SECTION 4
THEORY OF OPERATION

This section of the manual provides a block dia
gram oriented discussion of the functional opera-
tion of the recorder/reproducer system followed
by detailed theory of operation of the recorder/
reproducer and input/output assembly {accessory)
circuits,

4-1, FUNCTIONAL DESCRIPTION
OF TAPE TRANSPORT

Figure 4-1 is a simplified block diagram of the
ATR-100 system. The recorder/reproducer does
not incorporate a capstan pinch roller but controls
tape movement in ali modes of operation while
under capstan servo and reel servo control. The
capstan servo controls tape speed and direction
while the reel servo maintains dynamically con-
stant tape tension in all modes of operation.

Tape movement is controlled by a dc capstan
motor which is controlled by a closed toop capstan
servo. The capstan is driven to control tape motian
but the actual work of moving the tape is accom-
plished by the ree! servo, which operates independ-
ent of the capstan servo. Tape tension is main-
tained equally on the takeup and supply side of
the capstan for all sizes of tape reels {2 inches
through 14 inches in diameter). Since there is no
difference in tape tension at the capstan, there is
no tendency for tape to slip on the capstan and
therefore no pressure roller (pinch roller] is
reguired.

The actual value of tape tension is controlied by
the tension arm rotary solenoids which are a com-
ponent of the constant-tension arms. The solenoids
are driven by direct current to result in a particular
torgue at the mid-position of the arm swing. These
soienoids apply a near-constant force to the ten-
sion arms that are opposed by the force provided
by the reel motors through the tape. The current
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in the solenoids is programmed and switched by
the tension programming logic (located on reel
servo PWA No. 8) depending on tape width, oper-
ating condition, and direction of tape movement
to result in a given value of equal tape tension
across the capstan.

The tension arms have an LED affixed to each arm
and the light from the LED is focused on to a
stationary photepotentiometer. The output from
the photopotentiometer is a voltage indicative of
arm position and is the servo error. Tape motion
creates an unbalance or position error of the ten-
sion arm’s position and, by means of a closed-loop
reel servo, a tension unbalance is created in the
tape path (but not across the capstan) by the reel
motors, This tension unbalance causes the reel
motors to perform the work of moving the tape
at a rate established by the capstan. There are no
independent commands supplied to the reel servo
to cause such an unbalance. All control of the
reels is initiated by capstan movement trans-
mitted throuyh the tape 1o the tension arm sensors.

The output from the tension arm sensors is amplhi-
fied, compensated for the mechanical properties
of the transport, and used to modulate a 28.8-kHz
carrier to develop a puise-width modulated (PWM)
signal with a duty cycle that varies with the magni-
tude of the servo error signal. This PWM signal is
amplified and used to drive the reel dc motors.

4-2. BLOCK DIAGRAM
FUNCTIONAL DESCRIPTION

As shown in Figure 4-1, the ATR-100 can be con-
tigured to record and reproduce up to four audio
channels. Each audio input may come from a line
or other audio source, such as another tape
reproducer.
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.84. +15-Vde Regulator. A +15-Vdc zener
diode regulator is used to power the input/output
module assembly. Power in the form of +24 Vdc
is furnished from the ATR-100 and is applied to
series-pass transistors Q7 and Q8, which are con-
nected as emitter followers. The output voltage at
the emitters of Q7 and Q8 is determined by
zener diodes VR1 and VR2, which are connected
between the base and ground of Q7 and Q8,
respectively.

4-85. Tape Timer
Functional Description

The tape timer displays in hours, minutes, and
seconds the elapsed time that the tape has moved
at the selected speed from a zero reference estab-
lished by pressing the RESET pushhutton switch
on the controt unit. The tape timer contains a
counter and associated arithmetic logic to detect
the relative tape position and provide a time-
multiplexed, binary-coded decimal (BCD) output
for the display of the tape position in hours,
minutes, and seconds of play/record time at the

iected tape speed. The tape timer receives a tape
direction signal from the control unit, a selected
speed signal from the tape transport, and pulses
from a tape-driven tachometer (tach) on the tape
transport. The tape timer counts the number of
tach pulses received, converts the length of tape
represented by the tach puises to record/play time
at the selected speed, and adds or subtracts the
time represented by the tape motion from the
current time being displayed, depending on the
direction of tape motion. The tape timer sends
five binary-coded decimal digits to the display on
the control unit. To minimize the number of inter-
connecting leads between the tape timer and the
control unit, the five digits are transmitted serially
over a common 4-bit bus to a BCD-to-7 segment
decoder in the control unit. The output of the
BCD-to-7 segment decoder is sent in parallel to
five 7-segment display indicators that comprise the
b5-digit dispiay on the caontrol unit. Five digit sefect
lines are alsc sent to the cantrol unit. The digit
select lines identify the current digit being sent
from the tape timer and enable the corresponding
one of five 7-segment display indicators.
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4-86. Tape Timer Circuit Details

The tape timer circuitry is principally located
on transport control PWA No. 7. The display
and ancillary BCD-to-7-segment encoder are
located on the control unit. Figure 4-25 is a
simplified block diagram of the tape timer, and
drawings 4840387 and 4840396 are the schematic
diagrams, respectively.

4-87. Tape Timer Display. The tape timer dis-
play is contained on the control unit assembly and
consists of five 7-segment light emitting diode
(LED) display indicators (A1 through A5 on con-
trol unit PWA No. 1), five driver transistors (Q1
through Q5 on PWA No. 1), and a BCD-to-7-
segment encoder (A3 on PWA No. 2). The serial
stream of binary-coded decimal digits from the
tape timer logic on PWA No. 7 are sent to the
BCD-to-7-segment decoder A3 located on the
control unit PWA No. 2. The binary-coded decimal
digits are sent via 4 lines; BCD-A, BCD-B, BCD-C,
BCD-D. The BCD-to-7-segment decoder A3 pro-
vides a logic low (ground) to the segments required
to form the digit, which is sent in BCD via BCD-A
through BCD-D, on the display.

The seven lines that comprise the output of the
BCD-t0-7-segment decoder A3 are sent to the
control unit PWA No. 1, where they are connected
in parallel to each of the corresponding segments
on the five 7 scgment dispiays, A1 through AD.
Each of the five 7-segment displays consists of
seven light-emitting dicdes with common anodes.
Selection of the 7-seament pattern corresponding
to the digit sent via the BCD-A through BCD-D is
accomplished by applying a positive 5 volts {logic
high} to the anode of the selected 7-segment dis-
play and keeping the anodes of the other 7-segment
displays at ground {(logic low). The digit selection
signals DS-1 through DS-5 from the tape timer
circuits on the transport logic PWA No. 7, via
transistor switches, provide a positive 5 volts to
the anode of 7-segment display A1 through Ab,
respectively. When a digit select line goes tow
(0 Vdc), the associated transistor switch conducts
and provides a positive 5 volts to the anode of
the corresponding 7-segment display. Since only
one digit select line goes low at a time, the remain-
ing transistor switches are net conducting, and the
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remaining anodes of the unselected 7-segment
displays remain at 0 Vdc. Therefore, only the
selected digit is lit.

4-88. Tape Timer Tachometer. The tape timer
tachometer is contained on the tape transport as
sembly and consists of the tape wheel assembly
and associated electro-optical switching assembly.
The tape wheel assembly is mechanically coupled
to the tape to provide one complete rotation of the
tape wheel for each 7.5 inches of tape motion. The
tape wheel assembly contains a shutter which
interrupts the optical path of the electro-optical
switch at a rate of 20 times per revolution. The
electro-optical switch provides TT L-level pulses
to buffer U3-Ub on transport control PWA No., 7.
Buffer Q3-0Q56 provides pulse shaping to improve
the rise and fall times of the puises received from
the electro-optical switch. The buffered tachom-
eter (tach} pulses are then sent to the tach pulse
synchronizer A33-10/A33-16 that consists of two
D-type latches that are clocked by the positive-
going edge of the 432-kHz system clock. The tach
puise synchronizer A33-10/A33-15 retimes the
tach pulses to provide a single negative-going pulse
one clock period wide for each tach puise received,
regardless of the length of the tach pulse.

When the output of the buffer Q3-QF5 goes posi-
tive, latch A33-10 is set by the positive-going edge
of the 432-kHz clock. The output of latch A33-10
gones to latch A33.1B and NAND gate A27-11
Latch A33-15 is set to the same state as latch
A33-10 by the next positive-going edge of the
432-kHz clock. The output of latch A33-10 is
combined with the complement of latch A33-15
by NAND gate A27-11 so that during the interval
that latch A33-10 is first set and the time that
latch A33-15 is set, one clock interval later, the
output of NAND gate A27-11 goes low. During all
other conditions, NAND gate A27-11 remains high.
The output of NAND gate A27-11 goes to tach
pulse latch A27/A21. Tach pulse latch A27/A21 is
an RS-type flip-flop, which stores the received
synchronous tach pulse until required by the
arithmetic logic of the tape timer.

4-89. Tape Timer Arithmetic Logic. The tape
timer arithmetic logic is contained on transport
control PWA No. 7. The tape timer arithmetic
logic consists of an up/down counter and associated
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control and timing fogic. The up/down counter is
an 8-digit serial binary adder that circulates data
through a 4-bit parallel adder serially by digit. The
up/down counter provides the incrementing and
decrementing of time in hours, minutes, and
seconds and division of the tach pulse rate accord-
ing to the selected operating speed. An 8-bit ring
counter identifies the digit currently at the output
of the B-digit, 4-bit, serial binary adder and pro-
vides the control for muitiplexing the digits from
the adder at the control unit display. The opera-
tions within the tape timer arithmetic logic are
synchronized by the 432-kHz clock. Table 4-8
shows the format for the eight 4-bit digits con-
tained in the four 8-bit shift registers and the time
interval during which each of the 4 bits represent-
ing a single digit are available at the output of the
register.

As shown in Table 4-8, the first time period (tp)
contains a digit whose modulus varies with the tape
speed. Since the tach pulses are generated at a rate
of 20 times per 7.5 inches of tape, the modulus of
the digit at time tg varies with the tape speed
selected to divide the tach pulses by a factor which
provides 10 puises per second at the selected
operating speed. At a selected operating speed of
30, 15, 7.5, and 3.75 inches per second, the
modulus of the digit at 1y is 8, 4, 2, and 1, respec-
tively. The digits at time t1 through ty represent
the operating time in hours, minutes, seconds, and
tenthe of a secand at the selected operating time.
Only five digits are displayed on the control unit.

Table 4-8. Counter Data Word Format

MODULO TIME
Tape-Speed Divider to
(modulo depends on tape speed seiected)

Tenths of Seconds (module 10} 9
Units of Seconds (moduio 10} ty
Tens of Seconds {modulo 6} 13
Units of Minutes {modulo 10) |7
Tens of Minutes {modulo 6} 1g
Units of Hours (modulo 1) g
Tens of Hours (medulo 10) t7
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The digits at time tq through ts or at time to
through tg may be selected by link strapping on
the tape timer logic assembly to display tenths of
a second, seconds, and minutes or to display
seconds, minutes, and hours, respectively, on the
control unit disptay. The output signals from the
ring counter are strapped to the enabile signal lines,
DS-1 through DS-5, to select the appropriate digit
on the control unit display.

The tape up/down counter in the tape timer logic
consists of shift register A2/A3, adder A1, ones
subtractor A9, maodulo boundary detector A8, and
carry flip-flop A33-7. The up/down counter shifts
each digit in the counter data word in a 4-bit slice
to the data output lines. If a tach pulse is not
received by the tape timer logic within the previous
cycle (tg through t7), the data is recirculated
through the up/down counter withoutl being
modified. If a tach pulse is received by the tape
timer logic during the previous cycle {tg through
t7), the count in the up/down counter is incre
mented by one when the tape motion is in a
forward direction, or decremented by one when
the tape motion is in the reverse direction.

The timing and controi logic of the tape timer con-
sists of ring counter A28, direction latch A33-2,
modulo logic A19/A25, compiementary encoder
A13/A14, and tach pulse latch A21/A27. Ring
counter A26 is ciocked by the positive-going edge
of the 432-ktlz signal and generates the 8-bit time
intervals {tg to t7) for one cycle of operation of
the up/down counter. The modulo logic A19/A25
receives the speed selector signals, SSA and GSR,
from the tape transport speed selector switch and
timing information from the ring counter AZ6. The
modulo logic generates the 15's complement of the
modulus for each digit in the counter data word at
the corresponding time interval. The modulo in-
formation, in 15's complement form, is sent to
complementary  encoder A13/A14. Complemen-
tary encoder A13/A14 provides the modulus or its
complement to ones subtractor A9 or modulo
bhoundary detector AB, respectively. Direction
latch A33-2, which is set by the tape up/down
command TDR, generates the contrel signat UP to
complementary encoder A13/A14. The UP signal,
if set {high), gates the complemented modulus to
moduio boundary detector AB. If the UP signai is
reset {low), the modulus is sent to subtractor AQ.

AMPEX 4890407 Q1

The UP signal is also sent to adder A1 where it
provides the control signal to increment or decre-
ment the counter when a tach pulse has been
received.

The modulo information is sent to the comple-
mentary encoder A13/A14 which provides the
modulus or its complement to the ones subtractor
A9 or the modulo boundary detector A8, respec-
tively. Tape direction latch A33-2, which is set by
the tape up/down command (TDR), generates the
contrel signai (UP) to the complementary encoder
A13/A14. The UP signal, if set (high), gates the
4.-bit complement of the moduius to modulo
boundary detector A8, If the UP signai is reset
(low), the modulus is sent to the ones subtractor
A8 in BCD. The UP signal is also sent to adder A1
where it provides the control signal to increment
or decrement the counter when a tach pulse has
been received.

4-90. Initialization. The tape timer is initiatized
by pressing and releasing the RESET pushhutton
on the control unit. Pressing the RESET push-
button generates a low CRB signal to the tape
timer. When CRB is low, the tach and carry pulses
from the carry flip-flop A33-7 are inhibited from
going to the counter and the contents of 4-by-8-bit
shift register A2/A3 are cleared. The tape timer
is also initialized by the wakeup signal, which is
generated when power is first applied to the unit,
via a “"wired-OR” that forces the CRB line to the
tape timer logic low.

4-91. Count-Up Mode. When the tape is moving
forward, the tape timer is in a count-up mode.
During this time, the TDR signal {up/down com-
mand} is high. When the TDR signal is high, direc-
tion latch A33-2 is set by the positive-going edge
of the 432-kHz clock. With direction latch A33-2
ser, the output of the carry flip-flop A33-7 is
directed to the carry input of adder A1 through
NOR gate A20-1; the 4-bit data from the modulo
logic is gated to modulo boundary detector A8 via
the complementary encoder A13/A14; and the
4-bit data to the ones subtractor A9 is low. Fig-
ure 4-26 shows a simplified block diagram of the
serial adder formed by 4-by-8-bit shift register
A2/A3 and associated components A1, A8, and
A8,

457
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Figure 4-26. Count Up Logic,

As shown in Figure 4-26, each BCD digit is shifted
through the shift register and adders as a parallel
4-bit number. The data through 4-by-8-bit shift
register A2/A3 is shifted serially by the 432-kHz
signal. At time tp, the least significant bit of the
eight-digit BCD number is shifted out of the
register to the A inputs of adder A1. During the
count-up mode, the B inputs to adder A1 from
NOR gate A20-13 are low, and the carry in to
adder A1 will go high only when a tach pulse had
been received during the previous tg through t7
cycle, or a carry is generated at any other period
than t7. If no tach pulse was received during the
previous cycle {tg through t7), the least significant
digit which is present at tg will be unchanged by
adder A1. The output of adder A1 is recirculated
back to the input of 4 by-8-bit shift register A2/
A3. The output of the adder A1 is also sent to the
A input of modulo boundary detectar AR The B
input to modulo boundary detector AB is the
15's complement of the modulus for that specific
digit. At time tg, the modulus is determined by
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Simplified Block Diagram

the setting of the speed selector on the tape trans
part. The complemented modulus at the B input to
modulo boundary detector A8 during tg will be 7,
11, 13, and 14 for selected speeds of 30, 15, 7.5,
and 3.75 inches per second, respectively.

