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PREFACE

This manual has been prepared for customer engi-
neers and other technical personnel directly involved
with maintaining the disk storage unit (drive).

Logic card information is provided by four sections
in this manual. Section numbers and a brief descrip-
tion of their contents are listed below.

Section 1 - Introduction to logic symbology and
card construction.

Section 2 - Description of integrated circuits used
in the drive. Includes pin assignments
along with truth tables and/or typical
waveforms,
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Section 3 -

Section 4 -

Description of descrete components and
their functions. For ease of using the
logic diagrams, transistors and their
associated components are frequently
condensed into an equivalent logic sym-
bol. This section, arranged in alpha-
betical order of the circuit type
designator (AAA-ZZZ) explains these
functions and illustrates the actual
discrete elements.

Schematics of logic cards. These
schematics are arranged in alphabetical
sequence of the last three characters of
the card type. The first character of
the card type is for internal control of
card revisions.
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SECTION 1

INTRODUCTION



MAINTENANCE AIDS
GENERAL

Section 1 contains information on logic symbology, operational amplifiers, integrated
circuit package configuration, discrete component descriptions and logic card diagrams.

The logic used in this device consists of two styles of circuits: discrete component
and integrated circuits. Discrete component circuits contain individually identifiable
resistors, capacitors, transistors, etc,

Standard logic levels used are: ''1" = +3 volts and ""0" = 0 volts., All signals are

named for their function when a ''1'"'., For non-standard logic levels or analog signal
voltages, refer to applicable circuit description.

BACK PANEL

The Back Panel consists of the logic board wire wrap assembly and guiding piece parts
for the logic cards.

Logic cards are plugged into the logic board wire wrap assembly. Guide rails con-
nected to perpendicular panels guide the cards into place and restrict horizontal or
vertical movement,

Wire wrap pins extend through the back panel. The logic cards mate with these pins
on one side of the back panel. On the other side, the ''wire wrap'' side, wiring inter-
connects the logic functions between cards, This wiring is secured to the pins by the
wire wrap technique. These pins also provide convenient test points for monitoring
logic levels of all signals entering and leaving each card.,

The wire wrap surface of the logic board wire wrap assembly contains wire wrap pin
identification (Figure 1-1). Logic cards are designated by horizontal row (A, B, C,
or D) and vertical column (1 through 30). Wire wrap pins are then called out by pin
number and column A or B. For example, A8-12B is the back panel pin at logic row

A, position 8, pin 12 of column B.
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Location of Logic Card. Con-
nector 8 of Row A. Location of
full size cards identified with
top connector,

Special circuit characteristics.
(Oscillator frequency, delay
period, etc.)

Input applied to transistor Q2.

Output transistor (if applicable)

non Logic Level
Pin connections.
Indicates direction of signal flow,

When no pin connections are in-
dicated, it is a continuous fail

[ ] _ ] L ) | I ] ]
Wire Wrap Pin Identification
A8 Position 8 in Chassis Row A A8
12B Pin number 12 in Column B
3A Pin number 3 in Column A,
When Chassis Row and Position X000
are not listed it is identical to
the one above it.
JA80 Auxiliary connector used to in- 2
put or output signals to/from
Back Panel, 4
5A Pin number 5 in Row A )
—
Logic Representation
Logic Rep >><
XY Function symbol <
L005 Logic term or identifier —1870
VHI Circuit type designator, Alpha

1-2

characters indicate discrete
components, (see Part 3).
Numeric characters indicate
integrated circuits (see Part 2).

going from preceding term to
indicated term. Page number
will be given if different,

(xx-1870). 7192

Figure 1-1, Wire Wrap Board Assembly
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JAB80 through JA85 and JA90 through JA95 are auxiliary connectors used to interface
logic cards with maintenance panel, I/O connectors, etc. Pin identification is by pin
mumber (1 through 14) and row (A or B). (JA80-5A is auxiliary connector JA80, pin 5,
row A),

LOGIC CARDS

PHYSICAL DESCRIPTION

All components of the logic cards (Figure 1-2) are mounted on one side of a printed
circuit board (PCB). Two sizes of PCB are used. The 6.075 x 2.3 inch PCB is
called the half-size card (plugs into one logic row). The 6,075 x 4, 85 inch PCB is
the full-size card. The latter card spans two rows of the logic chassis.

Numerical designators (1 through 99) are etched on the non-component side of the
board identify each transistor. A 4-character alpha-numeric designator is etched on
the non-component side of the board to identify the card type. A matrix code
(alphanumeric) also appears on this side. Non-amplifying components such as
integrated circuits, resistors, capacitors, diodes, etc., are not marked.,

PIN ASSIGNMENTS

Half-size cards are equipped with a 28 -pin (sockets) connector, while the full-size
card contains a 62~-pin connector. Connectors are mounted along the shorter dimension
on the component side of the board.

The pins of each card connector are arranged in two columns (A and B) and are
numbered from the top starting with pin 1 and continuing through pin 14 on the half-
size card. The pins of the full-size card are numbered 1 through 34, however pins
18A, 18B, 19A, 19B, 20A, and 20B are omitted.

70629100 E
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COMPONENT NON -COMPONENT

PIN 1A SIDE
SIDE PIN 1B
4 3 2 I
(o] 0o oo A
bl L} —HALF-SIZE — | — ——
CARD
B
! /
onE LoGic |  PINMB Lo 1aa
TEST CHASSES ROW END ETCHED MATRIX
POINT TWO LOGIC_ PIN 1A
/ CHASSIS ROWS PIN1B f
A J = B 1 4 3 2 | iA
O L o= 2 *
0 ~ © T DIsCRETE . - - 41
o COMPONENTS | B
PIN . —_—
78 ee FULL - SIZE c
® piN—1 CARD
INTEGRATED 218 T T — —
E:]/ CIRCUIT | D
z : + o
z o | e
PIN ,
PIN 344
NOTES:
@) INTEGRATED CIRCUIT LOCATED AT BOARD MATRIX D2
2. ON LOGIC DRAWINGS, CARD PINS AND MATRIX LOCATIONS, ARE
PRECEDED BY 3 DIGITS THAT IOENTIFY LOCATION OF CARD IN
LOGIC CHASSIS (A23, POSITION 23 IN CHASSIS ROW A)
(® PINS 18,19, 20, (A AND B) NOT PRESENT ore

Figure 1-2, Logic Card Detail

The logic chassis wire wrap surface (side opposite surface where cards are installed)
contains wire wrap pin identification information adjacent to each chassis row. Wire
wrap pins are numbered 1 through 17 in each chassis row. When a full-size card
(spans two logic rows) is installed in the logic chassis, card connector pins (sockets)
1A and 1B mate with wire wrap pins 1A and 1B of the upper row, while card connector
pins 21A and 21B mate with wire wrap pins 1A and 1B of the row immediately below.
The logic diagrams for this unit show connections in terms of wire wrap pins.
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TEST POINTS

Test points are located near the edge of the card opposite the connector and in other
strategic places on the component side of the board. Test points are identified
alphanumerically starting with A on the top, outer edge. Test points A and Z are
available for ground reference on full-size cards, Only test point Z is available for

ground reference on half-size cards.

LOGIC SYMBOLOGY

INPUT/OUTPUT STATE INDICATORS

Input/output state indicators are the polarity indicator (—or |>_) and the logic
negation indicator (—q or p—).

The input polarity indicator indicates the most negative potential is required to satisfy
the logic function represented by the qualifying symbol. The output polarity indicator
indicates the most negative potential is present at the output when the logic function is
satisfied. The absence of the polarity indicator indicates the most positive potential

is present,

The logic negation indicator is a small circle located at the origin or termination of a
signal line, and tangent to a logic symbol. The presence or absence of this indicator
tells the conditions that are necessary to satisfy the function of the logic symbol. The
presence of the circle indicates a "0" logic level on that line is needed to satisfy the
function. The absence of the circle represents a logical 1" as needed to satisfy the

function.

The relative level indicator depicts the occurrence of inversion. Figure1l-3 shows

some representative examples of the relative level indicator being used in this manner.

70629100 E 1-5



NON-INVERTING
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S T | el | | N | I o

eT?

Figure 1-3. Inversion Conventions

DYNAMIC INDICATOR

The presence of a dynamic indicator ( |>) just inside a symbol indicates the inputs are
gated (satisfied) with the dynamic positive ~going transition of the input line to the state
shown. A logic negation indicator (circle) accompanying the dynamic indicator sig-
nifies that a negative-going transition is required to gate in the inputs, Absence of
the dynamic indicator indicates the inputs are gated (satisfied) with the static state of
the input line.

SIGNAL LINE INDICATORS

Non~-Standard Levels

Some signal line indicators indicate non-standard levels on input/output lines. These
signal line indicators are as follows:
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———~—— non-standard logic levels
——>&— analog or non-logic levels

——~ variable control

Absence of these indicators shown above indicates a standard logic level.
Inhibit

The inhibit line indicates gating of the logic function will be inhibited whenever the line
'is at the level indicated by the logic negation indicator. Inhibit line symbols are as
follows:

——d—-l- with logic negation indicator
B [
—-I—[ without logic negation indicator

Miscellaneous

Other signal line indicators are as follows:

__I__ test point
—_X  twisted pair

FUNCTION SYMBOL.S

Circuit function symbols for discrete components and integrated circuits are as

follows:

1 OR gate or inverter

& AND gate
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X/P

X788
D/Y

BXrsy

)

TX/D>

>IJy

X
F >

np

1-8

exclusive OR

amplifier (with or without gain)

amplifier with adjustable gain

summing amplifier

integrating amplifier

differentiating amplifier

digital to analog conversion

digital to analog conversion with adjustable gain
analog to digital conversion

amplifying level translator (gain noted outside box)

positive analog rectifier (symbol preceded by a minus sign if
negative rectification is used)

analog summation of digital inputs. Reference voltage outside
box indicates output signal level resulting when specified input(s)
are negated

Schmitt trigger

saturable, non-linear, gain controlled amplifier

function generator

active bandpass filter

bandpass or resonant circuit
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X—eY

X/Y

Ixsy
X/Y[HE
IxLOy

111
>50 HZ

00

200ns t2
—
] 30ns
e |

(0] 35ns
—

e andumRha

35ns
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coder

Level conversion - transmission line to logic level, switch
state {ground or open) to logic level, logic level to power output
(to drive lamp, relay, solenoid, etc.)

integrating level translator

variable gain source amplifier

switch receiver with integrating of digital signal and hysteresis
retriggerable multivibrator (single shot)

voltage controlled, free running multivibrator

frequency sensor

odd parity generator

even parity generator

symmetry restoration circuit

ones delay - when input changes to a ''1" a 200 nsec delay
occurs before the ""1" is passed on

zeros delay - when input changes to a "0 a 30 nsec delay occurs

before the ''0'" is passed on

0—> 1 is not delayed. 1— 0 delayed by 35 nsec

both transistors are delayed by 35 nsec.

