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SECTION I

GENERAL DESCRIPTION

1-1. INTRODUCTION.

1-2., SCOPE. This manual contains information necessary for
installation, operation and maintenance of the core buffer
memories which comprise the 144-A series. The 144-A series
contains the following buffers: 144-BA-4A, 144-BA-8A, 144-BQ-4A

and 144-BQ-8A. .
1-3. MODEL DESIGNATIONS. The model designation explains the

storage capcity, character-bit length and operating mode of the
particular buffer as follows:

Character Operating Character

Capacity Mode Length (bits)
144 - BA - 4
144 - BA - 8
144 - BQ - 4
144 - BQ - 8

1-4, The designation BQ indicates that loading and unloading of
characters may be interlaced in any sequence, as long as the 144
character capacity is not exceeded. Clearing of the BQ models is
required only at the start of operations.

1-5. The designation BA indicates the following:

(a) Addressing circuits must be cleared after a load
operation, prior to the unloading of information.

(b) Address and storage circuits must be cleared after an
unload operation prior to the loading of additional information.



1-6. PURPOSE AND BASIC PRINCIPLES.

1-7. PURPOSE. The purpose of the buffers is to accomodate
differences in rates of information flow in data handling systems.
Digital information is loaded into a buffer at a time and rate
convenient to one data system component and unloaded at a time and
rate convenient to another. One or more buffers may be operated
in parallel to obtain character lengths in excess of eight bits.

1-8. The buffers are used between non-synchronized components in
data processing, computing, automatic machine control instrumentation

and on-line data handling systems.

1-9. BASIC PRINCIPLES. The buffers are coincident-current ferrite
core storage systems driven by magnetic stepping switches through
logical control circuits in response to externally applied synchro-
nization pulses. These pulses time the coincident currents which
determine the state of the bi-~stable ferrite cores and regulate

the flow of digital information through the buffer. A load pulse
causes information on the parallel input lines to be stored in

the system. An unload pulse produces one character on the parallel
output lines. Each operation takes 10 microseconds.

1-10. The load control circuits consist of blocking oscillators,
flip-flops and delay circuits used to write information into the
storage system by determining the state of storage cores selected
by the switches. Similar unload circuitry reads the state of each
core and gates the information out of the system through read
amplifiers. Information in the form of d-c levels on the input
(load or write) lines may be regulated into the buffer at a rate as
high as 100 kc. Positive pulses are produced at the buffer output
lines. These pulses may be ONEs or ZEROs depending on the coding.

1-11. COMPONENTS.

1-12. GENERAL. (See Figure 1-1). The buffer is a compact unit
consisting of the storage system and magnetic stepping switches
(top right), printed circuit cards (right to left) and the power
supply (bottom section) shown in Figure 1-1. The entirely
transistorized buffer is 8-3/4 inches high, 14 inches deep and fits
into a standard 19 inch relay rack. Mechanical retainers are
provided on all external plugs and sockets. Table 1-1 lists all
components and gives the TMI part number for each.



TABLE 1-1. COMPONENTS.

Component Abbreviation TMI Part Number Per Buffer

(Figure 6-1) Numbex BA BQ
Input Sync 10780 1 1
Amplifier
Two Phase 20D 10605 1 2
Driver
34-Way MS-34 . 10620 1 2
Magnetic
Switch
Positive PCS 10793 1 1
Current
Stabilizer
Digit DD-G 10787 1 in BA-4 1 in BQ-4
Driver 2 in BA-8 2 in BQ-8
Read RA-J 10803 1 in BA-4 1 in BQ-4
Amplifier : _, 2 in BA-8 | 2 in BQ-8
Strobe 10960 1
Generator
Electronic 10785 1 1
Clear
Coincident CD-B 10782 1 1
Current
Detector
(optional)
Dumm P-10816 1 0
Boar ‘
Magnetic Assenbly 10679 (BA) 1 1
(includes MS- 10621 (BQ)
34)
Power PS 10904 1 1
Supply




1-13. INPUT SYNC AMPLIFIER. The input sync amplifier printed
circuit card accepts load and unload sync pulses from the external
equipment and produces pulses which control the load two phase
driver, the unload two phase driver, the digit drivers and the
strobe generator circuits.

1-14. TWO PHASE DRIVER. The 144-BA buffers contain one two phase
driver and the 144-BQ buffers contain two of them. 1In each case,
the two phase driver is used to advance a magnetic stepping switch.
Delayed sync pulses from the input sync amplifier are fed to the
two phase driver. Successive sync pulses at the sync input of the
driver result in alternate current pulses at driver output lines.
The alternate current pulses cause the magnetic switch to select
successive storage cores within the storage matrix in a predeter-
mined sequence.,

1-15. MAGNETIC STEPPING SWITCH. The 144-BA buffers contain one
34-way magnetic stepping switch and the 144-BQ buffers contain two.
Current pulses from the two phase driver advance the magnetic switch
so that it selects predetermined storage cores within the storage
matrix in a predetermined sequence. In 144-BQ buffers, one

magnetic switch is used when information is loaded into the buffer
and the second magnetic switch is used when information is un-
loaded from the buffer. The 144-BA buffers employ one magnetic
switch for both load and unload operations.

1-16. STORAGE SYSTEM. The storage system (matrix) contains the
ferrite storage cores which store the digital information bits.
The cores are arranged on rectangular matrix frames. Each frame
contains 288 storage cores which constitute two matrix planes. The
144-BA~4 and 144-BQ-4 buffers contain four matrix planes. These
buffers each have a storage capacity of 572 information bits

(4 x 144). The 144-BA-8 and 144-BQ-8 buffers contain eight
matrix planes. These buffers each have a storage capacity of 1152
information bits (8 x 144).

1-17. Each time that the magnetic switch is stepped (paragraph
1-15), one core in each matrix plane is selected. In the 144-BA-4
and 144-BQ-4 buffers the magnetic switch selects four cores at a
time (four planes). In the 144-BA-8 and 144-BQ-8 buffers the
magnetic switch selects eight cores at a time (eight planes).

Each group of four or eight cores is called an address. There are
144 addresses in each buffer and each address corresponds to a
particular setting of the magnetic switch.



1-18. POSITIVE CURRENT STABILIZER. The positive current stabilizer
is connected between the power supply and the two phase drivers.

It stabilizes current which is steered by the magnetic switches
through the storage system. Current flows from the positive

current stabilizer, through the two phase driver, the magnetic
switch, and the storage system to ground.

1-19. DIGIT DRIVER. The purpose of the digit driver is twofold:

(a) It prevents current flow through the inhibit winding
of a matrix plane so that the magnetic state of a storage core may
be switched by drive currents from the magnetic switch. It does
this by presenting a high impedance to the inhibit current source
at the proper time.

(b) It permits current flow through the inhibit winding of
a matrix plane to prevent a core from being switched. It does
this by presenting a low impedance to the inhibit current source
at the proper time.

1-20. The timing of the digit driver currents is controlled by
gating levels from the input sync amplifier. Each digit driver
printed circuit card contains four information inputs, four gate
inputs and four outputs.

1-21. READ AMPLIFIER. The read amplifier receives a signal pulse
from the storage system during the time that information is being
unloaded from the buffer. At this time the read amplifier is
enabled by a strobe pulse from the strobe generator. The strobe
pulse permits the read amplifier to produce information bits at

the output lines of the buffer only at the proper time. Each

read amplifier printed circuit card contains four read amplifier
circuits. Each amplifier circuit contains an information input,

a strobe input and an information output.

1-22. STROBE GENERATOR. The strobe generator receives a pulse
from the input sync amplifier whenever the ferrite core switching
currents flow in the matrix. Gating levels from the input sync
amplifier control the operation of the strobe generator sc that it
produces a load strobe output pulse during each load operation and
an unload strobe output pulse during each unload operation. The
load strobe pulse is used to gate the load coincident current
detector. The unload strobe pulse gates the unload coincident
current detector and the read amplifiers.



1-23. COINCIDENT CURRENT DETECTOR. The coincident current detector
printed circuit card is optional equipment. Its purpose is to
produce a marker output pulse in synchronization with the loading

or unloading of a character at predetermined addresses. The

printed circuit card contains two detector circuits. These two
circuits may be connected to the magnetics assemblies of the

buffer so as to produce any of the following marker outputs:

(a) One load marker and one unload marker.
(b) Two load markers.
(c¢) Two unload markers.

(d) oOne load marker may be obtained when one detectbr
circuit is unused.

(e) One unload marker may be obtained when one detector
circuit is unused.

1-24. The load or unload markers may be synchronized with any of
the 144 addresses. Wiring between the coincident current detector
and the storage circuits is performed at the factory in accordance
with the requirements of the user.

1-25. POWER SUPPLY. The power supply operates on 115 volts,

60 cps and delivers d~-c operating voltages to all circuits of the
buffer. The input a-c voltage is regulated within the power
supply. In addition, several of the output voltages are regulated.
Several output adjustment controls are located at the rear of the
power supply.

1-26. REFERENCE DATA.

Dimensions . . . . +« « « « o« « « « 19 x 8-3/4 x 14 inches

W’e ight - D . 3 . . . . . . - . . . 38 pounds

Operating Power. . . . . . . . . . 115 +15 volts, 48 to
62 cps at 2 amperes

Environmental Limits . . . . . . . 0° to 70° c. (continuous
' operation).



Information Signal Polarity . . . . The buffer can operate

- so that either the
positive level or the
negative level of the
information signal
represents a binary
ONE .

Input Information Levels . . . . . Between -12 and +12
volts. Swing from ZERO
to ONE may be from 3
to 10 volts in amplitude.

Input Information Timing . . . . . The information level

must reach the 50% level
of its voltage swing
within 1.0 microsecond
after zero time.

Zero TiME. ¢ o o« o o o« « »« =« « « « 2Zero time is defined as
‘ the time when a load or
unload sync pulse
crosses the reference
level.

Information Level Duration . . . . Information level must
remain settled for 9 us
after zero time during
a load cycle.

Note

The buffer is wired at the factory to
utilize the information levels specified
by the user., It is adjusted at the
factory to accomodate the information
voltage swing specified by the user.

Character Capacity . . . .. . . . 144 characters
Character Length

144-BA-4 and 144-BQ-4 . . . four bits
144-BA-8 and 144-BQ-8 . . . eight bits



Operating Mode

L44~BA Buffers . « « « « -« . . Continuous loading of

144-BQ Buffers . . . . .

Cycle Time . . . . . .
Rate of Operation . . .
. Sync Pulse Requirements

Polarity . . . . .

Pulse Amplitude . .
Peak Limits . . . .

Leading Edge . . .
Duration. . . . . .

‘Trailing Edge . . .

any number of characters
up to 144. Continuous
unloading of characters.
Address clearing required
after loading. Master
clearing (address and
storage) required prior
to reloading.

Characters may be

loaded or unloaded
continuously in'any
interlaced pattern.
Address and storage
circuits must be cleared
at the start of
operations.

10 microseconds

100 kc maximum

either positive or
negative

3 to 10 volts
-12 and +12 lets

0.1 to 0.7 us (10% to
90%)

1.0 to 3.0 us between
points of 90% amplitude

0.1 to 3.0 us (90% to
10%)



Clear Pulse Requirements . . . . . . Same as for sync pulses

Settling Intervals Required (leading edge to leading edge)

_From

Sync Pulse
Switch Clear Pulse
Master Clear Pulse
Switch Clear Pulse

Master Clear Pulse

To
Cleaf Pulse
Sync Pulse
Sync Pulse

Clear Pulse

Clear Pulse

NOTE

Interval
10 us

20 us

10 us
100 us

200 us

The buffer is wired at the factory to
accomodate the sync and clear pulse

levels specified by the user.

Input Capacitance . . . . . . .

Output Pulse Characteristics

Polarity .

Amplitude

3

-

L3 - 03 - -

Reference Level . . . .

Rise Time

Duration .

Fall Time

.

- - - . .

L3 . L3 3 -

L3 - . . .

0.001 microfarad max.

positive
10.0 #1.0 volts

-5.0 + 0.5 volts

1.0 us maximum

0.5 to 1.5 us between

- points of 90% amplitude

3.0 us maximum



Figure 1-2.

Type 144-A Core Buffer
Memory, Rear View.



SECTION IT

INSTALLATION

2-1. GENERAL.

2-2. This section contains instructions for installing the
buffers.

2-3. UNPACKING.

2-4. EQUIPMENT SUPPLIED. Each shipping crate contains two
Amphenol Blue Ribbon connectors in addition to the buffer.

2-5. REMOVAL FROM SHIPPING CRATE. Each buffer is shipped in a
wooden box and the box strapped with metal bands. During ship-
ment, the buffer is protected by rubberized hair and fiberboard
packing materials. The packing materials should be saved for
future shipment of the buffer. ‘

2-6., Use cutters to remove the metal bands from the crate. Pry
the crate apart with a crowbar.

