comparator is in a set state reach
an equilibrium (square-wave output is symmet-
rical), the voltage at point A stabilizes.

The Fast Start input to the 5400 (pins 3 and
7) increase the current through Q1 and Q2,

as described in the description of the 5100
circuit. The proportional component, as well
as the rate of change of the integral compoc-
nent, of the control voltage are thereby
increased, reducing the PLO response time

and allowing it to lock in more quickly to
the desired frequency.

NOTES :

1. Vendor identification is the CDC part
number -- 50225400.

2. Package pin configuration.

DOT

/

g
L]

1 Ug
(PIN 2 UNUSED)

Rev A
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DESCRIPTION

Element 5600, or its improved version,
element 7500, consists of four head-select
buffers having high-current capability, and
a comparator for determining when multiple
heads have been selected. A high on the
low-active Chip Select input (pin 1) forces
all output pins low, as seen in the truth
table on sheet 3.

Pin 10 is an open-emitter that can provide
only a high-level output. The low level
must be supplied by the IC (or other com-
ponent) to which pin 10 is connected.
NOTES:

1. Vendor identification:

Element Part Number
5600 50255600
7500 15157500

2. Package pin configuration:

] 16 Veo

Vee €

GND 8 9 Vg

5600/7500~-1

+ 6V
GI 'B
fJ£>G
HEAD
SEL /
FAULT
5 15600 .
- c|—+
g G e
GI2 /
4
4L£> Gléﬂp
v Z2.,_|0_
> -
.
v

LOGIC SYMBOL

5600/7500
Rev A
Sheet 1 of 3



I, CH
e I
(FOR TESTING
ONLY)
2 HD |
SEL 3 & ©  SELECTED
HD | °
8 5, HD2
SEL 4 SELECTED
w2 ©
15 HD3
SEL a & O SELECTED
HD 3 o
a 12 HD4
SEL 3 O SELECTED
Rba O
I0. 2 OR MORE HDS
—° SELECTED
z
7. ONE HEAD

[—————9° SELECTED

FUNCTIONAL DIAGRAM

5600/7500
Rev A
Sheet 2 of 3
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] t
| ]
—>{100ns |e— PLH
| |
!
ANY

i
"HEAD \ I

SELECTED ,

1
500ns !<— PHL
!

'
700ns fe—rPHL
|

i
OUTPUT s 100ns je—pLH

1

t

ONE
HEAD
SELECTED
OUTPUT
(PINT)

.

"MORE THAN
ONE HEAD ,,
SELECTED

OUTPUT
(PIN10)

t

PLH: PROPAGATION
PHL: PROPAGATION

[ |
—>| 200ns je—pLH
| |

DELAY, L-TO -H
DELAY, H-TO-L

700 ns fe—PHL
|

| b

TIMING DIAGRAM

2 2 HEADS SELECTED

CHIP | HEAD-SELECT HEAD SELECTED LOGIC
CONDITIONS SEL INPUTS QUTPUTS QUTPUTS
(1) [ (3)(4)(3)(14) | (2)(5)12) (15) | (7) (iI0)
CHIP NOT SELECTED H X X X X L L L L L L
CHIP SELECTED
NO HEAD SELECTED L H HHH Lt Lt
INVERSE OF
CHIP SELECTED L ONE INPUT LOW RESPECTVE INPUTI R L
ONE HEAD SELECTED ALL OTHERS HIGH VOLTAGE
INVERSE OF
CHIP SELECTED L 2 2 INPUTS LOW RESPECTVE INPUT H H
VOLTAGE

ALL OTHERS HIGH

X = IRRELEVENT
L = LOW LEVEL VOLTAGE
H = HIGH LEVEL VOLTAGE
{ )=PIN NUMBERS

TRUTH TABLE

5600/7500-3

5600/7500
Rev A
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DESCRIPTION

The 10101 is a ECL quad OR/NOR gate with one
input from each gate common to pin 12.
sections provide complementary outputs.

NOTES:

1. Vendor identification:

2. Package pin configuration.

Veez

MC 10101L

INPUT PINS | OUTPUT PINS
A B c D
o] o | ()
| o] 0 |
o] | 0 |
| | 0 |

TRUTH TABLE

10101

(A)Q
(81—
B —}L
8) 108
13

10101

2 © 12 5 + 5
. 10101
5 (D) 4 + 2
3 (© +] [
6 ) 7 . 3
14 © " u
1 o) 10 + 14
15 () . 9
S (D) — 13 + 15
LOGIC SYMBOL
10101
Rev D
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DESCRIPTION