1-9
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INPUT/OUTPUT DESIGNATORS

Inputs are individually identified as necessary by an input designator inside the symbol
block and adjacent to the left side following all prefixes indicating dependency These
input designators follow:

R reset or clear

S set

G gating type input that affects other inputs or outputs

J J input of J-K flip~flop

K K input of J-K flip-flop

z used to link gating (clock) input of control block to J and

K inputs of J-K flip flops

T toggle or complement input

D data input of D-type flip-flops

c a gating (clock input for D-type flip-flops
— shift right (or down)

-— shift left (or up)

+1 increase contents by one (count up)

-1 decrease contents by one (count down)

]OR[ indicates grouped inputs that maintain a fixed relationship
in states and always change together
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,2,4,8 indicates relative weighting of inputs or outputs in codes,
They may be consecutive, binary, decimal representation
of binary values, etc,

A, B,C, ETC. when two or more of these are used together in inputs to
a symbol, it indicates individual signals or individual groups
of signals to be identified for further operations such as
arithmetic functions

Certain input designators (C and G) may also be used as prefixes to other input
designators, but not to each other, C and G indicate dependency of every designator,
such as D, they prefix, and are referred to as dependency notation. For example,

CD indicates that the input is gated to a D-type flip-flop only when the C input is active.
Gate dependent inputs (G) may be distinguished from each other by 1, 2, etc, following
the G. Where more than a single G term is involved, commas are used to separate
the numbers. Clock dependent inputs for loading data are denoted by a ''C". Dif-
ferent C inputs are distinguished by a number following the C.

COMMON CONTRCL BLOCK

Signals entering the common control block (Figure 1 -4) are common to more than one
section of the circuit. The neckof the common control block abuts the top or bottom
of the sections it controls. Input designators may include C, G, R, —» ,« , +1, -1,
plus select lines with or without decoding.

@_-[M/\/\N\/\/]
O —] () COMMON CONTROL
@—-

BLOCK

@ nNeck

() SECTION(S)

I C CONTROLLED BY
COMMON CONTROL
BLOCK

Figure 1-4, Common Control Block
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WIRED FUNCTIONS

The logical representation for wired functions is shown in Figure 1-5. These functions
are used where circuits have the capability of being combined as an OR function by
having the outputs connected. This is simply a physical connection and no electrical
or electronic components are involved. The logical interpretation of a wired OR
function simply requires that one of the inputs be a logic ''0" before the output can be

a logic "0". The wired AND output will be a logic ""1'" only when both inputs are

logic '"1's",
OR AND
i /\a OUTPUT
INPUT /\| OUTPUT INPUT \1/
INPUT INPUT

sTiO

Figure 1-5. Wired Functions

INTEGRATED CIRCUITS

Figure 1-6 shows the schematic version (as shown on card schematic diagram) and
the logical representation (as shown on logic diagrams) for the same representative
integrated circuit.

Referring to Figure 1-6 it is apparent that the two versions are essentially the
same. Both views identify pin numbers, the function symbol, and the CDC element
number for the circuit. Refer to Section 2 for manufacturer's information on the
various element numbers. One line of information appears on the logic version
that does not appear on the schematic block. This is the logic term designator
which identifies this term on a logic drawing. No other logic term has the same
term designator as another term.
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SCHEMATIC Losic

LOSIC TERM SYMBOL
REF DES

\ / J— mm\
S c/ I‘ \u'o'z c-/ e
s uo\<m Lsg .;;2.‘\—

CDC ELEMENT NO.
CDC ELEMENT NO.

LOCATION
{IN LOGIC CHASSIS
AND ON CARD)

aves

Figure 1-6. Integrated Circuit

The last item of information regarding these two representations involves the location
code which borrows part of the schematic symbols reference designator., In the
reference designator (U-A4B), the U specifies a non-amplifying integrated circuit, the
A4 is the circuits board matrix location for the package, and the B indicates the section
of the package. (A 140 package is a four section package. Each section is a separate
circuit. Sections are identified A through D.) The location code (on logic drawings)
borrows the matrix location and additionally specifies the location of the card in the
logic chassis: position 5 of row B.

OPERATIONAL AMPLIFIERS

INTRODUCTION

The operational amplifier (op amp) is a high-gain integrated circuit that can amplify
signals ranging in frequency from dc to its upper frequency limit, which may be more
than one megahertz, It is used extensively in the drive as a linear amplifier of servo
analog signals, Because of its versatility, however, it has multiple applications.
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The op amp approaches the following characteristics of an ideal amplifier:

1. Infinite voltage gain,
Infinite input resistance,.
. Zero output resistance,

Zero offset: output is zero when input is zero.

. High bandwidth frequency response.

BASIC CIRCUIT ELEMENTS

Figure 1-7 is a highly simplified schematic of a typical op amp with its basic feed-
back network. Detailed circuit analysis information may be obtained by referring to
the manuals prepared by the applicable mamufacturers.

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 millivolts
are applied to the non-inverting input while 9 millivolts are applied to the inverting
input, the extra 1 millivolt difference is amplified. The amplification, which may be
a voltage gain of up to 100, 000, is linear until the op amp saturates or until increasing
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, the 9 mv are 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) is amplified. Since the common-
mode input is not amplified, signals common to both, such as noise and hum, are
cancelled.

SECOND STAGE

Not all op amps have a second stage. If used, however, it may contain additional
amplification and level shifting.
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Figure 1-7. Simplified Op Amp Schematic
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BASIC CIRCUIT FUNCTIONS (FIGURE 1-7)

Resistors R1 and R2 provide degenerative feedback to control the overall gain of the
circuit. As long as the ratio of R2/R1 is low compared to the open loop gain at the
operating 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 as-
sumed:

1., Insignificant current flows into either input terminal; it can be assumed to
be zero.,
2. The differential voltage (V3) is insignificant and can be assumed to be zero.

Rule #1 may be presumed since the input impedance is very high. As a result, all
current II1) entering the summing point must leave it (I2). These currents are:

11 = V1/R1

12 = -V4/R2

The mimus (-V4) indicates that the output is the inversion of the input. Since no cur-
rent flows into the op amp, I1 must be equal to I2., By Ohms Law:

V4/V1 = -R2/R1 or V4 = -V1(R21R1)

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 capacitor. This controls the roll-off char-
acteristics of the circuit where the full op amp bandwidth is not required. The
effective feedback to the input is the resistance of R2 in parallel with the capacitive
reactance of C1. Capacitive reactance decreases as frequency increases, There-
fore, as frequency increases, the effective impedance of R2-C1 decreases to reduce
overall gain,
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If C1 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 C1 predominate over the effecis 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 differ-
ential stage, the difference or unbalance 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 to be
equal, that is, they see equal input impedances, they are common-mode and are can-
celled. Resistor R3 is selected to balance out the offset voltage and current by making
the impedance 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 differ-
ential 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 illustrated in Figure 1-8.

SCHMITT TRIGGER CIRCUITS

Operational amplifiers can also be connected in the Schmitt trigger configuration
(Figure 1-9). 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, Reversing the inputs causes the circuit to slew

(change) at its maximum possible rate to saturate negatively.

All Schmitt triggers have hysteresis. Hysteresis is supplied by regenerative feedback

from the output to the non-inverting input.
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Figure 1-8. Op Amp Circuit Functions (Sheet 1 of 3)
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CIRCUIT TYPZ SYMBOL outPuTt®
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2
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Figure 1-8, Op Amp Circuit Functions (Sheet 2 of 3)
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CIRCUIT TYPE SYMBOL FUNCTION
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Vour = ~Vear IF
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Figure 1-8, Op Amp Circuit Functions (Sheet 3 of 3)

10,000, Vour CANNOT ACTUALLY

74913

70629100 E



!

HYSTERESIS

<1,10v:Y
>1,28vzY
DOy
A—Qa3z76| ¥
'/ FAN \ A
REF——4¢B ]
1207 @ —i® \\
< 0.30V:=Y
> 070V:Y \
Ae—e( D OTY \
A332 Y \
\ \ {-l- 1,28
VRer —18 ; B
+0.30 V M ® \ \ + 110
<-L28V:Y \ \ [+
>-Li0v:=Y \\ v
A0 D> IO Y v \ -14
A380 \
—L -
VREF 8 B
—1.287 —W ® \‘ \\ {+ 0.30
<-0.70V:=Y \ :
>-0.30V=Y \ \ 4
aA—O oy \ Y
A333] Y \ - 14
s By |
' \ \ - 1,10
\ \B - 1,28
NOTES : \ \ [+
() Y SWITCHES WHEN A =8, Y
@ Vper SUPPLIED BY RESISTIVE \ - 14
VOLTAGE DIVIDER . SEE BELOW. \

(® WiTH Y HIGH, DIODE IS OFF. \
Vpgr SUPPLIED BY VOLTAGE

DIVIDER ONLY, \

(® WITH Y HIGH, DIODE IS ON.

FEEDBACK THRU DIODE DRIVES
VRer MORE POSITIVE.

\
o
\

TYPICAL DIVIDER + 14
+v
Y
RI ;
> v RZ - 14
REF = +V ( )
R2 R+ Rz
Figure 1-9.
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Consider A376 of Figure 1-9. Assume the voltage at A is zero. A voltage divider
network (not shown) sets point B at +1, 28V, 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. 28V).
The differential voltage is then zero, so the output starts to switch to a zero-volt out-
put. 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 ~14V available at Y, the voltage at B is reduced to +1. 10V. The input must
now swing to less than +1, 10V for the output to change its state back to positive satura-
tion,

The remaining circuits work in a similar manner.

DISCRETE COMPONENT CIRCUITS

Figure 1~-10 shows a schematic (as shown on card schematic diagram) and the logical
representation (as shown on logic diagrams) for the same theoretical discrete com-
ponent circuit, Four lines of information are contained within the logic symbol. The
top line is the function symbol and designates the board logic function of that particular
symbol, In this case, represents an amplifier, the logic function performed by the
circuit, The third line, also an alphabetic code, designates the circuit type being
used (HAB). The circuit type is a subdivision of the function identifier (specifically

a high level amplifier). By using the circuit type designator, detailed information on
that particular circuit may be obtained by referring to Section 3.

The second line within the symbol is used to differentiate that particular symbol from
similar symbols that appear on the logic diagram. It is called the logic term and
consists of a one-letter prefix and an assigned identification number (in this case,
A705).

The numbers on the input lines to the symbol indicate which transistor is driven by
that input line, For example, the upper input has a number 22 on its line, showing
that it drives transistor number 22 (i,e., Q22 on the card schematic diagram),

1-22 70629100 E



+20v

+20V Zneer
r2zc ] wy
>ou
c22A
n—)— 022
22z -4 i_,c_
$ 22 ]ATO5[
R220 '390 HAB 040‘
: » -mnj.
3nezs
cees 3
™ E)
FO | ..
o $n22e
$n22E out

+20V eve

Figure 1-10, Discrete Component Circuit

The output lines also have numbers associated with them. These mumbers indicate
which transistor directly feeds the output line, For example, the lower output line
has a number 40 above it, indicating that the output from transistor number 40 (Q40
on the card schematic diagram) drives the lower output line.