CAUTION

Exercise extreme care to avoid
damaging the buffer while
opening the crate. Do not
disturb. the setting of any ad-
justment control.

2-7. INSPECTION. Examine the equipment after it has been
unpacked. If any part of the buffer has been received in a
damaged condition, report the damage at once to the shipper.

2-8. CABLING INSTRUCTIONS.

2-9. FOR ALL 144-A BUFFERS. The two Amphenol connectors used to
connect the buffer to the external equipment must be wired as

shown in Figure 2-~1 or Figure 2-2. Use No. 22 wire to connect

the load and unload information lines, the load and unload sync
lines and the clear lines. Use No. 16 wire for the interconnection



between the buffer and the external equipment ground. Make all
lines between the buffer and the external equipment as short as
possible. Route the signal lines (sync, clear and information)
as far as possible from noise sources.

2-10. FOR 144-BA-4 AND 144-BA-8 BUFFERS. Wire the INPUT and
OUTPUT connectors as shown in Figure 2-1.

2-11. FOR 144-BQ-4 AND 144-BQ-8 BUFFERS. Wire the INPUT and
OUTPUT connectors as shown in Figure 2-2.

2-12. PRELIMINARY CHECKS.

2-13. TEST EQUIPMENT REQUIRED. The following checks require a
Tektronix Type 531 oscilloscope and a Simpson Model 260 multi-
meter or their equivalents.

2-14. INPUT SIGNALS. Check that the load sync pulses, unload
sync pulses, clear pulses, information levels and power sources
conform with the specifications of Paragraph 1-27.

NOTE

Do not attach the INPUT or
OUTPUT connector at this
time.

2-15. APPLICATION OF POWER. Connect the power source and turn
the power on. The pilot indicator at the front of the power
supply must light.

2-16. POWER SUPPLY OUTPUTS. Check all power supply output
voltages in accordance with Paragraphs 5-14 through 5-17.

2-17. PCS OUTPUT. Check the output of the positive current
stabilizer in accordance with Paragraph 5-18.

2-18. OPERATIONAL CHECKS. Perform the operational checks out-
lined in Paragraphs 5-9 through 5-13. If the buffer meets the
requirements of the operational checks, perform the final
installation.

2-19. INSTALLATION. The buffer may be installed in a standard

2-2



19-inch relay rack or notched for either Western Electric or
‘Amateur racks. Other equipment may be mounted immediately below
the buffer, but a space of at least 3/8 inch is required between
the buffer and the equipment which is immediately above it.
Ambient airflow provides sufficient cooling.

P P3
Y "
o @)
L o ! -
. ] [ H—< LoAD PULSE < ] [T H-£L0AD \ yarkers
~o-2—1177 [TOH—=a— UNLOAD PULSE} SYNC <217 (1o} UNLOAD
33 [T <>H3] [0
Loap ) 2—1a| [ unLoAD ) < 4| [12
LINEs") 21757 [13 LINES | <25 | [I3
26| [1a41H—a— SWITCH\, ¢, R <6 [12
~»>T 7] [15|{—a— MASTER <7 [15
__© ©
S
INPUT PLUG PI OUTPUT PLUG P3
AMPHENOL 26-4401-16P AMPHENOL 26-4402-16P

Figure 2-1. TInput and Output Connector Wiring
For 144-BA-4A,144-BA-8A, 144-BQ-4A,
and 144-BQ-8A Buffers,

NOTE

The 144-BQ-4A and 144-BQ-8A
buffers do not use the switch
clear input lead shown at

Pin 14, Figure 2-1.



SECTION IIX

OPERATION

3"‘]— - ,(_‘J.E_N_ERAI"-’

3-2. This section contains the operating instructions required
for the 144-A Core Buffer Memories. Before operating the buffer,
check that all the installation instructions of Section II have
been carried out.

3-3. INDICATORS AND CONTROLS.

3-4. The red indicator lamp on the front panel of the power supply
will be 1lit if the buffer is receiving power. Screwdriver
adjustment controls are located at the rear of the power supply.
These control the power supply output voltages and the PCS output
current which should be checked monthly.

3-5. INPUT AND OUTPUT TERMINALS.

3-6. All inputs and outputs of the 144-A buffers are illustrated
in Figure 2-1.

3-7. OPERATING MODES.

3-8. DATA TRANSFER. This is the method of operation by which
the buffer is used as a converter between two data systems which
operate at different data processing rates. The buffer stores
excess characters from the input equipment and unloads these
characters at the operating rate of the output equipment.

3-9. 144-BQ-4A AND 144-BQ-8A BUFFERS. When these buffers are
used for data transfer, a number of characters are loaded into
the storage system, a portion of these are unloaded, and the load
and unload commands continue alternating.

3-10. 144-BA-4A AND 144-BA-8A BUFFERS. When these buffers are
used for data transfer, a number of characters are first loaded
into the buffer. The buffer address circuits (magnetic switch)
are then cleared. Next, any desired number of characters is
unloaded. The address circuits and the storage system are then
cleared. The loading and unloading process is continued as above.



NOTE

If the buffer is not completely emptied
of information during the unloading
process, the remaining characters will
be destroyed by the following master
clear pulse.

3-11, CIRCULATING REGISTER (BQ BUFFERS ONLY). During this mode
of operation, a block of characters is first loaded into the
buffer and the buffer is put through a program of loading and
unloading. In this case, each character unloaded is returned to
the buffer during the following load operation and the length of
the information loop is determined by the length of the original
block of characters. The register length is therefore equal to
the number of characters stored in the buffer and may be changed
by loading or unloading characters as required.

3-12. PARALLEL OPERATION. Two or more buffers may be connected
for parallel operation in either the data transfer or the
circulating register mode. The two buffers then operate as a
single unit with the same l44-character capacity but with a
larger character bit length.

3-13. SERIES OPERATION. Two or more buffers may be connected in
series to increase the character storage capacity by multiples of
144.

3-14, OPERATING PROCEDURES.

3-15. PRELIMINARY CHECKS. Before operating a buffer, check that
the input and output connectors are firmly attached and locked
with their retainers. Check that the buffer is receiving power
(the pilot lamp is lit).

3-16. 144-BA-4A AND 144-BA-8A BUFFERS. After performing the
checks of paragraph 3-14, operate the buffer as follows:

(a) Clear both the address and the storage circuits by
means of a master clear pulse.

(b) Load any number of characters up to 144.

(c) Clear the address circuits by means of a switch clear
pulse.



(d) Unload any desired number of characters.
(e) Repeat step (a).

(f) Continue to load and unload characters as instructed
in steps (a) through (e).

3-17. 144-BQ-4A AND 144-BQ-8A BUFFERS. After performing the
checks of Paragraph 3-14, operate the buffer as follows:

(a) Clear the buffer by means of a master clear pulse.
(b) Load any number of characters up to 144.
(c) Unload any desired number of characters.

(d) Load as many characters as desired but do not exceed
a total of 144 stored characters.

(e) Repeat steps C and D as many times as desired.

3-18. INPUT AND OUTPUT INFORMATION. Information is presented
to a buffer in the form of d-c levels on the parallel input
lines. A load sync pulse causes this information to be loaded.
An unload sync pulse causes the unloading of one character.
Refer to Paragraph 1-27 for input pulse levels, input pulse
characteristics, timing requirements and output characteristics.

NOTE

Information stored in the buffer will
be destroyed if power is removed.
Always clear the buffer after power is
applied.

3-19. If the buffer does not operate correctly, refer to
Section V for troubleshooting information.



SECTION IV

THEORY OF OPERATION

4-1. GENERAL THEORY.

4-2., BLOCK DIAGRAM. (See Figure 4-1). The 144-A Core Buffer
memories are core storage units designed to connect non-synchronized
data systems. Each buffer consists basically of the control
circuits, magnetic switches, digit drivers, storage system and

read amplifiers shown in the block diagram. Figure 4-2, the timing
chart, shows the timing relationships of signals from the above
circuits.

4~3. CONTROL CIRCUITS. The input sync amplifier, the two phase
drivers and strobe generator constitute the control circuits.
Paragraphs 4-4 through 4-7 explain the interrelationship of these
circuits in the 144-BQ buffers. The circuits have similar
functions in the 144-BA buffers but the 144-BA buffers have only
one two phase driver which is used for both loading and unloading
information. :

4-4. The input sync amplifier produces the following outputs on
receipt of a load sync pulse from the external equipment:

(a) A delayed load sync pulse which is used to trigger the
load two phase driver and the strobe generator. The load two
phase driver, in turn, turns on the load magnetic switch.

(b) A gating level (EE) which enables the digit drivers to
- supply information to the storage cores and enables the strobe
generator to produce a load strobe pulse.

(c) A gating level (LU) which enables the strobe generator
to produce a load marker strobe pulse during the load operation.

4-5. The input sync amplifier produces the following outputs on
receipt of a unload sync pulse from the external equipment-

(a) A delayed unload sync pulse which is used to trlgger
the unload two phase driver and the strobe generator.

(b) A gating level (LU) which enables the unload strobe
generator during the unload operation. '



‘ (c¢) A gating level (Eﬁ) which prevents the strobe generator
from producing a load strobe pulse during the unload operation.

4-6. The two phase drivers control the counting sequence of the
magnetic switches. 8uccessive delayed sync pulses at the input
to a two phase driver result in current pulses at two outputs of
the two phase driver in alternation. These current pulses step
the magnetic switch through a predetermined counting sequence.
Storage cores within the matrix are driven by currents from the
magnetic switch.

4-7. The strobe generator produces strobe pulses which control
the timing of the coincident current detectors and the read
amplifiers. When the LU level is at the proper voltage, a delayed
load sync pulse from the input sync amplifier causes the strobe
generator to produce the load strobe pulse. This pulse controls
the timing of the load coincident current detector. When the LU
gating level is at the proper voltage, and the strobe generator
receives a delayed unload sync pulse from the input sync
amplifier, the strobe generator produces an unload strobe pulse.
This pulse controls the timing of the unload coincident current
detector and the read amplifiers.

4~-8. MAGNETIC SWITCHES. In the 144-BQ buffers, the load
magnetic switch selects the cores which are to store information
when a character is being loaded and the unload magnetic switch
selects those cores from which information is to be unloaded
during the unloading of a character. The 144-BA buffer contains
only one magnetic switch which is used for both loading and
unloading. Each magnetic switch contains eighteen X output lines
and eight Y output lines. At each step of its counting sequence,
the magnetic switch drives a current pulse through one X matrix
drive line and one Y matrix drive line in coincidence. Since
there are 144 possible combinations of X and Y drive (18 x 8 =
144), the magnetic switch can select 144 distinct matrix
addresses. The coincident currents from the magnetic switch are
sufficient to turn over a core which is at the selected X and Y
lines of the matrix.

4-9, DIGIT DRIVERS. The digit drivers present information to
the storage cores which are selected by the load magnetic switch
during the loading of a character. When the LU level from the
input sync amplifier is at the proper voltage and the information
input line is at the proper level, the digit driver drives an



inhibit current through one of the cores selected by the magnetic
switch. This inhibit current opposes the coincident currents from

the magnetic switch and prevents turnover of the core. A core

which is allowed to turn over stores either a binary ONE or a binary
ZERO, depending on whether the system is BA or BQ. (Refer to Paragraph
4-64).

4-10. STORAGE SYSTEM. The ferrite cores which store digital infor-
mation bits are strung on the wires which constitute the X and Y
drive lines. The storage matrix contains either four or eight digit
planes, each plane contains 144 storage cores (18 x 8 drive lines).
Each digit plane contains an inhibit line which is threaded through
all 144 cores and an output line which is threaded through all 144
cores. A magnetic switch addresses one core of each plane during
the load operation and during the unload operation. During the load
operation, the digit drivers prevent certain cores from turning

over by means of the inhibit current. During the unload operation,
each core which is turned over supplies an information output from
its read widning to one of the read amplifiers.

4-11. READ AMPLIFIERS. A read amplifier receives a pulse from a
storage core when the core is turned over during an unload or load
operation. In both the 144-BA and 144-BQ buffers, this pulse
signifies a binary ONE information bit. The unload strobe pulse
from the strobe generator permits a read amplifier to amplify a
turnover signal only during the time of the core turnover signal.

A read amplifier therefore cannot amplify a core turnover signal
which may be produced by a sense winding during a load operation.
The binary ONE pulses are fed from the read amplifiers to the exter-
nal equipment on either four or eight output lines. The absence of
a pulse at any information output indicates a binary ZERO infor-
mation bit during the unloading operation.