The 10102 is a ECL quad 2-input NOR gate. The 4 1 LA N
last section provides complementary (OR/NOR) 1 4 E;_g ] +__J%
5 10102 5 10102
outputs. — 2
& | NN
M3 |3
NOTES: 7 + 2 +
1. Vendor identification: MC10102L 10 OR 10,
. 14
2. Package pin configuration n + = 1" +
Vecr 12 + 9 12 N + 15
16 9
TOP
A N R N
| 8
Veei Vee
LOGIC SYMBOL
INPUT PINS OUTPUT PINS
12 13 9 15
0 0 0 1
| 0 1 0
(o} I | o]
1 | | (o]
TRUTH TABLE
(LAST SECTION)
10102
Rev D

Sheet 1 of 1
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DESCRIPTION

The 10104 is a ECL quad 2-input AND gate.

The last section provides complementary (AND/

NAND) outputs.

NOTES:

1. Vendor identification:

2. Package pin configuration.

Vcce

MC10104L

INPUT PINS OUTPUT PINS
12 13 9 i5
o 0 | o
| o | 0
0 | | 0
| | 0 !

TRUTH TABLE
(LAST SECTION)

10104

0104

PP bbb

F Eb

LOGIC SYMBOL

4|
8 2

+_
5 10104
5 |

43
7
10

e
1]

12 + 9
13 + 15
10104
Rev D

Sheet 1 of 1



DESCRIPTION

le OR/NOR gate with gt‘ a - p e
The 10105 is an ECL triple OR/N gate wi 10 10 4
. p. . 10105 — 10105
a 3-2-2 input configuration. All sections o 6 10 7
provide complementary outputs. 4t ; 2 4 N3
5 OR
NOTES : EEN =32 5 o2
12 +B 15 12 + 14
1. Vendor identification: MC10105L
13 14 13 15
2. Package pin configuration. e — T
Veez
16 9
ToP LOGIC SYMBOL
VIEW
1 8
veel Vee
10105
Rev D

Sheet 1 of 1
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DESCRIPTION
The 10106 is a ECL, triple, 4-3-3-input NOR 5 a 5 5 \ s
t - e L—.
gate 6n] 10106 * 6 | 10106t
SN I
NOTES: 9 ‘ 9
1. Vendor identification: MC10106L [ 42 R 2
2. Package pin configuration. LI L
12
Vece E-B 2|
16 9 rop 19 N + 15 13 +L|_§
i_:_:]wew 14~ 14
| 8
Veel VeEe
LOGIC SYMBOL
10106
Rev D

Sheet 1 of 1
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DESCRIPTION

The 10107 circuit features three Exclusive
/OR/NOR gates with complementary outputs. For
‘1ow—active inputs, the outputs labelled C and
D provide the X-OR and X-NOR functions,
:respectively. For high-active inputs, these
loutput-pin functions are reversed (D=X-OR,
etc.).

A high active Exclusive OR/NOR output (=1)
‘equates to a low-active Coincidence-gate
output (=) from the same pin, as shown in the
truth table.

NOTES:
1. Vendor identification: MC10107L

2. Package pin configuration.

INPUTPINS | OUTPUT PINS
A B c D
0 0 | o
| o o |
0 | o !
| | | 0o

TRUTH TABLE
(ANY SECTION)

10107

LN T 2 LEN T3

= =

10107 10107
5 N |3 5N |2
g—h +L” _9_5 §_|9_

OR

RN ] 7 N T
B N 12 LIN TR
15 H3 15 o2
4| L+ 2 4 | 4 3

10107 10107
5 | | 3 5 | +—2
9 Sl 9 +F\' 10
o % 7 i
I — — +—
14 2 14 py L
15 13 I5 N L

LOGIC SYMBOL
10107
Rev D
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DESCRIPTION
Element 10109 is a dual ECL OR/NOR gate with
4 and 5 inputs, respectively. Complementary
outputs are provided from each section.
NOTES

1. Sections may be shown separately.

2. Vendor identification: MC10109

3. Package pin configuration:

veel | 16 Vee 2

Vee 8 9

10109

(]

S

~

13

10109

»

o)

(]

=~

—2 &
1o~} 10109
NN . NN
13 — 14
+ |2 +
OR _J§£>
AN
3 TN D2
L2 6 L3
AN
LOGIC SYMBOL
10109
Rev A

Sheet 1 of 1



DESCRIPTION

Element 10114 is an ECL triple line receiver
for sensing differential signals. Common-
mode noise rejection of 1 volt in either the
positive or negative direction allows a large
amount of common-mode noise immunity over
long lines.

The OR output pins (3,7,15) go low whenever
the inputs are left floating. Pin 11 pro-
vides a VBp reference that is useful for
making the 10114 a Schmitt trigger, allowing
single-ended driving of the inputs. The
10114 can also be used as a MOS to ECL inter-
face.