The output of adder AB goes to NAND gate A31-6,
which provides a low (0 Vdc) signal to the data
selection input of the shift register and, via NAND
gate A27-6, to carry flip-flop A33-7. Aslong asno
tach puises are received by the tape timer logic, the
count continues to be recirculated through the
shift register unchanged and the output of NAND
gate A31-6 remains high. When a tach pulse is
received at the end of ty, the carry flip-flop A33-7
is set, which generates an input to adder A1 during
tg. This input increments the least significant digit
from the shift register. The incremented output of
adder A1 is summed with the complemented mod-
ulus by modulo boundary detector AB. If the
resulting sum does not equal 15, NAND gate
A31-6 remains high. With NAND gate A31-6 high,

AMPEX 4890407 01




the incremented digit is clocked back into the shift
register at the start of ty and the carry flip-flop
A33-7 is not set again. Therefore, the remaining
digits at t; through t7 will be recirculated un-
changed through the shift register. If at the start
of tp, a tach pulse had been received and the
resulting incremented output of adder A1 plusthe
complemented modulus egualed 156, the output of
NAND gate A31-6 would go low. With the cutput
of A31-6 low, the incremented digit is not re-
circulated back to the shift register. Instead the
output of the ones subtractor A9 is selected.
During count up, the output of ones subtractor
A9 is always equal to 0.

In addition to selecting the output of ones sub-
tractor A9 as the input of the shift register, the
low output of NAND gate A31 6, via NAND gatc
A27-8, sets carry flip-flop A33-7 at the start of the
next time intervai (ti). At ty, the second least
significant digit is shifted out to adder A1 and, if
carry flip-flon A33-7 is set {least significant digit
+ complemented modulus = 15), the carry in to
adder A1 is high and the secand least significant
bt wiil be incremented. The sum from adder A1
during time t7 is added to the complemented
(base 16) modulus by modulo boundary detector
A8 and, if the sum equals 15, NAND gate A31-6
goes low. If NAND gate A31-6 goes low, zero is
loaded into the shift register and the carry flip-flop
A33-7 is set to provide a carry in to adder A1 at
tp. If the sum out of modulo houndary detector
A8 did not equal 15, NAND gate A31-6 will re-
main high and the incremented sum out of adder
A7 is recirculated back to the shift register. This
process repeats during each successive bit time,
12 through tg. At t7, the most significant digit is
shifted out of 4-by-8-bit shift register A2/A3 1o
adder A1l. The status of the carry flip-flop A33-7
is inhibited from generating a carry in to adder Al
by the ty timing pulse via buffer A37-12, which is
“wire-ANDed” with the output of carry flip-flop
A33-7 via buffer A37-10. Since during ty the
most significant digit is never incremented, &
carry is not generated into the least significant
digit as a result of the most significant digit ex-
ceeding the modulus.

492, Count-Down Mode. When the tape is
moving in a reverse direction, the tape timer is in

AMPEX 48930407-01

a count-down mode. During this time, the TDR
signal (up/down command) is low. When the TDR
signal is low, direction latch A33-2 is reset by the
positive-going edge of the 432-kHz signal. When
direction fatch A33-2 is reset, the output of carry
flip-flop A33-7 is directed to the B inputs of adder
A1 through NOR gate A20-13, the 4-bit data from
the modulo logic is gated to ones subtractor A9
via complementary encoder A13/A14, and the
4-bit B input to modulo boundary detector A8
is low. Figure 4-27 shows a simplified biock
diagrarm of the serial adder formed by 4-by-8-bit
shift register A2/A3 and associated logic compo-
nents A1, AB, and AS,

As shown in Figure 4-27, each BCD digit is shifted
through the shift register and logic as a parallel
4-bit number. The data through 4-by-8-bit shift
register A2/A3 is shifted seriaily by the 432-kHz
signal. At time tg. the least significant digit of
the eight-digit BCD number is shifted out of the
register to the A inputs of adder A1l. During
the count-down mode, the carry in to adder A1
from NOR gate A20-1 is held low, and the 4-bit
B inputs to adder A1 will go high when a tach
pulse has been received during the previous tg
through t7 cycle or a carry is generated at any
other period than at t7. If not tach pulse is re-
ceived during the previous cycle {tg through t7},
the least significant digit which is present at tp
will be unchanged by adder A1. The output of
adder A1 s recirculated back to the input of
4-by-8-bit shift register A2/A3. The output of
adder A1 is also sent to the A input of the modulo
boundary detector AB8. The B input to modulo
boundary detector A8 will always be O during the
count-down mode. Ones subtractor A9 is used to
input the data into shift register A2/AR when a
borrow is detected. The A input to ones sub-
tractor A9 is the modutus for that specific digit.
During time tp, the modulus at the A input to
ones subtractor A9 will be 8, 4, 2, or 1 for selected
tape speeds of 30, 15, 7.5, and 3.75 inches per
second, respectively. All four B inputs will always
be high during count down thereby adding 15 (or
the sixteens complement of one). Therefore,
during count down, the sum output of the ones
subtractor A9 will always be egual to the modulus
minus 1. This ensures that the correct number
is present to succeed zero in the count-down
sequence.
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Figure 4-27. Count Down Logic, Simplified Block Diagram

When a tach pulse has been received during the
previous cycle (tg through t7), carry flip-flop
A33-7 is set at start of tg. The set output from
carry flip-flop A33-7 is gated to the B inputs of
adder Al via NOR gate A20-13; therefore, when
the carry flip-fiop is set, all B inputs wi!l be high.
When the carry flip-flop A33-7 is reset, all B inputs
will be low. At time tp, the least significant digit
is shifted out of shift register A2/A3 to adder A1.
if a tach pulse was not received, the sum output of
adder A1 will be recirculated to the input of shift
register A2/A3 unchanged. If a tach pulse was
received in the previous cycle, carry flip-flop A33-7
is set at tg and the least significant digit that is
being shifted cut at this time is summed with the
B input to adder A1, which is all ones. By adding
alt ones (or the sixteens complement of one) to
the output of the shift register, one is subtracted
from the count., The sum from adder A1 is sent to
modulus boundary detector A8 where it is trans-
ferred to the inputs of NAND gate A31-6 un-
changed since, during count down, only 0 {all B
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inputs low} is added to the sum from adder AT by
AB. If decrementing the least significant digit
generates a 15 {0 minus 1 equals 15 in hexadeci
mal), NAND gate A31-6 goes low and sets carry
flip-flop A33-7 at the end of tg,

At the same time that NAND cgate A31-6 goes
low, the output of ones subtractor A9 is sub-
stituted for that of adder A1 at the input of
4-by-8-bit shift register A2/A3. This output is
always equal to one iess than the modulus of the
digit currently being processed. At t1, the second
least significant digit is transferred out of shift
register A2/A3 to adder A1. If at tp the carry
flip-flop A33-7 was set, the second least significant
bit will be decremented. The output of adder A1
is checked by modulc boundary detector A8 in
the same manner as during ty for a count of 15,
If the count of 15 is not detected, the output of
the adder is recirculated back to 4-by-8 shift
register A2/A3,
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1f 15 (15 equals zero count) is detected as the
result of decrementing the digit from the shift
register, the output of ones subtractor A9 is
shifted into 4-by-8-bit shift register A2/A3 as the
correct number to follow zero in the count-down
sequence. In a similar manner, the remaining
digits, to through 17, are processed in the count-
down mode with the exception that during 1y
the output of the carry flip-flop A33-7 is disabled.

4-93. Tape Run Out. |f the tape runs out, tach
pulses may still be generated by the tachometer
wheel due to inertia. In order to prevent the tach
pulses from being counted, an abort signal, gener-
aterd by the tape transport when the tape runs out,
inhibits the output from carry flip-flop A33-7.
The abort signal is received by open-collector
buffer A37-8. The output of open-collector buffer
A37-8 is “‘wired-ORed” with buffer A37-10,
which buffers the output of the carry flip-flop
A33-7. When the abort signal goes low, the buf-
fered outpul of the carry fiip-flop A33-7 is held
low by buffer A37-8 and further counting of tach
oulses is inhibited.

4.94. Power Suppiy Functional Description

The power supply assembly, with the exception ol
three transport mounted transistors, filter capaci-
tors, rectifiers, and transformer, is contained on a
single PWA. Main ac power is connected to the
ATR-100 through a captive 3-wire power cable
attached to the power supply bracket. Power is
applied to the primary windings of the transformer
via the POWER ON/OFF switch which is mechan-
ically linked to the transport assembly. A jumper
plug arrangement in the primary of the power
transformer allows selection of any one of four
input voltage ranges of 50 or 60 Hertz primary
power to be used with the ATR-100. The primary
power input voltages that can be accommodated
by this arrangement are: 80 to 115 Vac, 110 to
135 Vac, 180 to 230 Vac, and 220 to 270 Vac.
The power supply assembly provides unrequlated
+20 Vdc {nominal) for use by the reel and capstan
servo motors, electronically filtered +20 Vdc
(nominal} for use by the audio circuits, and regu-
lated +5 Vdc for use by the TTL circuits. Addi-
ticnally, the power supply assembly also contains
the current sense resistors for the reel motors and
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the dynamic braking circuits to stop the ree!
motors in the event of loss of power or controk.

4-95. Power Supply Circuit Details

The power supply assembly is a separate self-
contained assembly with the exception of three
series-pass transistors located on the transport
assembly. Figure 4-28 is a simplified block diagram
of the power supply assembly and drawing number
4840412 is the schematic diagram.

496. AC Supply. Asshown in Figure 4-28, the
main ac power to the power supply assembly is
supplied to transformer T1 via fuse F1 and switch
S1. Taps from transformer T1 to the switched
main ac power are accessible via a jumper plug
arrangement on the power supply assembly to
allow the use of one of four input voltage ranges
to be selected as the input to transformer T1 and
to provide 115 Vac to the transport. The second-
ary of transformer T1 consists of three windings.
One winding provides ac input to the 5-Vdc
regulated supply. The other two windings provide
the ac input to the 20-volt electronically filtered
supply and 20-volt servo supply.

497. 20 Volt Servo Supply. The 20.volt servo
supply consists of a rectifier and isolation network
which provide the +20 Vdec and —20 Vdc to the
reel-motor and capstan servos. Unregulated 20-Vdc
rectifier A2 consists of a bridge rectifier assembly
and two filter capacitors. The bridge rectifier
assembly is connected to the secondary windings
of transformer T1 to act as two tull-wave rectifiers,
one for the +20 Vdc and the other for the—20 Vdc.
A filter capacitor at the output of each full-wave
sectifier filters the +20 Vdc and 20 Vde. The
filtered +20 Vdc and —20 Vdc is supplied to the
capstan motor via an isolation netwark conststing
of diodes CR3/CR4 and filter capacitors C6/C7.

498. 20-Volt Electronically Filtered Supply.
The 20-volt electronically filtered supply consists
of 20-volt rectifier A1, +20-Vdc floating reference
capacitor C2, —-20-Vdc floating reference capacitor
C4, overcurrent shutdown transistors Q1/Q3/Q4/
Q6, +20-Vdc driver Q2, —20-Vdc driver Qb, +20-
Vdc series-pass transistor Q8, and —20-Vdc series-
pass transistor Q9. (These transistors are located

4-61




on the transport heatsink.) The 20-volt electroni-
cally filtered supply provides +20 Vdc and —20 Vdc
(22 Vdc, nominal) for use by the audio circuits.
The 20-volt rectifier A1 is a bridge rectifier assem-
bly connected to the secondary winding of trans-
former T1 to act as two full-wave rectifiers: one
rectifier to provide the +20 Vdc and the other
rectifier to provide the —20 Vdc. The outputs of
20-volt rectifier A1 provide the +20-Vdc and
—20-Vdc floating references via capacitor C2 and
driver Q2 for the +20-Vdc and via capacitor C4
and driver Q5 for the —20 Vdc. Drivers Q2 and
Q5 provide the electronically filtered +20 Vdc and
—20 Vdc to the +20-Vde series-pass transistor Q8
and —20-Vdc series-pass transistor Q9, respectively.
Overcurrent shutdown transistors Q1/Q3/Q4/Q6
provide dua! shutdown of the +20-Vdc and —20-
Vdc outputs when excessive current is drawn from
either output. If excessive current is drawn from
either +20-Vdc or —20-Vdc output, overcurrent
shutdown transistors Q1/Q3/Q4/Q6 will cause
both outputs to go te 0 Vdc and remain at 0 Vdc
until power is removed for approximately 10 sec-
onds and reapplied. Transistors Q1 and Q4 and
resistors R2 and R 10 provide current sensing for
the +20-Vdc and —20-Vdc outputs, respectively.
The output at the collectors of Q1 and Q4 go to
the bases of each other and o (he bases of tran-
sistors Q3 and Q6, which shunt the floating refer-
ences to drivers Q2 and Q5 and cause the cutputs
to go to 0 Vdc for both +20 Vdc and —20 Vdc.

4-99, 5-Vde Regulated Supply. The 5Vdc
regulated supply consists of +5-Vdc rectifier CR1/
CR2, +b-Vdc reference Q7/VR3, +5-Vdc driver
Q8, +5-Vdc series-pass transistor Q10, and crowbar
Q11. Additionally, reel servo interlock and dynam-
ic brake K1/Q9/Q10 are operated from the 5-Vdc
regulated supply. The b-Vdc regulated supply
provides the +5 Vdc to the TTL circuits on the
ATR-100. The reel servo interlock and dynamic
braking provides dynamic braking of the takeup
and supply motors in the event of power failure
or loss of reel servo control.

The +5-Vdc rectifier CR1/CR2 consists of a full-
wave rectifier and associated filter capacitor. The
rectified +5 Vdc goes to +5-Vdc reference Q7/
VR3 and +b-Vdc series-pass transistor Q10, via a
3 ampere fuse (F2). The +5Vdc reference Q7/
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VR3 consists of current source Q7 and reference
diode VR3. Current source Q7 provides a constant
current to reference diode VR3. The reference
voltage from reference diode VR3 is supplied to
the base of driver Q8, which isconnected to +5-Vdo
series-pass transistor Q10 in a darlington configura-
tion. Series-pass transistor Q10 provides the cur-
rent required by the TTL circuits at the reference
voltage minus the voltage drop across the base-to-
emitter drop of Q8 and Q10. Part of output from
+5-Vde seriespass transistor Q10 is sampled by
crowbar Q11 via 5.6V zener diode VR4, When the
voltage at the output of series-pass transistor Q10
rises above +5.6V plus the trip voltage required to
trigger SCR Q11, the current through zener diode
VR4 rises and provides the gate current to SCR
Q11 in crowbar Q11/VR4. SCR Q11 is connected
across the +5-Vdc input, to serics pass transistor
Q10, and ground. When SCR Q11 conducts, the
+5-Vdc input to series-pass transistor Q10 is
shunted to ground causing fuse F2 to open.

Reel servo interlock and dynamic brake K1/Q9/
Q10 contains relay driver Q9/Q10, double-pole
double-throw relay K1, full-wave rectifier CR9/
CR10, and motor loads DS1/R256 and DS2/R26.
Reel servo interlock and dynamic brake K1/Q9/
Q10 disconnects the output of supply motor MDA
and takeup motor MDA from the supply and
takeup motors, respectively, and connects the
motor loads to the meotor to provide dynamic
braking when ree! servo on (SV0O)} goes high or
+5 Vdc is lost.

Full-wave rectifier CR9/CR10 provides +24 Vdc
from transformer T1 to the high side of relay coil
K1. The return for relay coil K1 is provided by
retay driver Q9/Q10. When SVO is low {0 Vdc) and
+b Vdc is present at the output of the 5-Vdc regu-
lated supply, relay driver Q2/Q10 provides a return
path and energizes relay coil K1, When K1 is ener-
gized, the supply motor MDA is connected to the
supply motor and the takeup motor MDA is con-
nected to the takeup maotor. If SVO gees high or
+5 Vdc is lost, K1 is de-energized. When K1 is de-
energized, the takeup motor is switched from the
takeup moter MDA to motor lcad DS1/R2b and
the supply motor is switched from the supply
motor MDA to motor load DS2/R26. Motor loads
DS1/R25 and DS2/R26 provide a path for the
current generated by the back emf of the motor
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4.-3. Thread Mode

When power is applied and tape is threaded and
taut so that either tape taut switch is closed,
pressing the stop pushbutton switch enables the
transport contra! PWA No. 7 logic circuitry to
activate the reel servos (reel servo PWA No. 9) and
place system inta thread mode. After thread mode
is established, any other mode may be entered.

