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L TYPE DATA RECEIVER
BFA

The BFA card was originally designed for use in the OEM disk storage drives as a data
receiver, The data is supplied to the circuit via a 95-ohm coaxial cable from the

controller at a maximum rate of 3 MHz.

Each BFA card contains a single circuit consisting of two inverters with the input
swinging from +.2v to +3v (nominal). The output provides standard Control Data 1604-
type logic levels. With the input at +0. 2v, the output is at -3v (''1") and with the input
at +3v, the output is at Ov (''0"').

With the input at +0. 2v, diode CRO1l conducts such that the anode of CRO2 is at about
+0. 8v., The divider action of CR02, 3, 4 and R06 network causes the base of Q01 to be
approximately -1.2v, This represents a low impedance turn-off sourcé for QO1 to
provide rapid turn-off. With Q01 off, its collector is at +3v. The divider action of
CRO05, 6 with R09 causes the base of Q02 to be approximately +1.8v. The equivalent
turn-off circuit has a resistance of about 280 ohms. This helps to effect rapid turn-off
of Q02. At this time the collector of Q02 is at -3v.

When the input is +3v, diode CRO1 opens up as the anode becomes clamped at about
+2. 4v due to the conduction of CRO02, 3, 4, and the base-emitter diode of Q01 via RO5
to the +6v supply. The collector of Q01 is now at ground so CR05, 6 open since the base
of Q02 clamps to -0. 6v due to conduction through R09 tothe -3v supply. Q02 is on and the

output is near ground.

The switching threshold is approximately +1, 8v. Typical switching waveforms are

shown in Figure 1.
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L TYPE DATA TRANSMITTER
BGA

The BGA card is designed for use in the OEM disk storage drives as data transmitters
for rates up to 3 MHz. A 95-ohm coaxial cable couples to the output and carries the data
to the controller. There is a single circuit per card consisting of an emitter follower
and an inverter. When the input to the card is Ov, the output is at Ov; when the input

is -3v, the output is at +3v.

With a "1" input, pin 1 becomes -2.8v (or more negative). If the diode drops and VeE
of Q01 are taken as 0. 6v, the base of Q02 becomes -1v and Q02 is turned off so the out-

put is at +3v. The output begins to switch when the input is at about -1. 2v.

When the input goes to a -0.5 to Ov range, the emitter of Q01 is essentially at ground
and diodes CRO1, 2 will not conduct since the base of Q02 clamps to about +0, 6v. With
Q02 on, the output is at Ov.

The voltage divider composed of R05, 6, 7, and 8 serves to terminate the coaxial

cable at the transmitting end and provides for the correct level on the line.

Typical (theoretical) switching waveforms are shown in Figure 1 (these are for guidance
and not intended to be used as specifications). It will be noticed that no storage or

delay is indicated.
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Q TYPE CONTROL RECEIVER
BHA, BHB

The BHA/B receivers are designed for use in the OEM disk storage drives. The
cards have twoidentical circuits per boardandare similar except that the BHA has no

termination on the card for the twisted-pair input.

The BHA is intended for multiplex (party line) use and the termination is on the last
disk storage drive unit in a plug-in assembly. The BHB has the termination on the
card and is used for simplex operation. Both cards are used with control (rather than

data) lines between the disk storage drive and the controller.

Each circuit consists of a pair of inverters. The high level input,whether terminated
on the card or externally,is equivalent to 93. 5 ohms in series with +1.27v from the
input pin to ground. The low level input is -3v with a series impedance determined by
the -3v power supply. Thus if the input is + the output is at ground and when the input
is at -3v the output is also at -3v., Typical switching waveforms are shown in Figure 1,
(These waveforms are not to be construed as specifications but rather as a guide to

proper usage of the card.)
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@ TYPE CONTROL TRANSMITTER
BIA

The BIA card is designed for use with the OEM disk storage drives. Each card con-
tains two identical transmitter circuits. The transmitters are used on the control or

access lines between the disk storage drive and the controller.

The input to the card is the standard 1604-type logic levels to pins 1 and 7. A gating
input is also provided on pins 2 and 8. Outputs are taken from pins 5 and 10 and

normally go to a twisted-pair terminated in the equivalent of 90 ohms to +1.25v.

With a "0" input and no signals present on pins 2 and 8, QO1 is off as a result of the
divider on the +6v (R02 and diodes CRO02, 3 bring the base to about +1.2v). With Q01
off, its collector is a negative 4, 5v. This is sufficient to keep Q02 off and the output
voltage is then determined by the termination on the twisted pair line and should be

+1, 2'7v nominally.

With the input a "'1", pin 1 is approximately -1, 8v determined by the base-emitter
junction plus the drop across CR02, 3. Transistor Q01 is thus on. The collector of
Q01 is near ground so Q02 turns on because of the -3v on its emitter and R04 to ground.
The base of Q02 is approximately -2, 4v causing the anode of CRO5 to be negative (hence
this diode is off). Typical switching waveforms are shown in Figure 1. (These are to

be used only as a guide and not as specifications.)
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SUPPLY SENSOR AND CURRENT SINK
BJA

The BJA card is designed for use in the OEM disk storage drive . It is used as a
failure detection circuit to protect the disk storage drive from writing "garbage'' by the
falling write current when any of the normal power sources drop below specified limits.
This card is used with the GAA or GAB cards to check the +20v supply.

Voltage to the circuit is derived from the controller (+6v and -36v are supplied across

the interface).

Normal inputs to the card are a standard 1604-type logic level on pin 1, +20v via a 12v
and 5. 6v zener in series to pin 2 from the GAA/B card, and -20v and +40v supplies on

pins 13 and 15 respectively.

There are essentially three outputs from the card. One output is the write current
sink using pins 8, 9, and 10 and will normally be at +40v on TP-C. The other outputs
are standard logic levels with pin 3 at -3v and pins 6 and 7 at Ov when all inputs are

normal.

Transistors Q01 and Q03 form a + AND circuit such that if Q01 and Q03 are off,

Q04 is on and the normal output conditions previously mentioned exist. The input on
pin 1 along with the -20v source thru CR04 to the base of Q01 forms an OR circuit such
that if either pin 1 or the -20v source become abnormal, Q01 turns on. This disables
the Q01, Q03 AND term and causes Q04 to turn off, This action turns on Q05 dropping
any write current and changes the states of inverters Q06 and Q07 (which may be used

to drive a Fault flip-flop or other detection circuits).

Similarily, the +20v source via zener diodes to pin 2 and the +40v circuit form an OR
circuit such that if either is abnormal, Q02 turns off, turning Q03 on. This again
disables the Q01, Q03 AND term and causes Q04 to turn off. As before, the outputs
change state indicating a Fault condition.
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Specifically,the operation.of Q01 is: if the pin 1 input is a ""1" (-3v) and the -20v supply
is normal, the base of Q01 is negative. Since zener CR04 is at 18v, the anode of CR05
is at -2v and with pin 1 at about -3v, the anode of CR03 is approximately -0. 6v due to
the drops across CRO1 and CR02, At the current levels in use, the zener voltage
(CRO1) is about 1. 8v. Because the back to back diodes CR03, 5 have anode voltages

of -0, 6 and -2, 0 respectively and the base of Q01 is approximately in the middle, the
base should be about -0. 8v, (This arrangementis indeterminate since it depends on leakage
currents in the diodes,) If however, pin 1 goes to ground, CRO1, 2 open because the
junction of CR02, 3 cannot rise above approximately +0. 8v due to CRO3 and the base-
emitter diode of Q01 which turns on. If pin 1 is at -3v again and the -20v dropsto-18vor
lower, CRO4 stops conduction. The anode of CRO5 then rises to approximately +1, 2v

causing QO1 to turn on.

Under normal voltage conditions pin 2 of Q02 is at +2. 4v and the cathode of CR09 is at
+4v, Since all voltages are positive, the base will clamp to +0. 6v so CR06 and 9 are

back biased. With Q02 on, Q03 is off. If the +20v supply drops to +17. 6v, Q02 starts
to turn off because pin 2 goes to 0v and CR06 begins to rob base current from Q02., If

the +20v supply drops another 0. 6v, Q02 turns off completely and Q03 comes on.
If pin 2 is at normal voltage and the +40v drops to +36v, the cathode of CR09 will be at

0v so CRO9 begins to rob Q02 of base current. An additional few tenths of a volt drop
in the +40v supply causes Q02 to turn off and Q03 to turn on.
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VOLTAGE CHECKER

BOA

This card prevents write and erase currents from reaching write and erase heads
when one of the following fault conditions occurs: 1) the +20v power supply (provided
by ecither the GAD or GAE card) drops below +16. 3v; 2) the -20v power supply is
closer to ground than -16. 1v; or 3) an external logic signal on pin 1 goes to a logic
"0" (-0.5v). If one of these faults exists, the output at pins 10, 11, and 12 will be at
ground level and no current will flow through the write and erase heads. Output pins

6 and 7 will then provide a logic 0", and output pins 8 and 9 a logic '"1" (-3. 0v).