NOTES
1. If sections are shown separately, show
the -VR (pin 11) reference in but one
section.

2. Vendor identification: MC10114

3. Package pin configuration:

veel | 16 Vec 2

VEE 8 19

5 , 3 an | 2
a_|] ona 2 5 | ] 10114 3
_10n N 7 -1 N N6
s 1] 6 T ] 7
EETN IS 4N N4
2 |] 14 3 ] I5

-1.29 VR —1yv -1.29 VR v

10114

LOGIC SYMBOL

10114
Rev A
Sheet 1 of 1



DESCRIPTION

The 10116 is a ECL triple differential line receiver,

The line receivers are essentially very high speed
linear differential amplifiers with standard ECL
outputs.

If any amplifier is unused, one input of
that amplifier must be tied to Vpp (pin 11)
to prevent upsetting the current source
bias network, In this respect, contrast
with element 10114.

NOTES:
1. Vendor identification: MC1l0116L

2. Package pin configuration.

Vecz
16 9
TOP
VIEW
| 8
Veer Vee

10116

5 3 4 2
o+ , +
10116 10116
i_ + 2 5 +._3
10 py N N
OR
9 |
s | Jes o Jo7
13 4_:;12 12 B 9
12 o 14 3 s
“1.29VR —V T1.29VR Ll
LOGIC SYMBOL
10116
Rev D
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DESCRIPTION

4 4
&
The 10117 is a ECL,dual 2-wide ,2-3-input AND-OR / 5 8 |01Il7 5 4 10117
AND-OR-INVERT gate. 6 - +B 2 6 - + B 3
7 sl +—3 ’ 1| o« 2
NOTES: 9 : orR 9
1. Vendor identification: MC10117L ——I:ﬁz 1 _—I::: a
10 15 10 14
2. Package pin configuration: . & +— . 1 +
Veoz o 12 — | 12 — L.l
S:::] ToP 13 & 13 1
VIEW
Vct:ll 8Vu
LOGIC SYMBOL
INPUT PINS OUTPUT PINS
4 5 6 7 9 2 3
0 0 X X X 0 I
X X [0} 0 0 (o} |
ALL OTHER COMBINATIONS | (o]
X = DONT CARE
TRUTH TABLE

10117

10117
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DESCRIPTION

The 10124 is a quad TTL to ECL level translator.

NOTES:

1. Vendor identification: MC10124L

2. Package pin configuration:

GND vee
16 9

TOP
VIEW

| 8
VEE

+ 5v +5v
9 TS
5_,;__ + 4 §_/_B + 2
Oioa 113124
101
6 a +‘—2 6 + +—"""4
+ 3 + |
7 2 + | 7 / + 3
OR
2 L]
o, L8 0, 12
+ 13 T 14
ﬂ_,_ +_._.!ﬁ. “_/___B +_§.

10124

LOGIC SYMBOL

10124
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DESCRIPTION

The 10125 is a quad ECL to TTL level translator.

NOTES:
1. Vendor identification: MC10125L

2. Package pin configuration.

GND Vee
16 9
TOP
VIEW
1 8
Ves VEE

10125

+5v +3v
9 9
2 3
x/y |4 x/y K
3 10125 7 > 10125
5 7 NT 5
5_/_ 5./_
] & ||
10 N OR ) —
12
E/_ L/_
" 0 |]
14 15 N
- i3
= | N
15 14
-1.29VR Pv— -129VR Hy—

il-e

LOGIC SYMBOL

f

10125
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DESCRIPTION

O w
o

5
The 10131 is an ECL circuit containing two _r
master-slave, type-D FFs. The FFs are con- 6 10131
trolled either by the set and reset inputs P
or by the clock input used in conjunction 9
with the CD (data) input (refer to functional 4

diagram and truth tables).

e

When both the set and reset inputs are low, 10
the FFs are in the clocked mode and their 10131
output states change on the positive transi- L]
tion of the clock. The resulting change
depends on the information present at the
data (CD) input.

O wlxo
+

p )
+
[E

The FFs have both common and exclusive clock OR
inputs. The FFs change separately ,under
control of their exclusive clock inputs, 4
whenever the common clock input is held 7
low. They change states simultaneously, —

6

9

5

under control of the common clock,whenever
the exclusive clock inputs are held low.