4-12. COINCIDENT CURRENT DETECTORS. The coincident current
detectors are optional equipment and their purpose is to produce an
output marker pulse in synchronization with either the loading of a
character or the unloading of a character at a particular address.
Each coincident current detector is connected to an X drive line
and a Y drive line of a magnetic switch. Since the particular X
and Y drive lines are pulsed at only one address, the detector
circuit receives coincident input signals only at this address. A
strobe pulse(load or unload) from the strobe. generator controls

the timing of the marker output pulse.
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Figure 4-1. 144-A Core Buffer Memory,
Block Diagram

4-13. DETAILED THEORY.

4-14. GENERAL. The following paragraphs explain the detailed
theory of operation of the buffer circuits. The first drawing in
Section VI of the manual (Figure 6-1) is a complete block diagram
of the buffer. Figure 6-~1 and the schematic diagrams of Section VI
should be consulted while the detailed theory is being read.

4-15. INPUT SYNC AMPLIFIER.

4-16. See Figure 4-3 and 6-~2. The input sync amplifier receives
load sync pulses and unload sync pulses from the external equipment
and delays these pulses for the purpose of triggering load and
unload control circuits of the buffer. A flip-flop in the load
sync amplifier produces gating levels which are used to gate the

digit drivers and the strobe generator. Descriptions of the
various input sync amplifier circuits follow. :

4-4
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4-17. LOAD SYNC AMPLIFIER. The input sync amplifier may be
manufactured to utilize either positive or negative going input
sync pulses. When only jumpers W2 and W4 are disconnected, the
input circuits are wired to accomodate positive-~going load and
unload sync pulses. When only jumpers Wl and W3 are disconnected,
the inputs are wired for negative going sync pulses.

4~18. 1In either case, Ql amplifies the load sync pulse at input
A~1 or A-2 and a negative pulse from the Ql collector is coupled
through C2 and CR7 to load sync blocking oscillator Q2.

4-19. LOAD SYNC BLOCKING OSCILLATOR. A negative pulse from the
collector of Ql triggers blocking oscillator Q2. Transistor Q2
is normally cut off and the negative pulse at its base drives it

into conduction. As the transistor conducts through the primary

winding of T1l, feedback current flows in the Q2 base circuit
through R33 and the feedback winding of Tl. This causes the tran-
sistor to saturate for the duration of the pulse. On saturation,
the field about the transformer collapses and an inductive kick
from the feedback winding turns Q2 off. The entire cycle takes
place during a period of approximately 1.5 microseconds. Resistor
R1l4 and transformer Tl comprise the resistance- inductance
elements which determine the cycle time,

4-20. LOAD DELAY AMPLIFIER. During the time that the blocking
oscillator conducts, a positive pulse is coupled from terminal 6
of Tl to the base of load delay amplifier Q3, which is normally
cut-off. A negative excursion at the trailing edge of the
positive pulse drives Q3 into conduction and a positive pulse
appears at output A-l. Since Q3 is turned on by the trailing
edge of the blocking oscillator pulse, the A-1 output pulse is
delayed 1.0 microsecond in relation to the load sync pulse.

4-21. UNLOAD SYNC AMPLIFIER. The operation of unload sync
amplifier Q6 is similar to that of the load sync amplifier
(Paragraph 4-17).

4-22. UNLOAD SYNC BLOCKING OSCILIATOR. The operation of unload
sync blocking oscillator Q7 is identical to that of the load sync
blocking oscillator (Paragraph 4-19).

4-23. UNLOAD DELAY AMPLIFIER. The operation of unload delay

amplifier Q8 is identical to that of the load delay amplifier

(Paragraph 4-20). 1Its output (B-1) is delayed 1.0 microsecond
with respect to the unload sync pulse.
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Figure 4-3. Input Sync Amplifier, Block Diagram

4-24, LOAD-UNLOAD FLIP-FLOP. Transistors Q4 and Q5 and associated
components comprise the load-unload flip-flop. The flip-flop provides
two gating levels which are designated LU and LU. These levels are
used to gate various load and unload circuits of the buffer. The LU
level is obtained from the collector of Q5 and the LU level from the
collector of Q4. When power is first turned on, either Q4 or Q5 may
conduct. When a character is being loaded into the buffer, the LU
level must be at +5 volts (high) and the TU level must be at -5

volts (low). This is called the LOAD state of the flip-flop. Should
Q4 conduct when power is first turned on (UNLOAD state with LU low
and TU high), a delayed pulse from delay amplifier Q3 is coupled
through C4 and CR13, cutting off Q4 and switching the flip-flop.

This occurs as a result of the first load sync pulse from the external
equipment, so that the LU and TU levels are correct when the first
character is loaded into the buffer. Should Q5 conduct when powar

is first turned on, the LU and LU levels are correct and the pulse
from Q2 has no effect on the flip-flop.

4-25. Each subsequent load sync pulse results in a delayed load sync
pulse output and switches the flip-flop. Approximately 6 microseconds



after zero time (Paragraph 1-27), a reset pulse from the load two
phase driver resets the flip-flop to the UNLOAD state.

4-26, Since the load-unload flip~flop is automatically reset to
the UNILOAD state, a short time after it is switched to the LOAD
state, the LU and LU levels are always correct for unloading a
character when an unload sync pulse is received by the buffer.
However, sufficient time must be allowed between a load sync
pulse and an unload sync pulse for resetting the flip-flop.

4-27. TWO PHASE DRIVERS. (See Figures 4-4 and 6-3).

4-28,., BA BUFFERS. The 144-BA-4A and 144-BA-8A buffers contain
one two phase driver circuit card (load-unload) which is used to
step the load-unload magnetic switch. At the start of operations,
the driver is set to its initial state by a clear pulse from the
electronic clear circuit. After it has been cleared, the two
phase driver feeds current pulses to the load-unload magnetic
switch on two output lines in alternation. The load-unload two
phase driver is triggered by delayed load sync pulses from the
input sync amplifier and delayed unload sync pulses through the
dummy circuit card (Paragraph 4-48).

4-29. BQ BUFFERS. The 144-BQ-4A and 144-BQ-8A buffers contain
two identical two phase driver circuit cards (load and unload).
The load two phase driver advances the load magnetic switch and
the. unload two phase driver advances the unload magnetic switch.
At the start of operations, both drivers are cleared to their
initial states by a pulse from the electronic clear circuit. The
load two phase driver is triggered by delayed load sync pulses
from the input sync amplifier and the unload two phase driver by
delayed unload sync pulses from the input sync amplifier,.
Successive load sync pulses result in current pulses from the
load two phase driver to the load magnetic switch on two output
lines in alternation. Successive unload sync pulses result in
current pulses from the unload two phase driver to the unload
magnetic switch on two output lines in alternation.

4-30. CIRCUITS. The two phase drivers of the BA and BQ buffers
are identical. Each driver contains an inverter, a flip-flop,
two blocking oscillators and two transistor switches. Dzlayed
sync pulses (load or unload) trigger the blocking oscillators in
alternation. The operation of the flip-flop is similar to that
of the input sync amplifier and it gates the blocking oscillators
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Figure 4-4. Two Phase Driver, Block Diagram

so that they are triggered in the proper sequence. Each of the transis-—
tor switches is connected between the positive current stabilizer and
one drive line of the magnetic switch. The blocking oscillators turn
on the magnetic switches in alternation, permitting current flow

through the magnetic switch drive lines.

4-31. At the start of operations, the ODD input of the magnetic switch
must be driven first so that the magnetic switch will select matrix
address No. 1 for the loading of the first character. For this reason,
a positive clear pulse is used to cut off Q5 if it should happen to
conduct after the power is first turned on. This switches the flip-
flop to the ODD state so that blocking oscillator A is the first Lo be
triggered. 1In the 144-BA-4A and 144-BA-8A buffers, the same two phase
driver is used for loading and unloading operations. In these buffers
it is necessary to clear the two phase driver to the ODD state prior
to the loading or unloading of any characters. This so so because

the BA buffers have only one magnetic switch which must return to

the first address prior to unloading one or more characters. The

two phase drivers of the BQ buffers need not be cleared prior to

the unloading of information.



4-32, INPUT CIRCUITRY. Positive trigger pulses from the input
sync amplifier are inverted by transistor Q7 and applied as
negative pulses to diodes CR17 and CR19 in parallel. The printed
circuit card contains a provision for bypassing the inverter to
permit the use of negative-going input pulses.

4-33, NEGATIVE AND GATES. (See Figure 4-5). Diodes CR17 and
CR18 comprise AND gate A at the input to blocking oscillator A.
The collector of Q4 may be at either -5 or +5 volts, depending
on the state of flip-flop Q4-Q5. When the collector of Q4 is

at +5 volts, CR8 conducts through R8 so that the AND gate output
is clamped to the +5 volt level. Diode CR17 is therefore biased
in reverse and a negative going sync pulse cannot cause CR17 to
conduct. When the Q4 collector is at -5 volts and no sync pulse
exists at the sync input, CR17 clamps the output of the AND gate
to the +5 volt level of the Q7 collector and CR8 is reverse
biased. On arrival of the sync pulse, CR17 conducts so that the
AND gate output drops to -5 volts. AND gate A thus passes a sync
pulse only when the flip-flop is in the even state and the collec-
tor of Q4 is at a ~5 volt level.

4-34., Diodes CR13 and CR19 and resistor R19 comprise AND gate B
at the input to blocking oscillator B (See Figure 6-3). AND
gate B allows blocking oscillator B to be triggered only when
the flip-flop is in the odd state and the collector of Q5 is at
a -5 volt level. '

4-35. BLOCKING OSCILLATORS. (See Figure 4-5). The negative
going pulse at the output of AND gate A causes CR7 to conduct
and the voltage at terminal 4 of transformer T1 drops from +5

to -5 volts. The resulting current change through winding 1-4
induces a current in 3-6 to drive the base of Q3 negative while
feedback drives Ql into conduction through 2-5. When Ql
saturates the transformer field collapses to turn off both
transistors. Resistor Rl and Tl comprise the resistance-
inductance circuit which determine the blocking oscillator cycle

time. The transistor junction resistance is negligible in this
respect.

4-36. The collector circuit of Ql may be wired in three
configurations as shown on Figure 6-3.
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Resistor Rl is temperature sensitive and maintains a constant
ratio of L/R, thus maintaining a constant pulse duration with

varying temperature.

4-37. The operation of blocking oscillator B is identical to

that of blocking oscillator A.

4-38. TRANSISTOR SWITCHES. Transistor switch A and transistor
switch B are identical. During the time that Ql conducts, a

current is induced in winding 3-6 of Tl.

This currents turns on

transistor switch Q3 during the blocking oscillator cycle.
Transistor Q3 is in series with the positive current stabilizer
(PCS) and the even drive line of the magnetic stepping switch.

4-11



During the time that Q1 conducts, current flows from the PCS
through Q3 to the drive line of the magnetic switch. The duration
of the current pulses through the transistor switch is dependent
on the cycle time of the blocking oscillator.

4-39. DIODE NETWORK. (See Figure 6-3). Diodes CR25 and CR26
and capacitor C4 form a network which maintains a constant
operating voltage across the blocking oscillators. Zener diode
CR26 maintains a constant voltage across resistor Rl and terminal
1 of the transformer. Diode CR25 maintains a voltage-drop of
approximately .6 volts, and applies a +4.4 volt level to the base
of Q1. This keeps Ql cut off between trigger pulses.

4-40. LOAD-UNLOAD SYNC OUTPUT. (See Figure 6-3). When the field
about the blocking oscillator transformer c¢ollapses at the end

of the cycle, the inductive kickback of the transformer causes

a positive excursion at the trailing edge of the negative pulse.
This positive pulse (at terminal 5 of either Tl or T2) causes
diode CR15 or diode CR21 to conduct through resistor R20 and the
reset input circuit of the load-unload flip~flop in the input

sync amplifier.

4-41. MAGNETIC STEPPING SWITCH. (See Figure 4~6).

4-42, The magnetic stepping switch is driven by constant
current pulses from a two phase driver, Drive currents appearing
at the two inputs of the magnetic switch in alternation enable
the switch to steer current through successive lines of the
storage matrix. The magnetic switches of the BA buffers and the
BQ buffers are identical. Different methods are employed for the
loading and unloading of information in BA and BQ buffers i
(Paragraph 4-14). The different techniques used in storage core
switching involve the operation of the digit drivers and the
coding of information in the matrix. Magnetic switches of the

BA and BQ buffers operate in exactly the same manner.

4-43. Each switch core has four windings (clear, set, drive,
and output). The clear winding starts the counting operation by
setting all the cores except T25 and T34 to ZERO. Since the
reset winding is wound oppositely on these two cores they are
initially set to ONE.

4-44. The first input pulse on line 1 then sees a low impedance

path through all the core windings in its row except T25 and T34.
These cares are turned to ZERO by the input pulse. As they tum fran ONE"

4-12



to ZERO a voltage is induced in their output windings.