Each of the three fault conditions is sensed by a particular circuit on the BOA card.
If the voltage at pin 1 goes to a logic ''0", Q1 turns on. This turns off Q5, which

turns on Q6 and forces TP-C toward ground level. Transistor Q6 absorbs up to 300
ma. Diodes CR10, CR11, and CR12 isolate the write and erase heads when the BOA

" "

card is off (logic ''1"" at pin 1). Pin 2 senses the state of the +20v power supply through
a 10v and a 5. 6v zener diode on either the GAD or the GAE card. If the voltage drops
to +16. 3v (+0. 9), Q2 turns off and Q3 turns on. This will have the same effect as turn-
ing on Q1. When the state of the -20v power supply is -16. 1v (+0. 9), Q4 turns on,
which will have the same effect as turning on Q1. When more than one of these three
sensing circuits responds at the same time, the result is as though only one circuit

were active.
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ERASE DRIVER
BRA

This card controls the rise and fall time of the erase current. It is similar to the
AMK write/erase driver. Both cards have the same limiting resistors in the output
stage for use with the AND-type error checking system; however, the BRA does not
include the large capacitance across the resistor for delay during switching. (See the
AND circuit description, ) The maximum erase current available is 250 ma. The

current rise time is approximately 3 usec and fall time is approximately 6 usec,

The BRA card is turned on with a logic "'1" (-3v) at the input. The combination of 1.1
and C1 provides a slow, controlled turn-on of Q2. This results in a rise at the output
from Ov to 34v in 3 usec, approximating a linear ramp. The capacitor (C3) at the
collector of Q2 restricts the fall time at the output by causing a delay of 3 usec and a
fall time of 6 usec, Diodes at pins 5 and 7 are for use with the AND error checking

scheme,
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CURRENT CONTROLLED LAMP DRIVERS
BTA, BUA

The BTA and BUA cards furnish one or two grounded lamps with +20v and -20v
respectively. Both cards include in their circuitry a constant current source which
eliminates turn-on current surges, With either card driving the intended lamp
(P/N 92629003; rated at 24v, 73ma), a logic '1" (-3.0v) turns it on and a logic
"0" (-0.5v) turns it off. All input circuits on both cards have inverting stages

for matching the 1604 logic levels.
BTA

There are two identical circuits on this card. With a logic ''0" at the input (pin 1 or 9),
transistor Q1 turns off. At the same time, transistors Q2 and Q3 will be on, shorting
the current source base (Q4) to +20v. As a result, Q4 will turn off, preventing current
from flowing through the load. A logic '"'1" input pulls the Q1 collector to ground, turning
off both Q2 and Q3. The zener (CR1) voltage now rests at approximately +2, 3v with the
current levels being used. Transistor Q4 turns on and 1. 5v registers across emitter
resistor R8, (or R8 and R9), The output voltage (pin 3 or 11) to the lamps is +18. 5v.

The maximum current (60ma) from any one output can be doubled by paralleling the

emitter resistors R8 and R9 (jumpering pins 2 & 4 or 10 & 12).

BUA

This card has three identical circuits. A logic ''0" at the input (pin 1, 5, or 9) turns
off transistor Q1. This prevents base current from reaching Q2, and in turn, from

1411

flowing through the load. In contrast, a logic ''1" input pulls the Q1 collector to ground.
The zener (CR1) voltage now rests at approximately -2. 3v with the current levels being
used. Transistor Q2 turns on and 1. 5v appears across the emitter resistor R6, (or R6
and R7), The output voltage (pin 3, 7, or 11) to the lamps is -18. 5v. The maximum
current (60ma) from any one output can be doubled by paralleling the emitter resistors

R6 and R7 (jumpering pins 2 and 4, 6 and 8, or 10 and 12).
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READ LEVEL DETECTOR
EDA

The read level detector is used in the read data circuit to amplify,
rectify, and detect NRZ1l information on magnetic tape. Three outputs are
provided:

1) A class A low impedance output which provides a gain of 125. Gai

may be increased to 190 by means of an external jumper from groun
to pin 3.

2) A rectified signal derived from the class A signal which exceeds
threshold of 2 volts peak-to-peak. The rectified signal is in-
creased by a factor of 2 from the class A signal for portions in
excess of the threshold point. (The threshold may be reduced to
1l.1v by means of an external jumper from ground to pin 7.)

3) A "1" output provided by a switching circuit operating from the
threshold point when the peak-to-peak threshold is exceeded.

The class A amplifier incorporates a transformer input to minimize
common mode signal interference., The amplifier contains one stage of volt
age gain (QO0l) and two stages of current gain (Q02 and Q03). A positive
feedback loop is provided within the amplifier by C02 and RO7. This loop
returns a signal to the junction of R06 and RO7 which approaches, but never
exceeds, the signal at the collector of QO0l. Thus, RO6 presents a very
high impedance in the collector load of QOl and increases the a-c voltage
gain of Q01 from a value of less than 100 to over 1000, Gain is stabilize
by the negative feedback network composed of R04 and RO3 which is used as
a reference point for the input transformer secondary. Note that R02 may
be connected externally in'parallel with RO3.

The rectifying circuit is composed of transformer TO02 and diodes CROL
through CR04. The threshold at which detection takes place is determined
by R15, R16, and R17 when the input to pin 7 is -12v, If pin 7 is jumpere
to ground, R18 essentially parallels R15 and R16. Resistor R19 acts as a
normal input load and diode CRO5 provides isolation from other circuits
operating in parallel.

The switching circuit is composed of Q04 which turns off when the
rectifier circuit reaches the threshold point. This "1" output may be use
directly as a level detection point or as part of an AND term with the pea

6-EDA-1



detector output.
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RESISTOR TERMINATION
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CLOCK AMPLIFIER
EFA

The clock amplifier circuit is intended for use in shaping a maghetic
pickup signal into two nonoverlapping output pulses in a card reader.
The output pulses are designed as signal sources to drive a clock counter.
Typical waveforms are shown below. The circuit is designed for a 42-kc
sine wave input, and the output interfaces with standard logic but does
not include output diodes for AND terms,

A balanced class A amplifier circuit is used with emitter degeneration
and common mode noise rejection in the first stage consisting of Q01 and
Q02. A network couples and shapes the waveform to drive the output
switching stage which consists of Q03 and Q04.

1

|

|
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READ LEVEL DETECTOR
EGA

This circuit is a modification of the EDA level detector card with the
following differences:

1) The gain can be selected by external jumpers (pins 3, 4, 5, and
8) to allow any of five feedback combinations of the network con-
sisting of resistors R03, R04, R18, and R19. This increases the
choice of head turns and tape speeds.

2) The level detection or threshold point is not fixed by components
on the card but is selected by a reference voltage that is obtain-
ed externally (pin 7). This feature allows a vernier adjustment
of the threshold point to match variations in head output or type
of tape used.

3) Two level detection diodes CRO5 and CR06 are available for separate
AND terms with the peak detector output.

4) The rectifying circuit makes available the whole signal to the
peak detector instead of passing only the part in excess of the
threshold point. This reduces the ratio of minimum to maximum
signal that must be accepted by the peak detector.

5) The class A overload point has been increased to approximately
11 volts in the peak-to-peak output signal.
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READ PREAMPLIFIER
EHA, EHB, EHC

The read preamplifier is used in the read data circuit to amplify
NRZ1 information recorded on magnetic tape for use in subsequent level
and peak detecting circuits. The amplifier circuit includes provision £
a differential input and a balanced push-pull output.

The preamplifier has two differential stages of gain (Q0l, 02, and
Q05, 06) to minimize common mode signal interference. Each differential
stage includes an isolating emitter follower output (Q03,04,07,08) to re
duce loading effects on the inverting amplifier.

Coarse and fine gain adjustments are provided by negative feedback
in the emitter of each stage of gain. Two steps of coarse gain may be
selected in the first stage by external jumpers., Connecting pin 5 to pi
7 provides minimum gain and connecting pin 5 to pin 8 provides maximum
gain., Fine gain is provided by adjusting the potentiometer R22 in the
second stage. This adjustment provides the following gains:

Jumper Pins

EHA - 150 to 550 5-7
350 to 1300 5-8
EHB - 200 to 800 5-7
500 to 1800 5-8

Except for the output and the emitter degeneration, the amplifier i
direct-coupled to reduce recovery time. Power supply transients are min
imized by the common mode rejection of the differential amplifier. 1In
addition, R21 and C03 filter the negative supply for both stages; CROL a
R18 reduce the voltage for the first stage.

The EHC circuit differs from the EHB as follows:

1. Capacitors C06 and CO7 provide two stages of high frequenc
roll-off. Each capacitor reduces gain by about 3 db at
100 kc (sine wave).

2. Output capacitors COl and C02 are polarized for load termi
ations of -10 to -16 volts or for isolated transformer
windings such as those on EI-series cards.

3. Gain jumpering options are not interchangeable with the EH
except when pin 5-7 is used at frequencies of 30 kc and lo
Gain ranges for sine-wave frequencies of 5 to 30 kc are

6-EHA, EHB, EHC-1



tabulated below:
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READ LEVEL DETECTOR
EIA, EIB, EID, EIE

The read level detector receives the amplifed signal from the read
preamplifier (EH-series) and provides a rectified signal and a threshold
enable for the peak detector (OG-series) in the recovery of NRZl informa-

tion from the magnetic tape.

The rectifying circuit is composed of transformer TOl, diodes CROl
and CRO2, and transistors Q01 and Q02. The negative rectified signal is
then routed to the differential input stage of the level detecting cir-
cuit (Q04 and Q05). The signal is compared to the threshold input refer-
ence voltage on pin 7. The switching point is further enhanced and refer-
enced to ground by the amplifiers consisting of transistors Q06 and Q07,
in a form usable as an enable in the peak detector.

The rectified signal is also routed to an output emitter follower
(Q03) which drives the RC differentiating circuit in the input stage of
the peak detector.

The EID and EIE circuits differ from the EIB as follows:

1. Rectifier transformer TOl is designed to pass 5 kc sine-
wave signals compared to 20 kc as a lower limit on the EIB
card. This delays and filters some of the higher frequency
components and is intended primarily for fundamental sig-
nals not exceeding 45 kc sine-wave frequency (90 ke NRZ1
data rate).