44 Reproduce Mode

When play mode (or record mode) is selected, the
capstan motor is initially driven by a fixed de
current source until a phase-fock condition is
achieved, and then the motor is controlied by the
output of a phase comparator {capstan servo PWA
No. 8}. The inputs to the phase comparator are a
submultiple of a 9.6-kHz reference frequency (sub-
multiple frequency used depends on selected tape
speed) and the capstan tachometer pulses from the
capstan motor assembly. As discussed in para-

graph 4-1, tape movement is sensed by the supply
.and takeup sensors on the constant-tension arms
and causes the reel servos (reel servo PWA No. 8)
to control tape-reel movement.

The audio signal recovered from the tape by the
record {Sel-Sync operation) or reproduce head{s)
is amplified and equalized on the audio and PAD-
NET PWA(s} and routed to the audio output for
external processing, or to the optional input/out
put assembly for further ampiification,

4.5, Record Mode

In the record mode, tape is moved across the heads
under reel servo and capstan servo control as in
play mode. During record mode, an erase signal
(144 kHz) and bias signal {422 kHz) from the
master oscillator on audio control PWA No. b are
fed to the auvdio and PADNET PWA(s). The erase
signal is fed to the erase head(s) to erase any
previously-recorded signals from the tape before
it reaches the record head{s). Information to be
recorded is amplified, added to the bias signal,
and applied Lo the record head(s). The information
is recorded on the tape as it passes over the record
head. However, actual recording on tape is not
permitted to begin until the capstan servo is phase
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locked and a command signal is routed from the
capstan servo (PWA No, 8) via transport control
(PWA No. 7) and audio control (PWA No. 5) to the
main audio PWA(s), After actual recording on tape
has begun, bias and erase status signals are routed
to the input/output assembly to cause the BIAS
and ERASE confidence indicators to illuminate.

4-6. Spool Mode

In spool mode, capstan and reel servo operation is
identical to piay and record mode operation ex-
cept the reference frequency furnished to the
phase comparator (capstan servo PWA No. 8)
from the audio control PWA No. 5 is either 9.6 kHz
for B0-in/s operation, or 28.8 kHz for 180-in/s
operation. In spool mode, circuitry on reel servo
PWA No. 9 and transport control PWA No. 7
causes the tape lifter solenoid to be energized and
lift the tape from the heads.

4-7. Shuttle Modes

In fast forward or rewind modes, the capstan is
driven by a dc current driver {capstan serva PWA
No. 8) rather than the phase comparator circuit.
As in play, record, and spool modes, the tape
maovement is sensed by the supply and takeup
sensors on the constant tension arms and, by
means of the closed-loop ree! servo, tape is moved
from reel to reel,

4-8, Control Unit

The control unit is used to initiate all transport and
signal mode functions by means of pushbutton
switches which control mode latching circuits on
transport controi PWA Nao. 7 and on audioc contro!
PWA No. 5, respectively. The control unit also
houses LED indicators that indicate system modes
of operation. The LED indicators associated with
signal mode selection are driven by multiplexer
circuitry on audio control PWA No. 5.

The play, stop, record, fast forward, rewind, and
edit indicators are driven by logic circuitry on
transport control PWA No. 7. Fhese indicator
drives are not multiplexed.
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Also located on the control unit is the tape timer Table 4-1. Command Signal Abbreviation (Continued}

3

dispia_y \fvhich consists of five 'ﬂsegm_em LED dis- ABBREVIATION COMMAND
play indicators. The transport tape timer tachom-
eter furnishes pulses when tape s in motion to the BCS Bias command status
tape timer circuitry on transport control PWA BVS Bias voltage status
No. 7. Timer display information, in the form of a CLK Clack
serial stream of binary coded decimal digits, is sent CRB Counter reset button
to & decoder in the control unit. Digit sefect signafs £st—4 Channef sefect buttons
DRC Command direction
are also routed from transport control PWA No. 7 . )
o - DS1 -5 Digit select lines
to the control unit in order to select the digit for EDB Edit button
display in the proper sequence on the tape timer e
LED display. EDI Edit |nd|F:ator
ERS Eiectronics record status
£vVs Erase voitage status
49 DETAILED THEORY FFB Fast forward button
OF OPERATION FFI Fast forward indicator
ILM inner limit
Detaited theory of operation of the recorder/repro- IPB [nput button
ducer and input/output assembly (accessory) is ISL llega! speed lockout
presented in the text that follows. Simplified LFT Tape lift command
functional block diagrams support the text as an LKD Locked
aid in understanding the ATR-100 circuitry. For MRE Main record bus
the complete schematic diagrams, see Section 6 of MTS Motion sense
‘his manual. OLM Outer limit
PDR Play and record ;
Logic elements are identified in the text and biock PEC Play edit command ’
diagrams by their schematic reference designator PLR Play butten 8
and outpu? pin number. For example, A3 1 refers PLC Play command
to integrated circuit A3, output pin number 1. In PLI Piay indicator
the case where there is more than one output pin, RCB Record button
the true (high) or active output pin designation s RCI Record indicator
used. RDB Ready hutton
RED Remote edit
Logic level commands used throughout the system RPB Reproduce button
are des:gnater_:i on the schematics and block dia- RWE Rewind button
grams by their three-letter abhreviation. Ail com- RWI Rewind indicator
mands are a logic low, except for t!_ne.LFT com- sFe Safe button
mand and where complFJrnemary logic is required. SHC Shuttle command
For gxample, the read'yfsafg command is so identi- SPC Spool command
fied in the text but |s.de_35|gnated readyq_c.¢o 0N SSA Speed soloct A
the blqck dlag»ram.s. This indicates the ready com- SSR Speed select B
mapd is a logic high a’nd the safe co_mmapd is a sTB Stop button
iogic I_O\A_/. Table 4-1 is an alphabetical list (by sTC Stop command
abbreviation) of all commands used throughout ST Stop indicator
the system. STP Stop pulse
SVO Servos on command
Table 4-1. Command Signal Abbreviation SYD Sync t).utton
TDR True direction
ABBREVIATION COMMAND TLM Torgue limit
BCD - 4 —-D Rinary-coded decimal drive T7S Tape taut switch

to 7-segment decoder WUL Wake-up fine ’
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4-10. Capstan Servo
Functional Description

The capstan servo is a closed-loop type of servo that
controls the speed and direction of the dc capstan
motor during all recorder modes of operation. Fig-
ure 4-2 is a general block diagram of the capstan
servo system. During operation, tachometer pulses
are generated at a rate proporrional to speed. These
pulses are amplified, shaped, and fed as one input

to a digital phase comparator. The ether input to
the phase comparator is a reference signal. This
reference signal is derived from a master osciliator
and determines the record, play, and spool speeds
of the recorder. When the phase comparator is
locked to the two signals, a rectangular-wave error
signal is provided by the phase comparator. This
signal is fed through a carrier filter and a compen-
sation amplifier to & motor drive amplifier (MDA)
that drives the dc capstan motor.

AMPLIFIER

SHAPER
CAPSTAN TACHOMETER
LDHIVE
RECTANGULAR COMPENSATION
WAVE AMPLIFIER MDA
PHASE J CARRIER
COMPARATOR FILTER
P e _amt |
CAPSTAN DC
MOTOR
SPEED
SELECT
LOGIC
) ]
REFERENCE
FREQUENCY
SPEED
SELECT
SHUTTLE
TAPE DIRECTION COMMAND DRIVER
S$TOP COMMAND SHUTTLE
SHUTTLE COMMAND DIRECTION
LOGIC
ACCELERATION COMMAND

Figure 4-2. Capstan Servo General Simplified Block Diagram
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Table 4-2. Phase Comparator Output Logic States %*"
SERVO CONDITION
GATE
UNDERSPEED OVERSPEED PHASE LOCKED

AS9-6 H L H

AT-11 L H H

At4-8 L H L
A14-11 H L H

A13-6 H H L

A14.3 H L L
A13-12 H L L

Tabte 4-3. Tape Speed Reference Fregquencies

TAPE SPEED (iN/S) MODE REFERENCE FREQUENCY
180 Spoot 28.8 kHz
60 Spool 8,600Hz
. 30 Play/Record 4,800 H2
16 Play/Record 2,400 Hz
7.5 Play/Record 1,200 H;z
3.75 Play/Record 600 Hz

As shown on simplified block diagram Figure 4-3,
a 9,600-Hz reference signal from audio control
PWA No. 5 or an external source is applied to the
reference select logic A1B. A command signal
routed from accessory connector J11 selects either
the internal or external reference signal, and the
selected signal is applied to the clock input of 4-bit
binary, divider A12, When play or record mode is
selected, the divider is enabled by a low applied to
its reset inputs. The 9,600-Hz signal is divided
down (4,800 Hz, 2,400 Hz, 1,200 Hz, and 600 Hz)
and applied to the play/record speed select logic
(A10/A11-8). The speed select signal, in the form
of a 2-bit binary encoded signal from the transport
speed select switch is applied to the input of the
speed select logic A10/A11. The speed select logic
permits the selected frequency to pass to the
pool/play-record select logic (A17). When in play
or record mode, gate A17-8 is enabled and passes

4-8

the selected freguency to zero crossing detector
and pulse generator A5-11/R19/C17. The gener-
ator provides a 1-us positive-going pulse for each
transition of the reference square-wave signal.
These pulses are applied as the reference signal for
the phase comparator.

For selection of spoal speed, a jumper on PWA
No. 8 is positioned to select 60 or 180 in/s {during
recorder instatlation). These speeds correspond to
a reference frequency of 9,600 Hz or 28.8 kHz
respectively. When spool mode is selected, a fow
command signal is applied to the spool/play-
record select logic {A17} to lockout the play/
record frequencies and enable the preselected
{jumper) spool frequency. The enabled spool
frequency is applied to the zero crossing detector
and pulse generator as in play/record modes.

AMPEX 4880407 01



4-15. Direction Logic and MDA Driver. Direction
logic A3/A4 accepts input signals from five sources
and determines what the polarity of the capstan
motor drive voltage should be for the various
recorder modes of operation. These input signals
are trom the phase comparator logic A13/A 14,
direction sensor A15-9; and the spool, play, and
shuttle direction commands from transport control
PWA No. 7. The output of the shuttle direction
logic {A4-11} is a logic high for forward direction
and a logic low for reverse direction. For shuttle
modes, far initiatinn of play or record mode before
phase lock is achieved (underspeed condition}, and
for capstan drive to stop, the level from A4-11 is
inverted by A18-6 and applied to shuttle driver Qb
which translates the logic level to +5 Vdc for a
forward direction motor rotation and —5 Vdc for
reverse direction motor rotation. This voltage levei
is routed through FET switch Q4, which is enabled
by the phase detector logic, to the capstan MDA to
drive the capstan motor.

it should be noted that these voltage levels do not
necessarily result in the capstan turning in the
particular direction of the drive signal, but are
sometimes used to stop rotation. For example,
when fast forward mede is in operation and a stop
command is given, the drive signal pofarity is re-
versed 1o stop the capstan rotation.

For play, record, or spool modes of operation, the
output of the direction logic (A4-11) is applied to
EXCLUSIVE OR-gate A5-3 to control the polarity
of the rectangular wave output from the phase
detector.

4-16. Capstan Motor Edit Offset. in stop/edit
mode of operation, power is removed from the
takeup reel and the tension arm roller is pressed

against the capstan. To prevent the supply ree!
toldback tension from pulling the capstan back-
wards when capstan drive power is removed, a
current is sourced into the capstan MDA summing
node (pin 6 or A22-7). A low play/edit command
(PEC) frum uansport control PWA No. 7 is in-
verted by A14-2 on reel servo PWA No. 9 and is
routed through R124 as an edit-offset current to
the capstan MDA on capstan servo PWA No. 8.

4-17. Play Mode. When play (or record) mode
is selected, the capstan motor is initially driven by
the shuttle driver {(underspeed condition} until
phase lock is achieved. After phase lock isachieved,
control of the motor is switched to the output of
the phase comparator, {See Direction Logic and

MDA Driver, paragraph 4-15.)

4-18. Underspeed Condition. To prevent motor
overshoot when the servo switches to phase-lock
control, the compensation amplifier integrator
capacitor (C49) is disabled by shunt switch Q11
during motor acceleration. A logic high from the
phase detector logic {A14-3) turns Q11 on during
the underspeed condition, Also the phase detector
logic provides a high {A14 3) to turn FET switch
Q15 off, and a high (A13-12) to turn FET switch
Q4 on. When Q15 is off, the compensation ampli-
fier output is disconnected from the MDA, and
when Q4 is on the capstan motor is driven by
shuttle capstan driver Q5. The on/off state of the
FET switches is summarized in Table 4-4.

4-19. Phase Lock. When phase lock is achieved,
the phase detector logic turns Q4 and Q11 off, and
turns Q156 on. Then the MDA drive signal path is
from the phase detector through EXCLUSIVE OR
gate A5-3, carrier filter Q13/Q14, compensation
amplifier A22-1, to the capstan MDA.

Table 4-4, Capstan Servo FET Switch Controi

SERVO conpiTion | 'NTEGRATOR BYPASS 1 by ASE LOCK SWITCH Q15 | SHUTTLE DRIVER SWITCH Q4
SWITCH Q11
UNDERSPEED ON OFF ON
OVERSPEED OFF ON OFF
PHASE |LOCKED OFF ON orr
STOPPED OFF OFF OFF

AMPF X 4RaN4AN7-01
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28.8 kHz REFERENCE
CARRIER SIGNAL
FROM AUDIO
CONTROL PWA NO. 5

ERROR VOLTAGE
FROM A2-7

QUTPUT OF A1-7

PWM CUTPUT SIGNAL

E :

j

i
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|

|

|

] H
FROM Q5 L

Figure 4-6. Pulse Width Modulator Waveforms, Takeup Reel Servo

supply. The dc component of the sampled signal
provides feedback and is applied to the inverting
summing Input of pulse-width modulator A1-7
1o enable the modulator/MDA to be a current
source for the motor. For any given error voltage,
the fecdback provides for constant motor torque
at all operating speeds.

4-28. Tension Arm Limit Detectar. During
recorder operation, if the tension arms should
move too far in toward the head assembly (inner
limjit — ILM) or too far out toward the reels
{outer limit - OLM), a logic low ILM or QLM
command is generated. These commands are
routed to transport control PWA No. 7. The ILM
command causes the recorder to immediately
enter the stop/edit mode and the OLM command
causes the recorder to enter the stop/edit mode
after an approximate two-second time delay.

The operation of the takeup and supply tension
arm limit detectors are similar in operation,

therefore only the takeup detector circuit is
described. The voltage sensed by the photopoten-
tiometer is routed to the non-inverting and in-
verting input of comparators AB-9 and AS-10
respectively. These comparators are referenced
v & zener-controlled reference voltage source.
When a tension arm limit voltage is exceeded,
the associated comparator changes state and
applies +12 Vdc to monolithic transistor array
A10, which serves as a translator. The translator
provides a logic low ILM or OLM command which
is routed to transport control PWA No. 7.