4-45. The T34 output current passes through the T9 set
winding, turning T9 to ONE, through the first matrix X line,
and through the X ODD wire to the output winding of T25. The
current from T25 now sets up Tl and passes through the first
matrix Y lines to ground. All cores except Tl and T9 are now
set to ZERO, and one core in each of the matrices (1,1) has
been driven with a full current.

4-46. The first input 2 pulse turns Tl and T9 to ZERO. These
cores now energize the T18 and T26 set windings and apply
current through CR2 and CR18 to Y line 1 and X line 2 of the
matrices.

4-47. The next input 1 pulse turns cores T18 and T26 to drive
'Y line 2 and X line 3 in exactly the same way. Notice that the
switches steer stabilized current from step to step because the
ferrite switch cores store information as to the next switch
position address. The cores are able to act as counters in this
manner because they have two stable states. This is further
discussed in connection with the storage system explained in
Paragraph 4-60.
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Figure 4-6. Magnetic Stepping Switches,
Simplified Schematic Diagram



4-48, DUMMY CIRCUIT CARD (BA ONLY). (See Figure 6-5). The wiring

of card cage connector No. 7 is identical in both the BQ and BA
buffers. In the BQ buffers, the unload magnetic switch is
installed 'in this position. The BA buffers contain a dummy

circuit card in place of the unload magnetic switch to provide
continuity for the following signals. (Refer also to Paragraph 4-64):

(a) The switch clear pulse.

(b) The delayed unload sync pulse which triggers the
load-~unload two phase driver during an unload operation.

4-49, POSITIVE CURRENT STABILIZER. (See Figure 6-6).

4-50. The positive current stabilizer (PCS) is connected between
the power supply and the two phase driver transistor switches to
maintain the current which flows through the storage system at

a value which is independent of load changes. The current from
the PCS is adjusted to approximately 150 milliamperes by means

of a 50 ohm potentiometer which is located in the power supply
(R15).

4-51. Transistors Ql and Q4 are the linear current stabilizers
which operate in parallel to maintain a constant current output
at pin H of the PCS. The linear current stabilizers receive

an error signal from operational amplifier Q3 in order to
compansate the output current for changes in temperature. An
increase in the environmental temperature results in a decrease
in the output current and a decrease in temperature results in
an increase in the output current.

4-52, Transistor Q3 maintains a constant reference potential at
the junction of R9 and R1l2. Resistor R13 is a sensistor
(temperature sensitive resistor) with a positive temperature
coefficient. With an increase in temperature, the current flow
through R13, R12 and R9 decreases. Because of the constant
potential at the junction of R9 and R1l2, this results in a
decrease of the current flow through the base circuits of Q1 and
Q4 and a resultant decrease in the output current of the PCS.

4-53. Diodes CR5 through CRY9 maintain a constant reference
potential at the base of current amplifier Q2. Transistor Q2
maintains a constant reference potential at the emitter of Q3,

matching the high impedance of the diode network to the low
impedance input of the operational amplifier.
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4-54. Diodes CR1l through CR4 provide a current path for the
output of Q1 and Q4 under no-load conditions. These diodes
conduct when the output potential of the PCS rises above +16 volts.

4-55, DIGIT DRIVER. (See Figure 4-7).

4-56. The digit drivers control the switching of storage cores
within the storage matrix. They do this by permitting an inhibit
current to flow through the digit plane windings of a selected
matrix plane as a character is being loaded into the buffer. The
inhibit current prevents the switching of a storage core. Each
digit driver circuit card contains four identical digit driver
circuits. Each circuit contains an information input, a gate
input and an information (current) output. :

4-57. INPUT CIRCUITRY. In the 144-BA-4A and 144-BA-8A buffers,
a binary ONE signal at the information input results in the flow
of inhibit current. This signal may be either a positive voltage
level or a negative voltage level, depending on how the digit
input is wired. The digit driver of Figure 4-7 is wired so that
a positive level at input A-2 constitutes the binary ONE signal
for a BA buffer. In the 144-B0Q-4A and 144-BQ-8A buffers, a binary
ZERO signal at the information input results in the flow of
inhibit current. This signal may be either a positive or a
negative level, depending on how the digit driver input is wired.
The digit driver of Figure 4-7 is wired so that a positive level
at input A-2 constitutes the binary ZERO signal for a BQ buffer.

4-58. Normally, transistor Q1 is conducting and the input binary
ONE signal cuts it off, causing its collectcr voltage to become
more negative. Diodes CR1 and CR6 and resistor R10 comprise a
negative AND gate at the input to Q2. This AND gate is similar
to those of the two phase driver (Paragraph 4-33) and its output
level is either at -5 volts or +5 volts. When the signal pulse
and the gating level are present in coincidence, the AND gate
output is at -5 volts and Q2 is driven into conduction.
Transistor Q2 drives Q3 which, in turn, drives output transistor
Q4 into conduction. Current flows from ground through Q4 and
the inhibit winding to the -14 volt supply when the signal pulse
and the gating level are present in coincidence.

4-59. STORAGE SYSTEM.

4-60. CORE PROPERTIES. (See Figure 4-8). The storage property
of the ferrite core lies in the fact that it will remain



magnetized indefinitely in one of two possible states. These
states are the directions of magnetization shown by the
hysteresis loop of Figure 4-8. Current from one direction (P)
drives the core into one state of magnetization. Pulses of the
opposite direction (N) drive the core into the opposite state
of magnetization. The core will remain in either state until
it is subjected to a magnetomotive force of sufficierit strength
and of the correct polarity to reverse the magnetization of the
core.
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Figure 4-7. Digit Driver, Simplified
Schematic Diagram

4-61. The cores are dynamic storage devices. That is, their
state is only sensed during the time that the magnetic state of

a core is changing from one state to another. This is called
"destructive readout".

4-62. CORE WINDINGS. (See Figure 4-8). Several windings pass
through each core. The X and Y windings are driven by the
magnetic stepping switches to provide coincident currents at
selected cores. The clear winding carries the full switching
current in a direction which switches all the cores to the ZERO
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Figure 4-8. Storage Core Hysteresis Loop
and Core Windings

state. The inhibit winding is energized by the digit drivers so
as to cancel the effect of the load X and Y windings in order to
prevent turnover of a core. The sense windings are coupled to the
read amplifier inputs and carry current which is induced by the
change in flux when a core changes its state (turns over).

4-63. The X and Y windings carry only half the current required to
turn over a core. The inhibit winding also carries a half current,
but in a direction opposite to that of the Y load windings. The
inhibit current thus acts to reduce what would otherwise be the
full coincident current by approximately one-half.

4-64. LOADING AND UNLOADING. The loading and unloading sequences

differ in the 144-BA and the 144-BQ buffers. Different techniques
are used because the BQ buffers contain two magnetic switches where-
as the BA buffers contain only one. In the BA buffers, the unload
switch is replaced by a dummy circuit card. ' The dummy card

provides continuity for circuits of the load magnetic switch which
are in series with the unload magnetic switch 'in the 144-BQ buffers.
In the 144-BQ buffers, the load magnetic switch drives currents



through the selected core windings in the directions which tend
to switch the cores to the ONE state during the loading of a
character. During the unloading of a character, the unload
magnetic switch of the 144-BQ buffer drives currents through the
selected switch core windings in directions which tend to switch
the cores to their ZERO states. Since the 144-BA buffers have
only one magnetic switch, both the load and unload drive
currents must be driven in the same direction in these buffers.
Therefore, in the BA buffers, inhibit currents are applied to
each core which is to load a binary ONE during the loading of a
character (the opposite is true of the BQ buffers). All the
selected cores which do not receive inhibit currents are
switched. Those cores which have been switched are in the ZERO
state and those that have not are in the ONE state. 1In unloading
a character from a 144-BA buffer, drive currents are driven
through the selected core windings so as to switch all cores to
the ZERO state. Those cores which were not switched during the
loading of the character are now turned over and produce signal
pulses which signify a binary ONE.

4-65. LOADING OF 144-BQ-4A AND 144-BQ-8A BUFFERS.

(a) The clear winding is energized, setting the switches to
the first address and all matrix cores which are in the ONE state
to the ZERO state. Cores which are in the ZERO state prior to the
clearing pulse are not turned over.

(b) A load sync pulse triggers the load blocking
oscillator of the input sync amplifier. The oscillator, in turn,
switches the load-unload flip-flop and feeds a delayed load sync
pulse to the load two phase driver. The flip-flop gates the
digit drivers and the two phase driver steps the magnetic switch
to address No. 2. As the magnetic switch is being stepped, it
feeds a drive current through the X and Y windings of all cores
in the first address.

(c) A binary ZERO information input to any digit driver
causes that driver to energize the inhibit winding of the matrix
plane to which it is connected. This prevents turn over of the
selected core in that matrix plane.

(d) Those information input lines with binary ONE voltage
levels do not allow the digit drivers to conduct and the load
magnetic switch drives the associated storage cores to the ONE
state.
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(e) The result is a stored character. Each of the cores
which were switched to the ONE state during the above sequence
contains a binary ONE information bit. Each core which was
prevented from being switched contains a binary ZERO information
bit.

(£) The above process may be repeated as many as 144
times without unloading or clearing.

4-66. UNLOADING OF 144-BQ-4A and 144-BQ-8A BUFFERS.

(a) An unload sync pulse triggers the unload blocking
oscillator of the input sync amplifier card and a delayed sync
pulse is fed from the blocking oscillator to the unload two
phase driver. The two phase driver, in turn, drives the unload
magnetic switch. The unload magnetic switch, in turn, drives
coincident currents through each of the selected cores in the
reverse (unload) direction.

(b) Those cores which are in the binary ONE state turn
over when subjected to the unload currents from the magnetic
switch. As a core turns over, it induces a current in its
sense winding which drives the associated read amplifier. Only
those cores which are in the ONE state turn over, so that the
current which is induced in the sense winding constitutes a
binary ONE signal.

(c) The above unloading process may be initiated at any
time as long as a sufficient delay is allowed between the
previous load syn¢ pulse and the unload sync pulse. The process
may be repeated as many times as is desired, after which the
load process may be resumed, without clearing.

4-67. LOADING OF 144-BA-4A AND 144-BA-8A BUFFERS.
(2) The magnetic switch and the matrix clear windings
are energized. This sets the magnetic switch to address No. 1

and sets all cores of the matrix which are in the ZERO state
to the ONE state.

NOTE

This and following steps differ from
corresponding steps of paragraph 4-65.



, (b) A load sync pulse triggers the load blocking
oscillator of the input sync amplifier. The oscillator, in
turn, triggers the load-unload flip~flop and feeds a delayed
pulse to the two phase driver. The flip~flop gates the digit
drivers and the two phase driver steps the magnetic switch

to address No. 2. As the switch is being stepped, it feeds
drive current through all cores of the first address.

(c) A binary ONE information input to any of the digit
drivers causes that driver to energize the inhibit winding of
the matrix plane to which it is connected. This prevents turn
over of the selected cores in that plane.

(d) Those information input lines with binary ZERO
information levels do not cause the digit drivers to conduct
and the magnetic switch drives the associated storage cores
to the ZERO state.

(e) The result is a stored character. Each of the
cores which were switched to the ZERO state during the loading
of the character contains a binary ZERO information bit. The
remainder of the selected cores contain binary ONE information
bits.

(£) The above process may be repeated as many as 144
times without clearing.

4-68. UNLOADING OF 144-BA-4A AND 144-BA~-8A BUFFERS.

(a) A switch clear‘pulse resets the magnetic switch to
address No. 1.

(b) An unload sync pulse triggers the unload blocking
oscillator in the input sync amplifier and a delayed sync pulse
is fed from the blocking oscillator to the load-unload two
phase driver. The two phase driver, in turn, drives the
magnetic switch. The magnetic switch drives coincident currents
through each of the selected cores in the same direction as
during step (b) of Paragraph 4-67.

(c) Those cores which are now in the binary ONE state
turn over when subjected to the coincident currents from the
magnetic switch. As a core turns over, it induces a current
in its sense winding which drives the associated read amplifier.
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Only those cores which are now in the ONE state turn over, so
that the current which is induced in the sense winding
constitutes a binary ONE signal.

(d) The above unloading process may be repeated until the
buffer is empty. Both the matrix and the magnetic switch must
be cleared prior to the loading of additional characters.

4-69. PHYSICAL CONSTRUCTION OF STORAGE SYSTEM. During
manufacture of the storage matrices, two additional lines of
cores are strung on each frame to facilitate assembly. This
results in an actual total of 180 ferrite cores in each plane,
of which only 144 cores are used.

4-70. Although coincident half select currents from the X and Y
windings are required to change the state of a core, the cores
on the selected X and Y wires are affected to some extent by the
half excitation X and Y pulses. The sense winding is therefore
interlaced through the cores in such a manner as to cancel

these spurous signals from half selected cores. The winding is
arranged so that cancellation occurs in pairs.