2. Resistors R13 and R14 are added to cause diodes CRO1l and
CRO2 to maintain a lower transformer secondary impedance
during zero or weak signals.

3. Q01 and Q02 are matched transistors to assure better signal
balance of both polarities of input. Transistors Q04 and
Q05 are matched to provide more accurate level detection
thresholds.

The EIE card differs from the EID only in the addition of COl, which
provides one RC stage of additional high frequency roll-off (down 3 db
at 200 kc data rate).

6-EIA, EIB, EID, EIE-1
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RECTIFIER AND THRESHOLD DETECTOR

EJA

The EJA contains two different (but interconnected) circuits per card. The 1st circuit
(consisting of Q01 through QO06) constitutes a full wave rectifier (Q01-Q04) feed through
two buffer amplifiers (Q05, Q06). The output on pin 6 is essentially the same as the
output of the rectifier circuit. The output of the rectifier circuit at the base of Q05 is

a negative-going full wave rectified signal (referenced to ground).

The 2nd circuit (consisting of Q07, Q08 and Q09) compares the rectified output of the
1st circuit to a reference (threshold) voltage via input pins 7 or 8, If the rectifier
signal (TPC) is more negative than the threshold voltage, Q09 and Q10 are turned OFF.

When Q10 is OFF, output pin 12 is floating; when Q10 is ON, pin 12 is grounded. The
output of pin 12 is used to enable a OGD card in the Read chain of an 852 disk storage

drive. When pin 12 is floating, the OGD is enabled; when pin 12 is grounded, the OGD
is disabled.
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POTENTIOMETER
EPA

The potentiometer card is designed for use with the EGA read level
detector in the recovery of NRZ1 information on magnetic tape. It provides
an external gain adjustment for 7 circuits when properly connected in the
negative feedback loop of the preamplifier circuit of the EGA card. This
allows amplifier output amplitude to be equalized for variations in head
output and circuits,

Each EPA circuit includes 7 potentiometers, connected as rheostats,
one for each of-the 7 bits recorded on 1/2 inch compatible tape. Five of
the potentiometers have both ends brought out to external pins; the other
two have 100-ohm resistors to ground to simulate R19 (pin 8) of the EGA
card. This utilizes the 12 signal pins on the card.

CAUTION: The height of potentiometers used on the EPA card requires
that the adjacent card slot on the component side of the card be left
empty. In removing and replacing the card, care should be given to
minimize mechanical stress on the potentiometer cases or the internal

element may be cracked.
A typical connection is as follows:

EPA Pin No.

L 3 —EGA, t k O
9 8 , trac
3 3
—EGA, track 1
4 8
5 3
6 8 ——EGA, track 2
3
/ }———EGA, track 3
8 8
¢ > EGA, t k 4
10 8 , trac
11 3 ——EGA, track 5
12 3 ——EGA, track 6
XXXX
SYMBOL : 5
EPA—XXX
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SOLENOID DRIVER
ERA

The solenoid driver is designed to switch a 2% ampere load termi-
nated at a negative voltage between -2v and -20v. Its input is in-
tended to match that of an "L" card output. When the input is at
ground the output is driven to ground., Thus an open input turns the

circuit off.

The circuit is intended to operate the tape unit capstan solenoid.
In this application it is located apart from the general logic. The
high steady state current capability of the circuit requires special
heat sinking of the output transistor. The "claw" type heat sink is
mounted on standard logic card hardware, but requires space equivalent
to three card slots. No signals are placed on pins 1-3 to eliminate
the possibility of damage if the card is inserted upside down in the
normal logic connector.

Circuit operation is as follows. A ground on the input turns QOl
on. Q01 collector current turns Q02 on, which in turn turns on QO03.
RO3 and RO4 in the emitter circuit of Q01 determine the switching
point of the input signal. CR03 acts as a suppression circuit for
inductive loads. Other components have functions similar to those in

ordinary inverter circuits.
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DIFFERENTIAL AMPLIFIER
EUA

The EUA card is a differential 2-stage amplifier. The output is an
amplifier reproduction of the input.

To improve operation, internal voltages are isolated from machine
power supply by R-C filters. The circuit is designed to operate from a
source impedance of approximately 1 K, and to drive a load of approxi-
mately 1.2 K. Bandpass is from 10 KC to 5 MC.

DIFFERENTIAL AMPLIFIER
EUC, EUD

This card is similar to the EUA card. The two significant differ-
ences are: feedback paths were added from collector to base of Q01 and
Q02 to reduce high frequency gain, and an output power-amplifier stage
(Q05 and Q06) was added to allow the circuit to drive a low impedance
load. Design source impedance is approximately 1 K, and load impedance
is 500 ohms. Bandpass is from 10 KC to 2 MC.
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DELAY CONTROL POTENTIOMETERS
ESA

The delay control potentiometer circuit is designed for use with
voltage-controlled delay circuits such as the UGA, in which it is desired
to obtain one or more additional selected delays from a single delay cir-
cuit and still maintain good precision. It acts as a gating circuit to
work into a positive OR terminating resistor that does not require a low-
impedance input,

The card contains seven like circuits. All outputs are isolated from
each other, but three of the seven inputs are paralleled to reduce the
connections to the twelve pins available for signals. The seven circuits
are sufficient for use with a seven-channel read recovery system in tape
units. Input signals should have an excursion of 0 to -12v (or more
negative) and require about 2 ma drive for a -20v terminated load on each
of the seven circuits., Normally, all inputs are parallel connected and
used for read reverse deskew while the potentiometers on the UGA cards
are used for read forward deskew. The circuits can also be used as a
voltage-reference circuit for other applications whether gated or per-
manently grounded on its input.
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RECEIVER FLIP-FLOP
EVB

This card has a balanced twisted-pair line input, which is trans-
ferred to an internal flip-flop by an external pulse. An external gate
level can inhibit transfer from the input to the flip-flop, and force
both outputs to logical "O". The outputs do not have AND diodes.

In normal operation, the Q01 and Q02 stage is the 3000 Interface re-
ceiver. With pin 5 at ground, transfer of the input at pins 1 and 2 to
the flip-flop is controlled by the transfer pulse applied to pin 7.

When pin 7 is at -3v or more negative, Q07 and Q08 are on, so Q03 and
Q04 are turned off. Thus the flip-flop (Q05 and Q06) cannot be effected
by Q01 and Q02, so it stays in its last previous state. When pin 7 goes
to ground, Q07 and Q08 turn off. Then either Q03 or Q04 turns on (de-
pending on the state of Q01 and Q02), and the state of pins 1 and 2 is
transferred to pins 11 and 12. If pin 1 is more positive than pin 2,
Q03 will turn on, and pin 11 will go to logical "O". Pin 12 will then
be at logical "1". If pin 2 is more positive than pin 1, pin 11 will be
at logical "1", and pin 12 at logical "O".

If pin 5 goes to -7v or more negative, Q01 and Q02 turn off, so the
state of pins 1 and 2 cannot effect the EVB card. If pin 7 is at ground,
Q03 and Q04 are turned on by CRO1, CRO2, RO3, and RO4. Both pin 11 and
pin 12 will be at logical "O". If pin 7 is at -3v or more negative while
pin 5 is at -7v or more negative, pins 11 and 12 will go into comple-
mentary states. However, either output could end up at logical "1" or

logical "O".
Input (voltage) Output (logic)
State of pin 1
vs. pin 2 Pin 5 Pin 7 Pin 11 Pin 12

+ gnd gnd " 0" " ]_"
- gnd gnd " 1 1" 7" O"

+ or - gnd -3v last previous state

+ or - =7v gnd "on nor

+ or - A" -3v compleTentary

6-EYB-1 Rev.
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ZERO-CROSSING DETECTOR/SHAPER
EWA, EWC

The EWA card detects zero-crossings of an input waveform. The out-

is a rectangular wave centered at +8v, which changes state whenever

input waveform goes through zero.

If the input is a differential signal, it is applied through COl and
to the bases of Q01 and Q02. (The circuit could also be used to de-

tect zero-crossings of a one-sided signal, by grounding the unused input

pin.

) If Q01 base is more positive than Q02 base, QO0l will turn on.

This turns on CR02. If Q02 base goes more positive than QOl base, Q02

and

CROl will turn on. The second differential pair, Q03 and QO04,

sharpens up the resultant rectangular wave since the voltage gain is one.
Either CR0O3 or CRO4 is on so that the output between pin 11 and pin 12
is a rectangular wave of 0.6v, centered at +8v.

Internal voltages are isolated from the machine power supplies by

R-C filters. Resistor R10 is adjusted for symmetrical operation over
an amplitude range of input signals.

The values of C01 and C02 are changed for the EWC.
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PEAK DETECTOR
EWB

The EWB card detects peaks in read data; its output is a rectangular
pulse.

The circuit uses a delay line and a differential amplifier to serve
as a peak detector. The differential signal from a EUC card is applied
to pins 1 and 4. The signal at pin 1 is applied directly through COl to
one base of the first differential stage. This signal is also delayed
through DL02, then applied through CO2 to the other base of the differ-
ential stage. The more positive base will turn on that transistor, and
either CRO1 and CRO2 will be on. When the other base goes more positive,
the other diode of the CROl - CRO2 pair will come on. The second differ-
ential stage sharpens up the resultant rectangular wave, since the volt-
age gain is one. Either CRO3 or CRO4 is on, so the output between pin
11 and pin 12 is a rectangular wave of 0.6v, centered around +8v.