During play/edit mode, the takeup tension arm
roller is pressed against the capstan. In this mode
the takeup arm LM command is disabled. The
logic low play edit command {PEC} is inverted
by A14-2 and is applied to transistor A10-4. The
transistor turns on and disables the output from
comparator A8-8. This causes the ILM command
to remain in a high (inactive) state. (The supply
tension arm | LM command is still funetional.)
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Figure 4-7. Dead Zone Generator Operation and MDA Switch Transistor Conduction State

4-29. Tension Logic. The tension arms exert
a constant selected force against the tape, which
is balanced through the tape by the torgue from
the reei motors. This tensien has 10 be the same
on the supply and takeup side of the capstan
during all modes of operation to prevent tape
slippage across the capstan. The tension legic
(A3/A4/AT/AQ} accepts input signals from six
sources and determines what the tape tension
should be for a given operating condition. These
logic input signals are: motion sense {MTS), stop
command (STC), tape width {1/4- or 1/2-inch
tape), forward or reverse true direction (TDR),
play/edit command (PEC), and reel servo on
command (SVO). When 1/2-inch tape is used,
the tensions are doubled in forward and reverse
modes, but the tension is the same as for 1/4 inch
tape when the tape is stopped or when in play/edit
mode,

AMPEX 489040701

The tension logic performs combinational logic
functions and the cutput is fed to the tension
programming. The tension programming cONSists
of six open collector inverters (A11) and associ-
ated pull-up resistors (R107 and R112 through
R115) for the supply tension; and A12 and R116
through R118, R120, and R121 for the takeup
tension. In operation, one of the pull-up resistors
is switched into a voltage divider circuit in con-
junction with R111 (supply) or R119 (takeup).
To select a particular tension, a gate is enabled and
the output signal is inverted. The low at the out-
put of the inverter provides a ground return
for the selected pull-up resistor. The voltage at
the junction of the pull-up resistor and R111
(supply) or R119 (takeup) is applied through a
tension adjustment potentiometer R125 (supply)
or R128 (takeup}! to an operational amplifier
A15-7 (supply) or A15-1 ({takeup} where the

4-15



CURRENT TAKEUP
DRIVE MOTOR R2
SIGNAL 0.10
FROM 3
REEL
SERVO
PWA K1
NG. 8 9
-
MDA DRIVE _..‘E K1
Qz 2
-
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LAMP N
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Figure 4-8. Takeup Dynamic Brake, Simplified Schematic
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in spool modes, the low from A11-8 of the spool
latch is inverted by A17-6 and enables spool gate
A29-12. The low from A29-12 is inverted by
A34-11 and A23-8 to set tape lifter latch A22-8/
A28-6 which causes the tape lifter solenoid to be
energized (LFT logic high) by the same circuit
action as described for shuttle modes.

i shuttle or spool mode is active, pressing the
EDIT pushbutton causes the tape lifters to retract
(solenoid de-energizes) and the tape to contact
the heads as long as the EDIT pushbutton is held
pressed. Pressing the EDIT pushbutton switch
generates a low which disables gate A28-8. The
high from A28-8 is inverted by A38-6 and a low
tape lift command (LFT) is routed to reel servo
PWA No. 9.

If in fast forward or forward spool mode, and play
mode is selected, the tape slows down to play
speed (tape does not stop) and the tape lifter
solenoid is de-energized (LFT logic fow) when the
tape reaches play speed. The tape lifter latch
A22-8/A28-6 is reset, causing the tape lifter to
retract (LFT logic low), by the following circuit
action. The high from A11 8 {when not in a spool
mode} of spool latch A11-11/A11-8 is applied to
pin 13 of A7-11. When coming out of fast forward
mode and the tape slows down to play speed, the
capstan servo locks and the LKD command from
the capstan serva goes low, This signal is inverted
by A39-10 and enables gate A7-11. The low from
A7-11 is inverted by A23-12 and triggers a 100-ms
tape lifter delay circuit consisting of components
A15-9/A22-3/A23-2/A22-11/R20/C25. The output
of the delay circuit resets the tape lifter latch (pin
4 of A28-8).

To enter play mode from spool mode, the stop
pushbutton is pressed followed by the immediate
pressing of the play pushbutton. Except for the
LKD {servo locked command) the circuit action is
the “same as described for fast forward to play
mode. in spool mode, the capstan servo is phase
locked {LKD togic low). When the stop pushbutton
is pressed, the capstan servo does not immediately
unlock. The 100-ms tape lifter delay circuit has the
function of ignoring the LKD command until the
servo can unlock when going from spool to stop.
Without the time delay, the tape lifter would
immediately retract when the stop pushbuttgn
switch was pressed.

4-22

[f stop mode is selected from any other mode and
the tape is permitted to stop, the tape lifter latch is
reset by the motion sense command {(MTS) which
goes high when the tape has stopped. This signal is
inverted by A23-6 and resets the tape lifter latch
{pin 3 of A28-6).

4-39. Play Mode. Pressing the play pushbutton
switch causcs play latch A7-3/A6-6 to set, and the
low output at AB-6 is inverted by A34-8 and A38-4
to provide a logic low play command (PLC) that is
routed to the capstan servo PWA No. 8.

4-40. Record Mode. Record mode is selected
by simultaneously pressing the play and record
pushbutton switches. Under this condilion, gate
A12-8 is enabled and sets record latch A18-3/
A12-6. The high from A18-3 is applied to gate
A18-6 which is enabled by the LKD signal from
the capstan servo and signifies the capstan servo is
locked.

The tow from A18-6 sets secondary record latch
A1811/A18-8 and is also routed as a main record
bus IMRB) command to audio control PWA No. 6
to enable the record signal electronics. The low
output from A18-11 forces the forward direction
(DRC) and play {PLC} commands to be generated.
These signals are routed to the capstan servo. When
record mode is established, a low electronic record
status {(ERS) signal from PWA No. b is received.
This tow is inverted by A39-6 and A39-12 and
routed to the record indicator (RCI) to illuminate
the indicator and signify that record mode has
been established. When in record mode and the
stop pushbutton switch is pressed, transport
motion does not stop until the bias and erase
signals applied to the record and erase heads,
respectively, have decayed {FRS command goes

high).

When the stop pushbutton switch is pressed, stop
lalch A10-8/A16-6 is set and record latch A18-3/
A12-6 is reset. When the record latch resets, gate
A18-6 is disabled {(MRB goes high}, which disables
the record signal electronics control on PWA No. 5.
A high from stop i{atch A10-6 is inverted by
A17-12 and A7-6 and is applied to stop gate
A35-6. After the bias signal has decayed, the ERS
signal from PWA No. b goes high and resets the
secondary record latch, and a high from A18-11
gnables stop gate A35-6. When A35-6 is enabled,

AMPLCX 4200407 O1



T e
4-43.  Unthread (Stop/Edit] Mode.

a logic low stop command {STC) is generated and
routed to the capstan servo and reel servo PWAs to
stop tape motion.

4-41. Stop Record Mode. 1f in record mode
and the record pushbutton switch is held pressed
while the stop pushbutton switch is momentarily
pressed, the recorder will stop recording but the
transport witl continue to run. Tape motion stop is
prevented by inhibiting gate A22-6 with a logic
low that is generated when the record pushbutton
switch is pressed. The record latch is reset via gates
AB6-8 and A17-10 when the stop pushbutton switch
is pressed.

4-42.  Thread Mode. When power is initially ap-
plied and tape is threaded and taut so that either
parallel connected microswitches S§2 (supply) or
S3 (takeup) are closed, pushing the stop push-
button switch causes the reel servos to activate and
place transport in a thread mode condition. Thread
condition is indicated by the EDIT indicator fight
going off when the stop pushbutton is pressed.

Pressing the stop pushbutton switch causes one
shot A24-6 to generate a 0.5-second logic low pulse
which sets reel servo on latch A35-8/A30-12. The
cne-shot is used to assure ample time for the ten-
sion arms to move off the outer limit. The high
from A35-8 is inverted by A39-2 to generate a
logic low reel servo-on command (SVQ}, which is
routed to reel servo PWA No. O to activate the reel
servos. When the reel servo-on latch is set, the high

P

'
’{ |
v
!

T e bt

from A35-8 is inverted by A30-6 and A39-4 and |
the EDIT indicator light goes out. \‘/J

If the tape is
stopped, pressing the EDIT pushbutton switch
causes the recorder to go into the unthread (same
as stop/edit) mode. In this mode, the reel servos
disengage. Pressing the EDIT pushbutton switch
generdales a logic low which is inverted by A23-10
which causes A28-12 to be enabled. The low from
A28-12 resets reel servo latch A35-8/A30-12,
which causes the reel servo an command (SVO)
to be cancelled (SVQO logic high). The low from
A356-8 is inverted by A30-6 and A39-4 (EDI) to
activate the EDIT indicator.

4-44. Edit Modes. If in play or record mode
{capstan is phase locked} and the EDIT pushbutton

AMPEA 4890407-01

switch is pressed, power will be removed from the
takeup reel and the tension-arm roller will engage
the capstan. This is called the play/edit mode.

Pressing the EDIT pushbutton switch generates a
logic low, which is inverted by A23-10 and routed
through a jumper in the E12/E13 position to en-
able gate A35-3 when the capstan servo is locked.
The output from A35-3 setsplay/edit latch A35-11/
A308, and a iow PEC {play/edit) command from
A30-8 is routed to the reel servo. The low from
A308 is inverted by A30-6 and A390.4 (EDI) to
activate the EDIT indicator.

If in play/edit mode and the stop pushbutton is
pressed, the tape will stop, edit mode will be
retained, and tape can again be spilled by pressing
the play pushbutton switch.

To cancel play/edit mode, the EDIT pushbutton
switch is pressed when the tape is stopped. When
the tape is stopped, the motien sense (MTS} line
is high and the stop latch is set. Therefore, pressing
the EDIT pushbutton switch enables A28-12. The
low from A28-12 resets the play/edit latch and
the servo-on latch which causes the recorder to
enter the stop/edit (or unthread) mode. If desired
to lockout the play/edit mode, the jumper may be
ptaced in the ET3/E14 play edit lockout position.
This disables gate A35-3 and prevents the play/
edit latch from being set.

If shuttle or spocl mode is active, pressing the
EDIT pushbutton switch causes the tape lifters to
retract (snlennid de-energizes) and tape contacts
the heads as tong as the EDIT pushbutton switch
is held pressed (see Tape Lifter Operation text).

When using the remove control unit to control
recorder functions, the only edit function per-
mitted is control of the tape tifters in shuttle or
spool modes. The play/edit and stop/edit modes
may not be activated from the remote control
unit. On the remaote control unit, the EDIT push-
button switch is connected to transport control
PWA No. 7 via the remote edit line {RED} rather
than the edit button line {EDBJ}.

4-45. Tension Arm Limit Detectors. During re-

corder operation, if a condition exists where the
tension arms should move in too far towards the
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head assembly or too far out toward the reels a
logic low LM (inner limity or QLM {outer limi)
command is generated on the reel servo PWA No. 9
and routed to the transport controi PWA No. 7.
The ILM command causes the recorder to im-
mediately enter the stop/edit {unthread) mode and
the GLM command causes the recorder to enter the
stop/edit mode after an approximate 1.5-second
time delay.

The ILM command is inverted by A12-12 and Ab-8
and sets the stop latch and resets the reel servo on
latch and the play/edit latch. The OLM command
is applied to a time delay circuit consisting of
1.5-second one-shot A15.7 and components A4-3/
A5-4/A4-6/R1/C4. If the OLM command is fow
for more than 1.5 seconds, the recorder will enter
the stop/edit mode as described for the ILM
command.

During the start of thread mode, the OLM com-
mand is low and the delayed OLM command from
A4-6 is routed as a torgue limit command (TLM)
to reel servo PWA No. 9 to limit the unwinding
ree! torgue during the start of thread modec.

4-46. Audio Control PWA No. 5

The audio control PWA No. 5 performs the fol-
lowing functions:

1. Accepts mode and channel selection com-
mands from the control unit and performs

combinational logic functions to estabiish
desired mode of operation.

2. Generates a master frequency of 5.1840 MHz
which is divided down and used to providc
reference frequencies for the capstan and
reel servos, bias and erase amplifiers, and

. clock frequencies for the tape timer and
multiplexer.

3. Conditions master bias bus signals and erase
bus signals for distribution o the audio
PWASs.

The functions performed by PWA No. b are shown
on simplified block diagrams. For complete circuit
information, refer to PWA No. 5 schematic dia-
gram 4840398.
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4-47. Signal Mode Selection. Figure 4-10 is a
simplified inerconnection biock diagram of the
signal mode selection circuits and Figure 4-11
is a simplified block diagram of the signal mode
selection circuits for channel 1. Figure 4-11 shows
the relationship and functions of the various
circuits that operate to establish a recorder/repro-
ducer signal mode of operation and associated
signal mode monitoring. The desired signal mode
and channel{s) are selected by pressing pushbutton
switches on the recorder control unit. These com-
mand signals are routed 10 audio control PWA
No. b to program the desired mode of operation.
PWA No. 5 contains four separate mode select
circuits, one for each channel. Since each circuit
operates identically, only channel 1 is described
in detail.

There are four channel-select lines {channels 1-4)
and five function-select lines (ready, safe, sync,
repro, and input). Pressing the associated push-
button switch generates a logic jow command
which is routed to PWA No. 6. These momentary
command signals are stored in latch circuits and
processed by combinational logic to provide four
two-state logic commands which are routed to
main audio PWA No. 1 {for channel 1). Output
signals for some of the various functions are
summarized in Table 4-5.

4-48. latches. The momentary commands, gen-
erated when a channel select and a function select
pushbutton switch are simultaneously pressed,
cause the command to be stored in a latch. Each
ol these lalch circuits have one output, bul sume
have more than one set or reset input to provide
various modes of operation as determined by the
combinational state of the latches. The following
latches are associated with channel 1 operation.

4-49, Ready/Safe Latch. The ready/safe latch
AG-7 is set by a ready command and reset by a
safe command.

4-50. Sync/Rep Latch. The sync reproduce
tatch A9-13 is set by a sync command and reset
by a reproduce command,

4-51. Tape/lnput Latch. The tape/input latch

AS9-4 is set by either a reproduce or sync command
and is reset by an input command.

AMPEX 4890407 Q1
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Figure 4-10. Signal Mode Selection, Interconnection Simplified Block Diagram

4.52. Safe/Record Latch. The safe/record latch
A9-9 is set (to safe) by any one of the following
conmmands, main record bus (MRB), wakup line
{(WUL), safe command, or ready command. The
jatch is reset when the following three conditions
are present: ready/safe latch is in the ready (set)
state, main record bus {MRB} is active, and play
and record (PDR} command is active.

4-53.  Safe Mode. In safe mode, the channel is
prevented from entering record mode. Simuita-
neously pressing SAFE and channel 1 pushbutton

AMPERXR 4820407 01

switches enables gate A10-8. The low from A10-8
resets ready/safe latch A9-7 to the safe state. The
tow from A10-8 is also inverted by AB-6 and
AB-8 and sets safe/record latch A9-9 to the safe
state. The high from AS-9 is buffered by Ab5-8
and routed to PWA No. 1 to plare the audin
electronics in a safe (record made inhibited)
condition. The low from A9-7 inhibits record
interlock gate AB-8. This prevents the safe/record
latch A9-9 from being reset to the record state if
the play and record pushbuttons are simulta-
neously pressed to place other channels in the
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record mode. The low from A9-7 is also routed
to the multiplexer (paragraph 4-61) 1o cause the
SAFE indicator to iHuminate.

4-54. Ready Mode. A channel in ready mode
can enter record mode. Simultanecusly pressing
READY and channel 1 pushbutton switches en-
ables gate A10-6. The low from A10-6 causes
ready/safe latch A9-7 to set, and the high from
A9-7 is applied as one input to three-input record-
interlock gate AB-8 to establish conditions for
entering recerd mode {described later). The low
from A1C-6 s also applied to the multiplexer to
cause the channel 1 READY indicator to ilium-
inate. The low from A10-8 is aleo inverted by
A8-6 and AB-8 to set safe/record latch A9-G to
the safe position for the same purpose as described
for safe mode. That is, it enables the safe/record
latch A9-9 to be temporarily placed in the safe
mode with ready/safe latch A9-7 left in ready
mode.

4-55, Record Mode. To enter record mode, the
channel must be in ready mode and the PDR (play
and record) and MRB (main record bus) lines
active (logic low}, When the play and record
pushbuttons are simultaneously pressed, the PDR
line becomes active and triggers 900-ms one-shot
A32-6. The high from A32-6 is applied as a second
input to A8-8. Approximately 150 to 500 ms (up
to Bb00 ms if tape is stationary) after the two push-
buttons are pressed, the MRB line becomes active,
indicating the capstan servo has locked. The MRB
logic low is inverted by A40-6, A8-8, and resets
safe/record latch A9-9 to the record position.
The low from A9-9 is buffered by Ab9 and
routed to main audio PWA No. 1 to place the
audio electronics in the record mode. Immediatety
prior to the bias signal runup to maximum level,
a low BCS (bias command status) command from
PWA No. 1 enters PWA No. b and is inverted by
AB™2, AB6-4, A34-6 and AZ7-6 and routed to
transport control PWA No. 5 as a low ERS (elec-
tronic record status} command signal. This signal
causes the master record indicator to illuminate.
Also the low BCS command at the junction of
AB-4 and pin 5 of A34-6 is routed to the multi-
plexer to cause the channel 1 record indicator to
itluminate. The illumination of the master record
and the channel 1 record indicators is a positive
indication that the record process has occurred
on PWA No. 1.