4-71. The sense winding produces a full turnover signal when a
core is turned over during the loading of a character as well as
during the unloading of a character. The strobe generator
produces the unload strobe pulse only during an unload cycle to
gate the read amplifiers. Since the read amplifiers are
disabled during the load cycle, turnover signals which are
produced during the loading of a character are blocked by the
read amplifiers.

4-72. READ AMPLIFIERS (See Figure 4-9).

4-72a. Each read amplifier printed circuit card contains four
read amplifier circuits. Each read amplifier circuit presents
a binary ONE signal on a buffer unload line on receipt of a
sense winding turn-over signal from the matrix in coincidence
with a strobe pulse from the strobe generator.

4-73. Both ends of the matrix plane sense winding are connected
to input transformer Tl. Since the sense windings are laced
through the cores in opposing directions (paragraph 4-70), the
signal to the read amplifier may be of either polarity.
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4-74. Between signal pulses, transistors Ql and Q3 conduct
slightly. On receipt of a pulse from the matrix, one of the
transistors saturates and the other becomes cut off. The polarity
of the signal pulse determines which of the transistors will
conduct. There is a 10 microfarad capacitor between the emitter
of each transistor and ground. Because of the capacitors, the
transistor which conducts operates as a grounded emitter amplifier
when the signal is present.

4-75. Any signal will be amplified by Ql or Q3. When the signal
is present, the conduction of Ql or Q3 through resistor R3 produces
a negative pulse at the base of Q2. The strobe input line which

is in series with Q2 is normally at a -5 volt level. The strobe
pulse raises the Q2 emitter voltage from -5 to +5 volts so that

the transistor can conduct when a signal is present at its base.
Potentiometer R1l4 of the strobe generator circuit card is

adjusted so that the strobe pulse occurs at the correct time
(Paragraph 4-72).
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Figure 4-9., Read Amplifier, Simplified
Schematic Diagram

4-76. STROBE GENERATOR. (See Figures 4-10 and 6-9).

4-77. GENERAL. The strobe generator produces strobe pulses
which enable the load coincident current detector, the unload
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coincident current detector and the read amplifiers at the proper
times. It contains the following circuits: delay blocking
oscillator, delay amplifier, load strobe blocking oscillator,
unload strobe blocking oscillator, load strobe amplifier and
unload strobe amplifier.

4-78. Diodes CR12, CR13 and resistor R17 at the sync inputs of
the strobe generator comprise a positive OR gate. The output of
the OR gate is either at -5 volts or +5 volts, depending on the
input levels. When there is no load or unload sync pulse, the
OR gate output is at -5 volts. A positive pulse at either input
raises the output level to +5 volts, triggering delay blocking
oscillator Q4 through C6 and CR1l. Operation of the delay
blocking oscillator is similar to that of the blocking
oscillators of the two phase driver (Paragraph 4-27). Resistor
R9 is a temperature sensitive sensistor with a positive
coefficient. It keeps the pulse width of the delay blocking
oscillator pulse constant in spite of temperature changes by
maintaining a constant L/R ratio. 2Zener diode CRl maintains a
constant voltage drop from terminal 3 of Tl to ground.
Potentiometer R1l4 is used to adjust the delay pulse width.

4-79. A positive pulse is produced at the collector of Q4 during
the delay blocking oscillator cycle. The trailing edge of this
pulse has a steep negative excursion which is caused by the
collapsing magnetic field about T1 at the end of the cycle. The
negative spike causes CR7 to conduct and a negative pulse is
coupled through R12 and C2 to the base of delay amplifier Ql.
Transistor Ql conducts for a short time and a positive pulse is
coupled from the Q1 collector to C3 and Cl0 in parallel.

4-80. Capacitor C3, resistor R1l1l and diode CR8 comprise a pulse
gate at the input to load strobe blocking oscillator Q2.
Operation of the pulse gate is such that a positive pulse appears
at the pulse gate output only when a pulse is applied to its
input and the LU input is at +5 volts. When a character is being
loaded into the buffer, the load-unload flip-flop of the input
sync amplifier is switched to the load state so that the LU input
is at +5 volts. This results in a positive pulse at the emitter
of load strobe blocking oscillator Q2 when the pulse from Ql is
applied to pulse gate C3-R11-CR8. Blocking oscillator Q2 is

thus triggered during the load operation. When it is triggered,
a negative pulse at terminal 4 of T2 is inverted by load strobe
amplifier Q3 and used to gate the load coincident current
detector. Load strobe blocking oscillator Q2 cannot be triggered



during an unload operation because the load-unload flip-flop level
is low at this time. ‘

4-81. Capacitor C1l0, resistor R22 and diode CR15 comprise a
similar pulse gate at the input to unload strobe blocking
oscillator Q5. When a character is being unloaded from the buffer,
the TU input to this pulse gate is high and a pulse from Q1
results in the triggering of unload strobe blocking oscillator
Q5. Unload strobe amplifier Q6 inverts and amplifies the pulse
from Q5. The unload strobe pulse from Q6 is used to gate the
unload coincident current detector and the read amplifiers.
Unload strobe blocking oscillator Q5 cannot be triggered during
a load operation because the LU input level is at -5 volts only
during a load cycle. '
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Figure 4-10. Strobe Generator, Functional
Block Diagram

4-82. ELECTRONIC CLEAR CIRCUITS. (See Figure 4-11).
4-83. GENERAL. The electronic clear circuit card contains a

magnetic switch clear blocking oscillator and a matrix clear
blocking oscillator. The circuit card contains two inputs;
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switch clear and master clear.

4-84, In the BA buffers, a switch clear input pulse triggers
the switch clear blocking oscillator and results in an output
pulse which clears the magnetic switch to its initial state. A
master clear input pulse triggers both blocking oscillators and
results in two simultaneous output pulses which reset both the
magnetic switch and the matrix.

4-85, 1In the 144-BQ-4A and 144-BQ-8A buffers, only the master
clear input is used. The master clear pulse resets the matrix
and both magnetic switches.

4-86. MAGNETIC SWITCH CLEAR. (See Figure 6-10). The magnetic
switch clear circuits consist of input amplifier Q5, blocking
oscillator Q1 and output pulse amplifier Q4. Amplifier Q5 is
normally conducting but is cut off by either a positive pulse

at input B-1 or a negative pulse at input B-2, The amplifier
accomodates either positive or negative clear pulses depending
on whether jumper W3 or jumper W4 is connected (refer to
Paragraph 1-27). When Q5 is cut off, a positive pulse is
coupled from the Q5 collector through C7 and CR9 to the emitter
of magnetic switch clear blocking oscillator Ql. The operation
of this blocking oscillator is similar to that of the two phase
driver blocking oscillators (Paragraph 4-27). Diode CR4 normally
conducts through R2 and R14, maintaining a base bias which keeps
Ql conducting near cutoff. When Ql is triggered by the positive
pulse from CR9, CR4 becomes reverse biased and the Ql base is
maintained at a +1.5 volt potential while a positive pulse is
produced at the Ql emitter. Resistor R9 and potentiometer R8

in series with the feedback winding of Tl determine the width

of the Ql blocking oscillator pulse.

4-87. A negative pulse is coupled through C4 to the base of
magnetic switch clear amplifier Q4. The pulse turns Q4 on so
that current flows through Q4 and the magnetic switch clear
windings in series. A pulse from the Q4 collector is used to
reset the load-unload flip-flop of the input sync amplifier.

4-88. MASTER CLEAR. A master clear pulse from the external
equipment is amplified by transistors Q2 and Q3 and utilized to
trigger blocking oscillators Q1 and Q6 simultaneously. When the
blocking oscillators are triggered, Ql clears the magnetic switch

circuitry (as in Paragraph 4-80) while Q6 clears the storage
matrix. Jumpers are incorporated in the Q2 input circuits to



permit the use of positive or negative master clear pulses (as
in the case of Q5, Paragraph 4-86).

4-89, The amplified master clear pulse is coupled from the
collector of Q3 through €3 to CR5 and CR16 in parallel. Diodes
CR5 and CR16 conduct simultaneously on receipt of the positive
pulse, triggering both blocking oscillators. The Q6 blocking
oscillator pulse turns on transistor Q7 which conducts through
the matrix clear windings. Potentiometer R26 is used to adjust
the width of the pulse from blocking oscillator Q6.
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Figure 4-11. Electronic Clear Circuits,
Block Diagram

4-90. COINCIDENT CURRENT DETECTORS. (See Figure 6-11).

4-91. The coincident current detector printed circuit card
contains two coincident current detectors. Each of the detectors
operates to produce a marker pulse in synchronization with
either the loading of a character or the unloading of a
character at a particular address.

4-92. 1In 144-BQ buffers the load coincident current detector
utilizes signals from the load magnetic switch to produce a
load address marker and the unload coincident current detector
utilizes signals from the unload magnetic switch to produce an
unload address marker. In the 144-BA buffers both coincident
current detectors utilize signals from the same magnetic switch.
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4-93. Transistors Ql, Q2 and Q3 comprise one coincident current
detector and transistors Q4, Q5 and Q6 comprise the other.

The primary winding of transformer Tl is connected across a
one-ohm resistor which is in series with an X output drive line
of the magnetic switch. The primary winding of T2 is connected
across one-ohm resistor which is in series with a Y drive line.
Whenever the two drive lines to which Tl and T2 are connected
are pulsed simultaneously, Ql and Q2 are driven into

saturation and a negative pulse is coupled from the Q2 emitter
to the base of Q3. Transistor Q3 can only conduct when the
negative signal pulse is present at its base and the positive
strobe pulse is present at its emitter. When these two pulses
are present at Q3 in coincidence, the strobe pulse is produced
at the Q3 collector.

4-94. If Ql, Q2 and Q3 are being used to produce a load marker
pulse, the load strobe pulse is applied to the emitter of Q3. If
they are being used to produce an unload strobe pulse, the
unload strobe is applied to the Q3 emitter. The strobe pulse
thus permits the marker pulse to be produced at the proper time.

4-95, The operation of coincident current detector Q4-0Q5-Q6
is identical to that of coincident current detector Ql-Q2-Q3.

4-96. POWER SUPPLY. (See Figure 6-12).

4-97. GENERAL. The 100 to 130 volt a-c input is applied through
filter FL1 and magnetic amplifier M/Al to power transformer Tl.
The series magnetic amplifier regulates the inout to Tl. Two
secondaries of Tl apply the regulated a-c to rectifiers which
produce outputs of +24, +16, +7, -5, -14, -24, the PCS supply

and an adjustable 7 volt supply to the circuit ground,

4-98. MAGNETIC AMPLIFIER. Since diodes CR6 and CR7 conduct

on alternate half-cycles a d-c bias flows through gate windings
1-4 and 5-8. This current tends to saturate the magnetic amp-
lifier cores. A down bias current developed by CR1l flows through
down bias winding 2-3; this bias opposes the gate bias, prevent-
ing saturation. Thus when the line input is increased the down
bias is also increased to limit the a-c in the Tl primary., When
the line input decreasss the down bias follows the drop allowing
more a-c in the primary because the magnetic amplifier core is
less saturated. An increase in load current is followad by an
increase in gate bias current through the magnstic amplifier gate
windings 1-4 and 5-8. This gate current moves the amplifier cores
closer to saturation, and lowers the IR drop across the gate
windings, to offset losses imposed by increased power supply
loading.
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4-99. DIFFERENCE AMPLIFIER. The difference amplifier consists
of PNP transistors Q4 and Q5, and Zener diode CR12. The amplifier
provides precision regulation and fine manual adjustment of the
power supply +24 volt output. Positive 24 volts applied across
CR12 and resistor R16 enables CR12 to hnld the base of Q4 at a
pre-determined voltage. Positive 24 volts is also applied across
voltage divider R28, R21, R19 and a sample picked off and fed to
the base of Q5 as a sense voltage. If the reference voltage at
Q4 base and the sense voltage at Q5 base are equal, the two col-
lector currents are equal and the difference amplifier does not
provide correcting current to the 6-7 control winding. An in-
crease in sense voltage at Q5 base will increase conduction thru
Q5 collector and force a decrease in Q4 collector current, since
the sum of these currents through the common emitter circuit must
remain constant. Temperature compensation is achieved by the
matched characteristics and common emitter circuit of Q4 and Q5.

4-100. D-C SUPPLIES. Rectifier CR8 developes the +5 and -5
volt outputs. Rectifier CR9 develops the -14, -24, +14,

+16, +24 volt outputs and the PCS output. The ~14 volt output
is regulated by difference amplifier Q7-Q8 and series
regulator Q6. The operation of the difference amplifier Q7-Q8
is similar to that of Q4-Q5 (Paragraph 4-99). A control
current from Q8 varies the base current of Q6, regulating the
current through Q6 and 09 and maintaining a constant -14 volt
output. Diodes CR10, CRl1ll, CR1l3, CR1l4 and CR1l5 stabilize the
potential at the Q7 base. Potentiometer R26 supplies the
sample voltage to Q8 and is used to set the -14 volt output
level. Sensistor R31 (temperature sensitive resistor) has a
positive coefficient of temperature. It varies the Q8 bias
with variations in temperature so that the -14 volt output
becomes less negative with an increase in temperature. The
~-14 volt output is compensated in order to obtain optimum
inhibit current from the digit drivers and optimum clear
current from the electronic clear circuits under various
temperatures. CR16, Zener diode regulates the +16v output.