Pins 1 and 6 must be tied together. Resistor R10 is adjusted for
symmetrical operation over an amplitude range of input signals. The
circuit tends to oscillate if the input frequency is greater than

1

2 (delay time)'

{6
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AGC ATTENUATOR
EZA

The EZA card attentuates the read signals applied to pins 11 and 12
in accordance with the control signal at pin 9, which comes from the FYA
card. RO7, RO8, R09, and "10 present the proper load to the preceding
card. Q03 and Q04 are emitter followers to reduce the load on the pre-
ceding card, and to present a low source impedance to CROl and CROZ2.

Q01 and Q02 control the bias current through CROl1 and CRO2 in ac-
cordance with the dc signal on pin 9. The dynamic impedance of CROl and
CRO2 varies inversely with the bias current through them. When the dy-
namic impedance of the two diodes is large compared to the input impe-
dance of the next card, the signal presented to the next card at pins 1
and 4 is small compared to the input signal at pins 11 and 12. When the
dynamic impedance is small, the input signal is passed to the output pins
unattenuated.

If the input signals are large, they may be distorted, since the im-
pedance vs bias current curve of the diodes is not linear. If signals
are on the order of 100 mv peak-to-peak, the distortion is minimized.

R12 is used at a different point in the 852 Disc Pak read chain.
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SHAPER FLIP-FLOP
FAB

The FAB card transfers the EWA/B card output into a flip-flop, un-
less pin 7 is at logic one (-3V). Output pins do not have logic AND
diodes.

The EWA/B card output, operating around +8v, is applied to pins 1
and 2. It is amplified and goes out on pins 5 and 6. It is also passed
through COl and C02, which cause Q03 or Q04 to turn on for negative-
going edges. Positive going edges are dissipated in CROl1 and CRO2. The
signals at the collectors of Q03 and Q04 are applied to Q07, QO08, QO09,
and Ql0, which constitute a flip-flop. Thus, each change of state at
the output of the EWA/B card causes the flip-flop to change its state.
Note that there are no AND diodes at the outputs from the flip-flop,
pins 11 and 12,

If pin 7 is at ground, the operation of the circuit is as described.
If pin 7 is at -3V, Q05, and Q06 turn on, which keeps the flip-flop from
responding to inputs on pins 1 and 2. Thus, pin 7 enables or disables
the circuit.

FT———>

| XX XX
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XXX
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XXXX
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INNER AND OUTER TRACK SELECT
AND SUMMING NETWORKS
FCA, FCB, FCC, FCD, FCE

These cards contain resistor networks which are used in the coarse control (long stroke)
mode of the disk file servo actuator. Each circuit has four input lines and one output
line. The output line is common to all inputs via an appropriate resistor. This output
line is normally connected to the summing point of the long stroke position operational
amplifier. When a voltage of +8v is applied from a JBA or JCA card to one of the

input pins (1 through 4), a current flows through the resistor and into the summing

point. The current level is trimmed by the appropriate potentiometer. This current
represents the coarse command to the servo actuator for ultimate positioning at one of
14 locations (for the FCA and FCB code) or one of 20 locations (for the FCC, FCD, and
FCE codes).

FCA, FCB

The four farthest locations from the midpoint between locations 6 and 8 are termed
"outer' tracks, and the three closest locations are termed "inner' tracks. The FCA

"outer' locations, and the FCB card for the "inner' locations.

card is used for the
Pin number 4 on the FCB card is used for modifying the coarse control signal when
positioning +0. 020 inches on either side of the 14 main locations. Thereare 3 tracks at

each location.

FCC, FCD, FCE

The four farthest locations on either side of the midpoint of the recording surface are
set by the FCC card. The next four locations on either side and toward the middle of the
disk are set by the FCD card. The FCE card sets the remaining two locations on either
side and adjacent to the midpoint of the disk, and also modifies the coarse control signal
by +0. 0075 and +0. 0225 inches either side of the 20 main track positions.

cal
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OSCILLATOR
FDA

The FDA card provides a 10 KC signal which, when properly amplified,
becomes the carrier for the long stroke and short stroke transducers in
the disk file servo actuator. The 10 KC signal is also converted into a
dc reference voltage for the servo.

The oscillator contains an amplifying stage consisting of transis-
tors Q01 and Q03. The output of Q03 goes to two other circuits; one
containing a twin tee network and Q04, and the other containing another
stage of amplification (Q02) and the amplitude regulating circuit (QO05).

Positive feedback, which provides the necessary gain for oscilla-
tion, is provided by the two amplifying stages (Q0l and Q02). The fre-
quency selective portion is provided by the negative feedback loop con-
taining the twin tee, Q04, CROl, and Rl4. Zener diode CROl provides dc
coupling for stability.

The twin tee has a null frequency of 10 KC. At this frequency no
signal passes through the network, hence there is no negative feedback.
At all other frequencies there is considerable negative feedback. The
result of the two feedback paths is that there is positive feedback for
10 KC and negative feedback outside of a small band of frequencies as
determined by the Q factor of the twin tee. ’

The amplitude regulating portion of the circuit consists of a volt-
age doubler (C08, C09, CRO3, and CR04), and the emitter follower (QO05).
The signal from Q03 is fed to Q02 via R12, CO07, CR0O2, and the base net-
work (CO3 and RO7). If diode CRO2 is biased more or less, its impedance
is decreased or increased, and therby controls the signal into Q02. The
diode current is the emitter current of Q05 and is controlled by the base
voltage, which is proportional to the signal. Therefore, if the output
voltage rises, the base voltage and emitter current of Q05 increases.
Diode CRO2 current goes up and its impedance goes down. Consequently,
the portion of the signal to Q02 goes down, which lowers the drive to
Q01 and brings the output back down to the controlled level. This level
is established by diode drop CR02, zener diode CRO5, and the base-emit-
ter drop of Q05. This is approximately 7v at the base of Q05, which is
twice the peak output voltage.
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CLAMP AND SUMMING
FGA, FGB, FGC

These cards are used in the disk file servo actuator fine control (short stroke) loop. The
cards provide a current, which is summed with the short stroke signal, to provide
positioning within + 0.020 (FGA), + 0.0225 (FGB), or + 0.0075 inches (FGC)

respectively on either side of a main track. The cards are identical except for the
values of R08 and R15.

The circuit is provided with reference voltages of plus and minus 8v at pins 3 and 9
respectively. The output is taken from pin 12 and normally goes to the summing point,
or virtual ground, of the short stroke operational amplifier. The output is a plus or
minus short circuit current of approximately 125 ua, depending on whether Q03 or Q05
is on. A logical '"1" on pin 1 turns Q01 off, Q02 on, and Q03 off, giving a plus current

out. A logical ""1" on pin 2 turns Q04 on and Q05 off, giving a minus current out.

Timmer potentiometers R0O7 and R17 provide adjustment so the + 0.020, + 0.0225, or
+ 0.0075 inches will be realized.
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VALVE AMPLIFIER
FHA

The FHA card is used in conjunction with a FMA card. They provide
the control current to the short and long stroke valves in the disk file
servo actuator.

The circuit is a feedback amplifier when used with the FMA card and
the loop is closed with the valve. The valve is connected to pin 4 on
the FHA card, and pin 6 on the FMA card. Pins 11 and 12 connect to pins
1 and 2 respectively on the FMA card. The closed loop current gain is
91 ma as given by the ratio of R12 to R13. Therefore, a voltage at pin
1 of +6.8v peak will give a 1 ma input current. This will cause the
current through the valve to be approximately 91 ma.

The circuit consists of the differential input stage, using a
matched pair of transistors in a single TO-5 case. Potentiometer RO3
allows the output current to be set at zero. Voltage applied to RO3 is
regulated by zener diodes CROL and CRO2. Therefore, no drift is intro-
duced at this point. Transistors Q03 and Q04 are a Darlington pair in
a common emitter circuit, whose collector load is the FMA card input im-
pedance.

Transistor Q05 is a constant current generator, which supplies 5.2
ma nominally to diodes CROl and CRO2 on the FMA card. These diodes bias
transistors Q01 and Q02 on the FMA card for class AB operation. By means
of RO3, the base drives to Q01 and Q02 (FMA) are adjusted to give a zero
output. The current out of pin 11 is now equal to the current into pin
12 (assuming the transistors on card FMA are matched). If the input is
driven positive, pin 11 goes positive and the collector current will in-
crease on QO04. Since the current generator current is constant, the ex-

cess above 5.2 ma goes into positive drive for Q01 on the FMA card.
To obtain negative swings, the collector current on Q04 is reduced

below 5.2 ma. Since Q05 requires 5.2 ma, the deficiency is made up by
pulling current from ground through the base-emitter on card FMA.

For this combination of cards, the feedback is taken from a voltage
proportional to the output current. As a result, the current through the
valve will be sinusoidal for a sine wave input, but the voltage out of
the FMA card will be determined by the load impedance. In this case the
valve is a nonlinear inductor, so the voltage is very distorted.

6-FHA-1 Rev.
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POWER AMPLIFIER
FIA

This card is used with the output stage of the FMA card to form a
10 KC power amplifier. The FIA card is basically the same as the FHA
card. However, it does mnot have a zero adjustment, and the feedback loop
is modified to sense output voltage instead of current.

Pins 11 and 12 connect to pins 1 and 2 respectively on the FMA card.
The output pin 6 of the FMA card connects to pin 4, and the output is
taken off pin 6 (FIA). The load will be either a short stroke trans-
ducer and bridge rectifier, or a long stroke transformer and bridge rec-
tifier. When the short stroke transducer load is used, it is necessary
to jumper pins 7 and 8.