4-26

If an MRB signal is not received within the 900-ms
window established by one-shot A32-6, gate AB-8
is inhibited and the system does not enter record
mode. One-shot A32-8 is reset when the MR8
signal arrives. The output from the one-shot and
the inverted MRB signal are applied to gate A40-3.
The gate is enabled by the MRB signal and the
output frem A40-3 resets one-shot A32-6. The
width of the pulse applied to pin 10 of safe/record
latch A8-9 is approximately 300 ns long and is
equal to the propagation detay through A40-3
and A32-6 plus the time delay caused by R35b and
C18, which are used to widen the width of the
pulse applied to the clear input of A32-8.

When in record mode and the stop pushbutton is
pressed, the transport does not stop until the bias
and erase signals have decayed. When the stop
pushbutton switch is pressed, MRB goes high and
causes the safe/record latch A9-9 to be set to the
safe position. The high from A9-G is buffered by
AB-8 and routed 10 PWA No. 5 1o place the signal
electronics in the safe mode. After the bias and
erase signals have decayed, the BCS command goes
high causing the ERS command to go high. The
high ERS command is routed to transport controf
PWA No. 7 to reset the secondary record latch
which causes the transport to come to a stop.

If in record mode and the ready and channel 1
pushbutton switches are simultaneously pressed,
the channel 1 signal etectronics will revert to safe
but the transport will continue to run. Pressing
the two pushbuttons causes safe/record latch A9-9
to be set to the safe position. The high from A9-9
is buffered by Ab-8 and routed to PWA No. 5 to
place channel 1 signal efectronics in the safe mode.
Since the ready/safe latch AS-7 is still in the ready
state, channe! 1 may be returned to record mode
by simultaneously pressing the play and record
pushbutton switches. When these pushbuttons are
pressed, the safe/record latch A9-9 is reset 10 the
record state.

if in record morde and the safe and channel 1
pushbutton switches are simultaneously pressed,
channe! 1 signal electronics will revert to safe but
the transport will continue to run. Pressing the
two pushbuttons causes the ready/safe latch A9-7
to be reset to safe and the safe/record latch A9-9
to be set to safe. To reenter record mode, chan-
nel 1 must be reset 1o the ready state.

AMPEX 4830407 01
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Table 4-5. Channel 1 Signal Mode Selection Output-Signal Logic States

OUTPUT SIGNAL LOGIC STATE
FUNCTIONS NPT
SAFElRecorD | SYNClpep INPUTL inpuT TAPE Ly ApE
{PIN 24) (PIN 23) (PIN R) (PIN 14)
INPUT X X L H
RLPRODUCE H L H L
SAFE- H X X X
READY H X X X
RECORD L L X X
SYNC AND READY OR SAFE H H H L.
RECORD FROM SYNC MODE L L L H
L = low
H = high
X = low ar high depending on combination of maodes selected

4-56. Reproduce Mode. In reproduce mode,
the signal being reproduced by the reproduce head

g connected to the audio cutput. Simultaneously
'ressing REPRO and channei 1 pushbutton switches
enables gate A10-3 which resets sync/reproduce
latch A8-13 to the reproduce state. The low from
AQ-13 is inverted by A8 12 and A6-12, buffered by
AbB-10 and routed to PWA No. 1 as a low repro-
duce {rep) command. Alsc the low at the output
of AB-12 is routed to the multiplexer to cause the
REPRO indicator to light.

Pressing the two pushbutton switches also causes
the tape/input latch A9-4 to set to the tape state.
Under this coadition, the input/input line is high
(input), and the tape/tape is low (tape). Both of
these commands are rouled to PWA No. 110 cause
the tape signal to be monitored,

4-57,  Sync Mode.  In sync mode, the signal on
tape s reproduced by the record head. Simuita-
neously pressing SYNC and channe! 1 pushbutton
switches enables gate A10-11 which sets sync/
reproduce latch A9-13 to the sync state. This
permits A8-12 to be low and this signal is inverted
by AB-12, buffered by AbB-10, and routed to PWA
No. T as @ high sync command., The high from
AB-12 is routed to the multiplexer to cause the
.’NC indicator to light.

4-28

Pressing the two pushbutton switches also causes
the tape/input latch AS9-4 to set to the tape state.
As in reproduce_mode, the input/input line is high
{input), and the tape/tape ling is low {tape).

{f a channel is in sync mode and that same channel
is placed inlu record mode (channei is in ready and
the play and record pushbuttons are simultane
ousty pressed), the logic circuitry on PWA No. 5
will automatically switch the monitoring circuitry
on PWA No. 1 from the record head to the input
signal. Pressing the play and record pushbutton
switches causes the BCS signal entering PWA No. 5
to become active (low). (See Record Mode descrip-
tion.} This signal is inverted by AB-2 and enables
A7-11. The low from A7-11 is inverted by A8 12
and AG-12, buffered by Ab-10, and routed to PWA
No. 1 as a low (rep) command. This disconnects
the sync preamplifier from the equalizer amplifier
and connects the reproduce head to the equalizes
ampfifier. The low from A7-11 causes the input/
input line to be low {input) and the tape/tape line
to be high (tape). This enahles the input to be
monitored. The low from A7-3 is routed to the
multiplexer to cause the INPUT indicator to light.

4-58.  Input Mode. When input monitoring
mode is selected, the input signal to the recorder is
connected to the audio output for monitoring
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purposes. Simultaneously pressing the INPUT and
channel 1 pushbutton switches enables gate A37-8,
which resets tape/input latch A9-4 to the input
state. The low at A7-3 is routed to the multiplexer
to cause the INPUT indicator to light.

4-59. Wakeup Line. When power is first applied
to the recorder, the system wakeup circuit (located
on transport logic PWA No. 7) causes the recorder
to enter stop/edit mode; tape timer to indicate
000 00; SAFE, REPRQ, stop, and EDIT indicators
to light: and audio channels to enter safe and
reproduce modes. When power is first applied, the
wakeup line (WUL) becomes active (low) for five
seconds. This low is applied to gate A40-11 to
inhibit the master bias bus (paragraph 4-64), and
the low is also applied through buffer A38 to
each of the four channel-select lines and to the
safe and reproduce function-select lines, This
causes the sync/reproduce latch A2-13 to be in the
reproduce state {A9-13 low) and the safe/record
fatch A9-9 ta he in the safe state (A9-Q high). In
the event that PWA No. 7 is not installed and
power is applied, capacitor C11 will charge through
R21 and temporarily apply a low through CR6 to
A38 to substitute for the WUL logic lowcommand.

4.60. lllegal Speed. If a speed is selected for
which the audio channels have not been set up for
{and/or speed and bias jumper positions on audio
control PWA No. b are incorrect], play and record
modes of operation at that speed are locked out of
operation. If an illegal speed is selected, the illegal
speed line (ISL) becomes active {low). This low is
inverted by A7-3 and A7-8 to cause the input/
input and the tape/tape lines to both go high. This
causes the audio output from all audio PWAs (PWA
No. 1, 2, 3, and 4} to be muted.

4-61. Multiplexer System. The multiplexer sys-
tem accepts mode and channe! status information
and causcs the oppropriate LED indicators to be
itluminated on the control unit. Figure 4-12 is a
simplified interconnection block diagram of the
multiplexer system circuitry.

The multiptexer system accepts channel and mode
select data from the signal mode selection logic
circuitry (paragraph 4-47) and sequentially loads
this data in parallel form in two shift registers
located on PWA No. 5, This data is shifted out in

AKNPEX 4800407 01

serial form on a single line to six series-connected
shift registers located on the local control unit
{and remote control unit if used). The shifted data
is used to illuminate the appropriate LED indicator
(SYNC, REPRQ, INPUT, SAFE, READY and
Record}. A slow clock rate {4.8 kHz) and a fast
clock rate (144 kHz) are alternately used in the
multiplexer system circuitry to enable the LED
indicators to be illuminated continuously 97% of
the time.

Figure 4-13 is a simpiified block diagram of the
multiplexer system circuitry on PWA No. 5. Recall
that each of the four channel and mode selection
logic circuits provide four two-state logic com-
mands. These commands are rec/rec, ready/safe,
tape/input and sync/rep. Since there are four audio
channels, 16 lines of data (4 X 4} are supplied to
the input of two multiplexer devices (A3b and
A38). Each mutltiplexer (A35 and A36) is a dual
4-line-to-1-line data selector and in operation, the
combination is synonymous to a 4-pole 4-way
switch.

These four logic-state inputs to the multiplexers
from each channel are selected in sequence {chan-
nel 1, channel 2, etc.). This input signal selection
is controlled by a 2-bit binary coded signal {binary
0-3 count) applied to the select A and select B
inputs of the muftiplexer devices. (The source of
this binary signal is described later.) The strobe
(enable) input to cach multiplexer is hard wired
low and therefore the multiplexers are continu-
ously enabled.

The four selected signals from the output of the
two multiptexers are applied to four NAND gates
(A42-3, 6, -8, and -11) that perform combina-
tional logic to provide six signals. These six signals
are applied to the parallel inputs of shift registers
A33 and A41, and each signa! corresponds to an
LED indicator on the control unit (SYNC, REPRO,
INPUT, SAFE, READY, and Record). A low
state of the input signal signifies that the associated
LED indicator is to be iliuminated.

in addition to the six data line inputs from the
combinational logic, there are three hard-wired
inputs applied to shift register A33. Input A and
the serial input are hard-wired high (+5 Vdc) and
input B is hard-wired low (ground}. These inputs
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are used to identify when a frame of data has been
shifted through the shift registers.

When the mode contro! input signa! (described
later} applied to the shift registers goes high, the
input data and the high on input A and the low on
input B are loaded into the shift registers on the
next high-to-low transition of the input clock
pulse. During this parallel load sequence, the entry
of serial data is-inhibited (this is accompiished
internally in the shift registers by the high mode-
contro! signal]. The loading of data causes the
mode control to go low, which permits the data to
be shifted serially. The next six clock pulses cause
the channel data to be seriatly shifted through the
shift registers and sent in serial form (from pin 10
of A41)} to the first six cells of six series-connected
serially-loaded shift registers located on the control
unit. :

As the data is shifted (direction A toward D}, the
hard-wired high applied to the serial input of A33
is also shifted until there are four adjacent high
outputs from the shift register preceded by the
hard-wired low. Aflter a lrame uf dald six bits long
has been shifted through the shift register, the four
adjacent highs enable gate A34-8 which serves as a
channe! frame detector. (Note that the data input
can never be four adjacent highs.)

When A34-8 is enabled, the low from A34-8 is
inverted by A2-8 and is applied as a high to the
mode control input of the shift registers. This
changes the shift register mode of operation from
serial shift to parallel load and enables the shift
registers to load the next set of data (channel 1)
from the multiplexers when the binary-coded
sclect A and select B lines change state.

At the end of a frame of data, the low from A34-8
is also used to clock a binary counter, formed by
A4-12 and A25-8, to its next state to enable the
multiplexers to select data from the next channel
(channel 2). The output from divider A4-12 and
A25-8 is supplied to the select A and 8 inputs of
the multiplexers.

In addition, the low from A34-8 is applied to gate
A26-11 which inhibits the fast rate clock from
divider A4-8 (through gate A26-8) during parallel
load time. When A34-8 is high, the fast rate ciock
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is routed to the control unit to cleck the six series
connected shift registers. {Note: Only the fast rate

clock is routed 1o the control unit.) After the data

from all four channels has been shifted into the six
shift registers on the control unit, the multiplexers
and shift registers on PWA No. 5 repeat the four-
channel sequence but are controlled by the slow
rate clock. Atso during this slow rate clock se
quence, the gated clock signal normally supplied
to the six series-connected shift registers on the
control unit is held high {inhibited by a low from
AZb pin 6] to prevent the data from being entered
during the slow clock sequence. As the ratio of the
ciock signals (4.8 kHz and 144 kHz) is 30:1, the
LED indicators are continuously illuminated 97%
(duty cyele} of the time.

As previously stated, the 144-kHz clock and
4.8-kHz clock are alternately used after each four-
channel sequence. The output from frame detector
A34-8 is divided by Ad4-12 and A25-8 and fed to D
flip-flop A255 which provides complementary
outputs. These outputs are used to alternately
enable gates AZ26-3 and A26-6, which enable the
4.8 kHz ¢lock and the 144 kiRz clock, respectively.
The selected clock is inverted by A26-8 and ap-
plied to one-shot A32-10 which provides a clean
fixed-width pulse used to clock shift reqisters A33
and A41. The clock-pulse edge used to clock A33
and A41 occurs earlier than the clock edge used to
clock the shift registers in the contro! unit. This
permits the data input to the control unit to settle
before being strobed.

4-62. Master Oscillator and Counters. The mas
ter oscillator generates a frequency of 5.184 MHz
which is divided down and used for the following
functians: reference frequencies for the capstan
servo, switching carrier for the reel servo, audio
bias and erase frequencies, and clock frequencies
for the multiplexer system circuitry and the tape
timer. Figure 4-14 is a simplified block diagram of
the master oscillator and counters,

I he master osciilator consists ot a non-inverting
amplifier with positive feedback provided by
a crystal resonating at the desired frequency.
The non-inverting amplifier consists of invert
ers A2-2 and A2-4 connected in cascade. Inverter
A2-2 serves as a quasi-linear amplifier with in-
version between its input and output terminals.

AMPE X 4830407 01
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.iesistor 1, in parallel with inverter A2.2, provides
negative feedback and causes the inverter to try
to operate as a linear amplifier. Any small disturb-
ance at the input of A2-2 appears as an in-phase
transition at the output of A2-4. This signal is
applied to divider C1/C3, and the signal at the
junction of C1 and C3 is fed back to the input of
the amplifier through crystal Y1. Crystal ¥1 acts
as a very-high-Q tuned series-resonant circuit that
passes only the desired frequency of b.184 MHz.
Capacitor C2 bypasses undesired harmaonics and
inverter A2-6 buffers the 4.184-MHz signal to
provide a clean square-wave signal that is applied
to the divider chain,

The 5.184-MHz signat is divided down by counters
A1-8, A1-12, A48, A4-9, A5.2 A1T-11, A11-12,
A18-8, and A18-12 to provide the various signals
shown on simplified block diagram Figure 4-14,

4-63. Master Erase Bus. The master erase bus
circuitry accepts the 144-kHz TTL level signal

from the master-osciltator counter and buffers the
signal, lengthens the rise time, and provides an
adjustable erase signai level that can be verified
between the limits of Q to 12 volts p-p.

As shown in Figure 115, the 144-k}lz TTL flevel
signal from counter A4-8 is fed through R33 to
inverting CMOS amplifier A39-5/1. This amplifier
serves as a buffer and ground translator which
transfers the 144-kHz TTL level signal from logic
ground to the audio system ground. The amplifier
provides an output signal that swings between the
lirits of O and +5 Vdc. This output signal is ap-
plied across the master erase bus level control R34
which is used to establish the erase bus signal level
applied to the main audio PWAs.

I'n the event that the 15-Vdc operating voltage,
applied to the CMOS device A38, should be
removed while an input signal is present, R33 will
limit the input current and prevent the device
from being damaged.

BUS LEVEL CONTROL

TO MAIN
AUDIO PWA'S

R33
FROM COUNTER 144 kHz MASTER ERASE-
Ad-8
R34
BUFFER
+5.1 vDC
c21 R41 144-kHz MASTER
l 10 12 LERASE Bus
4
c24
RAa2 4
+14.7 VDC— AAA——¢ —~AAA-
Ra3
-

Figure 4-15. Master Erase Bus, Simplified Schematic Diagram, Audio Control PWA No. 5
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The signal level sefected by R34 is ac-coupled
through C21 and through R41 to inverting ampli-
fier A39-12 with feedback provided by R40. This
amplifier has a gain of 3 and also serves to reduce
the signal rise time which minimizes radiation into
adjacent circuitry. The input of the amplifier is
biased to a 7.5-Vdc level by voltage divider R42
and R43, which causes the output to be at a
7.5-Vde nominal level and the amplifier to operate
in the center of its linear range. The output signal
leve! at pin 12 of A39 can be varied from 0 to 12
volts p-p by adjustment of master erase bus fevel
control R34, This signal is ac-coupled through C21
and routed to main audio PWAs No. 1,2, 3, and 4.