The lines on the interior of the logic block that bracket both inputs and both outputs
show that the input lines and the output lines are differentials, The relative level
indicators show that the amplifier does not invert the signal. Slashes on the inputs
and outputs show that the signal levels are non-standard.

For schematic diagrams of discrete component circuits used in this device
see Section 3. An analysis of circuit operation supports each circuit diagram.
The order of presentation is in accordance with the 3-letter alphabetical cir-
cuit type designator.
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SECTION 2

INTEGRATED CIRCUIT PACKAGE CONFIGURATIONS



INTEGRATED CIRCUIT INDEX

CDC CDC MFGR MFGR's Revision
Circuit Type Part No. ok Part No. Date
139 51657100 F USF771139X 9-29-72
140 51651900 F 9002 4-10-72
1408 50254600 T 74500 4-10-72
141 50250700 F 9003 4-10-72
143 51639900 F 9009 4-10-72
143S 50254800 T 74540 4-10-72
144 41523200 B 9001 4-10-72
145 51701900 I 9005 4-10-72
146 51701800 F 9016 4-10-72
147 50251900 E 9007 4-10-72
149H 50251800 M 3021 4-10-72
158 51761500 F 9316 4-10-72
15¢ 51754700 B 9300 4-10-72
161 | 51718600 F __9601 4-10-72
162 T 50252900 T 75107 12-1-72
164H 50250900 M 3062 4-10-72
164S 50255000 T 745113 4-10-72
166 50252200 B 9312 4-10-72
172H 50251600 M 3002 4-10-72
173H 50251700 M 3004 9-29-72
175H 50251500 M 3060 12-1-72
176 50252800 T 75110 4-10-72
182 50252000 T 74197 9-29-72
182 50252000 S 8291 9-29-72
188 51783900 F 9015 5-7-74
189 51784000 F 9322 4-10-72
191 95305700 F 9301 4-10-72
193 50254300 T 74123 12-1-72
195 15104200 F 9602 12-1-172
200 50254200 T 7406 9-29-72
208S 50254900 T 74520 4-10-72
218 15107500 M 3003 5-7-74
300% 84667800 P UB5770939X 9-29-72
301% 50251300 B US5B7741393 9-29-72
304 50254400 F USF7715393 9-29-72
307 51753300 F U5B771039X 9-29-72
308 15106100 S NE531 9-29-72
309% 95817600 RCA CA3001 9-29-72
315% 15110800 RCA CA3040 9-29-72
316% 15110900 N LHO0002CH 9-29-72
3218 15115400 TE TSC4711 12-1-72
350% 50254100 M MC1463R 9-29-72
351% 50254000 M MC1469R 9-29-7T2
380% 50256900 RCA RCA51258 9-29-72
502 15105400 T 74180 4-10-72
519 15104400 T 74174 12-1-72
521 36188100 T 7483 9-29-72
579 15106400 S NE562 4-10-72
AMP-1% 11844900 CDC 9-29-72
AMP-2%* 40132000 CDC 9-29-72

*Integrated circuit operational amplifiers (op-amps) are not considered
field replaceable due to balancing problems and are not included within

this section.

information.
#=MFGR's - F
-T
- M
-S
- N
- T

Fairchild Semiconductors

Texas Instruments

Motorola Semiconductior Products, Inc.
Signetics Corporation

National Semiconductor

Transitron Electronics

Refer to Manufacturer's Data Handbook for op-amp circuit
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OR

LOGIC SYMBOL

PACKAGE PIN CONFIGURATION

- -0 O[>
- 0—0|W

o--—-|o

TRUTH TABLE
(FOR ONE GATE)
NOTES:
1. Symbol shown as it would appear on logic diagrams.
2. Symbol repeated for each gate.

3. Type 140 manufactured by Fairchild Semiconductors (P/N 9002)
used for low speed applications.

4. Type 140S manufactured by Texas Instruments (P/N 74S00) used
for high speed applications.

70629100 E 2-3



aA—d 4 —] a

B—( D OR  —

c—qg 141 — 141
LOGIC SYMBOL

PACKAGE PIN CONFIGURATION

>
@

-—-=—--0000
-oflo

—-—-00--00

-0=0-0
o-----—-]o

TRUTH TABLE
NOTES: (FOR ONE GATE)

1. Symbol shown as it would appear on logic diagrams.
2. Symbol repeated for each gate.

3. Type 141 manufactured by Fairchild Semiconductors (P /N 9003).
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—E OR

LA
L]
-

i43

LOGIC SYMBOL

ABC D|E

00 00|l

000 1]l

coc ! ol

00 1 11

o1 0 0]l

o1 0 1]l

o1 | o]l

ol 1 1]

i O 0 Ofi

1 0 0 1]1 &
101 01

10 1 1|l

i 1 0 01 NC GND
i1 0 111 213 T4 s Ve
111 o]l

1 1 1o PACKAGE PIN CONFIGURATION

TRUTH TABLE
(FOR ONE GATE)

NOTES:
1. Symbol shown as it would appear on logic diagrams.
2. Symbol repeated for each gate.

3. Type 143 manufactured by Fairchild semiconductors (P/N 9009)
used for low speed switching applications.

4, Type 143S manufactured by Texas Instruments (P /N 74540) used
for high speed switching applications.
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2-6

¥ PIN | IS CONNECTED INTERNALLY TO BOTH INPUTS

PRESET —Eqs
S50 J = J OUTPUT CONDITIONED BY LEADING EDGE
seT a 144 lg ser OUTPUT OF DYNAMIC TOGGLE (6)
INPUTS iz |a]% K - K OUTPUT CONDITIONED BY LEADING EDGE
* OF DYNAMIC TOGGLE (6)
6 - GATE INPUT,HAS NO DIRECT EFFECT ON
TOGGLE i CIRCUIT, BUT MUST PRESENT BEFORE SIGNALS
PRESENT ON INPUT(S) CAN BE TRANSFERRED
{_3 CLEAR TO OUTPUT(S)
cLear | _ 11 ]al"s :;_OU_"U_I’_ S - SET INPUT, WHEN 0", FF IS SET REGARDLESS
npuTs] "o OF NPUTS AND GATE STATES
PRECLEAR R R - RESET(CLEAR) INPUT. WHEN "0", FF IS CLEARED
REGARDLESS OF INPUTS AND GATE STATES

LOGIC SYMBOL

PACKAGE PiN CONFIGURATION

INPUTS asrg::srﬂr‘;:az An?:n‘n'l,o':a.g e 1
J [k | SET Jciear | seT_| cLEAR
o|o| o ] ° i % [ 1
oo 1 0 1 )
o] o [ ) 1 s [ L1 M M
o1 ! o o 1
t o] o [ ' [ sev | I | 1
o] ° [ 0
N I ] 1 ) cLEar | [ 1 |
1 1 1 ) 0 ' _
TRUTH TABLE TIMING SEQUENCE
NOTES:

1. Symbol shown as it would appear on logic diagrams.
2. Type 144 manufactured by Fairchild Semiconductors (P/N 9001).
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A
i &
g —& —qf
C—13a —Q 4 o
0 145 145
LOGIC SYMBOL
Vee

Iﬂ“hﬁnz ST e 7

PACKAGE PIN CONFIGURATION

%k PINS USED FOR
CONNECTING EXTENDERS

—— e == 00000000 |»

—_—_———_— 0000 ~——===0000|®
—_— 00~ 00~—00~-=—00|0O
-0—-0~-0—-—0~-0—-—0—-0-0]|0O

00000~ =—=0===0m—=——|m

NOTES: TRUTH TABLE
1. Symbol shown as it would appear on logic diagrams.

2. Type 145 manufactured by Fairchild Semiconductors (P /N 9005).
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2-8

146

B OR —Q
146

LOGIC SYMBOL

PACKAGE PIN CONFIGURATION

NOTES:

A T L
B T LI

TIMING SEQUENCE

1. Symbol shown as it would appear on logic diagrams.
2. Symbol repeated for each gate.
3. Type 146 manufactured by Fairchild Semiconductors (P/N 9016).
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A—3—| & _{_O 4
8 INPUTS > 8 INPUTS e
OR
H i47 i47
LOGIC SYMBOL

PACKAGE PIN CONFIGURATION

» H
4>°
¥ |
%0

2
>

-0 0 —|P
- 0O0—0 |

O—-00 |«

TRUTH TABLE

NOTES:

1. Symbol shown as it would appear on logic diagrams.

2. Type 147 manufactured by Fairchild Semiconductors (P /N 9007).

70629100 E



PACKAGE PIN CONFIGURATION

lo--0o]eo

TRUTH TABLE

NOTES:
1. Symbol shown as it would appear on logic diagrams.
2. Symbol repeated for each gate.

3. Type 149H manufactured by Motorola Semiconductor Products,
Inc., (P/N 3021).
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X—Y| 1.,015

ICD
ICD
ICD

ol

Jialalai e

indal

>

,»I Ql
[2]
N

!

OR

7
10 :IGI
2
—bGi+1
=d:
R
-l 158 r
x—>Y |15
6 "
5 12
cD -
4 13
cD
3 14
cD
LOGIC SYMBOL

10
11, 12,13, 14
15

70629100 E

FUNCTION

MASTER RESET (ACTIVE LOW) INPUT (CLEAR)
CLOCK ACTIVE HIGH GOING EDGE INPUT
PARALLEL INPUTS

COUNT ENABLE PARALLEL INPUT
PARALLEL ENABLE (ACTIVE LOW) INPUT
COUNT ENABLE TRICKLE INPUT

PARALLEL OUTPUTS

TERMINAL COUNT OUTPUT (CARRY)

PACKAGE PIN CONFIGURATION
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2-12

PIN

1 COUNT uP

NO CHANGE

9

i
o) |
[ O |PRESET
0 O |PRESET

I. CLEAR OUTPUTS TO ZERO
2. PRESET TO BINARY |2
3.COUNT TO 13, 14, 15,0, | AND 2
4.INHIBIT
TIMING SEQUENCE

NOTES:

I (CLEAR) U
1
9 (LOAD) v LS 4
3 L —
4 | S
5 INPUTS :
1]
6 M EEEESSS———
2 (CLOCK)  — L LururuuUruLn
] [
7 (ENABLEP) L i
10 (ENABLE T) __ i i '
14 L i
13 -' ! : I L 1:
|of OUTPUTS —— =
1
n L] E i
I5 (TC.CARRY) __ 1 | 1 = !
orzlm MI150 1 2
BN O0ON'T CARE  CLEAR COUNT —NS rieiT
CONDITION PRESET COUNT
T0 12
@ MODE SELECTION WITH POSITIVE - GOING CLOCK: IS+
ol 5 | mooE

@ PIN 15 IS HIGH WHEN ALL OF THE FOLLOWING PINS ARE HIGH: 10,11,12,13, AND |4,
© ILLUSTRATED ABOVE IS THE FOLLOWING:

1, Symbol shown as it would appear on logic drawings.
2. Type 158 manufactured by Fairchild Semiconductors (P /N 9316).
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Gl 1z2
SeN¢ —'_50_ > —>6l
I
G2 R 159 r
R | OR 1
2
SR-4 Jz2
XXX 4 i5
__ 3 cD —
2] |'72J ‘ -—5-C KZ2 14
—4hico cD
—3N 1,2K 6 3
—Slico 14 cD
—Tico 12 cD -
Nl ol_
LOGIC SYMBOL
16 15 14 13 12 n 10 9
Vee
Qo Qi Q2 Qs Qs Cp PE
MR Jd K Po P P2 P3
GND
1 2 3 4 5 [ 7 8
PIN(S FUNCTION
1 MASTER RESET (ACTIVE LOW) INPUT (CLEAR)
P
2 FIRST STAGE J (ACTIVE HIGH) INPUT SERIAL INPUTS
3 FIRST STAGE K (ACTIVE LOW) INPUT
4,5,6,7 PARALLEL INPUTS
9 PARALLEL ENABLE (ACTIVE LOW) INPUT (SHIFT/LOAD)
10 CLOCK (ACTIVE HIGH GOING EDGE) INPUT
11 COMPLEMENTARY LAST STAGE OUTPUT
12,13, 14,15 PARALLEL OUTPUTS

70629100 E
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PIN

| (CLEAR) _1‘...!