The circuit is a feedback amplifier with a voltage gain of 3.83v as
determined by the ratio of R12 to ROL. The 10 KC oscillator (card FDA)
supplies approximately 3.5v peak to this circuit, so the output will be
13.4v peak. Since the circuit is ac coupled, a zero adjustment feature
is not necessary.

The circuit consists of a differential amplifier, transistors QOL
and Q02, and a Darlington pair (Q03 and Q04) in a common emitter con-
figuration. These stages provide the necessary open loop gain. A cur-
rent generator (Q05) is used to supply approximately 8.7 ma nominally to
the FMA card diodes CRO1 and CRO2. These diodes bias transistors Q01 and
Q02 (card FMA) for class AB operation. When the input voltage at pin 1
swings -3.5v, transistors Q03 and Q04 are driven so the collector current
is greater than 8.7 ma. Since Q05 can only pass 8.7 ma, the excess be-
comes base drive for transistor Q01 (card FMA) and the output goes to
+13.4v. If the input swings +3.5v, transistors Q03 and Q04 are driven
less, so the collector current goes below 8.7 ma. However, Q05 still re-
quires 8.7 ma, so the deficiency i1s made up by pulling current from
ground through the transistor Q02 base-emitter junctions (card FMA). The
output then goes to -13.4v.

The load on the FIA/FMA combination can be approximately 30v peak-
to-peak into 150 ohms.

6-FIA-~1 Rev.
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SERVO CYCLING GENERATOR
FJA

The FJA card is used to drive an OLA flip-flop card. The card gen-
erates a series of pulses for cycling the disk file servo actuator. This
is necessary for maintenance purposes.

If input pin 1 is held at ground, uni junction transistor QOl and
transistor Q02 will be off. The output will be 10v.

When the input is opened, capacitor C02 (or COl and CO02 in parallel
with pin 5 grounded) charges positive until a voltage of approximately
10v is reached. At this time the unijunction will fire, discharging the
capacitor via the emitter to base 1 diode of Q01 and resistor R0O3. A
positive pulse occurs across RO3 which turns on Q02, driving the output
from 10v to ground. The cycle will repeat as long as the input is open.
The output is a series of negative going pulses approximately 50 to 100
usec wide. The pulses are spaced either 100 or 600 msec, depending on
whether C02 is used, or COl and CO2 are used by grounding pin 5.

| XXXX 12
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DEMODULATOR
FKA

The FKA card is used to convert an amplitude modulated 10 KC into a
varying dc signal. This signal represents either coarse or fine position
signals for the disk file servo actuator.

The input signal comes from either the short stroke or long stroke
transducer. The transducer center tap goes to ground and the ends con-
nect to pins 8 and 9. The output pin (pin 1) goes to the summing point
of an operational amplifier.

When the short stroke or long stroke transducers are nulled, the
voltage at pins 8 and 9 are equal in magnitude and opposite in phase.

The voltages are applied to transformers TOl and TO2, and are full wave
rectified by the rectifiers in DAOl. The voltage at test point A is then
full wave positive, and at test point C full wave negative. Therefore,
the output is at zero.

If the transducers are not nulled so the voltage at pin 8 is great-
er than at pin 9, the voltage at test point A is positive and greater by
+AE than it was at null. At test point C the voltage is negative and
less in magnitude (i.e. +AE) than it was at null. The effect is that

+2/AE is realized across 10 K, or an equivalent of AE across 5 K.
A filter composed of LOl and COl has a cutoff frequency of approx-

imately 1 KC to filter out the carrier and its harmonies, but pass dc and
the modulation frequencies.

The circuit delivers approximately +1.4 ma maximum.
NOTE: This card requires two card slots.
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BRIDGE RECTIFIER
FLA, FLB

The FLA and FLB cards provides a dc reference voltage to the long
stroke and short stroke loops of the disk file servo actuator. The short
circuit current is approximately 1.6 ma.

A 10 KC, 10 VRMS signal is applied to pins 1 and 2, and is full wave
rectified by diodes CROl through CRO4. The LC filter converts the rec-
tified wave to dc.

The FLA card uses a matched diode quad to obtain stability of the
dc. Resistors ROl and RO2 are part of the feedback network for the ref-
erence amplifier card (FPA). Diodes between pins 9 and 11, and pins 10
and 12, are used in the feedback network. They compensate for tempera-
ture effects in the rectifiers.

When used to drive a reference amplifier card (FPA), pin 11 con-
nected to pin 1 on the FPA card will result in a plus reference voltage.
Pin 9 must be connected to pin 2 on the FPA card to close the feedback
loop. If a minus reference voltage is desited, pin 12 is connected to
pin 1 (card FPA), and pin 10 is connected to pin 2 (card FPA) to close

the feedback loop.
The FLB card does not contain the diodes between pins 9 and 11, and

pins 10 and 12. Also, resistors ROl and RO2 are replaced with jumpers.
Pins 11 and 12 are connected to the load (card FGA, pins 9 and 3 respec-
tively).

NOTE: This card requires two card slots.
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POWER AMPLIFIER OUTPUT STAGE
FMA, FMB

Each of these cards can be used as a power-output stage for the FHA, the FIA, or the
FLA/B cards. Transistors Q01 and Q02 are direct-coupled, complementary, emitter
followers operating approximately class AB when used with either the FHA or the FIA

card. The output voltage at pin 6 is in phase with the input voltage at pins 1 and 2.

For information on input bias and output load conditions, refer to FHA and FIA circuit

descriptions.
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RETRACT INVERTER AND CURRENT SOURCE
FNA

The FNA card is used in the disk file servo actuator. When sup-
plied with relay contacts or logic signals, it causes the servo to re-
tract the magnetic heads from between the disks.

The circuit is two common emitter switches with a common input and
separate outputs. With the input pin 1 at ground (or logical "O"), the
output at pin 6 provides a % ma short circuit current to an operational
amplifier virtual ground or summing point; the output at pih 12 is -3v
(or logical "1"). When the input is open (or logical "1"), transistors
Q01 and Q02 are on (or logical "O"), so both outputs are at zero. This
circuit is normally driven from a set of relay contacts, but can also be
driven with an output card or inverter card.
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FUNCTION GENERATORS
FOA, FOB, FOC, FOD, FOE, FOF, FOG, FOH

These cards are used in the disk file servo actuator in the coarse (long stroke)
positioning loop to shape the gain curve. For commands requiring a large signal, the

gain is reduced.

These cards are connected around an operational amplifier by connecting pin 1 to the
operational amplifier summing point and pin 12 to the operational amplifier output. A
floating power supply (ALA card) connects from pins 6 to 12 such that for the FOA, C,
D and G cards pin 6 is positive, relative to pin 12 and for the FOB, G, E, and H cards
pin 6 is negative. By adjusting potentiometers R05 and R06, the two diodes CRO1 and
CRO2 are back biased to different levels. As the operational amplifier output swings
negative, pin 6 of the FOA, C,D or G voltage lowers until it reaches ground. At this
point, either or both diodes conduct, depending on the potentiometer settings since the
input is at the operational amplifier summing point (virtual ground). As the diodes
conduct, the gain is reduced because one or more resistors are connected in parallel

with the normal feedback resistors around the operational amplifier.

The FOB, E, F', and H cards operate in a similar manner for a positive swing of the

operational amplifier output.

The FOC, D, E, F,G and H cards use a fixed resistor in place of the gain setting
potentiometers (R03 and R04) used on the FOA and B cards. The difference between the
cards is the value of the fixed resistors R01 and RO02.

The FOG and H cards have equal values for ROl and R02. These two cards generate an
approximate square root function (i.e., the output voltage is the square root of the input
voltage). This is accomplished by setting the diode conduction levels (via potentiometers
RO3 and R04) at equal intervals.
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REFERENCE AMPLIFIER
FPA

The FPA card is used in the disk file servo actuator. The circuit
supplies a plus or minus 8 volt reference to the coarse positioning loop.
This voltage must be stable, because it represents the coarse command to
the system. The output load is approximately 10 ma maximum.

The FPA card is supplied by a FLA bridge rectifier card. Pins 1
and 2 connect with either pins 11 and 9, or 12 and 10 respectively (card
FLA), for a +8v or -8v output. This combination is an operational ampli-
fier with closed loop gain of unity, but can be varied +10% by R1l4.

The first stage of the amplifier is a differential stage. This
stage uses a matched pair of transistors in a single TO -5 can, for best
temperature stability. Transistors Q01 and Q02 provide the necessary
closed loop gain. Transistor Q05 is a constant current source to pro-
vide negative drive for Q04. The positive drive for Q03 comes from QO02.
If the +8v output is desired, pin 1 is driven from the negative voltage
pin (pin 11, FLA card). Pin 2 is connected to pin 9 of the FLA card.
The negative voltage is used to give a positive voltage, because the cir-
cuit has negative gain. Under these conditions, Q03 supplies the load
and Q04 is near cut-off.

If -the output is to be -8v, pins 1 and 2 connect to pins 12 and 10
respectively (card FLA). Under these conditions, Q04 supplies the load
and receives its base drive from the current source (Q05). Transistor
Q03 is near cut-off.
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VELOCITY, ACCELERATION SUMMING NETWORK
FRA, FRB, FRC, FRD

The FRA through FRD cards contain a passive circuit of resistors,
capacitors, and zener diodes to be used with operational amplifiers in
the disk file servo actuator.