4-64. Master Bias Bus. The master bias hus
circuitry accepts the 432-kHz TTL level signal
from the master oscillator counter and buffers the
signal, reduces the rise time, and provides four
adjustable bias signal jevels that are individually
selected by a speed select logic circuit.

As cshown in Figure 4-16, the 432-kHz TTL fevel
signal from counter A1-12 is buffered and refer-
enced to audio ground by open collector buffer/
driver AB-2. The signal is appiied to the junction of
a voltage divider consisting of R54 and the bias
level adjustment controls R3 through RG.

The ather end ot the adjustment controls are con-
nected (through switch S1 and a jumper array} to
the output of a 1-out-of-4 decoder speed-select
legic eircuit consisting of quad NAND gate A3 and
inverters A2-10 and A2-12. The speed select A and
B sigral (SSA and SSB) in the form of a 2bit
binary encoded signal from the transport speed
select switch is applied to the input of the decoder.
Depending on the speed selected, one of the
NAND gates (A3} is enabled, and provides a
ground return (low) for one of the bias level
adjustment controls. Jumper plugs J1 through
J4 are used to program the recorder for 2 or 4
speed operdtion as shown in Table 4-6,

4-65. Two-Speed Operation. The simplified
schematic (Figure 1-16) shows jumper piug con-
nections for two-speed (7.5 and 15 in/s) operation,
Switch S1 provides operational flexibility by
permitting selection of either of two preset bias
levels for each speed. Switch S1 in the Equaliza-
tion | position enables potentiometers R4 and Ré&,

AMPEX 4890407 01

and the switch in the Equalization position
enables potentiometers R3 and R5 when the
associated speed is selected.

Depending on the speed selected, the associated
bias level adjustment control is adjusted to the
desired 432-kHz signal level, and this level is ac-
coupled through C22 and through R39 to in-
verting amplifier A39-3/8 with feedback provided
by R55. The amplifier has a gain of approximately
2, and reduces the signal rise time to minimize
radiation into adjacent circuitry. The input to the
amplifier is biased to a /.5-Vdc level by voltage
divider R39 and R37 which causes the output
signal to be at a 7.5Vdc nominal level and the
amplifier to operate in the center of its linear
range. The output signal level at pin 13/8 of A39
can be varied from 0 to 8.0 volts p-p by adjust-
ment of a bias level adjustment control. The out-
put signal is ac-coupled through €25 and routed to
main audio PWAs No. 1, 2, 3, and 4.

4-66.  Four-Speed Operation. For four-speed
operation, jumper plugs J1 through J4 are posi-
tioned as shown in Table 4-6. Note that for four-
speed operation, switch S1 should remain in the
“1I" position, as one bias leve! adjustment contro|
is used for each speed, as shown in the table.

4-67. lllegal Speed Detector. |f jumpers J1
through J4 are positioned for two-speed operation
(Table 4-6) and one of the other non-programmed
speeds is selected by operation of the transport
speed select switch, the illegal speed fine {1SL)
will become active {low} and cause the transport
to becornie inactive in play and record modes at
that speed. {The ISL line also becomes active if
no jumpers are installed.)

The illegal speed detector circuitry consists of
diodes CR1 through CRS5, capacitor Cb, and tran-
sistor Q1. When a speed is selected for which
jumpers J1 through J4 have been correctly placed,
one diode (CR1 through CR4) will conduct and its
anode will be one diode drop (0.7 volt) above the
saturated output of A3. This prevents Q71 from
turning on and generating an ISL command be-
cause of the voltage drop across CRE5.

If an incorrect speed is sefected, one or more of
diodes CR1 through CR4 will open-circuit and
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diode CRS will conduct and charge Cb. After C5 is
charged, Q1 will turn on and generate a low ISL
command. In addition to causing the transport to
become inoperative, the fow from the collector of
Q1 also causes the input/input and Tape/tape out-
put lines to both become high. This causes the
audio output lines from each audio PWA 1o be
come muted.

4-68. Main Audio Functional Description

The main audio consists of up to four identical
main audio PWAs and their parameter determining
network (PADNET} PWAs. One main audio PWA
and its associated PADNET PWA comprise the
main audio for each record/reproduce channel. The
main audio for channels 1 through 4 is located on
PWA No. 1 through PWA No. 4, respectively, The
main audio PWA and its associated FPADNET PWA
contain the erase, record, reproduce, and audio
output circuits for one audio channel. Addition-
ally, control logic circuitry located on the main
audio board and PADNET provides bias and erase

mping contro!, pick-up record capability (PURC),

pe-speed decoding, and other timing and control
signals required by the main audio for thatchannel.
The speed-dependent record and reproduce equal-
ization networks, record and reproduce level pre-
sets, bias normalization preset, and tape-speed
decoding logic are contained on the PADNET
assembly which plugs into the main audio board.
The PADNET is capabie of being adjusted to pro-
video for record and reproduce equalization and
can accommacdate all paualization standards at any
one of the selected transport tape speeds (30, 15,
7.5 or 3.75 in/s). Figure 4-17 is a simplitied hlock
diagram of the main audio for one record/repro-
duce channel.

The record circuits receive the system audio input
and 432-kHz bias, and provide equalization of the
received audio signal to match the required re-
cording equalization at the selected tape speed
and/or equalization standard. The record circuits
also combine the equalized signal with the 432-kHz
bias to provide the drive signal to the record head
on the tape transport.

he reproduce circuits receive playback audio
om the reproduce head or sel sync audio from

4-36

the record head, as selected by the operator. The
reproduce circuits provide the required playhack
equalization of either tape signal to match the
selected tape speed and/or equalization standard.
The selected tape signal is sent to the output
amplifier circuits. Additionally, the unequalized sel
sync signal is available at the card-edge connector.

The audio output circuits receive the tape and
input signals from the reproduce circuits or input
circuits, respectively, and provide selection and
buffering of the tape or input signals to the input/
output module.

The erase circuit receives the 144-kHz erase signal
and provides buffering of the erase signal to the
orase head via the erase amplifier. The output of
the erase amplifier is fed to the erase head via the
erase reed relay. The erase reed relay is normally
open. When the safe/record signal is low {record)
the erase reed reiay is energized and the normatly-
open contacts are closed to provide a current path
for the erase signal to the erase head. The control
signal for the erase reed relay is provided via the
control logic on the main audio board.

The control logic receives the safe/record, tape
speed, and tape/input selection signals and gener-
ates the control signals to the circuits on the audio
main and PADNET assemblies. The control logic
provides the tape or input switching signals to the
audio output circuits, decoded transport tape-
speed sclected signals to the record and reproduce
circuits, and ramping and controt signals to the
record circuits. The control logic also contains the
pick-up recording capability {(PURC) circuits. The
PURC circuits eliminate overlaps and erased gaps
in recordings when inserting (dubbing} new mate-
rial within previously-recorded programs. In 2
recorder system without PURC, initiating the
record mode energizes the erase and record heads
simultaneously. Since there is a physical distance
between the erase head and thc record head, a
period of over-recording on the unerased tape
occurs and, when the dubbing is terminated, an
erased gap is left in the program. The length of
over-recording and the erased gap on the tape is
determined by the distance between the erase
and record heads and the transport tape speed.

AMFEX 4830407 01
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Table 4-6. Speed Jumper Placement and Bias Switch Setting, Audio Control PWA No, 5

2-SPEED OPERATION

MASTER BIAS MASTER BIAS
1 PEE
SPEED SET JUMPERS TO DESIRED SPEED {ADJUST S1POSITION 1} (ADJUST S$1 POSITION 1)
HI SPEED J1-30,15, 75 R6 R&
LO SPEED J2 - 15,7.5,3.75 R4 R3

NOTE: J3 and J4 to be jumpered to the S [stare} positions,

4-SPEED OPERATION

JUMPER MASTER BIAS {ADJUST S1POSITION 1 ONLY)
41 - 30 R6
J3-15 RE
J2-75 R4
J4 —3.75 R3
ERASE RECORD FLAYBAGK
HEAD HEAD HEAD
SEL SYNC SIGNAL PLAYBACK
ERASE RECORD SIGNAL
SICNAL SIGNAL
UNEQUALIZED
ERASE RECCRD REPRODUCE | SEL SYNC AUDIO QUT
CIRCUITS CIRCUITS CIRCLHTS
ERASE 8US f 4 3| [
{144 kHz)
EQUALIZED
MASTER BIAS BUS REPRODUCE
{432 kiiz) AUDIL
AUDIO INPUT BUS
ERASE
RAMPING
AUDIO
SAFE/RECORAD — i TIMING AND CONTROL OUTPUT p—
CIRCUITS | AUDIO
TAPE SPEED o{ CONTROL{ SELECTED SPEED SIGNALS ouT
LOGIC (EQUALIZED
. CONTROL REPRODUCE
TAPE INPUT
SELECT —a] AUDIO OR
TAPEANPUT SWITCHING INPUT AUDIC}

4-38

Figure 4-17. Main Audio Simplified Block Diagram
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The PURC circuits eliminate the owver-recording
and erase gap by generating a delay between the
time that the erase ramping is initiated and the
bias/audio ramping is initiated. When the recorder/
reproducer goes into the record mode, the erase
ramp up is initiated first; then, after a delay
determined by the selected tape operating speed,
the biasfaudio ramp up is initiated. When the
recorder/reproducer is switched out of the record
mode, the erase ramp down is initiated first; then,
after a delay determined by the selected tape
operating speed, the bias/audio ramp down is
initiated. In this manner, the effect of the physical
difference between the erase and record heads is
cancelled and the overlap and gap are eliminated
from the dubbed portion of the recording.

4-69. Main Audio Circuit Details

Each of the four channels of the main audio is
identical. The main audic circuits for channels 1
through 4 are located on PWA No. 1 through PWA
No. 4, respectively for each channel. The following
paragraphs describe the main audio circuits that
comprise a single channel. Each channel contains
one audio main board and plug-in PADNET assem-
bly. Drawing 4840378 is the schematic diagram for
the audio main board, and drawing 4840379 is the
schematic diagram for the PADNET assembly.

4-70. Control Logic. The contro! logic yener-
ates ramping, timing, and switching signals for the
main audioc. As shown in Figure 4-18, the control
logic contains the ramping, PURC delay, tape-
speed decode, and output amplifier switching logic.

4-71. Speed Decode Logic. The speed decode
logic is contained on the PADNET assembly. As
shown in Figure 4-18, the speed decode logic
receives the selected speed signals, SSA and SSB,
from the transport unit speed selector and decodes
the four possible combinations of the two signals
to provide selection of networks within the PAD-
NET assembly. These speed signals are active low.
When SSA and SSB are both low (30 in/s), the
output of NAND gate A2-11 goes low and NAND
gates A2.3, A2.4, and A2-10 are high. In a similar
manner, each of the NAND gates provides a low
signal which corresponds to a selected tape speed
as determined by the selected speed signals from

AMPEX 4890407-01

the tape transport. The individual selected speed
signals (30, 15, 7.5, and 3.756 in/s} are used to gate
different timing networks in the PURC circuit. The
decoded 30 in/s and 15 in/s are also used in the
reproduce equalizer circuits to gate additional
compensation into the eqgualization networks. The
four decoded speed signals are used on the PAD-
NET for selection of high and low speed equaliza-
tion network via jumpersP1and P2 and J1 and J2,
respectively.

The standard PADNET assembly provides a choice
of any two standard operating speeds that are com-
pensated by the high and low speed equalization
networks on the PADNET. The aperating tape
speeds are selected by jumpers on the PADNET.
The high-speed equalization circuits may be
enablied at 30, 15, and 7.5 in/s. The low- speed
equalization circuits may be enabled at 15, 7.5,
and 3.75 in/s. If the tape operating speed selected
at the tape transport does not correspond to the
speed selected on the PADNET to enable the high
or low speed equalization, the recorder/reproducer
is inhibited from operating in either play or record
modes and the lockout indicator on the control
unit is lit. The lockout signal, ISL, is generated
by a NAND gate consisting of Q14 and CR8
through CR10. The decoded high- and !ow-speed
equalization network selection signals provide the
inputs to NAND gate Q14/CR8-10. If neither high-
nor low-speed selected signals are low (0 Vdc), the
output ot NAND gate Q14/CR8-CR10 goes low
denoting that a tape speed has been selected at
the transport which does not correspond to a
selected speed on the PADNET. All togic inte-
grated circuits {ICs) on the PADNET are CMOS-
type circuits; therefore, the logic levels in the
circuits range from +15 Vde (high) to 0 Vde {low).

4-72.  Erase Ramping. » The turn on and turn off
of the erase signal is controlled by the SAFE/REC
signal from the audio control PWA No. 5 When
the channel is not in the record mode, the SAFE/
REC signal is high. The SAFE/REC signal, through
resistor R42, is applied 1o a summing point at the
inverting input of erase ramping amplifier A7-14.
Erase ramping amplifier A7-14 and ramping net-
work C36/VR1/VR2/CR11/C38/RA1 generate the
ramp and control signals for the erase ramping
switch Q14 and erase head relay driver Q17/VRb5,
The ramping network provides feedback from the
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output of the erase ramping amplifier A7-14 back
to the summing paint at the inverting input of the
amplifier. When the SAFE/REC signal is high (not
record mode), the output of the erase ramping
amplifier A7-14 js nominally —10 Vdc. The —10 Vdc,
via the PADNET, is applied to erase head relay
driver Q17/VR5. The —10 Vdc biases the transistor
off, which keeps relay K2 de-energized. The
—10 Vdc, via the ramping network, enables a
negative bias to be applied through resistor R70
and diode CR17 to the base of erase ramping
switch Q14. Transistor Q14 operates in the in-
verted mode and conducts when the negative bias
is applied, thereby shunting the 144-kHz erase
signal, at the input to erase amplifier A10/Q18/
Q19, to ground.

When the channel is switched into the record
mode, the SAFE/REC signal goes low. When the
SAFE/REC signal goes low, the low-going input
supplied to the inverting input of erase ramping
amplifier A7-14 causes the output of the amplifier
to start rising toward the +10-Vdc ievel. The out-
put of erase ramping amplifier A7-14 is fed back to
e summing point at the inverting input and to
“ase switch Q14 via the ramping network. The
ramping network, together with erase ramping
amplifier A7, forms an active integrating ampiifier
that generates an erase ramping signal that is
applied to the base of Q14. This signal is used to
shape the 144-kHz erase signal applied to the
emitter of Q14. The controlled base drive produces
an amplitude-controlled ramped 144-kHz signa!
which is applied to erase amplifier A10/Q18/Q19.
The erase ramping signal aftso controls the timing
for energizing erase head relay K2 via erase head
relay driver Q17/VR5. When the channe! is switched
out of the record mode, the SAFE/REC signal goes
high. The positive-going input to the summing
point at the inverting input of erase ramping ampli-
fier A7-14 causes the output of the integrating
amplifier formed by the erase ramping amplifier
A7-14 and the ramping network to swing towards
negative 10 Vdc, The negative-going ramp gener-
ated by the integrating amplifier provides the
turn-off ramp for the 144-kHz erase signal to the
input of the erase amplifier via transistor switch
014. The negative-going ramp alse provides the
timing to de-energize erase head relay K2 via erase
‘ad relay driver Q17/VR5.
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4-73.  Record Ramping and PURC Logic. The
record ramping and pick-up record capability
(PURC) logic generates the appropriate ramping
signals for the controlled ramping up and down of
the bias to the record circuits and for timing of the
PURC delays. All control sequences are initiated
when the status of the channel SAFE/REC signal,
generated by the audic control PWA, changes.
Figure 4-19 is a timing diagram af the ramping and
PURC delay signals.