9 (ENABLE) :H

4 gy TS

! ———

g {INPUTS) T —

7 T I —

'O(CLOCK) ::ll [] [] [] [] [] [] [] []

2 J B (I o LRI e IR

3 K N R :1;—|! ' ; il

. e I
[ (] ] 1 ] ! ] ] ] ] ] 1

:4 (OUTPUTS) - ; ; f—"'H :' i—-\L:

2 -
[ '] ] ] ] ] i ] [] ]

Il (COMP. OUTPUT) B L_'_TI 1L _{ : ) 1 J

AT

/' ot |® ©
SERIAL ENTRY 8 SHIFT
CLEAR

P’ém%& @l DON'T CARE

CONDITION
NOTES:

® DATA ENTERED INTO D-INPUT VIA PIN 4 BY PIN 9 LOW AND POSITIVE -GOING
SIGNAL ON PIN 10.
DATA ENTERED INTO JK(Z) INPUT BY PIN 9 HIGH AND POSITIVE - GOING SIGNAL
ON PIN 10. PIN 4 INPUT INHIBITED BECAUSE OF PIN 9 HIGH. OUT IS THEN AS

FOLLOWS: INPUT PIN | OUTPUT PIN
2 3 15
o L) 0
0 | NO CHANGE
| o TOGGLES
| i |

@ DATA SHIFTS DOWN (PIN 15— 14, ETC.) WITH CLOCK,
TIMING SEQUENCE
NOTES:

1. Symbol shown as it would appear on logic diagrams.
2. Type 159 manufactured by Fairchild Semiconductors, (P/N 9300).
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C‘x Rx Vee NC NC NC
Vee |
I~ Ilé; &3 l 3
8

':'l*l aj 11
2 —q 1 Qb—
3 161 6 l i
4 O— Ha

LOGIC SYMBOL

NC GND

112 M s ™MaM™Ms™Me™

PACKAGE PIN CONFIGURATION

PIN
1 T
RETRIGGER
\ 4 4
u U
! v
3] | |
| |
9 K H
- R
]

@

% PULSE WIDTH
DETERMINED BY
RC TIMING NETWORK

-

| L1

TIMING SEQUENCE

NOTES:

1. Symbol shown as it would appear on logic diagrams, except for
timing network.

2. Type 161 manufactured by Fairchild Semiconductors (P/N 9601).
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+5V

12—

TWISTED PAIR RECEIVER APPLICATION

Né-

—
¥
<

(4 ]

:(LE

e
¥
3

>
@

ANALOQG TO DIGITAL
CONVERTER APPLICATION

2-16

S A AN
+V 6 leo
| '1 162 |"
>ITY
_E_-’-_] 4
T 20—
— 5 lal
o
._Lc 1,2 9
8 lai
>0V=Y_
< -08V=Y

—>—AAN— AAA~
162 DUAL DIFFERENTIAL RECEIVER USEDAS A
SCHMITT TRIGGER WITH EXTERNAL FEEDBACK

NETWORKS AND FIXED BIAS ENABLING Gi AND
G2 STROBE INPUTS.

PACKAGE PIN CONFIGURATION
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PIN |
. / LI
(YREF) 2 == \~=——f-—-~ _—

\_/! o1 1

P 4
g R —
6 J—E i

PIN 4 IS LOW ONLY IF GI AND G2 ARE HIGH
AND PIN | IS MORE NEGATIVE THANPIN 2. 9
G2 IS COMMON TO BOTH CONVERTERS.

L
|
1C ]

162 DIGITAL TO ANALOG CONVERTER APPLICATION 162 TWISTED PAIR RECEIVER APPLICATION

PIN

5,6,8 +V

“/‘\\‘/‘\" —o
-\.vi A — A — -0.8V

162 SCHMITT TRIGGER

NOTES:
1. Symbol shown as it would appear on logic diagrams.
2. Type 162 manufactured by Texas Instruments (P/N 75107).
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PACKAGE PiN CONFIGURATION

2-18

INPUT | DR 6 | AT,
J | k | seT [cLeaR] SET cLeAR
ojlo| o 1 [ o |1
ojlo| 1+ o |+ | o
o1l o 1+ o |1
ot [ 1 [ oo |1
t{ol o [ 1 [ 1 | o
vfo]l 1t o [ 1 | o
BEREEE 1 | o
BN
TRUTH TABLE
NOTES:

4010)——Js Q
3(12) s 5
R 164 _
10 6 Q
202) Ke D——6(8)
'LOGIC SYMBOL

PIN

3(12) [
4(|<TL_|
H13) : 1] 1
wel [ G
LY s N

6(8) I I |

TIMING SEQUENCE

1. Symbol shown as it would appear on logic diagrams.

2. Symbol repeated for each flip-flop.

3. Type 164H manufactured by Motorola Semiconductor Products,
Inc., (P/N 3062) used for low speed applications.

4. Type 164S manufactured by Texas Instruments (P/N 74S113) used
for high speed applications,
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PACKAGE PIN CONFIGURATION

COMMON SELECT PIN

INPUT PIN GATED TO
OUTPUT PIN IS

13 12 ) (PIN 10 LOW)
o o o i
o ] | 2
0 | (4] 3
o ] ) 4
[ o] o L)
! o | [ ]
| | 1] 7
i | i 9

® LJOUTPUT IS HIGH IF DATA INPUT IS HIGH.
2)OUTPUT IS LOW IF DATA INPUT IS LOW.
3)PIN 14 OUTPUT IS INVERSE OF PIN IS,

4)IF PIN 10 IS HIGH,PIN IS IS LOW AND 14 IS
HIGH (REGARDLESS OF SELECT/DATA INPUTS).

TRUTH TABLE

NOTES:

INPUT SELECT

BINARY VALUE
13
common | ~5] 4 x-»y
et —n "
' L— I
7 'es
INIDIT wHeN HT —-] 1
r ' 0
24,
43 2 8
DATA 3
INPUTS S51e o
6
—
516
e
DATA INPUT
DECIMAL VALUE

LOGIC SYMBOL

3
1
m]

|

i

R = DON'T CARE
CONDITION

TIMING SEQUENCE

1. Symbol shown as it would appear on logic diagrams.
2. Type 166 manufactured by Fairchild Semiconductors (P/N 9312).

70629100 E
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ﬂ'—d 8 — 94

c
OR
B —q '"2H —1 172

LOGIC SYMBOL

PACKAGE PIN CONFIGURATION

-0 =0|>»
-—Q00 |l
000~ |O

TRUTH TABLE

NOTES:
1. Symbol shown as it would appear on logic diagrams.
2. Symbol repeated for each gate.

3. Type 172H manufactured by Motorola Semiconductor Products,
Inc., (P/N 3002).
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A—{ a —d 4
D—C OR ——

p—] 1734 g 1734
LOGIC SYMBOL

PACKAGE PIN CONFIGURATION

TRUTH TABLE

NOTES:
1. Symbol shown as it would appear on logic diagrams.
2. Symbol repeated for each gate.

3. Type 173H manufactured by Motorola Semiconductor Products,
Inc., (P/N 3004).

4, The output of each gate is an open collector.
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4(10) s
2(12) Dg 5(9)
I75H

3(11) >6
103)——R e(e)
LOBIC SYMBOL
PACKAGE PIN CONFIGURATION
PIN |
4(i0) ]_]
[]
[ ]
202 [ | 1
)
s (LM
[] [] ]
[ ] [ ] ]
1 (13) [ ] 1
: | —

st [ | 1
@ 1|

TIMING SEQUENCE

NOTES:
1. Symbol shown as it would appear on logic diagrams.
2. Symbol repeated for each flip-flop.

3. Type 175H manufactured by Motorola Semiconductor Products,
Inc., (P/N 3060).
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14 13 12 11 10 9 8 0
Vee+ Vee - —¢
S ‘ s 176
- A B |
[ | — | xsy i3
X/ Y : X/ Y 2 a §
-l 12
P — 3 G2 1,2 L..O_-
& & & & 5
Y . a X/Y L=
—'J ] GND 6 9
3 4 5 6 7 — i :
PACKAGE PIN CONFIGURATION
LOGIC SYMBOL
PIN
I
LOGIC |INHIBITOR T
INPUTS | INPUTS | QUTPUTS 2
I |2 | 3 i
— 0 R
moleglael el | | .
or i2
loro| O | 1| 1o |1
MR I {1 }]o ,
SN - DON'T CARE
CONDITION
TRUTH TABLE TIMING SEQUENCE
NOTES:

1. Symbol shown as it would appear on logic diagrams.
2. Type 176 manufactured by Texas Instruments (P/N 75110).
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1Y rrs 12 :3 5
3 2
ol 9 7 e
CD - =1
8 CNTR ! ,
XXX OR : +1 i
l
—lo——hc [ r |
13 i+ Ip 112
R
6 | I
=>4 |
| 3 : 5 : 2
4 5 ! l
CcD 5 4 o1 |5 )
c | !
8 T wl i Inltwolle 8 | |
)/
R cc : : ) :I 5
>T I
LEARo, p B o i I
COUNT, CLOCK | b d
LDAD/ LOGIC SYMBOL
Qc ¢ a9y 9O
GND
1 2 3 4 5 [ 7
PACKAGE PIN CONFIBURATION
OUTPUT PIN
COUNT HiGH | U U
afacfasaa] ! 4—GATE D INPUTS
o |o|lojojo} 131 L 13U 1]
5181819181 & v . W TSET REG TO ZERO
3 |ojofi]l S T T o T o BN ;
a |o|i|olo] **° co4—
S of110}1 9 I L J L. I I
S8l — :
i |]8]8s = e
o — I L
9 i{ofofi] " .
o [H311]° COUNTER APPLICATION ___:__I"—"—
2 |1{1]o]o 2 : =
13 1{1]0}1 I e I
4 |1ji]r1]o " !
s L fr]e] 22—t
TRUTH TABLE REGISTER APPLICATION
NOTES:

1. Symbol shown as it would appear on logic diagrams.

2, Type 182 manufactured by Texas Instruments (P/N 74197) or
Signetics Corporation (P7 N 8291).
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A | 1

13 1 13 &
B—— —0

a o 12 a 12
C— —C

15 188 15 188
D 2 2
C— 4 —C q
b : O—E OR :
C— 7 —q 4

O—E —

0o o
C— ) —C 9
p-H o— 14

LOGIC SYMBOL

I

AB C DJE

00 O 0!

00O 1I1]O0

00 I 0f0 ; ;

oo 1 10

01 O0O0fO

o1 0 10 \ GND
ol | olo 1 2 3 4 5 6 7
o1l15 I {0

i o0 olo PACKAGE PIN CONFIGURATION
i1 00 1]0

i o1 0|0

I o1 1|0

I 1 00|0

11 0 1|0

11 1 0|0

I 1 1 110

TRUTH TABLE

NOTES:
1, Symbol shown as it would appear on logic diagram.
2. Type 188 manufactured by Fairchild Semiconductor (P/N 9015).
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16 15 14 13 12 1n 10 9
Vee
E I Iie % lod L Zd '
T
s ad
—+— 189
Ioa YMe % Iop Iy Zp
3 K
GND 2___ 1o
1 2 3 4 5 é 7 8 6 i 1
8 0
PIN FUNCTION 13 B
| COMMON SELECT NPUT 14 o
15 ENABLE (ACTIVE LOW) INPUT 10
2,3,5,6,10,11,13,14 MULTIPLEXER INPUTS (a,b,c,d) ” oA
7,9, MULTIPLEXER OUTPUTS (a,b,c,d) )
PACKAGE PIN CONFIGURATION
LOGIC SYMBOL
151 [3,6,13,10 [2,514,11] 4,7,12,9
100 * %*
olo| % | ]
olo| 0 0
o I * I
o|1 0 * 0
% = NO EFFECT ON OUTPUT

NOTES:

1.
2.

70629100 E

TRUTH TABLE

Symbol shown as it would appear on logic diagram.

Type 189 manufactured by Fairchild Semiconductors (P /N 9322).
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PIN

FUNCTION

x
¥
Q0

19l

N

PR

14

o

- N & @

N G Ho~N D

INPUT-
BINARY
VALUE

\
2

1,2,14,15 ADDRESS INPUTS
3—-79-13 OUTPUTS(ACTIVE LOW)

OUTPUT /

DECIMAL
LOGIC SYMBOL
PACKAGE PIN CONFIGURATION VALUE
INPUT  PIN Lo("0") OUTPUT PIN
2 0 134 1 15 | (OTHER ouTPUTS ="1") PIN
o 0 0 0 13 LR ipipipgipgipigigh
- A B 12 B e T o B o O o Y
0 0 | o] " 14
0 0 I | 10 | 1 I L
o} | (o] o] 9 2 _ 2 L
o i o] [ 3
o |1 i | o ’t 13 1 Ll
) ! I ] 5 2 7
| 0 0 0 6 n -y
[ 0 0 | 7
i ol 1 ]o % 1o =
| o [ [ % 9 u
[ | 0 0 % 3 U
[ [ 0 [ *
r ol o * 4 d
[ | i | % 5 LI
6 LS
% ALL OUTPUTS ARE HIGH 7 U
TRUTH TABLE TIMING SEQUENCE
NOTES:
1, Symbol shown as it would appear on logic diagrams.
2. Type 191 manufactured by Fairchild Semiconductors (P/N 9301).
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TIMING NETWO‘I:K7
16 15 14 13 ‘-I 12 11 10 9 +5v

Vo. RIC. C
s o 1 1{9) (e) 7)( ’
13(5
_ CLEAR 20)18b ¢
° || ] A
Q
31 193 l 4(12)
| CLEAR . - R
% uSEC
PULSE DURATION

Cext R/ cext GND
1 2 3 4 l l 5 6 7 8

PINS 6,7,14,15 ARE USED FOR EXTERNAL TIMING NETWORK

LOGIC SYMBOL

PACKAGE PIN CONFIGURATION

PIN RETRIGGERS
! _'I___J__L_J{J:ﬁr_\__

R B

—ans— B

13 %puS ] LI
a T | | U

9% PULSE DURATION IS A FUNCTION OF THE RC TIMING NETWORK

TIMING SEQUENCE

NOTES:
1. Symbol shown as it would appear on logic diagrams.
2. Type 193 manufactured by Texas Instruments (P/N 74123).
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TIMING NETWO.y

+5V e——
I I“a'_"z
(14) &5)
suny "y | st0)
4(12) > 1 ;‘;
7(9)
33 g Lp1(9)
¥ uSEC
PINS i, 2,i4,15 ARE USED FOR EXTERNAL TIMING NETWORK PULSE DURATION
PACKAGE PIN CONFIGURATION LOGIC SYMBOL

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

NOTES:
1, Symbol shown as it would appear on logic diagrams,

2, Type 195 manufactured by Fairchild Semiconductors (P/N 9602),
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A— D—B8 OR A—QO —B
200

LOGIC SYMBOL

PACKAGE PIN CONFIGURATION

A
p— 11—

TIMING SEQUENCE

NOTES:

1. Symbol shown as it would appear on logic diagrams.

2. Symbol repeated for each gate.

3. Type 200 manufactured by Texas Instruments (P /N 7406).
4. The output of each gate is an open collector.
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A —Q
s— * | —q
c— 208 E OR —Q
D —0

LOGIC SYMBOL

PACKAGE PIN CONFIGURATION

———_——e— === 000000CO0O|>»
-——=——0000—-=-—-=0000|®
——00-=00~--00--00]{0
- 0=-0=-0-0—-0=-0-0-0|0

E
|
i
i
|
[
1
[
|
|
1
|
|
i
|
|
0

ol

TRUTH TABLE

NOTES:

1. Symbol shown as it would appear on logic diagrams.

2. Symbol repeated for each NAND gate.

3. Type 208S manufactured by Texas Instruments (P /N 74S20).
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A— 1 —q &
——C OR o—
B— 218 —a 28

LOGIC SYMBOL

GND

e s e ML

PACKAGE PIN CONFIGURATION

TRUTH TABLE

NOTES:
1. Symbol shown as it would appear on logic diagram.
2. Type 218 manufactured by Motorola Semiconductor (BN 3003),
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:‘zulau 11 L0

12
GND +Vc

N ooy
3218

% 0] D/y

2,6

13,9 ___J
10 I |

[P [ prpp—.
o v flom e - - -

The 321S is a dual comparator, Output (pin 10) is high when either
pin 2 is at a lower potential than pin 3 and pin 13 is high, or pin 6
is at a lower potential than pin 5 and pin 9 is high,

NOTES:
1. Symbol shown as it would appear on logic diagrams,
2, Type 321S manufactured by Transitron Electron (P/N TSC5711).

2-30,2 70629100 F



EVEN PARITY

8 50 SYMBOL
9
10
"
6
2 ——Z-00D OUTPUT
OUTPUTS " [
INPTS (50 .
Even o0 even oo [ O——3 —EVEN OUTPUT
2
3
—40] 502
PACKAGE PIN CONFIGURATION LOGIC SYMBOL
INPUTS OUTPUTS
T OF I's AT
PINS 1,2,8THRU (3 | PN 3 PIN 4 [ PIN. S PIN 6
EVEN | o | 0
EVEN 0 | o |
00D ° | ' o
EVEN OR 0DD i I o o
EVEN OR ODD o o | )
TRUTH TABLE

NOTES:
1. Symbol shown as it would appear on logic diagrams.
2. Type 502 manufactured by Texas Instruments (P/N 74180).
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9 }c

—d= 519

—3f I 12
d 173 -
Ll P LA
1] oy 10
Bl 2
2] pes s ___

BB «—oon'r care

NOTES:
1. Symbol shown as it would appear on logic diagrams.

2. Type 519 manufactured by Texas Instruments (P/N 74174),
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INPUT OUTPUT
WHEN WHEN
Co* % When|Co* L wHeN
€20 (xd
A /18y a2 /B2 A2 NZ2AC2 /1211 22/]c2
“494 Ca 4}/Caq
ololofololololilale
ojolofo|i]o]o]o[1]o
of[i1|ofo]i|o]o]o]1 |0
i{1]o]o]ol ol t]1]0
ofo[1[ofo[i[o]1]i]0
ololi[o|1]1]ofo]o]1
ofit|t]o]t]i]o]o]o]t
ili1ilclololi]ilo]i
ofo[of 1 [o[1]o] 1[0
i{ofo|1|:]i1]ojolo] 38 TABC
a| “sa
olojo|t]|i]1|ololo] ol |a
v[1]o[ 1 Jo]o 1|1 o] ol M L]
ofol i ]ilolol i i{o] py i ol
o[ [a]ifofi]o]i ] 45 al—
—_ % s
ofh[h[i]h ol ol [ 71 e 2
oot fvfiiv]e '—Tz P—
— |
—8T

The 521 circuit type is a 4-bit binary full adder. A is added to B with C (a carry)
added in at the least significant digit. '

Input conditions at Aj, B3, A2, Bg, and Cp are used to determine outputs Ej, Ej,
and the value of an internal carry Cg (not shown). The values at Ca, Ag, B3, Ay,
and B, are then used to determine outputs E3, E4, and Cy.

NOTES:

1. Symbol shown as it would appear on logic diagrams.

2. Type 521 manufactured by Tecas Instruments (P/N 7483).
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PHASE COMPARATOR

| voLmace conr. osc

Fo { c]m />
2 579 = F
[ sz Xo b g o—1—> PACKAGE PIN CONFIGURATION
4 [ | F|3 NFO
1 1 s[ |6 :
> = IF Fo = 806 KHZ 4l 13 10
i SCN P AND N=16 " | | I
I $ 7 THEN F;= 806Xi6= —0 o1-02/f> 9
BIAS i 12.896 MHZ _tz o /e
:‘EFERENCE = N 2 579 - S 3
ETWORK ° p 15_|jo2 X >y O
—* counter T | {dife
| 7l 5| |°
APPLICATION LOGIC SYMBOL
o
MBUEEE?%MMSB(AUM
?H ?ls 10 BANDSHAPING)
12 > 9
O] pHase |01 —02 >
m.mn{,,o| /> » D DEMOOULATED FM
O coMP AMP OUTPUT
7 r AMP
2 @2 LOW
oursy O FILTER
O
15
¥ 3
: o,
| X 7~ JIfL > gﬁﬁﬁw
)
avgrigzm%a LIMITER] f veo Aup
o7 5 Of a6 &8
RANGE CONTROL S v+ GND
(NOT USED) gﬂﬂﬁ“
BLOCK DIAGRAM
NOTES:

1. Symbol shown as it would appear on logic diagrams.
2. Type 579 manufactured by Signetics Corporation (P/N NE562).
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SECTION 3