In either case, the final state of each FF
depends on the information present at its +
data (CD) input at the time of the clock.
13 S +B 15
NOTES : 10 1 Nco
1. Vendor identification: MC10131 H _}C
2. Package pin configuration. 12 R + 14
Vel 16 9
— o LOGIC SYMBOL
VIEW
' eﬂ X=DON'T CARE H=LOGICAL ONE
vee VEE ND=NOT DEFINED L =LOGICAL ZERO
NC=NO CHANGE
COMMON |EXCLUSIVE e
DATA| "clock | cock | @ | @
H L H H L
L L H L H
H H L H L
L H L L H
5 2 Q X L L NC NC
SET ——1° X H H ND | ND
DATA ———CD
6 CLOCKED OPERATION
EXCLUSIVE CLOCK Ibe
COMMON CLOCK —> _ —
RESET 4 3 Q SET |RESET| Q Q
H L H L
L H L H
seT—21Ts 59 H| n | N | ND
pata —21 ndcp L | L | Nnc | NC
—ibc SET/RESET
RA
EXCLUSIVE CLOCKJ——— - OPERATION
13 14 Q
RESET ——]R TRUTH TABLES
FUNCTIONAL DIAGRAM 10131
Rev C

Sheet 1 of 1
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DESCRIPTION

The 10141 circuit is an ECL 4-bit universal
shift register. Inputs are provided for
right shift (DR), left shift (DL), or par-
allel entry (D0-D3). Outputs are provided
from each stage in the register, allowing a
choice of parallel or serial output for
eithér shift mode, as well as parallel in/
parallel out operation. Input data is
asynchronous, and is shifted to the output

on the positive-going edge of the clock
pulse (C). Control inputs S1 and S2 deter-
mine ‘the operating mode, as given in the
truth table. A timing diagram is shown on
sheet 2.
NOTES
1. Vendor identification: MC10141
2. Package pin configuration:
Veel | 16 Vee 2
VEe 8 9
SELECT OPERATING OUTPUTS
INPUTS MODE QOn 1| QIn 1|Q2n 1{Q3n |
s2 | sl (PIN 14)|(PIN I5)[(PIN 2)|PIN 3)
L |L PARALLEL ENTRY DO DI D2 D3
L |:iH SHIFT LEFT DL | QOn | Qin | @2n
H L SHIFT RIGHT Ql Q2n | @3n | DR
H H STOP SHIFT QOn Qin | Q2n | Q3n
n =BIT TIME BEFORE CLOCK PULSE

n+i=BIT TIME AFTER CLOCK PULSE

10141-1

X—Y
71, 21c2/66
0 i4C1/G5
i 04CO
4
(C)__I::>C4
[>6-—>/5 <
SR-4
10141
5
(DR) c2, 4D ©3)
+
(D3) 6 o, 4D
(D2) Co, 4D + ; (@2)
(o1) €O, 4D + @n
(DO} 2 Co, 4D 14
13 + {QO)
(DL) Ci, 4D
OR
XY
7 o 271C2/G6
10 14C1/G5
I  0+CO
e
> 6 /5 <«
SR-4
10141
(DR)——ibcz,tw 3
(03)—8™co, a0 *
02)—2NCo. 40 L2 (a2)
oN—NTo a0 3 (Qn
(D0) 121 €O, 4D N (Q0)
(DL) 131 Cl, 4D
10141
Rev A
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SHIFT
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TIMING DIAGRAM
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SHIFT
RIGHT

PIN 10 (SI)
PIN 7 (S2)
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PARALLEL
ENTRY
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|
i

PIN 4 (CLOCK)

PIN 12 (DO)
PIN 11 (D)
PIN 9 (D2)
PIN 6 (D3)
PIN 5 (DR)
PIN 13 (DL)
PIN 14 (Q0)
PIN 15 (QI)
PIN 2 (Q2)
PIN 3 (Q3)
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DESCRIPTION

The 12040 is a logic network designed for
use as a phase comparator for ECL-compatible
input signals. It determines the "lead" or
"lag" phase relationship and the time dif-
ference between the leading edges of the
waveforms.

Operation of the 12040 is best described by
assuming that two waveforms of the same fre-
quency, but differing in phase, are applied
to input pins 6 and 9 (see timing diagram).
If the logic had established by past history
that the waveform at pin 6 was leading the
waveform at pin 9, the output of the compar-
ator at pin 4 would be a positive pulse whose
width is equal to the phase difference; and
the output at pin 11 would remain low.

If the logic had established by past history
that the waveform at pin 9 was leading the
waveform at pin 6, the output of the compar-
ator at pin 11 would be a positive pulse width
equal to the phase difference; and the output
at pin 4 would remain low.

Both outputs for the sample condition are
valid, since the determination of lead or
lag is dependent on past edge crossings and
initial conditions at start-up. A stable
phase-locked loop will result from either
condition. Phase error information is con-
tained in the output duty cycle - that is,
the ratio of the output pulse width to total
period. By integrating or low-pass filter-
ing the outputs of the comparator, and by
shifting the level to accommodate ECL swings,
usable analog information for a voltage-
controlled oscillator can be developed.