4-101. Rectifier CR2 develops the adjustable d-c output
which is used to vary the potential of the circuit ground
(Paragraph 4-102). The 7-volt d-c output is regulated by
difference amplifier Q2-Q3 and series regulator Ql. Operation
of these regulator circuits is similar to that of the -14 volt



regulator (Paragraph 4-100), but the seven volt supply does not
vary with the ambient temperature.

4-102, CIRCUIT GROUND. (See Figure 4-12). Terminal A of 'TB5
is the circuit ground terminal. Either the positive output
terminal, B, or the negative output terminal, C, of the adjust-
able supply is connected to terminal A. The ground line of the
external equipment is connected to the other output terminal of
the adjustable supply. Terminal A is therefore shifted to either
+7 volts or -7 volts with respect to the ground line of the ex-
ternal equipment when the 7 volt supply produces its full 7 volt
output. Potentiometer R4 is used to vary the output from 0.5

to 7 volts. The circuit ground (terminal A) can therefore be
set to any level within %7 volts with respezct to the chassis
ground, depending on the setting of R4 and on how the 7 wvolt
output is connected. '

4-103. All operating voltages of the buffer are returned to the
circuit ground, and signal levels within the buffer are refer-
enced to the circuit ground. A signal level which is at a
voltage E with respect to the chassis ground is at a level E + V
with respect to the circuit ground, when the output of the ad-
justable supply is equal to V. Since either the positive or
negative output can be connected to the chassis ground and since
the adjustable output can bz varied from 0.5 to 7 volts, E + V
may be made to equal to any level from E + 7 to E ~ 7. This
means that a signal level from the axternal equipment may be
shifted to any level within +7 volts of the buffer ground,
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NOTE

TB5 shown wired for a positive midpoint on
the information signal swing. For a
negative midpoint on the information signal
swing; remove wire X from A to B, remove
wire XX from C to chassis ground, install
wire X from A to C, install wire XX from B
chassis ground.
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SECTION V

MAINTENANCE

5-1. GENERAL.
5-2. This section contains maintenance instructions for the
144-A Core Buffer Memories. Test equipment required, testing,

trouble shooting techniques and repair procedures are included.

5-3. TEST EQUIPMENT.

5-4. Table 5-1 lists the test equipment required to service the
buffer.

TABLE 5-1. TEST EQUIPMENT REQUIRED

Item Characteristics

1. Oscilloscope Tektronix Inc. Type 531, 541 or
equivalent

2. Multimeter Simpson 260 or equivalent
3. Information Source Refer to Paragraph 5-9.
4. Sync Pulse Source Refer to Paragraphs 5-8, 5-10 & 5-11.
5. Clear Pulse Source Refer to Paragraphs 5—8, 5-10 & 5-11.
6. Variable a-c A variac or equivalent

Power Source

7. Breaker Key To be used in series with the variac
to break up the a-c power to the buffer

8. Alligator Clips Mueller Electric Co. Mini-Gator
No. 30 with No. 32 sleeve or equival-
ent; to be used with meters and
scope at printed circuit card teminals

9. Thermometer Centigrade Scale

10. Extender Card TM Part No. 8002-5-128



5-5. MECHANICAL INTEGRITY.

5-6. Make certain that mechanical connections are secure before
employing more advanced trouble shooting procedures. Check that
the nuts and bolts which secure the connectors are not loose, that
the unit is not physically damaged and that no wires have been
accidentally torn from the buffer. Make sure that all printed
circuit cards are firmly inserted in the card cage connectors.

5-7. TESTING.

5-8. TEST SETUP. (See Figure 5-1). Figure 5-1 shows how the
clear pulse, sync pulse and information sources mentioned in Table
5-1 are used. The sync and clear pulse sources must be capable of
producing the sync and clear pulses specified in Paragraph 1-27.
The switch clear pulse output of the clear pulse source is needed
only for the 144-BA buffers. The test setup shown in Figure 5-1
will permit the maintenance of one buffer while a replacement is

on the line.

CAUTION

The buffer contains an external equipment
(chassis) ground and a floating (buffer
circuit) ground as described in Paragraph
4-102. Do not short the two ground termi-
nals. The circuit ground adjustable power
supply will be short circuited if this is
done.

5-9. INFORMATION LEVELS. Either the +1.5 volt or the -1.5 volt
level shown in Figure 5-1 may signify a binary ONE, depending on
the coding of the information inputs for the buffer under test.
To determine which level signifies a binary ONE, consider the
information coding of the data processing equipment which feeds
information to the buffer. If the high level from the external
equipment signifies a binary ONE, then the +1.5 volt level of
Figure 5-1 is the binary ONE. If the low level from the external
equipment signifies a ONE, then the -1.5 volt level of Figure 5-1
is the binary ONE.



NOTE

The +1.5 volt and the -1.5 volt in-
formation levels of Figure 5-1 are
with respect to the buffer circuit
ground. The clear pulse and the

sync pulse levels of the test set-

up are also referenced to the cir-
cuit ground. Be sure to connect

the ground line of the information
source, the sync pulse source and

the clear pulse source to the circuit
ground which is located at terminal A
of the power supply terminal board.

5-10. PULSE SOURCES. It is suggested that both the load sync
pulses and the unload sync pulses from the sync pulse source be
spaced 40 microseconds apart and that they be 180 degress out
of phase. For both the 144-BQ-4A and the 144-BQ-8A buffers, th
master clear pulse should be timed so as to occur twenty micro-
seconds after the 144th load sync pulse. With this arrangement
a trouble at any of the 144 addresses can be observed.

5-11. 1In the case of the 144-BA-4A and 144-BA-8A buffers, the
magnetic switch clear pulse should occur twenty microseconds
after the 144th load sync pulse. The master clear pulse should
occur twenty microseconds after the 144th unload sync pulse.

5-12. FUNCTIONAL TEST (BQ BUFFERS). Test the operation of the
144-BQ-4A and 144-BQ-8A buffers as follows:

(a) Place Switch S3 in the position which supplies a
binary ONE information level to the buffer inputs.

(b) Apply the clear and sync pulses to the buffer as
instructed in Paragraph 5-10.

(c) Feed information to each input by means of S84 and
observe each buffer output on the oscilloscope. Each output
should produce a continuous train of binary ONE pulses.

(d) Place switch S3 in the other position. The buffer
outputs should now be all ZEROsS.

e

!



(e) Check the clearing of the buffer by applying a (200 us
min period)train of master clear pulses to the buffer. Oscillo-
scope checks at the electronic clear outputs (19-B, 15-E,19-X)
should show the waveforms of Table 5-3, Steps 5, 6 and 7.

5-13. FUNCTIONAL TEST. (BA BUFFERS). Test the operation of the
144-p Buffers as follows:

(a) Place switch S3 in the position which supplies a
binary ONE information level to the buffer inputs.

(b) Apply the clear and sync pulses to the buffer as
described in Paragraph 5-12.

(c) Feed information to each buffer input by means of S4
and observe each output on the oscilloscope. Each output should
produce a continuous train of binary ONE pulses.

(d) Place switch 83 in the otherxposition. The buffer
outputs should now be all ZEROs.

(e) Check the clearing of the magnetic switch by amplying a
continuous train of magnetic switch clear pulses to the buffer
(100us min. Pulse Period). Electronic clear output (19-B)
should indicate the waveform shown in Table 5-3, Step 5.

(£f) Check the master clear operation by applying a
continuous train of master clear pulses to the buffer. The
electronic clear output (19-B, 19E, 19-X) should conform to Table
5-3, Steps 5, 6 and 7.

5-14. VOLTAGE AND CURRENT CHECKS. (See Figure 5-2). Power
supply output voltages should be measured every thirty days.
With the exception of the -14 volt output, all voltages should
be within 5% of the rated values which are shown on the rear of
the power supply. Use a voltmeter which has been calibrated to
an accuracy of 1% for the voltage measurements. If necessary,
adjust the power supply outputs by means of the adjustment
controls which are located at the rear of the power supply.
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Figure 5-1. Test Setup
NOTE

Do not measure the power supply outputs with

respect to the chassis ground.

with respect to terminal A of the power
supply output terminal board (buffer circuit
volt, -5 volt, +24 volt,

grouand). The PCS, +5

Measure them

and =24 volt outputs are affected if any out-

put control is adjusted.

voltages after adjustments.

5-15. MINUS 14 VOLT OUTPUT.

chart, Figure 5-3.

Always check all

The -14 volt output varies auto-
matically with the ambient temperature of the buffer. Determine
the proper output level by means of the -14 volt calibration

inhibit windings and is in direct opposition to,

one half the intensity of the PCS current.

The -14 volt supply is used to drive the

and orecisely
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VOLTAGE SETTING

o° 10° 20° 30° 40° 50° 60° 70°

TEMPERATURE, DEGREES C.

Figure 5-3. Calibration Chart For -14 Volt Output

5-16. BUFFER CIRCUIT GROUND. (Refer to Paragraph 4-102 and
Figures 4~12 and 5-2). The buffer circuit ground (terminal A of
the power supply terminal board TB5) may be at either a positive
or a negative potential with respect to thz chassis ground. The
circuit ground connections are factory wired to meest the require-
ments specified by the user.

5-17. The difference in potential between the buffer circuit
ground and the chassis ground may bea any voltage betwzen 0.5 and
7.0 volts. Determine the proper setting of the CKT GRD SHIFT
VOLTAGE (also called FL GRD on some early models) adjustment
control as follows:

(a) Consider the coding of the information inputs to the
buffer under test as the buffer is used with the data processing
equipment. Ascertain the two information levels (ZERO and ONE).

(b) Determine the voltage level which is equivalent to the
midpoint of the information voltage swing.



(c) If the midpoint voltage is a positive level, connect
the voltmeter negative test lead to chassis ground and the
positive test lead to terminal B of TB5, power supply terminal
board. If the midpoint voltage is a negative level, connect the
voltmeter positive test lead to chassis ground and the negative
test lead to terminal C of TBS5.

(d) Adjust the CKT GRD SHIFT VOLTAGE control at the rear
of the power supply so that the voltmeter indicates a voltage
which is equal to the midpoint of the voltage swing.

5-18. For example, if the buffer is used in an application
where a zero volt level signifies a binary ZERO and a puls six
volt level signifies a ONE, the proper setting of the floating
ground potential is determined as follows:

(a) The midpoint of the information voltage swing is
+3 volts.

(b) The negative test lead of the voltmeter is connected
to the chassis ground and the positive test lead to terminal B
of the terminal board.

(c) The CKT GRD SHIFT VOLTAGE control is adjusted so that
+3 volts is indicated on the voltmeter.

5-19. PCS CURRENT. Check the output current of the positive
current stabilizer at the PCS test jacks which are located at
the rear of the buffer. Connect the positive lead of the
milliammeter to the orange jack and the negative load to the
black one, The PCS current varies automatically with the
ambient temperature. Determine the proper PCS current by means
of the chart shown in Figure 5-4.

5-20. A-C INPUT TESTS.

5-21. A-C VOLTAGE TEST. Check that the buffer operates with
the proper a-c input voltage range as follows:

(a) sSet the variac to an output of ZERO volts,
(b) Slowly increase the output voltage of the variac.

The buffer must begin to operate normally by the time that the
variac output reaches 100 volts. :
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Figure 5-4., Calibration Chart For
PCS Adjustment

(c) Continue to raise the a-c output of the variac.

The buffer must operate normally within the range from 100 to
130 volts.

CAUTION

Do not raise the buffer input
voltage higher than 130 wolts.

5-22. TROUBLE SHOOTING.

5-23. GENERAL. Table 5-2 isolates troubles to general areas

of the buffer and table 5-3 isolates troubles to specific
circuits. Paragraphs 5-24 through 5-28 contain general trouble-
shooting instructions.

5-24. When trouble occurs, first check that the a-c power input
to the buffer is correct. Next, check that the power supply
outputs and the PCS output are correct. Thirdly, check that



the printed circuit cards are all firmly inserted in the card
cage connectors. If trouble occurs frequently, or if the buffer
has not been used for a long time, remove the printed circuit
cards, one at a time, and check the circuit card and the card

. cage connector terminals for dirt, corrosion and damage. If
necessary, clean the printed circuit card terminals as instructed
in Paragraph 5~35.