DISCRETE COMPONENT CIRCUIT DESCRIPTIONS



DISCRETE CIRCUIT EFFECTIVITY INDEX

Revision Revision Revision

Circuit Type Date Circuit Type Date Circuit Type Date
FAE 3-6-72 HBI 10-13-72 SCC 6-1-72
FAF 3-6-72 HBJ 10-13-72 SCD 3-6-72
FAG 4-20-72 HCA 3-6-72 SCE 4-20-72
FAH 9-29-72 HCB 3-6-72 SCG 6-12-72
FBH 9-29-72 HCE 3-6-72 SCL 6-12-72
GJB 3-6-72 HCF 3-6-72 SCM 3-6-72
GJC 3-6-72 HCK 3-6-72 SCN 3-6-72
GJF 3-6-72 HCL 3-6-72 UBD/E/F/H 9-29-72
GJK 6-1-72 HCP 3-6-72 UBG 3-6-72
GKA /GKB 3-6-72 HCQ 3-6-72 ucC- 3-20-73
GKC 3-6-72 HCU 6-12-72 UEB 3-20-73
GKD 3-6-72 HJD 3-6-72 VAF 3-6-72
GKF 3-6-72 HJE 3-6-72 VHI 3-6-72
HAK 9-29-72 ICB 3-6-72 VHI 3-6-72
HAL/HAM 3-6~72 ICC 3-6-72 VHK 3-8-72
HAN 3-6-72 JAG 9-29-72 VIL 4-20-72
HAP 4-20-72 JAK 9-29-72 VHM 3-6-72
HAQ 4-20-72 JAM 9-24-73 VHP 3-6-72
HAR 6-12-72 LCF 3-6-72 VHQ 3-6-72
HAS/HAT 3-6-72 MAF/MAH 6-1-72 VHR 3-6-72
HAU 3-6-72 QDE 3-6-72 VKK 3-20-73
HAV 3-6-172 QEH 3-6-72 VKN 3-6-72
HAW 3-6-72 QEJ 3-6-T72 VKM 3-6-72
HAX 9-29-72 QEK 3-6-72 XAFR 6-12-72
HBA 9-29-72 QEL 3-6-72 XAG 3-6-72
HBB 9-29-72 QEM 9-29-72 XAH 3-6-72
HBD 6-12-72 QGD 3-6-72
HBE 9-29-72 RCB 3-6-72

SAA 12-1-72
70629100 E 3-1/3-2




AVAVAVAVAVE
1.0 MV
—
1LOMYV

v A
IUAVAVAVAVAL!
A+O] D [O"*_ D l +20V
B —%—] FAE —%— E -9;
¢ —— o /m f\__ By
UAVAVAV——k
E LOMY
v
QN
AO— @ -Op
MATCHED PAIR
QP
8 & @—-—Os
3 NRI o PR2
Sk $10
c O—
NOTE:
VOLTAGE AND COMPONENT VALUES ARE FOR REFERENCE ONLY. r410

GATED AMPLIFIER - FAE

The FAE circuit consists of two matched transistors acting as low level analog gates.

Inputs A and B receive the output of differential windings of a.read head. Output

points D and E drive the input of a low level amplifier such as an FAF. The outputs

are gated by input C. When point C is at -9 volts, QN and QP turn on enabling data

to flow from points A and B to

70629100 E

gand D respectively. At +20 volts on point C QN and
OP turn off inhibiting the output.
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A‘*"O +C c /\/\/\ 90MV
] FAF[ —

B —¥—

O-%— D

+9V
SR|
100
Qs
SR3
\ 22
—={0) ¢
SR2 3
.SK :P
TRIS
1.8K 3
oy
w—) 0

TR2
100
+9vV

+9v  NR9
PRI 14.7K
100
NRI QN/2 QP
5i.1 TP
+9V ‘ov
NCI_ NR4 ¢ NR6S Nne:]t PR2$ RRI 3 RR23
<0033 IK?2 8453 8203 2.5k 6813 IK3S
uF
NC2 RCI
3.3pF - 0.0l uF
NR3
383 3 NRSS NR?S \vRi QRIS Inna::
L 1K 8451 4_“,? 2.15K ¢ = IKY
NR2
. 51,1 Qa /L
TP
QN/2
QR2
100
NRIO
+V K
NOTE:

VOLTAGE AND COMPONENT VALUES ARE FOR REFERENCE ONLY.

0
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AMPLIFIER - FAF

The FAF circuit is a low level amplifier that amplifies analog read signals. Points
A and B are typically connected to Gated Amplifiers which provides biasing for the
common base input stage.

The amplifier consisis of two stages, common base first stage (QN matched pair)
and common emitter second stage (QR matched pair) with emitter follower outputs
(QS and QT) for low output impedance. The gain of the first stage is dependent upon
the signal source resistance and is approximately 9 with 9750 type heads as a signal
source. The gain of the second stage is approximately 20, therefore, the overall
amplifier gain is approximately 180.

DC feedback is provided by NR9, NR10, PR2 and QR1 to the base circuitry of the
QN matched pair. This feedback helps to stabilize the DC operating points in the
circuit, Capacitor NC1 provides é. lower impedance path beiween bases of the input
transistors which presents a low amplifier input impedance for AC signals over the
passband of the amplifier.
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>
A=X~ rag [T 8
+20V
REGULATED 4 TP
VOLTAGE (11.8 £ 2V) )
+v ?
‘PR 3 NRI PRI $ PR3
$ 270 6.2 $ 1K
—QTP b
P
s b QN
XR1 2 6
Ao_s.%&‘_..o.]30|
EOlI6 Os
$XR2 NR2 PR2
1 1ok 330 2.2K
tl pey
T
NOTE:
VOLTAGE AND COMPONENT VALUES ARE FOR REFERENCE ONLY. T2

Controlled Voltage Source - FAG

The FAG circuit is a controlled voltage source providing a controlled voltage to Write
Driver - JAG.

The circuit consists of an operational amplifier and a two transistor buffer extends
the output current capability. The transistor buffer is included in the negative feed-
back circuit to reduce the output voltage change due to temperature variation.

The output at B (VB) is related to the two inputs VR and A(V,) by the following
expression: Vg = Vp (1 + Xg? _ ;{(ﬁi v,
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+ 12V
ABD | | ov
—— OPEN
A—?L D ‘_%c B8 1 ov
+i2v
FAH c | l l ov
8 —— D
ye, ' —O?0
NRi SNR2 |
' $820
1.2K
8 & —A
QN
c
NOTE . .
VOLTAGE AND COMPONENT VALUES ARE FOR REFERENCE ONLY.

VOLTAGE SWITCH - FAH

The FAH circuit is a voltage switch which transfers a voltage at point A to point C
when QN is turned on by the proper voltage condition at point B.

In a typical circuit the voltage at point A (Va) is +12 volts. With 0 volts applied to
point B (V= 0 volts), transistor QN turns on and point C goes to +12 volts (V¢ = +12
volts). When point B is open (as when connected to an open collector IC that is turned
off) QN will turn off and point C will be disconnected from point A and return to any
quiescent potential in the circuit it is connected to.
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+i2v
oV

A D 8

FBH P ov
¢ +Iigy
g..l_ c |

ov
Q¢
QP
NR! ‘
A0 A
1.2k
:: NR2
f 820
NOTE:
VOTAGE AND COMPONENT VALUES ARE FOR REFERENCE ONLY. 4006

VOLTAGE SWITCH - FBH

The FBH is a voltage switch which transfers a voltage at input B to output C when QP
is turned on by the proper voltage condition at input A.

In a typical circuit the voltage at input B is +12 volts. With 0 volts applied to input A,
transistor QP turns on and output C goes to +12 volts. When input B is open (as when
connected to an open collector IC that is turned off) QP will turn off and output C will

be disconnected from input B and return to any quiescent potential in the circuit it is
connected to.
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GATED ANALOG CLAMP - GJB

The GJB circuit functions to turn QR (an N channel junction field effect transistor) on
when a logical 0 is applied at input B and to turn QR off when a logical 1 is applied at
input B.

In actual application input A is connected to the summing point of an operational
amplifier and therefore is always at ground potential. Terminal C is connected to the
output of the operational amplifier. When QR turns on, it presents a very low resis-
tance feedback path to the operational amplifier thus forcing the gain of the amplifier
toward zero. As a result the operational amplifier is essentially clamped to an output

voltage of zero.

The on-off resistances of QR are 40 ohms and 50 megohms respectively.
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eTi3d
MULTIPLE GATE ANALOG CLAMP - GIC

The GJC circuit functions to turn QQ (an N channel junction field effect transistor) on
when a logical 0 is applied at any of the B inputs and to turn QQ off when all of the B
inputs are at a logical 1.

In actual application input A is connected to the summing point of an operational ampli-
fier and therefore is always at ground potential. Terminal C is connected to the output
of the operation amplifier. When QQ turns on, it presents a very low resistance feed-
back path to the operational amplifier thus forcing the gain of the amplifier toward zero.

As a result the operational amplifier is essentially clamped to an output voltage of zero.

The on-off resistances of QQ are 40 ohms and 50 megohms respectively.
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LOW PASS FILTER AND AMPLIFIER — GJF

The GJF circuit consists of a bidirectional current pump, a filter, and a level

shifter. The circuit converts TTL input signals from a comparator circuit and
integrates these signals to produce a dc voltage level at TPC. Because of the phase
locked oscillator closed loop, the current pump drives the dc level at TPC to reach a
steady state when the signal at input A is a square waveform. Frequency synchronism
has been achieved at this point. A change in data frequency causes a change in voltage
at TPC.

NRC, NVRA, and NRE form a reference voltage divider for the current pump. NRD
and QN is the negative going current sink. This sinks a current of approximately
7.5 ma continually. NCRA, NRA, NRB, and QN form a switchable current source of
approximately 15 ma. When a square wave of TTL logic levels is applied to input A,
NCA alternately is charged and discharged by 7.5 ma. The charge/discharge times
under normal cperating conditions are long compared to ihe inpui pulse iimnes, ihere-

fore, the voltage at TPC has very little ac component in it.

Resistor NRF generates an ac component to ride on the dc voltage existing across
NCA. This ac component is controlled by the value of NRF and the currents from the
bidirectional pump. The net result at TPD is a dc voltage which corresponds to a
particular input data frequency with a square waveform superimposed on it for phase

synchronism purposes.

QR, NCRB, NCRC, and NRG form a buffer and level shifting circuit. They shift the
waveform at TPD negatively to a level appropriate for controlling voltage controlled

oscillator.
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LOW PASS FILTER AND AMPLIFIER - GJK

The GJK circuit consists of a bidirectional current pump, a filter, and a level shifter.
The circuit converts TTL input signals from a comparator circuit and integrates
these signals to produce a dc voltage level at output B. Because of the phase locked
oscillator closed loop, the current pump drives the dc level at point D to reach a steady
state when the signal at input A is a square waveform. Frequency synchronism has
been achieved at this point. A change in data frequency (duty cycle) causes a change

in average ac voltage across NRF',

NRC, NVRA, and NRE form a reference voltage divider for the current pump. NRD
and QP is the negative-going current sink. This sinks a current of approximately

2 ma continually, NCRA, NRA, NRB, and QN form a switchable current source of
approximately 15 ma. When a square wave TTL logic level is applied to input A, NCA
alternately is charged and discharged by 5 ma. The charge/discharge times under
normal operating conditions are long compared to the input pulse times, therefore, the
voltage across NCA has very little ac component in it.