As discussed previously, operational amplifier
A7-14 is connected to form an active integrator
to generate the erase ramping control for erase
ramping switch Q14, and to provide the contral
fur Lthe erase head relay K2 via erase head relay
driver Q17/VRb5. Operational amplifier A7-8 is
connected to form an active integrator that pro-
vides the reqguired ramping control to bias ramping
switch 7, and contro! the operating sequence of
the record head reed relay K1, sel sync shunt
switch QB6, record audio switch Q9, and bias com-
mand status switch Q8/Q10. Operational amplifier
A7-1 forms an active integrator which, in conjunc-
tion with hysteresis switch A7-7 and timing selec-
tion FET Q8 through Q11, provides the selected
defay timing for PURC operation.

When the recorder/reproducer goes into the record
mode, the SAFE/REC signal goes low and turns on
15V switch Q7 which switches the —15 Vdc at the
input to PURC delay ampiifier A7-1 to +15 Vde
via a selectable resistor network. Jumper plug P3 is
used to select PURC operation when the recorder
is switched into record mode. When the jumper
plug is in the PURC position, +15 Vdc from the
£15V switch Q7 is supplied to the resistor network
comprised of four resistors, R36 through R39.
One of the four resistors is selected by the de-
coded speed select signals specifying the tape
operating speed and supplies a constant current,
as determined by the selected resistor, to the input
of the PURC delay amplifier A7-1. When the
jumper is in the NORM (PURC disabled) position,
positive 15 Vdc from the 15-Vdc switch Q7 is
supplied to PURC delay amplifier A7-1 through
resistor R30 independent of the selected tape
operating speed. Resistor R30 or resistors R36
through R39, depending on whether PURC apera-
tion is selected via jumper plug P3, provide differ-
ent delay times in conjunction with the integrating

AMPEX 489040701
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Figure 4-19. Record Ramping and PURC Delay Timing
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amplifier formed by PURC delay time ampiifier
A7-1 with resistor R71 and capacitor C43. Resis-
tors B36 through R392 are individually selected by
FET switches Q8 through Q11 by the decoded
speed selected signals. When the corresponding
selected tape speed signal goes low, the associated
FET switch is turned on and provides a current
path through the resistor to the input of PURC
detay amplifier A7-1.

When the recorder/reproducer is switched into the
record mode, the SAFE/REC signal goes low and
switches +15 Vdc, via +15V switch Q7 and resistor
network R30/R36-R39, to PURC delay amptifier
A7-1. PURC delay amplifier A7-1 generates a
negative-going ramp. The slope of the ramp is
determined by the selected resistor in resistor
network R30/R36-R39 and C43/R71. The ramp
from PURC delay amplifier A/-1 goes to the PURC
hysteresis switch A7-7. The PURC hysteresis
switch A7-7 is a comparator, which compares the
level of the delay ramp with one of two levels. The
two comparison levels are derived by a positive
feedback network that decreases the output level
of the PURC hysteresis switch A7-7 by approxi-
mately two-thirds. When the recorder/reproducer
is in the safe mode (SAFE/REC signal is high), the
output of the PURC hysteresis switch A7-7 is low
(approximately —15 Vdc). The comparison refer-
ence level fed back to the input of the comparator
is approximately —10 Vdc during the safe mode
and remains at —10 Vdc until the level of the
negative-going ramp exceeds —10 Vdc, at which
time the output of PURC hysteresis switch A7-7
will go to +15 Vdc. The slope of the ramp, there-
fore, determines the difference between the time
that the SAFE/REC signal goes low and the time
that the output of PURC hysteresis switch A7-7
goes high.

As long as the recorder/reproducer remains in the
record mode (SAFE/REC signat low), the output
of the PURC hysteresis switch remains high
{(+15 Vdc} and a new reference level of +10 Vdc
is fed back to the input of the comparator. The
positive-going edge of the signal from PURC
hysteresis switch A7-7 initiates the btas ramp,
which controls the timing of record signals. The
bias ramp is generated by active integrator bias
ramping amplifier A7-8. When the output of PURC
hysteresis switch A7-7 goes high, a negative-going

AMPEX 4890407-01

ramp voltage is generated by bias-ramping ampli-
fier A7-8. Bias and current-limiting of the signals
by electronic switches in the record circuits control
the turnon and turnoff sequence of operations. As
the bias ramp goes negative, the following opera-
tions occur in the order given.

1. Status switch Q8/Q10is turned on and suppiies
a logic low to bias command status line —
BCS.

2. Sync shunt switch QB is turned on and shorts
the sel-sync winding on the record head.

3. Record head relay Q11/K1 is de-energized,
which removes the short across the record
winding of the record head.

4.  FET switch QY is switched on and enables
the audio input to record amplifier A9/Q12/
Q13.

5. Bias switch transistor Q7 is ramped off and
provides a corresponding ramping up of the
hias input to record amplifier AQ/012/013

When the recorder/reproducer is switched out of
the record mode, the SAFE/REC signal goes high
and turns off 15-Vdc switch Q7, With the +15-Vdc
supply to resistor network R30/R356-R39 turned
off, =15 Vdc is applied to the selected input resis
tor which provides the current to PURC delay
amplifier A7-1. With —15 Vdc at the input, PURC
delay amplifier A7-1 generates a positive-going
ramp from —15 Vdc to +16 Vde. The siope of the
positive-going ramp is determined by the selected
resistor in resistor network R30/R36-R39 and
C43/R71. Since the —156 Vdc is applied through
the same resistor network as the +15 Vdc, the
stope of the positive-going ramp when the recorder/
reproducer is switched out of the record mode is
the same as the slope of the negative-going ramp
when the recorder/reproducer is switched into
the record mode.

The positive-going ramp goes to hysteresis switch
A7-7. During record, the output of hysteresis
switch A7-7 is +15 Vde. Therefare, the comparisan
reference level for hysteresis switch A7-7 is shifted
to +10 Vdc in the same manner that the —10-Vdc
reference was generated going into record. When
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.w level of the positive-going ramp exceeds
+10 Vdec, the output of PURC hysteresis switch
A7-7 qoes rapidly low and initiates a positive-
going ramp, which is generated by bias ramping
amplifier A7-8. As the bias ramp goes positive, the
following operations occur in the order given.

1. Bias switch transistor Q7 is ramped on, which
ramps down the bias input to record ampltifier
A9/Q12/Q13, thereby removing the bias
signal to the amplifier.

2. FET switch Q9.is biased off, which removes
the audio input to record amplifier A9/Q12/
Q13

3. Record head relay Q11/K1 is energized, there-
by shunting the record head windings.

4. Sync shunt switch Q86 is turned off and opens
the short across the sel-sync windings of the
record head.

5. Status switch Q8/Q10 is turned off, removing

the logic low fram the bias command status
. line (BCS), which allows bias command status
line BCS to go high.,

4-74.  Record Circuits.  As shown in Figure 4-20,
the main part of record equalization is performed
by amplifier A6-6 in conjunction with an active
differentiator formed by amplifier AB-6, input
capacitor C5, and feedback resistor R40,

The audio input signal is split into three paths. The
first path is via R39 to the summing node (pin 2 of
AB-6). The second path is to the input network
C5/R41 of the active differentiator. The third
path is 1o the surnming node of AB-6 via C13/Rb4/
R55, with alternate paths selected by S1 and FET
switches Q12 and Q13 for high- and low-speed

switehing equalization, respectively.

The output from the active differentiator A5-6
wilt, for a constant amplitude signal, rise 6 dB per
octave with increasing frequency. Time constant
components C5/R41 limit the maximum frequency
of the rise. This output signal is then applied to
egualizer potentiometer contrels R15 and R18,
which are the main high-frequency equalizer

4-44

controls for high-speed and low-speed operation,
respectively. The setting of these equalizer controls
determines how much of the differentiated signal is
summed with the direct signal, via R38, supplied
to the summing node of AB-6. Selection between
the output of R15 or R18 is accomplished by FET
switches Q12 and Q13, respectively.

A series of switch selectable networks formed by
R16/R16/C8/CY (switched by $1-1 and S1-3 for
high speed) and R19/R20/C10/C11 (switched by
S51-4 and S1-6 for low speed) form additional
frequency dependent feedback around AB-6 to
the summing node of AG-7. Selection for high or
low speed is also accomplished by FET switches
Q12 and Q13.

The network formed by C13/R54/R65 and
selected for high spced operation by 51-2 and for
low-speed operation by S1-5, also provides sepa-
rate frequency dependent preset equalization. In

this instance, the network effectively appears in
parallel with R39.

The networks switched by S1-1 and §1-4 provide
mid- to high-frequency shelf down for high and
fow speeds, respectively. Switches $1-3 and S1-6
provide selectable constant current or 3,180-us
low-frequency pre-emphasis for high and low
speeds, respectively. Switches S$1-2 and S1-5
provide a mid- to high-frequency shelf up for
high and low speeds, respectively. Table 4-7 is a
list of the switch settings for preset equalization
network settings,

The equalized audio from amplifier AB goes to
record gain control R12 on the PADNET assem-
bly. The audio from the gain contral potentiom.
eter R12 (REC GAIN) on the PADNET assembly
goes through R47 back to the audio main board
to FET switch Q9, which gates the audic to the
summing junction of amplifier A9 in the recording
amplifier. FET switch Q9 gates the audic under
control of audic switch control network R62/
CRY/C56, which receives a control signal from
bias ramping control amplifier A7-8 in the control
logic. The recording amplifier A9/Q12/Q13 is a
wide-band voltage amplifier consisting of opera-
tional amplifier A9 and a complementary driver
output amplifier @12/Q13.

AMPEX 4890407-01
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Table 4-7. Preset Equalization Network Settings

PRESET RECORD EQUALIZATION

511 SHELF DOWN

$1-2 SHELF UP HI SPEED
S1-3 3180/2

S1-4 SHELF DOWN

S1-5 SHELF UP LO SPEED
51-6 3180/

Shelf up or shelf down will be selected with the switch in the
CONT positiun, Infinity {~}, no Jow frequency boost vwilt be
selected with the switch "CN’ and low frequency boost

{3180-us time constant) with the switch "OFF "

The 432-kHz bias signal is received at the main
audio PWA, where it is routed to the bias normal-
izing and filtering circuits on the PADNET. Bias
normalizing resistor R21/R22 provides level
setting of the received 432 kHz from the master
bias bus via BIAS NORM potentiometer R21. The
level normalized bias signal is then filtered by
bandpass fiiter L1/C12 on the PADNET. The
fittered bias is sent Lo bias ramping switch transis-
tor Q7 on the main audic PWA. Bias ramping
switch transistor Q7 operates in the inverted mode
and, under control of the bias ramp control signal
from ramping amplifier A7-8 in the control logic,
provides ramping of the bias signal to operational
amplifier A9 where it is effectively added tc the
audio which is applied to the inverting input. The
combined audio/bias signal from operational ampli-
fier A9 is sent to complementary driver output
amplifier Q12/Q13, which buffers the signal to
head drive network C30/C45/L5/R86. Addition-
ally, part of the signal from operational amplifier
A9 is also sent to bias voltage switch Q15 and to
feedback network RB66/RB5/C67. This network
{R66/R65/C67) provides negative feedback around
the. record amplifier A9/012/Q13. Bias voltage
present on the output of the record amplifier also
provides the control signal to the base of transistor
Q15 which, when bias is present, will provide a
low on the bias voltage status {BVS) line from the
audio main board.

The oulput of the record amplifier goes 1o the

record head via head drive network C35/C45/L5/
R86 and record head relay K1. The head drive

PUT I S S %

Yo s

network provides a constant head current over a
wide frequency range of the output of the record
amplifier. Inductur L5 decouples resistor RB6 so
that the head inductance forms a resonant circuit
with capacitor C45 at the bias frequency (432 kHz).

Record head relay K1 shunts the record winding of
the head except during record mode. Relay driver
RB8/CR10/CR14/Q11, under control of the head
relay control signal from the ramping amplifier in
the control circuits, energizes record head relay K1
when the channel is not in the record mode. When
the channe! is not In the record mode, the head
relay contro! signal from the control circuits is
positive. The positive head relay control signal
turns transistor Q11 on. With transistor Q11 con
ducting, relay K1 is energized and the normally-
open contact of relay K1 is closed, providing
a short across the record windings. When the
channel goes into the record mode, the head
relay control signal goes low and turns off tran-
sistor 011, which de-energizes relay K1. When
relay K1 is de-energized, the contacts across the
record winding are opened and the short across the
record winding is removed. When the short circuit
acruss Lhe record winding is removed, the output
of the head drive network C35/C45/L5/R86 is
supplied to the record winding high input. The
return {ead ({ow side} of the record winding returns
to ground through a 10-ohm resistor R93. Test
point TP9 of the high side of resistor B39 is
provided to monitor the current through the
record head winding.

4-75,  Erase Circuit.  The erase circuit provides
filtering, buffering, and ramping of the 144-kHz
erase signal from the master erase bus to the erase
head. A simplified bfock diagram of the erase
circuit is shown in Figure 4-21.

As shown in Figure 4-21, the erase circuitry re-
ceives 144.-kHz from the master erase bus and the
erase ramping control from the control logic. The
SAFE/REC signal controls, via the erase ramping
control amplifier on the control logic, the ramp
on and ramp off of the erase signal to the erase
amplifier and the erase head. During record mode,
the 144-kHz signal goes through resistor R83 to
grase ramping switch Q14 and fifter C67/L6. Filter
CB7/L6 is a 144-kHz bandpass filter which removes
the harmonics from the received 144-kHz signal,

AMPEX 4890407-01
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Figure 4-21. Erase Circuit, Simplified Block Diagram

Erase ramping switch Q14, operating in the in-
verted mode, acts as a shunt across filter C87/L6
which ramps the erase bias on and off. The filtered
144-kHz signal, when ramped on, goes to erase
amplifier A10/Q18/Q19.

Erase amplifier A10/Q18/Q19 consists of amplifier
A10 and complementary pair transistor driver
amplifier Q18/319 arranged to form a feedback-
controlled current driver to the erase head. The

AMPEX 4890407-01

filtered 144-kHz signal is applied to the non-
inverting input of amptifier A10. Feedback voltage
from the output of driver amplifier Q18/Q18 via
resistor R96 is summed with the current feedt -~k
developed across resistor RB87 vis resistor R88 a.
the inverting input of amplifier A10. The output
144-kMz erase signal from driver amplifier Q18/
Q19 goes through eapacitor C71 and contacts of
reed relay K2 to the erase head. During record,
reed relay K2 is energized by erase head relay
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driver Q17/VR5. The output of the driver ampli-
fier Q18/Q19 also goes to the erase voltage status
switch Q16 which supplies a low to the erase
voltage status line (EVS) when the erase voltage is
present at the output of driver amplifier Q18/019.

When the channel is not in the record mode, the
144 kHz from the master erase bus through resistor
R83 is shunted to ground by erase ramping switch
Q14, and erase head relay K2 is de-energized,
which opens the circuit to the winding of the
erase head.

4-76. Reproduce Circuits. The reproduce cir-
cuits provide amplification, seiection, and post-
equatization of the playback signals, Figure 4-22
shows a simplified block diagram of the reproduce
circuits,

As shown in Figure 4-22, the reproduce circuit
containe the sgl sync head preamplifier, reproduce
head preamplifier, and reproduce equalizer ampli-
fier. The reproduce head preamplifier receives the
layback signal from the reproduce head and is
located on the main audic PWA. The sel sync
head preamplifier receives the playback signat from
the sel sync winding on the record head and is also
located on the audio main board. The outputs of
the two head preamplifiers go to the standard
PADNET assembly where, via the individual sel
sync and reproducc gain controls, the signal is
applied to the summing point at the input to the
reproduce equalizer amplifier through the sel sync
and reproduce switching FETs. The reproduce
equatizer amplifier provides post-equalization of
the selected playback signal. The output of the
reproduce equalizer amplifier is fed back, via speed
selected equalization and compensating networks
located on the PADNET assembly, to the summing
point at the input of the reproduce equalizer
amplifier. The output of reproduce equalizer
amplifier is alsc sent to the audio output amplhi-
fier via erase freguency trap C3/L1 and input
resistors R8/RG.