NOTES:
1. Vendor identification: MC12040

2. Package pin identification.

Vee2

TOP
VIEW

Vccll VEE

12040-1

12040
SR +L

—bs +

LOGIC SYMBOL

N

INPUT,PIN 6 _] l I L[

INPUT,PIN O _

i

le— LEAD

OUTPUT, PIN 4 +|—
(WHEN PIN 6 LEADS PIN 9) -

OUTPUT,PIN i~ : -
(WHEN PIN 9 LEADS 'PIN &)+
LAG |j—o

TIMING DIAGRAM

12040
Rev B
Sheet 1 of 2
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DESCRIPTION

This ECL circuit functions as an 1ll-input,
multiple-select fault defector. Ten of the
inputs, A through J, are monitored according
to the state of S (mode select) when input K
is low: If S is low, one or more of the ten

inputs being in the high state will produce

a fault indication (MS=H, MS=1L). If S is high,

two or more of the ten inputs must be high to
give the fault indication. A high on input K
produces a fault indication regardless of the
state of any of the other inputs, including S.

NOTES:

1. The part number is also the vendor num-
ber -~ 50255700.

2. Package pin configuration:

Vee s 8

GND

50255700-1

K —1]
J —2
1 —3
H—3] 15 s
G —2 |
> -
F—8 =
g 10 .,
NI -
ot 16 =
g 13
A4
S.JI;
LOGIC SYMBOL
INPUTS OUTPUTS | OUTPUT
A THRU J ms | s |CONDITION
NO
ALL INPUTS LOW | L | W | NO_
ONLY ONE Ll s NO
INPUT HIGH FAULT
TWO OR MORE
INPUTS HIGH H | L | FAULT
ONE OR MORE
INPUTS HIGH H L | FAULT
< ———— ————— H L FAULT
TRUTH TABLE
50255700
Rev A

Sheet 1 of 2
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DESCRIPTION

The 74153 circuit is a dual 4-to-1l multiplixer

with common binary select inputs and a separ-

ate inhibiting strobe input for each section.
A logical one on the strobe holds the output
pin for that section at a logical zero, re-

gardless of the states of the select and data

inputs.

NOTES:

1. Vendor identification:

74153/74S153

2. Package pin configuration:

Vec 14 8

GND

74153

22X—>¥ 1
N G3
SELECT{ __ 14|, &%
MUX
74153 |—
__£L3 4
4
DATA s 7
___ 6] o
STROBE —|_|
|33
12 2
DATA 1 i 9
'O‘O
STROBE —H2)

LOGIC SYMBOL

INPUTS
DATA sa£CTSTROBEAgB¥'
ol [2]3f2]1 ]
x[x|x|[x|[x|x| n L
o|x|x|x|ojo]| L )
p{x|x|{x|ojo} L I
x{o|x|{xlo|1]| L 0
x[1|x{x|oj1]| L I
x|x|o|x|[1]o] v 0
x|x|1|{x|1jo]| L I
x|x|{xjol1|1] L )
xi{x|x{t|v]j1| v I
TRUTH TABLE
74153
Rev A

Sheet 1 of 1



DESCRIPTION

The 74H51 circuit consists of two 2-wide, 2-

input, positive AND-OR-INVERT gates in one — a 1 —2n 4 &
package. ___3_ ansl | o 3nd 7 [ 7ans1 |
4 !N T
NOTES: __sla PRE
1. Symbol sections may appear separately. 1 ) OR N a
2. Vendor identification: 74H51 —Iéi .8 —3n ! 8
_ ‘ ) — BRI —
3. Package pin configuration: __10} & _Eh;1
Yec 14 8
g_;;] LOGIC SYMBOL
GND
INPUT PINS gllj:ll’-‘ INPUT PINS gtﬁ-
PIN PIN
2 3 4 5 6 2 3 4 5 6
(1) (13) (9 (10)] (8) (1) (13) (9)(1I0)] (8)
olojo|O | of{ojojo |
0j0]0O]1! o|0}]O]1I
ofjo]t|o 1 o|o|t]o |
|0t ]I 0 ojo] 11 1
oj]1J0|{0O | ol joto |
OofjtL O} | of(tjoil [0}
ollji1]|o | ojtj1jo (o]
oji ]! 0 o]l (o}
1{OJO|O | Ijojolo I
1[{0]0 {1 | 11010 {1 [0}
1{O0}]1 1|0 | I1ofjtjo 0
1H{oyi |1 0 11Ot |1 (o}
I{1]ofo 0 1{1]010 1
1{1jo|1 e} {1 ]ofl 0
1jrjilo (0] rjigpt]o (o}
Il R [0} Flrpifl o}
AND -OR-INVERT OR—AND - INVERT

TRUTH TABLES

74HS51
Rev A
Sheet 1 of 1
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DESCRIPTION

The 74LS221 circuit is a dual monostable
multivibrator (one shot) with Schmitt-
trigger inputs. Each section features a
positive-transition-triggered input (A) and
a negative-transition-triggered input (B),
either of which can act as an inhibit input.