The circuit is supplied at pins 4 and 8 with voltages from velocity
transducers, one end of each being grounded (the FRD is supplied from two
velocity transducers). An operational amplifier connects between pins 1
and 6 (input at 1), giving an output proportional to the sum of the velo-
city signals at pin 6.

Zener diodes CROl and CRO2 limit the output voltage of the amplifier
to about +10 volts peak. Capacitor COl provides high frequency cutoff at
approximately 120KC.

Another operational amplifier connects between pins 2 and 7 (input
at 2). With the velocity signal at pin 6 also being applied to the dif-
ferentiating network (CO02 and R04), the output at pin 7 becomes a signal
proportional to acceleration for frequencies below 13KC (50 CPS for FRC
& D). Beyond 13KC (50 CPS for FRC & D) the gain levels off so the out-
put is somewhat proportional to velocity. The useful range of frequencies
for the system however is below 300 cycles. Capacitor CO03 provides for
frequency cutoff at approximately 16KC, and the zener diodes limit ‘the
output swing to approximately +10 volts peak.
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OPERATIONAL AMPLIFIER
FSA, FSB

The FSA card contains the operational amplifier used as the main
building block in the disk file servo actuator.

This card has on it the purchased modular amplifier, plus the dis-
crete component power booster. The input to the amplifier is of a dif-
ferential nature, but as used in the servo, one side (pin 5) is grounded.
Pin 1 is driven and the inverted output is taken from pin 7. The ampli-
fier cannot be used by itself in an open loop manner because the output
drifts between + and -15 volts. Normally one of the feedback network
cards is used (FRA, FTA, FUA, or FVA) around the amplifier between pins
1 and 7 to close the feedback loop. The output is then near zero and can
be set there by the adjustment pot on the module (assuming the input re-
sistor is grounded on the end opposite pin 1).

The booster stage is a complimentary emitter follower Q01 and Q03
operating approximately class AB. A constant current source is used to
get positive drive for QO03. This is basically the same circuit as used
on the FPA and FMA cards and discussed under FHA or FIA. The load on this
card can be approximately + 10V peak into 500 ohms.

The above discussion also applies to the FSB card.

The FSB card uses a purchased op. amp. module plus the discrete com-
ponent power booster. In addition, a + and -15 volt regulated power sup-
ply has been incorporated on the card. A balance pot was added to the
card because the less expensive op. amp. module did not contain this
balance adjustment.

Caution: The FSA card requires three card slots. The FSB card re-

quires two dard slots.
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VELOCITY SUMMING NETWORK
FTA

This card is used in the disk file servo actuator as a feedback
network for an operational amplifier.

ThHe circuit is supplied with a velocity signal, which is applied at
pin 3. An operational amplifier is connected from pins 1 to 7, with the
input at pin 1. The closed loop gain is given by the ratio of RO2 plus
RO3 to ROl. This is adjustable from 1 to 2. The output is a velocity

signal with a phase inversion. Zener diodes CROl and CRO2 limit the out-
put voltage to +10v peak.
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SUMMING NETWORK A,V,X
FUA, FUB

This passive feedback network is used in the disk file servo actua-
tor in conjunction with three operational amplifiers. One amplifier sums
acceleration (A), velocity (V), and fine position (X) signals. This sig-
nal becomes the control signal for the accurate positioning of the mag-
netic recording heads in the file. A second amplifier is used for ampli-
fying the fine positioning (short stroke) signal. The third amplifier is
used for the generation of an on point signal which tells the computer
with the disk file that the servo is at the proper location.

The short stroke amplifier connects between pins 1 and 7 with 1 to
the input. The closed loop gain of 3.25 is given by ROl divided by the
demodulation output impedance of 5K.

An on point amplifier connects between 8 and 9 with 8 being the in-
put. This has a closed loop gain given by R07 over RO8 which is 1.82.

A summing amplifier connects between 3 and 5 with 3 being the input.
The acceleration signal connects to pin 12, the velocity signal goes to
pin 10, and the short stroke displacement is at pin 7. Adjustment of pot
R0O9 adjusts the gain for the acceleration signal. Resistor RO3 divided
by R02, RO5 or RO6 give a closed loop gain of 3.01. The FUB card uses
another pot R10 to adjust the servo loop gain to compensate for hydraulic
servo valve variations.

Resistor RO4 is part of the input resistor for the short stroke valve
amplifier (FHA).

The zener diodes CROl through CRO6 limit the amplifier output volt-
age to + 10V peak.

7 15

> XXXX (L)

SYMBOL S 3
101l Fua -xxx|[4
——| T VA AAR e

N "R

6~-FUA, FUB-1 _ Rev,



Rev. R

o7
18.2K*1% TP-8
o
CRO3 CRO6 ROB CRO2 CROI
¢ i oK% ™ i
9.1V25% 9.1V5% % 9.AVi5%  9.VE5%
Rol
16.2K1%
SRO2
210K1%
RO6
AVAv"v
10K 1%
<SRO5
SioKt1%
RO9
20k
TP-A W
© =
CROS5 CRO4
>t @
aIV25%  9.1V25%
RO3
“AVA'
30.1K*1%
RO4

AAA

316K%1%

R 09
= ros =
—{7os =
— RO3 F—
I §, —{crosnf— —ncFod =5
x
S
Y o — o/ >
ol o
I §> g croZ ™ rereli—
—] —
0 N
CARD FUA

IR

6-FUA, FUB-2

PINI

)

NOTE:

I. ALL DIODES ARE ZENER
50240112.

2. COMPONENT ASSY NO.
50040700.



TP-C
©)
RO7
0
18.2K21% TP-8
O]
CRO3 CRO6 RO8 cRO2 cROI
° > ¢ ND > ¢
9.1V25% 9.V 5% 10K21% 9.IVE5%  9.0VE5%
RO!
7 V
16.2K*1%
L
SRo2
210K21%
RO6
10 AN\
10K 1%
SROS
SI0K:1%
RO9
12 »
20K
TP-A 'w
©@ =
CROS CcRO4
5 > e
9IV25%  9.1V25%
RIO RO3
v N
Yok | 19.6% 1%
W
RO4
316K*1%
=
71O ©IO] 7
R09 RIO

RO7

CRO3 M [—D

CARD FUB

TTTTTTTTT0TTTT)

6-FUA, FUB-3

L

NOTE:

I. ALL DIODES ARE ZENER
50240112

2. COMPONENT ASSY NO.
50040701.

Rev.

R



POSITION AND ACCELERATION NETWORK
FVA,FVB

The FVA and FVB passive networks are used with three operational amplifiers in the
disk file servo actuator. The circuit forms the coarse control signal from the position

(long stroke) and acceleration signals in the disk files.

The operational amplifiers connect between pins 1 and 6, 2 and 5, and 3 and 4 (inputs

at pins 1, 2, and 3). The long stroke signal enters pin 3 and is amplified with a gain of
2 (given by the ratio of R03 and the demodulator output impedance of 5 K). This is again
amplified via pins 2 and 5, which use the function generator cards FOA and FOB (FOG
and FOH for the FVB) to shape the gain curve. The low signal gain is adjustable between
1.95 and 4.9, as given by the ratio of R08 plus R10 to R04.

An acceleration signal is applied at pin 12 and is summed with the long stroke signal in
the operational amplifier between pins 1 and 6. The acceleration gain can be adjusted
by potentiometer R11. The output signal on pin 6 is applied to the short and long stroke
valves via resistors R05, R06, and R07. (RO7 is not used in the FVB).

The zener diodes limit the output swing of the operational amplifiers to +10v peak.
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TEMPERATURE SERVO AMPLIFIER
FWA

A temperature servo controls the air temperature in the vicinity of
the disks in the disk file. The servo consists of the FWA amplifier, a
thermistor bridge, and a shaded pole motor.

The thermistor connects between pins 1 and ground. Motor shading
coils, used to reverse the motor, are connected to pins 11 and 12 via
the limit switches (SOl and S02) on the motor assembly. The coil end
labeled CW goes to the normally closed contact on S01, and from SOl com-
mon to pin 12. The coil end labeled CCW goes to the normally closed con-
tact on S02, and from S02 common to pin 11.

At the operating temperature of 92°F, the thermistor bridge consist-
ing of the thermistor, RO1, RO3, RO4, RO5, R0O6, and CROl is balanced,
and no signal is applied to the differential amplifier (QOl and Q02).
Therefore, the output transistors (Q05 and Q06) are off, so no unbalance
exists in the motor shading coil currents. The motor will be off, allow-
ing the proper flow of air to the disks.

If the temperature increases, an unbalance will exist which drives
Q02 base positive and Q01 base negative. The collector of Q02 goes neg-
ative and the collector of QOl goes positive. Normally, transistors QO3
and Q04 are biased, so their collectors are at approximately zero to keep
Q05 and Q06 off. Since the collector of Q02 is going negative, Q04 will
be driven on so its collector goes positive and turns on Q06. The col-
lector of Q01 is positive going, so Q03 turns further off driving Q05
further off.

The amount Q06 turns on is proportional to the temperature change.
Therefore, the motor will run at a speed proportional to the temperature
difference, and in the direction that increases the air flow. This will
allow the file and thermistor to cool. When a balance is again achieved,
the motor will stop.

For temperatures below the control point, Q03 and Q05 turn on and
reverse motor operation occurs. Air flow is reduced until the tempera-
ture rises.

A zero set condition at the desired quiescent temperature is setup
by adjustment of the bridge potentiometer (ROl), and the differential
amplifier potentiometer (R02).
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TEMPERATURE SENSING AMPLIFIER
FWB

The FWB is used to sense the temperature in the vicinity of the
disks in the disk file.