The signal from the sel sync winding on the record
head is connected through capacitnr C31 to the
input of the sel sync preamplifier. Sei sync winding
shunt switch Q6 at the input to the sel sync pre-
amplifier consists of transistor switch Q8, operating
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in the inverted mode which shorts out the sel sync
winding during record. Transistor switch Q8 is
controlled by the output of the bias ramping con-
trol amplifier A7-8 in the control logic. Resistor
R33, in parallel with the input to the sel sync pre-
amplifier, provides damping of the sel sync winding
at resonance. The sel sync preamplifier consists of
transistor Qb and amplifier A4 arranged as a
feedback-controlled voltage amplifier. The signal
from the sel sync winding of the record head is fed
to the base of transistor Q5. The output from tran-
sistor Q5 is fed to the inverting input of amplifier
A4. Part of the output from amplifier A4 is fed
back to the emitter of transistor Q5 via network
C11/C12/C18/1 2/R15-R17. The netwaork farmed
by R15, R16, and C18 provides additional negative
feedback to attenuate mid-range and high fre-
quencies, thereby providing a low frequency boost
in the output of sel sync preamplifier to compen-
sate for the inherent roll-off in the reproduce signa!
from the sef sync windings. Resistor R17, in con-
junction with C28/R37, sets the low-frequency
gain of the sel sync head preampiifier. Capacitor
C12 and inductor L2 in this network form a series
resonant trap at the bias frequency. The output of
the sel sync head preampiifier A4, via resistor R49,
goes to the unequalized sel sync output at the
PWA -edge connector. From here the signal is routed
to connector J13/J14. The output of the sel sync
head preamplifier, via capacitor C13, goes to the
sync gain control R3/R4 located on the PADNET
assembly.

In a simitar manner, the audio from the reproduce
head is amplified by the reproduce head preampli-
fier consisting of operational amplifier A3 and
transistor Q4 arranged to form a feedback con-
trolled amplificr. The audio from the reproduce
head goes to the base of transistor Q4 via inductor
L3 which provides RFi filtering. Head damping
network R36/R34, in parallel with the audio input
to the base of transistor Q4, provides adjustable
damping of the high-frequency head resonance.
The output from amplifier A3 is fed back to the
input of transistor Q4 via RC network C24/R31,
This RC network, together with RC network
C27/R32, sets the ac gain of the reproduce head
preamplifier. Another RC network formed by
R23/C23 limits the open loop gain of operational
amplifier A3,

AMPEX 4890407-01



6rv

umBerq yoaig peryduis
‘sunox)) eanpoadey olpny ZZ-p a.nbiy

¥HOMLIN
o e e e e e it e —— — —— ——— — e e T e Sttt S T Tt e e e e XovBa333
_I LER/vZD
_ (31507 30093G 4334s) 4
~ 153135 Q3348 MO —
. _ H3z/1v103 _ v
a33qs wo zo
_ YTH/LLE/BH/BYSLD _
_ 10HLINOD _
(01907 30003a a33ds} . NEVD | H314171dWYIHd VIH 3ONAdkLIY
_ 1537135 S/N+SL ° 39naoudIs
_ W[
_ JHOMLIN _
ONI LUSNIJNOD 0
S/NFGL
_ £0H/9ZHED _
(219071 300D3A 03345) _
103138 S/NIOE ANIOd _
_ ONIWANS
_ NHOMLIIN _
DNILVSNTJNOD
— s/NIoE go |
zeR/ETHIYD : ANTFNGS
_ _ 32nacddaN T} 1
(21901 300030 G345} _
123135 3345 HOIH
_ _ 247 INOM A TOHLNOI dWVH ~—d
oHINGD — :
NIVD i
_ o INAS
w3zIMvnDa cu I
_ Q3345 HOH o 3
_ TN/ LH-5H/0 _ ‘
ATBWASEY LINGVA OHVANYLS O/d
e o e e — — —  ————— L e - vy <
|
— |
i
ZovIA 29 AoNINBANS Auom.iIn |
- .
imeineas UNDIS asyua v © AN SHHOMLIN |
indino olany €a/17 ¥Ived33: i
z1/TII 81D |
JALE/GIE LID/LLY ] 7
— i
|

H3141 MW VIH G OV IH ONASE

BINYIdWY HIAZ1ITYNDS 30NA0L4TH

PL/ELE OL -

AN ONAS 13§
aazITvNDaANN




(21201 30023Q a33ds)
12373503345 meT

O
H3IZIwno3
Q3348 NO T »
vZu/LLH/EH/BE/ LD
O
{31507 3002330 A331dS)
123738 B/NI-GL
SNHOMLIN O
ONILYSNIIWOD Q
S/NI3L
£SH/STHAD @)
(219¢Q7 3023 A3=3dS)
L92138 S/NIOE
SHOMLIN
ONILYSNIJWOD
SINIIE
ZSH/LTHD
121907 30003Aa G3345)
423135 0IALS HOIH
H3IZ1IYNOD:
Q3348 HOIF
9ZH/LH-SE/ZD

LNIO4
ONINNAS

o] T0HLNOD
NIVD

Q FINCOKdI

O Y]

vlllIIII.IuIII-...I.I...I:III.IIII.III"'IIIIIII‘I!IIIlll_

LO-LOYOSEY X IJWY

MHHOMLIN

i

-4 >0vad33d 0a
BO/YOILH-SH

£31417dWY HIZI"VNT3 IDNAOHI

ATEWISSY LINAVY OHVANYLS O/d

TaY

SMHOMLIN

JOveasas
21/213'810

TYNDIS
NOVHAVId

JQLA/GLE LED/L LY

H3/2A1dWVYIHd QYIH DNAS 7135

GT3tHS FINNI
310YD AVAH DNAS 138

N
IIUV“HM)A\_’WMI Q7IIHS HINNI ITIEVYD
LEH/PID AY3H IDNOOHAY
_ HYOMLIN
ONINYO AVIH
_ ' FEU/YEY
_ L ET
_ £V YO 30NQoudIY
wnois O Woud
| MOVEAY T4
— H314(1dWY3Hd AVIH 32NACHdTH
| S ‘ON YMd
JOULNOD
ANTANOD —
— olany wodd
3I0NA0YHIIY
_ "Loouas |
— HILIMS LNNHS
_ ONIONIM
8£Y NOHZ TOYLNOD dWY i it ONAS 135 ;
T0dLNOD — 20 3
NIVD
INAS
P |

Qv3H QH0D3IH
NO DNJONIM
ONAS 738 WOHS




.l'he output of the reproduce head preamplifier, via
capacitor C7, goes to the reproduce gain control
R1 on the PADNET assembly. The PADNET as-
sembly contains the switching for selecting the
output of the sel sync head preamplifier or repro-
duce head preamplifier as the input to the repro-
duce equalizer amplifier. The PADNLT assermbly
also contains the switching and equalizer networks
which provide feedback to the reproduce equalizer
amplifier for pnst-equalization of the reproduce
audio. The SYNC/REPRO signa! from the audio
control assembly, via FET switches Q1 and Q3
selects the signal from either the sync gain control
R3 or reproduce gain control R1 as the input to
the reproduce equalizer amplifier. The selected
playback signal goes to the summing point at the
input to the reproduce equalizer amplifier.

The reproduce equalizer amplifier consists of a
high gain, low-noise differential amplifier Q1,
operational amplifier A1, and RC network R5-R7/
C4/C6. The RC network provides dc feedback to
the inverting input of amplifier Q1, which prevents
dc output saturation in the event that power is
applied with the PADNET not installed. The
summing point at the input to amplifier Q1 also
receives dc feedback wvia the selected equalizing
network,

The reproduce equalization network contains two
post-equalization networks, one for high speed and
one for low speed. The high speed and low speed
post-equalization feedhack networks are selected
by FET switch Q4 and FET switch Q2, respectively,
which are gated by the decoded high- and low-
speed selection signals from the speed decode logic.
When 30- or 15-in/s speeds are selected, additional
equalization is required to compensate for second-
ary gap effect which is more pronounced at these
speeds.

The 30-in/s and 15-in/s signals from the speed
decode logic enable additional equalization, via
FET switches Q6 and Q5 respectively, to be
inserted in parallel to the high- or low-speed
equalizing feedback loop. The output from-the
reproduce equalizer amplifier is applied to the
summing junction of the output amplitier via gain
setting resistors R8 and R9 when the tape selection
FET switch Q2 is in the tape mode. An LC net-
work L1/C3, in conjunction with R8, forms a
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series-resonant trap at the erase frequency for the
signal sent to FET switch Q2.

4-77.  Audio Output Circuit.  The audio output
circuit consists of FET switches Q3 and Q2, audio
output amplifier A2 and feedback network R11/
C9. Figure 4-23 is a simplitied block diagram ot
the audio output circuit. FET switches Q3 and Q2
provide selection of either tape or input signals to
be buffered by audio output buffer A2 under
control of the TAPE/TAPE and INPUT/INPUT
command signals from the audio control PWA
No. 5. FET switch Q2 selects the off-tape signal
from the reproduce equalizer amplifier when the
TAPE/TAPE command goes low. For monitoring,
FET switch Q3 selects the audio input signa! to
the record circuits when the INPUT/INPUT signal
goes low. FET switches Q2 and O3 will never both
be turned on at the same time; however, both
switches may be turned off simultaneously. Diode
CR1 at the input to FET switch Q2 provides
limiting, when Q2 is turned off, of positive signal
peaks to ensure that FET switch Q2 is not turned
on by the signal peaks. When FET switch Q2 is
turned on by the TAPE/TAPE signal, diode CR1
will not be forward biased because diode CR1 is
essentially at the virtual ground of the summing
junction. In a similar manner, diodes CR2 and
CR20 at the input of FET switch Q3 provide a
symmetrical clamp for the audio input to the
switch which prevents the audio peaks from
turning on FET switch Q3.

The selected audio, either tape or input, goes to
the inverting input of audio output buffer A2
which provides, via resistor R12, the audio output
signal from the main audio PWA. Part of the
audio output signal is fed back to the input of
audio output buffer A2 by feedback network
R11/C9. The voltage feedback from this network,
together with resistors R22 or R8/R9 selected
by FET switches Q3 or Q2, set the required closed
loop gain of audio output buffer AZ.

4-78. Input/Output Assembly (Accessory)

Up to two input/output modules may be mounted
side-by-side in an input/output assembly. One
module is required for each audio channel, and
each module contains a line input and a line output

AMPE X 4890407-01
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Figure 4-23. Audio Output Circuit, Simplified Block Diagram

transformer that permits balanced line operation, a
line driver, switchable peak/vu level meter, and
input and output level controls with preset/manual
switch contrals. Figure 4-24 is a simplified block
diagram of the input/output assembly, drawing
4840427 is the schematic of the input/output
mainframe assembly, and drawing 4840421 is the
schematic of the input/output module {schematics
are in Section 6 of this manual).

4-79. Line Input Amplifier. The audio tine in-
put signal to be recorded is applied to the input of
the input/output assembly. This signal can be
either balanced or unbalanced (see Installation sec-
tion}, and the signal is fed through input trans
former T2 to RECORD MANUAL/PRESET switch
52. In the PRESET position, the gain of line input
operatianal amplifier is adjusted by record preset
potenticmeter R2 to provide a —5-dBm output
level to the ATR-100 when the input is +4 dBm
(or other input level as seletted by the user).

AMPUX 4850407 01

It other than a predetermined input line leve! is
fed to the input, switch $2 is placed in the MAN-
UAL position and the RECORD petentiometer
control is used to centrol the gain of the amplifier
A2 to provide a —5 dBm output operating level to
the ATR-100. If required, the gain of amplifier A2
may be increased +6 dB by instaliing a jumper
across series resistors R60 and R63 and changing
C20 to 47 pF. (This also changes the input im-
pedance from BOK to 25K ohms.) Offset null
control R55 is adjusted so there is zero change in
dec voltage when the RFCORD potentiometer
control is rotated through its range.

4-80. Input Signal Monitoring. In input moni-
toring mode, the line input signal can be monitored
on the level meter and on the line-output line. The
line input is sampled at the output of amplifier A2
and is fed through record calibrate potentiometer
R3 to the input of FET switch Q2. in input moni-
toring mode, the 1ape/tape command from the



ATR-100 is high (fape}. This high turns FET
switch Q1 off and the high is inverted by Q3. The
low from the collector of Q3 turns FET switch Q2
on and the line input signal is fed to the line output
amplifier. The output ampfifier is formed from
operational amplifier A56 and complementary
symmetry line-driver transistors 04 and Q5 which
feed line output transformer T1. The gain of the
output amplifier is set by Ltwo feedback loops, The
first feedback loop is from the output of Q4/Q5
via R23/C6; and the second feedback loop is
derived from 3z tertiary winding on output trans
former T1, which supplies approximately 8 dB of
additional feedback, via R22/C5 to the summing
node of AbB-Z2. The output signal can be either
balanced or unbalanced {see Installation section
of manual).

Record calibrate potentiometer R3 is adjusted so
that the —5-dBm level at the output of amplifier
A2 is amplified to provide a +4-dBm line-output
level {or other output level as selected by the user).
Offset null control R40 is adjusted so there is zero
volts at TP2 when no input signal is applied to the
.inout/output assembly.

4-81. Reproduce Mode. In reproduce mode,
the reproduced audio signal at a —b-dBm level from
the ATR-100 s applted to the REPRODUCE con-
trol and the reproduce preset control R1. Control
R1 is adjusted so that when REFRODUCE switch
51 is in the PRESLCT position, the ocutput line fevel
will be +4 dBm (or other output leve! as selected
by the user). For manual adjustment of output
line leve!, switch §1 is placed in the MANUAL
position and the REPRODUCE potentiometer
cantro! is adjusted for the desired line-output level.
In reproduce mode, the fape/tape command from
the ATR-100 is low (tape). This low enables FET
switch Q1 and, via inverter Q3, disables FET
switch Q2. When Q1 is enabled, the audio signal
from the ATR-100 is applied to the input of
operational amplifier Ab.

482 Meter Circuit Operation. The signal to be
displayed on the meter is sampled from the tertiary
feedback winding on output transformer T1. This
signal is applied to meter calibration potentiometer
control R21, which is set so that a +4-dBm line
output signal (or other level selected by the user)
will indicate 0 vu on the level meter when the
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peak/vu switch $3 is in the vu position. {In the
peak position the meter will read —6 when R21
has been set to read 0 vu in vu position.} The
signal at the wiper of R21 is applied to the non-
inverting input of operational amplifier A4. This
amplifier has its output connected to the fufl-wave
bridge rectifier formed by CR3-CR6. Current feed-
back from the lower side of the bridge {junction
of CR5/CR6) is applied 10 the inverting input of
A4-6. This feedback linearizes the diode transfer
characteristics to produce a precision full-wave
rectifier. Components R19/C9/C10 set the ac gain
of the circuit in conjunction with resistor R30.

The rectified output of the diode bridge appears
across R30 and is applied to the differential inputs
of A1-1. The ocutput of A1-1 is a full-wave rectified
signal referred to ground level. This signal is fed to
amplifier A3-1, which uses Q6 as an output current
amplifier. Amplifier A3-1 and Q6 provide a high
drive current stage which is required when charging
the peak mode holding capacitor C1. Time cen-
stand components C1/R24 determine peak mode
integration time and time constant components
C1/84 predominately determine the fallback time.

in peak mode, switch S3A connects the input and
feedback network R5/R12/R13/C3 around meter
drive amplifier A1-7. In vu mode, switch S3B dis
connects the integraticn capacitor C1, and switch
S3A connects the other input/feedback network
R10/R11/C2 and R9/C4 around meter drive am-
plifier A1-7. These switched networks provide the
necessary gain change for peak and vu metering in
addition to providing the correct meter ballistic
for both modes.

Offset null control R32 is adjusted so that the level
meter will show no deflection (same reading as
when power is removed and meter needle is at
extreme left-hand dial position) when no signal is
applied to the input/output assembly.

4-83. Erase and Bias Voltage Confidence Indi-
cators. The ERASE and BIAS LED indicators
illuminate when the ATR-100 is in the record
mode. In record mode, the EVS (erase voltage
status) and BVS (bias voltage status) commands
are low, These commands cause Q9 and Q10 to
conduct, which causes the LED indicators to
illuminate.

AMPEX 4890407 Q1
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