Triggering occurs at a particular voltage
level and is not related to the transition
time of the input pulse. Once fired, the
outputs are independent of further input
transitions (that is, the one-shot is not
retriggerable). Bringing the Reset input
low terminates any high-level output pulse.
Pulses from 30 ns to as long as 70 seconds
are available with the proper external RC
network.
NOTES :

1. Sections may appear separately.

2. Vendor identification: 74LS221

3. Package pin configuration:

' 16 Ve

INPUTS OUTPUTS
RESET| A [B | Q | @
L [ x |x|vL]|Hn
X | x|[nf]lce]mn
X L|x|L]|H
H 1‘ L)
Ho|H [ |nfr
= Low
= High

= L-to-H transition (input)
= H~to-L transition (input)
one high—lével pulse (output)

= one low-level pulse (output)

« L 9e =z r

= don't care

TRUTH TABLE

7415221

(NOT |
PART OF
SYMBOL)

t 5 Q
I;R >|2-6

r=—571
I
I+

|

|

I
|
I
|
i
i

(NOT
PART OF |
SYMBOL) L Vee

LOGIC SYMBOL

7415221
Rev A
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DESCRIPTION

The IM5603 circuit is a 1024-bit programmable
read-only memory (PROM) organized as 256
words of 4 bits each. Open-collector outputs
are provided.

Logical ones are written into the memory us-
ing special equipment. Reading is accom-
plished by bringing the selected address bits
high, while bringing Lkoth enable inputs (G)
low.

With either or both G-inputs high, the out-
puts are floating. Typical access time is
40 ns.
NOTES :

1. Vendor identification: 1IM5603

2. Package pin configuration.

v
CC 1a 8

—

ND

IM5603

15 q—
— |i28 Y
—Uea
232
ADDRESS 16 A255
INPUTS Ms 2000
— T,
— ] )
— 5}
13 I
ENABLE ale
INPUTS ) _l14n]
MEM
5603
AG- B
AG - >IO_
AG - U
AG - 2

LOGIC SYMBOL

IM5603
Rev A
Sheet 1 of 1



DESCRIPTION

The MC 1648 circuit is an ECL voltage- S FREQ
controlled oscillator that may be operated COMP’
from a +5 Vdc or a -5.2 Vdc supply, depending
upon system requirements. The external tank P
circuit connected between pins 10 and 12 may 7
also contain a varactor diode to provide a
voltage-variable input for the VCO, 10 12
G /
Maximum output frequency (typical) is 225 ot
MHzZ. m 3
MC1648
NOTES :
5 78 [l,14
1. Vendor identification: MC1648 ‘
-52Y~
2. Package pin configuration: INTEGRATING
COMP. (AGC)
Vee ! 4 Voo Replace 'm' with

frequency or
frequency range

vee 7C 8 Vee LOGIC SYMBOL

MC1648
Rev A
Sheet 1 of 1
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DESCRIPTION

Element MC426 is a dual 3-input AND gate that
may serve as a pulse shaper or a "1l's" delay.
The shaping function results from the inher-
ent hysteresis of the Schmitt-trigger circuit.
Note the threshold levels, which are a part
of the pulse-shaper symnbol.

As a "1's" delay, a high input signal appears
at the output after a delay period determined
by the RC network. As shown by the timing
diagram, the falling H-to-L) edge of the in-
put signal is not delayed; if the signal drops
before the expiration of the delay period,

the output remains low.

The MC426 and the SNG83 are identical. The
SNG82 differs in that it has a fan-out cap-

ability of 12, as opposed to 6 for the MC426/
SNG83.