A bridge consisting of a thermistor and RO1, RO3, RO4, and RO6 is
balanced near 75°F by adjusting ROl. At temperatures above and below
75°F the thermistor unbalances the bridge. The unbalance in voltage is
amplified by the differential amplifier consisting of QO01, Q02, QO03, and
QO04.

Outputs of the amplifier are pins 9 and 10. When the temperature
goes higher than 75°F (resistance of thermistor decreases), pin 9 goes
negative and pin 10 goes positive. When the temperature goes lower than
75°F (resistance of thermistor increases), pin 9 goes positive and pin 10
goes negative.

Potentiometer RO2 is used to set the bias level of the outputs posi-

tive or negative.
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GATED AMPLIFIER
FXB, FXC

FXB

This card is similar to the ATA card. The differences are:

1,

2.

6.

Jumpers can short out diodes CR03 and CR04.

Feedback capacitors C09 and C10 were added to decrease high-frequency
gain.
Gain adjusting potentiometer R23 was removed.

R-C filters were added, so that the card operates off standard machine power

supplies.

A fixed resistor R23 was added, so that the card could be set up to have the

gate open permanently to read timing tracks.

Coupling capacitors were chosen for the particular applications (807/8 Disc
File).

Backpass is from 30 Kc to 2Mec.

If pin 3 is at +5v or more positive, this card amplifies a signal put in on pins 1 and 4

from a center-tapped to ground read head. Pin 3 can be held positive by jumpering to

pin 10.

FXC

The only difference between the two cards are the condensers C01, C02, and C09, C10.
On the FXC card C01 and C02 are 0.001 and C09 and C10 are not used.
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AGC RECTIFIER
FYA/FYB

FYA

The FYA card generates a control signal for the EZA card in accordance with the
average signal level of the input. The full-wave rectified output (pin 6, EJA card) is
applied to pin 1. Resistors R02 and R03 define a reference voltage at the base of
transistor QO01. The input signal must be more negative than this reference voltage

if Q01 is to be turned on. Therefore, small disturbances at the input will be ignored.

In the absence of a signal from QO01, resistors R04 and R05 will establish a steady-
state voltage at the base of Q02. Resistors R06 and R0O7 will establish the voltage on
capacitors C02 and C03. When a signal is applied at pin 1, which is more negative
than the voltage on the base of Q01, Q01 will conduct. The base of Q02 goes more
negative and causes Q02 to pull charge out of capacitors C02 and C03, making the
voltage on pin 6 more negative. The time constant for pulling this point more negative
is determined by R07, C02, and C03. Resistor R0l increases the input impedance

seen by the EJA card, and helps determine the voltage transfer ratio of the Q01 circuit.

When the signal at pin 1 is no longer more negative than the voltage on the base of QO1,
the voltage at pin 6 will return to its steady-state condition. The time constant for
this change is determined by R06, C02, and C03. Since the value of R06 is consider-
ably more than R07, the voltage on pin 6 can go negative more rapidly than it can go
positive. This was necessary because of the data format used in the 852 Disk Pack.

In this format there are 180 AGC bits, which determine the gain of the read chain for
the following 900 data bits. The data in the 852 is in an NRZI recording technique.
Therefore, since there may be only 300 "1's'" in the 900 data bits, the time constants
were adjusted to insure the voltage at pin 6 (determined by the 180 AGC bits) will not
decay during the 900 data bits.

The above information applies if pin 3 is at -3v. If pin 3 is brought to ground, QO3
forces the voltage at pin 6 to ground, setting the attenuation of the EZA card to a
nominal level. This is an "AGC Disable'' function. The pin 6 voltage is applied to

pin 9 of the EZA card as a gain control signal.
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FYB

This card is identical to the FYA with the exception that C02 and C03 have been
removed from the FYB card.
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DIODE CARDS
GAA,GAB,GAC

Each card has four diodes with space for an additional diode. The diodes are used in

series with write and erase heads to give the proper voltage levels necessary to prohibit
the flow of curreént to the heads when a voltage checker system (BAA, BBA, BCA, or

AYA) fires.

Diodes CRO05 and CR06 are used in conjunction with the pin 1 input of the BAA card, or
the pin 2 input of the AYA card to detect the state of the +20v supply.
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BRAKE-CLUTCH DRIVER
GBA

. This circuit is designed for use in the 350 Paper Tape Reader when
used with a 1700 Computer. It is similar to the 76A and 76B cards except
the input circuit is designed for an input switching excursion of 0.3V
at 0 ohm, and -5.4V at 470 ohm.

The input signal is inverted twice for the outputs at pins 7 and

12, and three times for the outputs at pins 5 and 10. Thus, one output
circuit will always be on and the other off for either polarity of input.
Pins 5 and 7 are normally returned to -25V via separate external 200 ohm
resistors. Pins 10 and 12 are biased suitably for direct connection to
the bases of separate external PNP germanium power transistors operated
with grounded emitters. In this intended application, the ON condition
is -0.5V max at 125 ma and the OFF condition is -9V (pins 5 and 7). The
biased outputs (pins 10 and 12), when operated into the base of external
PNP germanium power transistors, have approximate excursions from -1V at
-75 ma to OV at + lma.
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500 CYCLE TWIN "T" NOTCH NETWORK
GCA

The twin "T" network is used in the disc file servo actuator to
"kill" the servo response to an undesirable mechanical response in the
carriage.

An operational amplifier is connected between pins 2 and 7 with in-
put at pin 2. The velocity signal from the servo is put into pin 1, and
the output from pin 10 is put into the summing point of the servo accel-
eration operational amplifier.

If the velocity is assumed to be sinusoidal of constant amplitude
but varying frequency, the voltage at pin 7 (with the operational ampli-
fier connected) will be a linear increasing function of frequency for
frequencies below the twin "T" notch frequency which is set to the un-
wanted frequency. However, the gain will be less than unity. This
occurs because for frequencies below approximately 400 cycles, there is
little or no attentuation thru the twin "T". Therefore, resistor RO2
divided by ROl + jXcOl determines the gain. At the notch frequency of
500 cycles, no signal gets thru the twin "T", so the gain is determined
by RO8 divided by ROl + jXcOl. At this point the gain rises to approxi-
mately 3. Thus, the output at pin 10 is seen to peak-up at 500 cycles.
This peaked up signal is added in with the normal acceleration signal.
However, since it has undergone one additional phase inversion in the
operational amplifier, it will be out of phase with the acceleration
signal and thereby subtract out the undesired 500 cycle signal. Poten-
tiometer RO3 allows for adjustment of the null depth at 500 cycles.

The emitter follower is used to prevent loading on the twin "T", and
provide a low impedance driver for the suming resistor RO2.

Zerner diodes CROl and CRO2 limit the output voltage of the opera-
tional amplifier to approximately +10v.

VARIABLE FREQUENCY TWIN "T" NOTCH NETWORK
GCB

The GCB card is the same as the GCA, except that the null frequency
can be adjusted by means of R10, R11l, and R12 between approximately 350
and 800 cycles.
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NOTCH NETWORKS
GCC, GCD

The twin "T" networks are intended to be used in cascade to atten-
uate the disk file servo response at frequencies of undesirable mechani-
cal resonances of the carriage.

An operational amplifier is connected between pins 2 and 7 of both
the GCC and GCD cards with input at pin 2. Pin 1 of the GCD is connected
to the output of the acceleration amplifier. Pin 7 or 10 of the GCD is
connected to pin 1 of the GCC. Pin 10 of the GCC is then connected to
the input of the acceleration amplifier. This arrangement provides at-
tenuation of the acceleration signal from approximately 450 cycles to
approximately 2 KC.

At the notch frequency, 500 cycles for the GCD and 1800 cycles for
the GCC, there is very little attenuation through the twin "T". The sig-
nal at these frequencies is fed back aut of phase with the input signal,
thereby attenuating the output of the acceleration signal.
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PRESSURE TRANSDUCER CIRCUIT
GDA

The GDA consists of resistors and is intended to be used with operational amplifiers to

derive a signal from bridge type transducers.

The outputs of the transducer bridge are connected to pins 1 and 3 or pins 7 and 9. The
noninverting input of an operational amplifier is connected to pin 5 or 11 and the
inverting input is connected to pin 4 or 10. The output of the amplifier is connected to

pin 6 or 12,

The operational amplifier is being used in the differential mode and provides a voltage
output proportional to the hydraulic pressure. The differential gain is equal to:
R05/R01 = R06/R02 = R0O7/R03 = R08/R04.
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DIFFERENTIAL PRESSURE GAIN AND BALANCE
GEA

The GEA contains passive elements used with an operatiohal amplifier and an active
voltage source to supply D, C. excitation to two bridge circuits. The circuit is used on

the disk file actuator servo.

The inputs at pins 1 and 3 are supplied from operational amplifiers whose outputs are
proportional to the hydraulic pressure. These are added "out of phase' to give the

difference in pressures.

The potentiometer R0O2 balances the gain of the two pressure transducers. The amplifie
input is connected to pin 5 and output to pin 7. The gain of the amplifier is R04 plus
RO5 divided by RO1 plus R02 or RO3.

The output of the amplifier is connected to R06 and C01 and is intended to be connected

to the input of another operational amplifier,

The zener diode CR0O1 and Q01 and Q02 are intended to provide a norninal 10v D, C,

excitation voltage to the nominal 350-ohm transducer bridge.
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LONG STROKE ACCELERATION
GFA,GFB

These cards contain passive feedback networks intended to be used with an operational

amplifier in the disk file actuator servo.