CAUTION

1. Turn off the a-c power to the buffer before removing or
inserting printed circuit cards. Failure to do this may result
in damage to the circuit card, the power supply, or both.

2. When removing or inserting a card, rock the card up and down
gently to facilitate the removal or insertion.

3. The printed circuit card and the card cage connectors are
not keyed. Always insert the card so that the components are
on the left hand side (as viewed from the front of the buffer).
Be sure to insert cards in the proper positions.

5-25. LOCATION OF PRINTED CIRCUIT CARDS. Printed circuit cards
are located in the card cage connector at positions which are
designated with the numbers 1 through 19. In determining the
numerical designation of a card cage connector, count from right
to left while facing the front of the buffer. Figure 6~1, the
functional block diagram, shows the location of each circuit

in the right hand corner of each block. For example; the input
sync amplifier bears the designation 18 in Figure 6-1 and it is
located in position 18 of the card ‘cage.

5-26., PRINTED CIRCUIT CARD PIN CONNECTIONS. The terminal
designations of the printed circuit cards correspond with the
terminals of the card-cage connector with which they make
contact. Terminal designations are visible at both the
receptacle and the wiring side of the card cage connectors.

5-27. PRELIMINARY TROUBLE SHOOTING. If the buffer continues

to malfunction after the instructions of Paragraphs 5-1
through 5-26 have been carried out and the power supply outputs

5-10



are normal, use the extender card and check that all operating
voltages are present at the printed circuit cards (Refer to
Table 5~3). If all voltages are present, replace suspected cards

with spares.

CAUTION

Use the alligator clips specified in
Table 5-1 when measuring voltages or
observing waveforms at the card cage
connectors. Avoid shorting adjacent
connector terminals. Shorting the
terminals may damage the circuit card
or the power supply

5-28, S8IGNAL TRACING. Table 5-3 shows signal waveforms at the
inputs and outputs of the buffer and of each printed circuit
card. With the exception of the clear pulses, all waveform
photographs were taken with the buffer operating at the rate of
10 kc. In general, the waveform checks apply to all 144-A Core
Buffer Memories. Where the waveform differs for applicable
buffers of the series, the applicable buffer is specified..

CAUTION

The oscilloscope signal ground lead and

the oscilloscope sync ground lead must

be connected to the circuit ground when
observing waveforms., Dissimilar sync and
signal grounds will short out the adjus-
table 7 volt power supply (See Figure 4-12).

5-29. NOISE PROBLEMS.

5-30. Isolate the noise source by first loading and unloading
the buffer in the data system with which it is used and then in
the test setup of Figure 5-1. Noise is indicated by the presence
of random spikes or intermittant grass on the oscilloscope
patterns. The most frequent causes of noise are inductive and
capacitive pickup from an external source adjacent to the buffer
load lines,



5-31. When the noise is definitely trac ed to the buffer, thes
noise source may be a loose buffer connection or an intermittent
component. Observe the oscilloscope patterns while gently
tapping connections and components with a light rubber hammer
or pencil eraser. If the noise indication is effected either
favorably or adversmly by tabping a particular componsnt, re-
place that component and check for dirty terminal contacts.
Examine suspect cards for dirty contacts. To isolate the noise
source, substitute onez printed circuit card at a time until the
trouble disappears. Repair defective card in accordance with
Paragraphs 5-34 thru 5-40.

5-32. PRINTED CIRCUIT CARD REPLACEMENT.

5-33a. With three noted exceptions, replacement printed circuit
cards may be installed in the buffer without re-adjusting circuit
parameters. The electronic clear card, the two phase driver card,
and the strobe geznsrator card must be adjusted when installed as
a replacement for a defective unit.

5-33b. STROBE GENERATOR. (Raefer to Table 5-3 and Figure 6-9).
The strobe generator must be timed with potentiometer R14 so that
the strobe pulse will enable the read amplifier during the exact
peak of the core turnover signal. Table 5-3, Step 24 indicates
waveform and test point.

5-33c. TWO PHASE DRIVER. (Refer to Table 5-3 and Figure 6-3).
Each two phase driver card contains two blocking oscillators, Ql
and Q2; each BO should be adjusted for a 5.5 us pulse period,
i.e., the leading =dge of a negative pulse must occur precisely
5.5 us after the leading edge of a positive pulse. Table 5-3,
Steps 13-15, indicates the proper waveform and test points for
this adjustment. To modify the Ql output on Pin J, resistor R1
may be shunted, C to D, to lengthen the pulse period. An added
resistor, A to B, in series with Rl will shorten the pulse pariod.
The Q2 output on Pin P may be similarly modified by adiding to, or
dacreasing, the resistance of resistor R2. Sixty ohms is
representative of the series resistance regquired to shorten tha
pulse pariod.

5-33d. ELECTRONIC CLEAR. (Refer to Table 5-3 and Figure 6-10).
Potentiometer R8 should be us=ad to adjust the switch clear output
for 8 wus pulse width at Pin X. Potentiometer R26 should be

used to adjust the matrix clear output for a 15 us pulse width at
Pin B. :



Trouble

1. Equipment
does not turn
on

2. Equipment
turns on but
does not operate

3. Erratic
information
outputs.

4. Incorrect
outputs

a. All ZEROs

b.

al.

az.

a3.

GENERAL TROUBLE SHOOTING

Probable Cause

Input fuse F4 blown

Faulty power connection

Incorrect operating power

Blown power supply fuse
or fuses

Sync pulses do not
meet the requirements
of Paragraph 1-27.

Noise trouble

No unload strobe at
read amplifiers

No unload matrix drive
current.

No inhibit current
(BA only)

Remedy

a. Replace Fuse

b. Check connecticn
at J1

a. Check that buffex
is receiving 115
+15volts a-c at
60 cps.

b. Replace necessary
fuses.

c.(Refer to Figure
6-12.)

a. Repair sync
pulse source

b. Refer to
Paragraph 5-29.

al. Check strobe
generator
(Table 5-3,
Step 1l6).

a82. chack operat-
ion of load &
unload 2 phase
drivers (Table
5-3, steps 13-15)

a3. Check PCS cur-
rent, Check
input sync
amplifier

(Table 5-3 &
Paragraph 5-18)
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Trouble

ad.
b. All ONEs. bl.

b2.
c. Garbled cl.
information

c2.

c3.

Always begin troubleshooting
procedures by checking power

Probable Cause

Wrong LU level at digit
drivers (BQ only)

Incorrect LU level at
digit drivers (BA only)

Overflow of unload sync
pulses; buffer is empty
(BQ only)

Matrix is not being
cleared

Magnetic switches
not being cleared.

Load 2 phase driver
or unload 2 phase
driver not operat-
ing correctly.

NOTE

supply voltages.

a4d.

bl.

cl.

c2.

c3.

Remedy

Check input
sync amplifier
(Table 5-3,
Step 11).

Check input
sync amplifier
(Table 5-3,
Step 10).

Check electro-
nic clear
circuit (Table
5-3, Steps 5
and 6).

Check elect-
ronic clear
circuit. (Table
5-3, Steps

5 and 6.

Check PCS
current
(Paragraph
5-18).

Ch=ck 2 phase
driver output
(Table 5-3,
Steps 13 thru
15).



output. Continues
clearing at 100 us
min. pulse period.

Adjust R8 for a 8 us

pilse width betwesan
spikes.,

Step Description wWaveform If wavaform
is Abnormal

1. Maghetic switch Check switch
clear input. (BA clear pulse
only). EC-B at source.
19-aA or 19-L: 5 \\
volts/cm, 2 us/cm. \

Positive pulse at
L, or negative
pulse at A.

2. Master clear input. Chack master
EC~-B at 19-P or clear pilse
19-y; 5 volts/cm, source.

2 us/cm. Positive N T
pulsa at P or .
negative pulse

at Y.

3. Load sync input. Check load
ISA at 18-A or sync pulse
18~B; 5 volts/om, source,

2 us/cm. Positive X
pulse at A, .
negative pulse atB.

4, Unlonad sync input. Chack unload
ISA at 18-X or 18- sync pulse
Y; 5 volts/cm, 2 source. .
us/cm. Positive \\
pulse at Y or nega- h
tive pulse at X.

5. Magnetic switch clear ? Replace or

repair EC~B
card. ’




Step Description Waveform If waveform
is Abnormal

6. Matrix clear output. 3 Replace or
Continuous Clear- ¥ repair EC-B
ing at 200 us min. 1 card.
pulse period., EC-B TVPYY VPR FPIVS TYVPL VY. S brpheds
at 19-B; 5V/cm, 5 o
us/cm. Leading and
trailing edges show | |l
positive & negative
overshoot. Adjust
R26 for a 15 us
pulse width.

7. Clear output for 2 3 Replace or
phase driver. EC-B 3 repair EC-B
at 19-E; 5 V/cm, E3 card.

5 us/cm. + T e:::iim: R
=
e | S

8. Delayed load sync. Replace or
IsA at 18-M; 5V/cm, repair input
1 us/cm. [fw sync

l \ - amplifier.

9. Delayed Unload sync. Replace or

ISA at 18~R;
1l us/cm.

5V/cm,

repair input
sync
amplifier,

5-~16




Step Description Waveform If Wwaveform

is Abnormal

10. Load-Unload Flip- Replace or
Flop output (LU a -+ repair input
level) during load e sync amplifier
cycle. ISA at 18-L; | k
5 volts/cm, 1 us/cm

11, Load-Unload Flip- Replace or
Flop output (TU . repair input
level) during load | ] sync amplifier
cycle. ISA at 18-S; \ j
5 volts/cm, 1 us/cm '

12, PCS output during Replace or
load or unload cycle. repair PCS.
PCS at 17-H; 5 volts H
/cm, 2 us/com.

13. Load 2 phase driver Replace or
output during load repair load
cycle. Load 2 phase 2 phase driver
driver at 15-P; 5v/cm “ﬁ\ S
1 us/cm. Wavaforms at .

15-P and 15~J may \r‘
trade positions or

appear simultaneously,
depending on type of
scope sync (odd or
even) .




Step

Descriptioh

Waveform

If Waveform
is Abnormalf

13.
[(Cont.)

Load 2 phase driver
output during load
cycle., Load 2 phase
driver at 15-0; 5 V/
on, 1 us/cm. Wave-~
forms at 15-J & 15-P
may trade positions
or appear simultan-
eously, depending on
type of scope sync

[
il
1

Replace or
repair PCS.

14.

(odd or even),.

(BA Buffers only)
Load 2 phase driver
output during unload
cycle., Load 2 phase
driver at 15-J; 5v/

“cm, 1 us/cm, Wave-

forms at 15-J & 15-P
may trade positions
appear simultaneously
depending on type of
scope sync (odd or
even).

Load 2 phase driver
output during unload
cycle. Load 2 phase
driver at 15-P; 5v/
cm, 1 us/cm. Wave-
forms at 15-P & 15-J
may trade positions
or appear simultan-
eously.

— =
|

Replace or
repair load
2 phase driver

Replace or
repair load
2 phase driver

NOTE

The hump at the trailing edge of the positive
pulse in Steps 13~15 is due to feedback from

Absence of hump on an
otherwise normal drive pulse indicates X or Y

core turnover signals.

lines shorted or open.




Step Description Waveform If waveform
is Abnormal
15. (BQ Buffers only) Replace or
Unload 2 phase driver repair un-
output during unload load 2 phase
cycle. Unload 2 phase vw‘x\?“' B2 ol driver.
driver at 16-J; 5V/cm, N
1 us/cm. Waveforms at P
16-J and 16-P may
trade positions or
appear simultaneously,
Unload 2 phase driver r\ Replace or
output durihg unload M repair un-
c¢ycle. Unload 2 phase 1 3] load 2 phase
driver at 1le-P; 5V/cm, f:“‘ driver.
1 us/cm. Waveforms at
16-P and 16-J may I
trade positions or J
appear simultaneously,
depending on type of
scope sync (odd or
even) .
le6. Unload strobe during Repair or
unload cycle. Strobe replace stxobe
generator at 1l1-J; - generator.
5 volts/cm, 1 us/cm. - :
Il
Load~-Unload £flip- Replace or

17.

flop reset pulse.

2 phase driver at
15-D; 5 vV/cm, 1 us/
cm,

repair load

2 phase

“’T*“K‘k driver.




Step Description Waveform If Waveform
is Abnormal
18. Information pulses Replace or
at read amplifier repalilr read
outputs during unload = amplifiers.
cycle. Read amplifiers - ‘
at pins 8-V, 8-W, 8-X J 4
8~¥Y; pins 9-V, 9-W,
9-X, 9-Y¥. Scope at
5V/cm, 1 us/cm. Buffer
load will vary pulse
shape slightly.