Resistor NRF generates an ac component to ride on the dc voltage existing across NCA,
This ac component is controlled by the value of NRF and the currents from the bidirec-
tional pump. The net result at the base of QR is a dc voltage which corresponds to a
particular input data frequency with a square waveform superimposed on it for phase
synchronism purposes.

QR, NCRB, NCRC, and NRG form a buffer and level shifting circuit. They shift the

waveform at the base of QR negatively to a level appropriate for voltage control
oscillator frequency.
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LEVEL TRANSLATOR - GKA AND DIGITAL TO ANALOG CONVERTER - GKB

The GKA and GKB circuits when used together comprise a 5-bit D /A converter. The
GKB circuit used singly is a 4-bit converter.

The GKB consists of four voltage switches and a 4-bit R-2R D/A ladder network.
Each voltage switch circuit applies positive voltage to the related ladder input when its
input is a logical 1. A voltage switch applies ground to the related ladder network in-
put when its input is a logical 0.

In the GKB circuit, the digital inputs G, F, E, and D are ordered from least to most
significant. When all digital inputs are "'i's", the voltage at H is +6.7 v {assuming

a 10k ohm load is provided by the following circuit). When all digital inputs are "o's"
the analog output is Ov (except for a +6 mv, max., dc offset). The analog output for
an increase of one in the digital input code is +446 mv, nominal.

QN and QP operate as a saturated switch and an emitter follower, respectively, in the
voltage switch circuit. QQ and QR operate as low offset saturated switches, only one

of which is on at a time.

The R-2R D/A ladder has a resistance of 10k ohms from any node to ground and

divides by two the voltage at the next lower in significant note.

The GKA circuit is identical to one stage of the GKB.
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LEVEL TRANSLATOR - GKC

eTIde

The GKC circuit converts a logical 0 to a +2.15 (nominal) level used to inject a current

signal into the summing point of an operational amplifier.

Typically a resistor is con-

nected between point B and the operational amplifier summing point to establish the

magnitude of this current.

When a logical 1 is present at input A, transistor QN saturates, the output diode NCR4
shuts off, and output B drops to 0 volts removing the current to the operational ampli-

fier summing point.
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DIGITAL TO ANALOG CONVERTER — GKD

The GKD circuit is a 4-bit digital to analog converter. The circuit consists of four
voltage switches and a resistance ladder network.

The digital inputs A, B, C, and D are ordered from most to least significant. When
all digital inputs are "'0's", the output at E is approximately +6.7V. When all digital
inputs are "1's", the output goes to approximately +8 mv. The analog output increases
approximately 420 mv for an increase of one in the digital code.
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DIGITAL TO ANALOG CONVERTER - GKF

The GKF circuit converts three digital input signals to an analog output whose level
depends upon the logical combination at the inputs.

The element 200 is an open collector IC. When pin 9 of element 200 is +3 volts or a
"1" its output (pin 8) is 0 volts. When pin 9 is 0 volts or a "0", its output (pin 8) is
open and the resistor divider (XR4, XR10, XR13, etc.) to Vy determine the voltage at
an identical manner but have less influence on the voltage at point D because of their

entry connection in the resistor network.

When V, is +12 volts the output at D corresponding with the various combinations of

logic input is as shown in the waveform diagram.
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Differential Low Pass Filter - HAJ

The HAJ circuit is a differential low pass filter buffered on the input by emitter

followers.

The upper cutoff frequency of the filter is approximately 8.5 MHz at -3 db.

Attermation above the cutoff frequency is approximately -36 db/octave.

Input capacitors NC1 and NC2 in conjunction with resistor NR1 and NR2 give the

circuit a low frequency cutoff of about 10 KHz at -3 db.
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Amplifier - HAK
The HAK circuit is a differential input amplifier with a clamped single-ended output.

Points A and B are differential inputs to the circuit with NC1 and NC6 acting as
coupling capacitors, QN and QP are the amplifying transistors in the common
emitter configuration and QQ and QR are emitter followers providing a low impedance

outpiit.

NC4 and NC7 isolate DC voltages entering NCR1 through NCR4 from the collector
circuit of QP and acts as a clamp to the amplified AC signal if it is larger than the
diodes threshold voltage.

Output C is typically connected to the input (A) of the HAN circuit. Output C has a

single -ended output to differential input voltage gain of approximately 10 (before
clamping).
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SUMMING RECTIFIER - HAL/HAM

The HAL/HAM circuit is a summing rectifier that receives the MFM (modified fre-
quency modulation) differentiated read signal and a delayed (150 ns) version of the
same signal. The circuit OR's the two signals such that the output follows the more
positive (HAL) or negative (HAM) signal excursion, giving the appearance of a recti-
fied output. When the outputs of both circuits are observed simultaneously, what
results is a silhouette of the two input waveforms. An output capacitor provides
integration to maintain most of the positive (HAL) or negaiive (HAM) charge until the

next peak arrives.

An emitter follower at each input receives the delayed or the nondelayed version of
the differentiated read signal. Current generators tied to the emitters provide suffi-
cient current for the input transistors and charge the output capacitor during a signal

peak.

Assume a positive signal peak occurring at input A of the HAL circuit. As the signal
increases toward a peak the QP emitter follows, causing diode NCRI1 to turn on and
conduct current from QN into the capacitor RC1. At this time the signal at input B is
less positive than that at A. Since the QR emitter follows input B, diode QCR1 is
back biased off. The capacitor voltage at output C follows the input A signal closely
until it peaks. As the signal at A starts decreasing, diode NCR1 starts turning off,
due to the stored capacitor charge. The capacitor begins discharging through XR2.
At this time output C is more positive than either A or B, and both diodes are cut off.

Now assume the delayed signal at B approaches its peak and becomes more positive
than C. The QR emitter follows and turns on diode QCR1 which conducts current from
QQ into capacitor NC1. The capacitor voltage at output C now follows input B closely
until it peaks. When B begins decreasing, diode QCR1 turns off and the capacitor
again starts discharging through XR2.

The HAM circuit operates in a similar manner, except that all polarities are reversed.
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Peak Holding Amplifier - HAN

The HAN circuit provides a DC sink current with a magnitude inversely proportional
to the magnitude of the AC input signal. Typically the input signal at point A is an
amplified read head signal coming from output C of the HAK circuit. Output B is
connected to point C of the HAP circuit and controls the gain of that circuit.

QN, QQ, QP and QR form a positive and a negative rectifier. When an AC signal

is applied to the input, QQ charges NC2 to a positive peak value and QR charges NC3
to a negative peak value. These peak values are held by the two capacitors which
discharge with a time constant determined by NC3 and NR8 in parallel with NR7 and
NR10. With a long time constant compared with the frequency of the input AC signal,
the voltage on the two capacitors is a DC voltage,

The voltage difference across NC2 and NC3 is directly proportional to the peak-to-
peak amplitude of the input waveform and is applied through resistor dividers to
current amplifier QS and QT. With no signal at input A, the current amplifier is
biased to permit QT to pass all the current supplied by current sink QU. As the AC
input signal increases in amplitude the peak difference appearing across NC2 and
NC3 is applied to the current amplifier, and QS starts to pass sink current which cuts
down current flow through QT.
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AGC AMPLIFIER - HAP

The HAP circuit is a differential amplifier with gain controlled by a negative voltage

at input C,

QN and QP are amplifying transistors with their maximum gain determined by the ratio
of XRB and XR11 to XR4 and XRS.

Common base amplifiers, QS, QT, QU, and QV pass amplified current signals to re-
sistors XR4 and XR6. QS and QU pass out of phase signals to collector resistor
XR6. Likewise, QT and QV pass out of phase signals to collector resistor XR4.

Control voltages on the bases of QT and QU control circuit gain. With 0 volts for
control voltage, QS, QT, QU, and QV turn on equally, causing out of phase voltage to
cancel, leaving a net output or gain of 0 volts. Increasing the control voltage negatively
starts turning off QT and QU causing the amplifier gain to increase. Turning off QS,
QT, QU, and QV requires that the control voltage be approximately -0. 5 volts, which
allows an amplifier gain of 10.

Emitter followers QW and QZ provide low output impedance.

QQ, XR15, QR16 and XR17 make up a current sink network which controls the
collector current of QN and QP.
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" Differentiator/ Amplifier - HAQ

The HAQ circuii consisis of a passive RC network (used as a differentiator and a

differential amplifier) to boost the attenuated signal level.

The HAQ, inputs A and B, are connected to outputs D and E of circuit HAP, which
supplies an amplified read head signal. NC1, NR1 and NR2 make up the differentiator
which has a break frequency at 15 MHz.

The two stage differential amplifier consists of first stage QN and QP with current
sink QQ direct coupled to second stage QR and QS. QT. QU and QV, QW form
darlington emitter followers for low output impedance capable of driving coax lines
terminated by 100 ohm resistors. QX and QY are constant current sources,

NR11 and NR12 provide AC/DC feedback from the output to input emitters of the

first stage. Closed loop voltage gain is proportional to the ratio, NR11 to NR4 (and
NR12 to NR7). Capacitor NC4 provides rolloff at the upper cutoff frequency.
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DIFFERENTIAL AMPLIFIER - HAR

The HAR circuit accepts a double-ended MFM (modified frequency modulation) differ-
entiated signal and provides a single-ended output suitable for driving a delay line.
The maximum input differential voliage is approximately 1.8 volts. The overall

circuit gain is approximately 1.6.

Transistors QP, QQ and constant current source QT form the differential amplifier
stage and give common mode signai rejection. Voltage gain is given approximately by
NR6 divided by NR1 or NR7 divided by NR2. The collector of QP drives transistors
QN and QR which are connected in a low loading Darlington pair (high current amplifi-
cation configuration). This circuit in conjunction with a second constant current
source, QS, gives a single-ended output.
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AMPLIFIER - HAS/HAT

The HAS/HAT circuit amplifies the MFM (modified frequency modulation) differentiated
read signal. The circuit gain is approximately 6.5 for the HAS and 3 for the HAT.

Transistor QN functions as a simple common emitter amplifier. Capacitor NC2
applies ac ground to the junction of NR3 and NR4. Capacitor NC1 provides ac coupling

to the output and enables the output bias level to be adjusted to zero volis by selecting
resistor XR10.
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BUFFER AMPLIFIER - HAU

The HAU circuit incorporates two emitter followers in series to provide a buffer with
high input impedance and low output impedance. The circuit is used to drive a zero
crossover detector., Diode clamps are used to provide protection against large signal

swings at the crossover detector input.