The cards provide the necessary acceleration gain for long stroke operation. The input
at pin 2 is fed to the acceleration amplifier, and the output at pin 5 is connected to the

input of the long stroke summing amplifier.

The gain of the feedback is: RO05 plus R02 divided by R01. The zener diodes CRO1 and
CRO2 limit the output of the amplifier to approximately + 10v.
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DIFFERENTIAL PRESSURE AND ACCELERATION
CROSSOVER TRIM

GFC

The GFC is a passive network used to trim the acceleration signal in the disk file
actuator servo.

The acceleration signal used in the servo system is derived from two sources. Below
50 cycles, the acceleration is derived by differentiating the velocity signal. Above 50

cycles, the acceleration signal is derived from a differential the hydraulic pressure.
For satisfactory transient response, it is necessary to closely match the RC time
constants of the acceleration circuit. Potentiometer R10 is used to match the time

constant of the acceleration and differential pressure crossover network.

Potentiometer R05 and R01 and R06 are used in the time constant matching procedure.
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CAPACITOR CARD

GGA
This card is designed for use in the disk storage drives for decoupling purposes.

The card consists of four .15 uf @ 100-vdc Mylar capacitors from pins 1 through 4 to
ground and four 4.7 uf @ 50-vdc tantalum electrolytic capacitors from pins 9 through 12
to ground. The capacitors on pins 9 and 10 have their negative sides grounded and
those on pins 11 and 12 have their positive sides grounded. Pin 13 has two 4.7 uf @
50-vdc tantalum capacitors in parallel with the positive side grounded and pin 15 has
two 4.7 uf tantalum units with the negative side grounded.

The tantalum capacitors are used for frequencies below 1 MHz (which is near the self
resonant frequency at which the units are essentially 0. 2-ohm resistor for ac).
Beyond this frequency they appear inductive and can cause trouble unless bypassed for
the higher frequencies. The 0.15 uf Mylar capacitors are useful to frequencies up to
about 5 MHz.
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PREAMPLIFIER
GHA

This card normally drives the EJA* (peak level detector card) and is operable either
as a differential amplifier or as a single-ended amplifier. The nominal differential
voltage gain ranges from 50 to 4700, with 50 to 2000 as a suggested range. Nominal
differential input and output impedances are 8K ohms and 56 ohms respectively at

250 KHz. The frequency response band pass is from 280 Hz to 520 KHz at a gain value
of 1000. Low frequency response improves with a lower gain value setting such as

80 Hz to 470 Hz at a gain value of 100. The single-ended amplifier configuration
output and input impedances are nominally 30 ohms and 8K ohms respectively at 250
KHz. When operating as a single-ended amplifier, a bias supply voltage of -12v must

be connected in series with the load (applied to pins 11 or 12) and ground.

The complete preamplifier circuit employs two differential amplifier stages with
emitter amplifiers cascaded. Transistors Q01 and Q02 are in the first stage with Q03
and QO04, respectively, as emitter followers; @05 and Q06 are in the second stage with
Q07 and Q08 as the respective emitter followers. The emitter follower transistors
provide a low output impedance. Negative feedback stablizes the voltage gain of the
preamplifier. In the first stage, R15 provides local negative feedback; while in the
second stage, potentiometers R19 and R20 are utilized to adjust the preamplifier gain

and provide some local negative feedback, respectively.

The voltage regulator circuit consisting of zener diodes CR1 and CR2 and resistors
R16 and R18 gives a voltage gain stability of 1% for a 10% change in the +20v power
supply. The common mode rejection ratio is 65 d. b. at 60 KHz and 27 d. b. at 250 KHz,

The GHA may be used to amplify square wave or pulse signals. The pulse shape will
be preserved for pulse widths from 2 usec to 100 usec. The square wave output signal
will show a tilt that is inversely proportional to the applied input signal frequency. A

1 KHz input square wave signal will result in an output square wave signal with 25% tilt.

|5T7 8 |9

|
—> »
ga XX XX M >
4 - >
GHA-XXX 2

*CAUTION: Output pins 11 and 12 must be biased to - 12v thru 680 ohms if the load is
other than the EJA.
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/\
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(1) Input Pin Numbers 1 to 4 (differential)
Voltage Excursion: 21.4 MVpp (Max.) Pins 5 & 8 jumpered
40O MVpp (Max,) Pins 5 & 7 jumpered

(2) Output Pin Numbers 11 to 12 (differential)

Voltage Excursion: 25 Vpp (Max.) No Load
10 Vpp (Max.) Load of 1362 ohms
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READ LEVEL DETECTOR
GIA, GIB

The function of these cards is to detect the amplitude of incoming read signals and to
initiate enabling pulses whenever the amplitude of the read signals exceeds a

predetermined threshold voltage.

These cards are identical in operation to the EJA with the following exceptions:

(1) The linearity has been improved for the operating range of 0,8 Vp to 8.0 Vp output.

(2) The input level required to give an 8.0 Vp output is 7. 4 Vpp on pins 1 and 2 while
the input on the EJA is 4.0 Vpp to give an 8. 0 Vp output;

(3) The GIA is designed to operate to 500 KHz, to maintain linearity, and to balance
peak outputs;

(4) The GIB is designed to operate with the OGC at 3200 FCI (240 KHz).

A preamplifier card supplies the read level detector with a differential input signal at
levels ranging from Ov to 10v peak to peak. As each peak is detected, a rectified
negative-going waveform can be seen at TP-A. This waveform is buffered and fed to
both a peak detector (thru pin 6) and the comparator circuit (Q7 and Q8). The
comparator circuit generates an enabling pulse (TP-B) whenever the amplitude exceeds
the dc reference level applied at pin 7. Pin 8 may be grounded through a switch to
allow R11 to serve as part of a voltage divider network connected to pin 7. This
enabling pulse is fed by the switching circuit (Q9 and Q10) to the OGD, triggering a
constant-width pulse,

Transistors Z1-Q2 and Z2-Q2 are used as diodes to forward-bias Z1-Q1 and Z2-Q1
for collector currents of 0. 25 ma each. This bias current develops a dc voltage of
-0. 35v at TP-A with a zero level signal at the input. The circuit is linear between
0. 8v and 8v at TP-A,

The voltage comparator circuit consists of Q7 and Q8 with the reference dc voltage
applied at either pin 7 or 8. Transistors Q9 and Q10 make up the switching circuit

which delivers the enable pulse.

Resistor R20 may be used as a test variable to select the desired offset voltage and

6-GIA, GIB-1 Rev T



enhance the linearity of the entire read chain. This effect will cancel the initial small
non-response required to take either Q5 or Q6 out of conduction as each peak is
detected. An offset of -0, 3v best linearizes the level detector. This voltage level

is obtained by giving R20 a value of 270 ohms. Reference comparison voltages at

this offset level are possible but detection below -0. 5 is not recommended.

The OGD is the normal load for the GIA. Pins 6 and 12 are connected to pins 4 and
8 of the OGD respectively,
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800 & 1050 HZ FILTER
GOA

This filter circuit damps undesirable resonant points in the closed loop of a high
performance servo actuator such as in a disk file, The circuits are placed in
parallel with each other and with the hydraulic valve, thereby reducing servo gain at
the series resonant points of 800 Hz (C2, C3 and L.2) and 1050 Hz (C1 and L1).
Normally, the output line of a valve operational amplifier such as the FMA drives
the filter circuit. The other ends of the filter and the valve are returned to ground

through a resistor which provides feedback for a constant current drive source.

At the two resonant points, the filter presents an effective total impedance of
approximately 25 ohms, This impedance rises to approximately 42 ohms at the

midpoint between the two resonant points.
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LEVEL MONITOR
GSB

This card is used with the GIB (level detector card) to provide both level detection and

monitoring of sine wave clock track signals.

The circuitry of the GSB consists of the following: 1) a potentiometer attenuator
circuit followed by a differential emitter follower output; 2) a dc-level adjustable
potentiometer circuit; and 3) a pulse integrator-comparator circuit with 1604-type
logic level output. Normally, a signal from the EUC (amplifier card) is received by
the attenuator circuit, which feeds the GIB. Pulses out of the GIB are returned to the
GSB, where they are integrated into an average voltage, holding the output to a "'0" or
non-fault condition. The dc-level adjustable potentiometer on the GSB determines the

reference level at which GIB will produce pulses.

The input on pin 1 comes from the GIB card. Resistors R1 and R2 act as the collector
termination for the GIB output pulses (0,-4v). These pulses are integrated into an
average dc voltage by R3, R4 and Cl. Transistors Ql and Q2 form a voltage comparator
stage. In normal operation, pulses are present on pin 1 and Q1 is turned on. When
these input pulses become narrow or non-existent, Q1 turns off, causing Q2 to turn on
and Q3 to turn off, ana”r‘ésulting in a ""1" (fault) at pins 5 and 6. The maximum time

to fault (as determined by R3, R4 and C1) is 5 usec. Resistor R12 permits adjustment
of the reference clipping level of the GIB. This adjustment determines the minimum
peak to peak voltage into the GIB while still producing pulses at pin 1 of the GSB. The
input which is differentially applied at pins 9 and 10 is adjustable by potentiometer R15,
Transistors Q4 and Q5 are emitter followers that drive the 680 ohm termination in the
GIB.

The following procedure is normally used when adjusting potentiometers R12 and R15:
1) measure differential voltage across TP-B and TP-C and adjust R15 to give the peak
to peak voltage desired to indicate a fault condition; 2) adjust R12 to the transition point

between fault and non-fault; and 3) readjust R15 to minimum attenuation.
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