NOTES :

1. Replace m and m' with appropriate
delay periods.

2. Vendor identification: MC426/SNG83,
SNG82

3. Package pin configuration:

GND
14 10 8
1
1 4 7
Vce

+5v
| 213 T4
- Ir
IB&MC426 2
14
7
__8ls LI
_9‘
|6_]5 10
sray O ]
0.6V
F
+T5v oR
| m [}
— | —
13|
14
— 1 |w °
8la I  [u
—9

MC426-1

LOGIC SYMBOLS

45V
| _Els__te
N IoT
138 | MC 426 hm
LN
NN
—8nl U
RIS
EF To
>Lav
<06V g =
f—l TV
| ) m
N F
13n | N
_4n
_lb 0 m'
N PR
— 9]
‘6]5 [0
' L
MC426
Rev C

Sheet 1 of 2



RC NETWORK DETERMINES

Y HOW LONG RISING EDGE
IS DELAYED
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2 12 ouTpuT
MC426
SIGNAL DROPPED BEFORE
i | END OF DELAY SO RISING
i DELAY 1 DELAY EDGE DOES NOT APPEAR
1 1
' 1

AT OUTPUT
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[ ]

FUNCTIONAL DIAGRAM
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APPENDIX A

GLOSSARY OF MICROCIRCUIT TERMINOLOGY

The following terminology is used in this manual to describe
microcircuit function and design.

base - (symbol B) The region that lies between an emitter and
a collector of a transistor, and into which minority
carriers are injected. It corresponds to the grid of
an electron tube.

chip - The shaped and processed semiconductor die that is
mounted on a substrate to form a transistor, diode, or
other semiconductor device.

clock - A source of accurately timed pulses, used for syn-
chronization in a digital computer or as a time base
in a transmission system.

clocked flip-flop - Two flip-flops connected in a master-
slave combination, to eliminate lay elements. The
master flip-flop stores the input information when
the clock voltage is high and transfers it to the
slave when the clock voltage is low.

clock frequency - The master frequency of the periodic pulses
that schedule the opération -of a digital computer.

clock rate - The rate at which bits or words are transferred
from one internal element of a computer to another.

collector - (symbol C) A semiconductor region through which
a primary flow of charge carriers leaves the base of
a transistor. The electrode or terminal connected to
this region is also called the collector, and corre-
sponds to the anode of an electron tube.

counter - A complete instrument for detecting, totalizing
and indicating a sequence of events.

counter circuit - A circuit that receives uniform pulses

representing units to be counted and produces a
voltage proportional to the total count.

83322440 A-1
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Darlington amplifier - A current amplifier consisting essen-
tially of two separate transistors, often mounted in
a single transistor housing. A Darlington amplifier
has the same terminations as a single transistor.

decoder - A matrix network in which a combination of inputs
produces a single output.

delay multivibrator - A monostable multivibrator that generates
an output pulse a predetermined time after it is trig-
gered by an input pulse.

demultiplexer - A device used to separate two or more signals
that were previously combined by a compatible multi-
plexer and transmitted over a single channel.

emitter - (symbol E) A transistor region from which charge
carries that are minority carriers in the base are
injected into the base. The emitter roughly corre-
sponds to the cathode of an electron tube.

emitter follower - A grounded-collector transistor amplifier
whose operation is similar to a cathode follower using
a vacuum tube.

flip-flop circuit - A two-stage multivibrator circuit having
two stable states. 1In one state, the first stage is
conducting and the second is cut off. In the other
state, the second stage is conducting and the first
stage is cut off. A trigger signal changes the cir-
cuit from one state to the other, and the next trig-
ger signal changes it back to the first state. For
counting and scaling purposes, a flip-flop can be
used to deliver one output pulse for each two input
pulses. Also called bistable multivibrator, Eccles-
Jordan circuit, and trigger circuit.

83322440



grounded-base amplifier - An amplifier that uses a transistor
in a grounded-base connection.

grounded-base connection - A transistor circuit in which the
base electrode is common to both the input and output
circuits. The base need not be directly connected to
circuit ground. Also called common-base connection.

C E
E e B B
N Q"Q ouT ' ouT ouT
B IN E IN Cc
- T

GROUNDED ~ GROUNDED GROUNDED
BASE EMITTER COLLECTOR

grounded-collector amplifier - An amplifier that uses a tran-
sistor in a ground-collector connection.

grounded-collector connection - A transistor circuit in which
the collector electrode is common to both the input
and output circuits. The collector need not be directly
connected to circuit ground. Also called common-
collector connection.

grounded-emitter amplifier - An amplifier that uses a transistor
in a grounded-emitter connection.

grounded-emitter connection - A transistor circuit in which the
emitter electrode is common to both the input and output
circuits. The emitter need not be directly connected
to circuit ground. Also called common-emitter connec-
tion.

integrated circuit - An interconnected array of active and
passive elements integrated with a single semiconductor
substrate or deposited on the substrate by a continu-
ous series of compatible processes, and capable of per-
forming at least one complete electronic circuit
function. Normally, only the input, output, and supply
terminations are accessible. Also called monolithic
circuit and monolithic integrated circuit. When tran-
sistors or other discrete components are separately
mounted and connected, it is a hybrid integrated
circuit.