An MFM (modified frequency modulation) differentiated signal at the input encounters
a silicon junction voltage drop at QN and a further voltage drop due to NR2 and the
selected resistor PR1. This second drop is approximately 250 mv. A voltage rise is
seen at QP sich that the output is left biased approximately 180 mv negative. The
selected resistor is chosen to match this dc bias with the bias at the output of the
averaging amplifier, HAV. The diode clamps limit output signal amplitude to 2. 5 volts

above and below ground.
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AVERAGING AMPLIFIER - HAV

The HAV circuit is an averaging amplifier that receives two waveforms representing
the differentiated MFM (modified frequency modulation) read signal peak amplitude.
The circuit forms the instantaneous average or mean baseline of the two inputs. The
mean baseline is used later in the read circuit to extract the information from the de-
layed differentiated read signal.

Input A is always biased in the positive direction. Input B is biased by a similar
amount in the negative direction. The amount of biasing is a function of the peak
amplitude of the amplified differentiated read signal. Transistors QN and QP are
emitter folilowers which reduce the loading on the previous circuit. These elements
feed a voltage divider formed by equal valued resistors NR4 and PR4. Since current
through the divider is always in the direction from NR4 to PR4, the divider output

voltage is the instantaneous average of the.inputs.
Transistors QQ and QR form a buffer stage to reduce loading on the divider output.

Transistor QR2 adds a slight negative dc bias to the output signal. The buffer output

is suitable for driving a zero crossover detector.

70629100 E 3-39



[e-25ns—] X0 o osv

A _%.vlLﬂvvﬂT_ +3.5V
A= 1D |fpp%c¢
+5V
HAW B <—
LAran® j—7—0 sooI:: o
_ N
¢ +2.3V
T—+2.3v +"x"
0 +2.3v
NR3: Qs -
511K
B G A'A'A' "
NRI J_
180 NCI
=14V €= AM— T 22PF
oN - ' Oc¢
A
> NR2 QP SNR6 J—ch
3|6 < 10.0K 0l
862
6
P AAN— ~ 5V —> +i4v
NR5 QR
36

T
i _I_NCS J_NC4 %

| [-2]

(<]

e
""'7
4
2
~
Z
(9]
(1]

o

NOTE: =
VOLTAGE AND COMPONENT VALUES ARE FOR REFERENCE ONLY. 79108

3-40 70629100 E



SUMMING RECTIFIER — HAW

The HAW circuit is a summing rectifier that receives the differentially-amplified
dibit signals read from the servo head. The outputs are applied to an operational am-
plifier connected as a differential amplifier to generate a rectified signal proportional
to the average amplitude of the dibit signal. The HAW circuit rectifies positive dibits
and the HAX circuit rectifies negative dibiis. These two output signals are applied to
a summing amplifier {o generate the track servo signal. When the servo head is
centered between servo tracks providing positive and negative dibits, their relative
amplitudes are equal. The track servo signal is then at null.

Input A receives the dibit signals. Buffer/driver transistor QN is connected as an
emitter follower to provide isolation with a gain of one. .

QP and QR are matched transistors in a single can, thus eliminating temperature and
offset drifts from the peak detector. The signal passing through QR has the informa-
tion pulses filtered out of it by NR5, NC3, and NC4 to generate the true base line volt-
age on output D. This same input signal fed to QR is also given to QP; however, the
QP input is not filtered. This allows QP to respond to the highest peak values. Output
C is, therefore, a voltage that is the baseline voltage plus the highest positive infor=-

mation peaks. The difference between C and D is the true information.

QS is used to gate out unwanted information. When input B is at +5V, QS is turned
off to allow all signals to pass to QP. When input B is at ground, QS is turned off,
thus shorting out all information on the base of QP. The waveform illustrates a
typical application for the HAW circuit that rectifies the positive dibit signals. Note
that the positive peaks of the negative dibits are now allowed to affect the output.
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SUMMING RECTIFIER — HAX

The HAX circuit is identical to the HAW summing rectifier, except that output E and

its associated circuitry has been added.

In its typical application, outputs D and E are applied to the inverting and noninverting
inputs of an open loop operational amplifier., When the voltage at E is greater than the
voltage at D, the op amp output indicates that dibits are being sensed.

NCR1 and NC6 rectify the signal applied to input A. The voltage on NC6 is equivalent
to the peak voltage of the positive swing of the dibits. Before dibits are sensed, this
voltage is equal to the input baseline voltage minus the diode drops across QN and
NCR1. With NR8 and NR9 acting as a voltage divider, output E is less positive than
output D. When dibits are sensed, NC6 is charged by the dibits, driving output E to

a more positive value.
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RECTIFIER - HBA
The HBA circuit performs full wave rectification on a differential input signal.

The rectifier consists of QN and QP (matched transistors in an IC array) which are
base biased at ground potential by NR1 and NR2. With no signal input, point C rests
at -.7 volts. NR6, NR8, NR9, and QS form a current sink network which provides
the collector-emitter current for QN and QP.

When a differential input signal (amplified read head output) is present at A and B, the
rectification action of QN and QP cause the alternating positive halves to appear at

point C {waveform C).
Network NR5, NR7, NR10, and QR set up a DC reference voltage at point D which
matches the "no signal'' DC voltage at point C (QN, QP, and QR are an IC transistor

array).

TCR1, TVR1, TCR2, and TVR2 form a voltage clipping network to prevent over-

voltage damage to reverse biased base-emitter junctions of QN and QP,
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RECTIFIER - HBB

The HBB circuit performs full wave rectification on a differential input signal.

The rectifier consists of QN and QP (matched transistors in an IC array) which are
base biased at -5 volts by NR1 and NR2., With no signal input, point D rests at -5.7
volts. NR9, NR10, NR1ll, and QS form a current sink network which provides the
collector-emitter current for QN and QP.

When a differential input signal (amplified read head output) is present at A and B, the
rectification action of QN and QP cause the alternating positive halves to appear at
point D {waveform D}.

Network NR4, NR5, NR6, NR7, and QR set up a DC reference voltage at point C which
proportionally tracks the ''no signal' DC voltage at point D (QN, QP and QR are an IC

transistor array).

TCR1, TVR1, TCR2, and TVR2 form a voltage clipping network to prevent overvoltage
damage to reverse biased base-emitter junctions of QN and QP.
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BUFFER AMPLIFIER - HBD

The HBD circuit is a single input, differential output buffer amplifier.

QN and QP are the amplifying transistors. The gain of the circuit is largely deter-
mined by the ratio of NR9 to NR3 and NR11 to NR4. Because the base of QP is at
ground potential, the voltage at the collector of QP proporticnally follows the voltage

at the emitter of QN,

QZ, NR6, NR7, and NR8 are a current sink network which provides collector current
for QN and QP.

Each output consists of two transistors connected as a common emitter darlington pair
(QR and QS, QU and QV) with current supplied from a current sink (QT and QW).
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RECTIFIER - HBE
The HBE circuit performs full wave rectification on a differential input signal.

The rectifier consists of QN and QP (matched transistors in an IC array) which are
base biased at ground potential by NR1 and NR2. With no signal input, point C rests
at -.7 volts. NRS, NR8, NR9, and QS form a current sink network which provides
the coliector-emitter current for QN and QP. ' v

When a differential input signal (amplified read head output) is present at A and B, the
rectification action of QN and QP cause the alternating positive halves to appear at
point C (waveform C).

Network NR5, NR7, NR10, and QR set up a DC reference voltage at point D which
matches the ''no signal" DC voltage at point C (QN, QP, and QR are an IC transistor

array).

TCR1, TVR1, TCR2, and TVR2 form a voltage clipping network to prevent over-
voltage damage to reverse biased base-emitter junctions of QN and QP.
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AMPLIFIER - HBI
The HBI circuit is a low gain amplifier with a fixed gain of 4.5. NR1, NR2, and ND1
form a biasing network for transistor QN. QN is the amplifing transistor with voltage

gain determined by the ratio of NR3 to NR6.

Transistor QP is an emitter follower to provide a low output impedance. NC2 is a

ac coupling capacitor which provides dc isolation between circuits.
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BUFFER AMP - HBJ

The HBJ circuit is a current/buffer amplifier used for buffering a high impedance
output signal source from a low impedance source with an increase in output drive

capability.

NR1, ND1, ND2, and NR5 form a biasing network for QN and QP. The voltage drop
across the base-emitter junction of QN. Similarly, the voltage drop across ND2
compensates for the voltage across the base-emitter junction of QP.

The biasing networks of QN and QP allow the voltage level at output B follows the
voltage level at input A,
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DIFFERENTIAL AMPLIFIER - HCA

The HCA circuit is a differential amplifier which is used as a control element in an
AGC amplifier feedback loop.

Input B is connected to a fixed reference voltage and input A is connected to an inte-
grated DC voltage which is proportional to the output amplitude of an AGC amplifier.
When the voltage on input A is greater than that at input B, the current from emitter
resistor NR2 goes through QN to ground. When the voltage on input A is less than at

B, the current from NR2 goes through QP to output C. When input A equals input B,

the current from NR2 is split between QN and QP. The voltage at point C is established
by the current through QP times resistor NR3. Point C is the control voltage input for
input E on the HCU (AGC amplifier) circuit. NC1 is used as an integrator and helps
stabilize the response time.
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DIFFERENTIAL AMPLIFIER - HCB

The HCB circuit is a single stage differential input, differential output amplifier.

QN and QP are the amplifying transistors. The gain of the amplifier is largely deter-
mined by the ratio of NR9 to NR2 and NR7 to NR4.

QR, NR5, NR6, and NR8 are a current sink network which provides collector current
for QN and QP.

QS and QT with emitter resistors NR12 and NR13 are emitter followers for low im-

pedance outputs.
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BUFFER AMPLIFIER — HCE

The HCE circuit is a differential buffer amplifier with a gain of approximately one.
With the proper bias conditions, inputs A and B can be connected to a circuit such as
a differential amplifier output. The effect would be to increase its load driving capa-

bilities without adversely loading down the output signal.
Emitter followers QN and QP present comparatively high input impedance at A and B,

and low output impedance at C and D. Current sources QR and QS with NR3, NR4,
NR5, and NR6 supply constant emitter current to QN and QP.
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BUFFER AMPLIFIER — HCF

The HCF circuit is a differential buffer amplifier with a gain of approximately one.
With the proper bias conditions, inputs A and B can be connected to a circuit such as
a differential amplifier output. The effect would be to increase its load driving capa-
bilities without adversely loading down the output signal.

QN and QP are emitter followers which present comparatively high input impedance at
A and B, and low output impedance at C and D.
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VOLTAGE FOLLOWER — HCK

The HCK circuit consists of an operational amplifier in a voltage follower configura-
tion. An NPN emitter follower (QP) is enclosed in the feedback loop to provide a
voltage output at B equal to the input at A with increased current handling capabilities.
Enclosing QP in the feedback loop also negates the change in output due to temperature
related voltage variations of the base-emitter junctions of QP.

NR2 provides a minimum load current for QP under no output load conditions. NR1
is a current limit resistor. Resistor NR3 and capacitor NR1 stabilize the circuit.
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INTEGRATING AMPLIFIER - HCL

The HCL circuit converts a rectified signal input to a DC output that is an average

value of the input signal waveform.

The infegrating elements are NR2, NR3, and NC1. The analog signal (recrified wave-
for