83322440 ' A-3



microcircuit - Generic term for all types of microminiature
or microelectronic circuits, including hybrid micro-
circuits, integrated circuits, thin-film circuits,
and monolithic circuits.

microcircuitry - The complete assembly of microcircuits used
in a piece of electronic equipment. Also called micro-
electronic circuitry and microminiature circuitry.

microcircuit wafer - A microwafer containing one or more com-
plete operating microcircuits or stages.

monostable multivibrator - A multivibrator with one stable
and one unstable state. A trigger signal is required
to drive the unit into the unstable state, where it
remains for a predetermined time before returning to
the stable state. Also called one=-shot multivibrator,
single-shot multivibrator, and start-stop multivibra-
tor.

multiplexer - A device for combining two or more signals.

multivibrator - A relaxation oscillator using two tubes, tran-
sistors, or other electron devices, with the output
of each coupled to the input of the other through
resistance-capacitance elements or other elements to
obtain in-phase feedback voltage. The fundamental
frequency is determined by the time constants of the
coupling elements and may be further controlled by an
external voltage. When such circuits are normally in
a nonoscillating state and a trigger signal is re-
quired to start a single cycle of operation, the
circuit is commonly called a one-shot multivibrator,
a flip-flop circuit, or a start-stop multivibrator.

reference voltage - Reference voltages are typically specified
with respect to ground. Unfortunately, there is no
industry standard for the various symbols that denote
these voltages. Meanwhile, the explanations below
hold for this manual, and are generally applicable.

Vg - (Bias) The bias voltage may be produced by an
external bias supply or generated internally
on each card (or within each IC package). 1In
the latter case, Vgg is usually brought out to
a connecting pin so as to provide a uniform
bias to all applicable circuits.

Vce - (In bipolar (TTL,DTL)and ECL circuits, this
term indicates the most-positive supply voltage.
In ECL circuits, Ve is typically ground.

83322440



Vpp - (Drain) In CMOS circuits, this term is generally
used in place of Vgc to indicate the most-positive
supply voltage. When CMOS is used in combination
with ECL, Vpp is typically ground.

VEE - In ECL circuits, this term indicates the most-
negative supply voltage.

Vgg - (Source) 1In CMOS circuits, this term indicates
the most-negative supply voltage. When CMOS is
used in conjunction with ECL, both Vgs and Vgg
may be used to identify the same (-5.2 V) supply
voltage. Often, however, the -5.2 V ECL supply
(VEg) may not offer sufficient potential to
gain the required speed from the CMOS circuits,
and a higher-potential supply (Vgg) is necessary.
In such cases, Vgg and Vgg specify different
voltages. v

reset - Clear.

reset pulse - 1. A drive pulse that tends to reset a magnetic
cell in the storage section of a digital computer.
2. A pulse used to reset an electronic counter to zero
or to some predetermined position.

Schmitt trigger - A bistable trigger circuit that converts an
a-c input signal into a square-wave output signal by
switching action, triggered at a predetermined point
in each positive and negative swing of the input sig-
nal.

shift - Displacement of an ordered set of characters one or
more places to the left or right in a digital computer.
If the characters are the digits of a numerical expres-
sion, a shift may be equivalent to multiplying by a
power of the base.

shift pulse - A drive pulse that initiates shifting of char-
acters in the register of a digital computer.

shift register - A computer circuit that converts a sequence
of input signals into a parallel binary number or
vice versa, by moving stored characters to the right
or left.

83322440 : , A=5



transistor - (TRANSfer resISTOR) An active semiconductor
device having three or more electrodes. The three
main electrodes used are the emitter, collector, and
base.

P-N-P N=P-N

Conduction is by means of electrons and carriers or
holes. Germanium and silicon are the materials most
often used as the semiconductor material. Transistors
can perform practically all the functions of tubes,
including amplification and rectification.

transistor-transistor logic - A logic circuit containing two
transistors, for driving large output capacitances at
high speed.

triggering - Initiation of an action in a circuit, which then
functions for a predetermined time.

trigger circuit - 1. A circuit or network in which the output
changes abruptly with an infinitesimal change in input
at a predetermined operating point. Also called trig-
ger. 2. A circuit in which an action is initiated by
an input pulse, as in a radar modulator. 3. Flip-
flop circuit.

truth table - A table that describes a function by listing
all possible combinations of input values and indica-

tions for the output.

AND OR NAND
A

I I rriw
r T r
rTxTx|O

I I rrjm
TIr xTxr|>»
I rrrjo
I xrrjmo
I rIXri>»
I T T rjo

X

Truth tables for three gating functions.
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