19. Digit driver output. Replace or
All digit drivers at repair digit
pins 13-A, 13-K, 13- driver.

P, 13-7; pins 14-A, "‘
14-K, 14-p, 14-7Z. l
Scope at 5V/cm, lus/

e I

20. Load strobe during Replace or
load cycle. Strobe 3 repair strobe
generator at 11-E; A generator.
5V/cm, 1 us/cm. Pulse FHH-HH 'qf‘!‘.é HHHHHHHHH
used only to drive - =
coincident current +
detector (optional *
equipment).

21. Core turnover signal Replace or
coincident with strcoe repair read
pulse during unload amplifier.
cycle. All read Tordinlonlunlded | check strobe
amplifiers at base $ ! generator &
of @3, @5, @8, Qll1; i adjust strobe
5V/cm, 1 us/cm. i timing for
Strobe rises thru center of

' center of negative turnover
core sjignal. signal if
necessary.




' 5-34. HANDLING AND REPAIR OF PRINTED CIRCUIT CARDS.

5-35. HANDLING PROCEDURES. The printed circuit cards are designed
to operate on very low power levels. As a result, the card
contacts are sensitive to dirt, dust, moisture and corrosion. The
cards should never be inserted into the buffer without cleaning.
Cleaning the cards is accomplished as follows:

(a) Wipe each contact with a cloth moistened with tri-
cloroethylene, or equivalent. :

(b) Erase the thin film left by the cleaning fluid from
each contact with a rubber eraser.

(c) Wipe the rubber particles left by the eraser from the
contact with a dry, lint~free cloth.

(d) Remove any loose surface metal between contacts.

5-36. REPAIR PROCEDURES. The printed card circuits can be
serviced easily using conventional shop practices. The most
logical procedure is to check resistances on the cards with the
aid of the schematics. Voltages normally applied to the cards
through the back of the card cage can be found listed in Table

5-37. TRANSISTORS. There is usually more than one transistor of
a given type on each printed circuit card. The transistors may
therefore be checked by substitution or resistance comparison.

The latter must be done carefully to avoid damaging the transistor
with an ohmeter. Proceed as follows:

(a) Turn off the equipment and remove the gquestionable card.

(b) Check the emitter-collector resistance of the transis-
tor in both directions (alternate ohmeter polarity) using the
meter scale which will apply the least amount of current to the
transistor and still provide a reading.

(c) Replace the transistor in accordance with Paragraph
5-40 when the readings differ by more than 15% of the values
obtained for other transistors of the same type.

5-38. DIODES. Check diodes by comparihg forward and back resis-
tance of diodes suspected of faulty operation to that of one
known to be good.



5-39. RESISTORS AND CAPACITORS. Check resistor and capacitor
components by freeing one end of the component from the circuit
and using an ohmeter in a conventional manner. A VTVM is required
to check most of the small capacitors for opens by inducing a
needle "kick". '

CAUTION

Never apply VTVM probes to a circuit
if the meter current may f£low through
a transistor.

5-40. COMPONENT REPLACEMENT. Replacing components on printed
circuit cards presents problems not normally encountered in con-
ventional electronic repair work. The following basic rules
must always be observed:

(a) Use only top quality rosin core 60/40 solder
equivalent to that required by Federal Specification QQ-5-571,
Sn“'GO 3

(b) Use a small, hot soldering iron and a heat sink to
conduct heat away from other components while soldering. A
large pair of pliers clamped to the wire being soldered will
satisfy the heat sink requirement. ‘

(c) Replace spaghetti which may have been removed from
any wire during soldering.

(d) Clean the solder grommets thoroughly by shaking the
printed card over a cloth immediately after the hot iron is
removed. . :

(e) Insert leads of new components into and through the
~grommets, then solder from the printed circuit side of the card-
never from the component side.

(f) Clip off excessive wire and examine the card care-
fully for excess solder and possible strings of spilled solder.
Check for rosin deposits. Wipe the card clean with a dry lint-
free cloth.

(g) Clean the terminals as instructed in Paragraph 5-35.



5-41. MAGNETIC STEPPING SWITCHES.

5-42. REPAIR PROCEDURES. When trouble is definitely traced to
the magnetic stepping switches, remove,then check with the aid of
Figures 5-5 and 6-4. If ohmeter continuity checks reveal no
shorted or open wires, the trouble may be in the clamp card
components shown in Figure 5-~5., If the card components are not
defective, trouble may be a defective solder joint.

5-43., Solder joints which have been opened may normally be
repaired by holding an iron under the switch cards on the joint.
In other circumstances, the cards may be bent gently back to
uncover a hidden joint or defective component.

CAUTION

Bend the card slowly and no
oftener than necessary.

5-44. Remember that identical magnetic switches are used in all
144~-A Core Buffer memories. The operational differences depend
on the directions of the matrix drive currents during the unload
cycle. The directions of the drive currents, in turn, depend on
the directions of the core windings within the matrix.

5-45. If the substitution procedure fails to disclose a bad
switch, check for broken wires’ or parted connectors.

5-46. The switches are attached through split leaf connectors
to the storage system. Occasionally, these connectors part to
create an open circuit. Should this occur, bend the connectors
gently together with a pair of pliers. After any work is done
on the split leaf connectors, clean them carefully as explained
for the printed circuit card contacts in Paragraph 5-35.

5-47. STORAGE SYSTEM.

5-48. CONTINUITY CHECKS. (See Figures 5-6 and 5-7). The
storage system consists of small ferrite cores laced into four
matrix planes by wires. Failures of the storage system are rare.
However, the correct procedures for continuity checks are given
below to enable maintenance personnel to logically eliminate the
matrices as sources of trouble.

(34
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CAUTION

The matrices may be damaged by improper
test procedures. Never move or touch

a matrix wire during the following tests.
Apply test probes only to the indicated
terminals.

5-49. PREPARING THE MATRICES FOR CHECKS. Carefully remove the
magnetic stepping switches from the matrices. Tag one switch
corresponding to one set of split leaf connectors. Although the
switches are interchangeable, the process of elimination is

best accomplished with only one variable at a time.

5-50. Place the matrix frame face-down on a cloth so that plug
P2 is located at the top of the magnetics assembly. (See Figure
5-5).

CORE MATRICES

UNLOAD MAGNETIC
STEPPING SWITCH

LOAD MAGNETIC
STEPPING SWITCH

SPLIT LEAF ——1

CONNECTORS

......

R3

R2

BOARDS
(CR1 THROUGH CR34)

C1

CR36

PARTS CALLED OUT
ON UNLOAD SWITCH

CR35

R1

P2

Figure 5-5. Storage System and Magnetic Stepping Switches
For 144-BQ-8A Buffer, Parts Identification



5-51. MATRIX CONTINUITY CHECKS. (See Figures 5-5 and 5-6).
Figure 5-5, a pictorial diagram of the storage system, and Figure
5-6, a wiring diagram of a portion of the storage system harness
provide the necessary identification for a complete check of the
matrix wiring. Figure 5-6 shows the 144 BA wiring which connects
only one magnetic stepping switch assembly. The 144 BQ wiring is
identical but will contain two identical harnesses, one for each
magnetic stepping switch assembly. Continuity for the matrix X
and Y drive lines, inhibit windings, sense windings, and clear
windings may be checked against Tables 5-4 and 5-5. Resistance
values are of a very low magnitude and careful ohmeter alignment
is required if significant readings are to be obtained. The
resistance of the clear, sense, and inhibit windings may be
checked through connector P-2 by reading across the pin numbers
indicated in Table 5-4.

Table 5-4. Resistance of Matrix Windings.

Inhibit Windings, 2.7 ohms each.

Pin NN to Pin NN to
SS vv
RR WwW
TT - XX
uu PP

3ense Windings, 1.5 ohms each.

Pin E to H Pin F to J
Pin P to S Pin A to C
Pin M to K Pin T to R
Pin D to B Pin L to N

Clear windings, 12 ohms (BQ-8, BA-8). Pin U to W.
Clear Windings, 6 ohms (BQ-4, BA-4). Pin U to W.

5-52. MATRIX DRIVE LINE CONTINUITY. A rapid and reliable check
on proper drive line operation may be obtained from Table 5-3,
Step 13. If the X or Y drive lines are suspected of being shorted
or open, Table 5-5 should be employaed for continuity readings.
Storage matrix continuity through eight separate Y lines to a



common return bus, through nine separate odd X lines to a common
return bus, and through nins separate even X lines to a common
return bus can be checked by referring to Figure 5-6 for pin and
~wire identification.

5-53. The eight Y drive lines are shown near the bottom of the
magnetic switch split leaf connector harness. Each Y line is
connected to two split leaf connectors and, beginning with the
third wire off the harness bottom, the lines count consecutively
up the harness. The first Y line is the first brown wire, number
three from the bottom. The eight Y line is the first gray wire,

C—————- GRAY

;————- PURPLE
k—'— BLUE

K———— GREEN
K— YELLOW

ORANGE

>

PURPLE
BLUE
GREEN
YELLOW
ORANGE

number ten from the bottom.
P-2
3 \_ MAGNETIC SWITCH w ]
CONNECTOR HARNESS
> X LINES

-
MRE —42P

’;—-—— YELLOW
| ORANGE
¥— RED

N BROWN

S WHITE
BLACK

> Y LINES

|
Ll LI

Figure 5-6. Matrix Wiring From Plug P-2 to
Magnetic Switch Connectors



5-54. Continuity of the Y lines through the matrix can be
checked between Plug P-2, Pin MM and the magnetic switch split
leaf connectors. Pin MM locates the common return bus; the

color coded wires terminating at paired split leaf connectors

locate the individual drive lines. Table 5-5 will identify the
color codsd wires and present resistance values.

NOTE

For buffers equipped with load-unload
marker card CD-B, Plug P-2 must be

jumpered BB to DD and X to

7Z to check

X drive and Y drive line continuity

through the storage matrix.

Table 5-5. Matrix Drive Line Continuity.

Y Drive Lines, 1.2 Ohms Each.

Plug P-2, Pin MM to
Brown Wire
Red Wire
Orange Wire
Yellow Wire

Plug P-2, Pin MM to

Green Wire
Blue Wire
Purple Wire
Gray Wire

0dd X Drive Lines, 0.7 Ohms Each.

Black Wire, Common, to
Brown Wire.... lst X line
Orange Wire... 3rd X line
Green Wire.... 5th X line
Purple Wire... 7th X line
White Wire.... 9th X line

Black Wire, Common, to

Brown Wire.... 1llth
Orange Wire... 13th
Green Wire.... 1l5th
Purple Wire... 17th

Even X Drive Lines, 0.7 Ohms Each.

White Wire, Common, to
Red Wire...... 2nd X line
Yellow Wire... 4th X line
Gray Wire..... 6th X line
Blue Wire..... 8th X line
Black Wire.... 10th X line

White Wire, Common, to

Red Wire...... 1l2th
Yellow Wire... 1l4th
Blue Wire..... 1l6th

- Gray Wire..... 18th

5-55. The eighteen X drive lines are shown in the harness
They may be counted up

the harness commencing with a brown wire, number eleven from the

section immediately above the Y lines.

KKK X

Lol I

line
line
line
line

line
line
line
line

5-27



harness bottom. Every other X wire, i.e., the odd number wires.
counting ths brown wire eleven from the bottom as the first X
wire, will return on a common bus. All of the even number X
lines will return on a different common bus.

5-56. The two return busses are located at the very bottom of
the split leaf connector harness. The black wire is the common
return for all of the odd X drive lines; the white wire is the
common return for all of the even X drive lines. Table 5-5
presents resistance readings between each X drive line and its
common return.

CONNECTORS FOR CARDS
A

“MS-34 RA cb-B 28-p ISA
p STROBE. pb-¢ , PCS EC-B
GENERATOR b 7 v

R1 R2

3\

Yo

R5 «

R6
P1
-7 R
RIO
R
“~R16
, R4 ' - N N 7
Fi ' Fa £ Fé : : Ri2 CYPR RN

Figure 5-7. Buffer Parts Identification, Storage System,
Magnetic Stepping Switches and Printed
Circuit Cards Removead



Location

Top

Top

Top

Top
Top
Top

Top

Top

Bottom
Bottom
Bottom
Bottom

Top

Color

Black

Green

White &
Green

Purple

Orange

None

Red

White &
Red

White
White
White
White

White

CARD CAGE WIRING

1p, 7L, 8F, 9F, 1OF,
11y,12L,13s,14S,
17T,17s,18H, 19R
8K, 9K, 10K, 117,
13N, 14N, 15F, 16F,
18N, 19V

8D, 9D, 10D, 11B,
12E, 13X, 14X, 15H,
16H, 18P

19T
17E
7v,70,7T

8A,9A,10A,11H,
12M,13R, 14R, 15T,
leT,172,18C, 192
1s,77,82,9%,102,
1l1lp,12F,13Y, 14y,
15U, 16U, 18D, 19M
1lu, 15pP

1M, 150

1F,7C

1X, 19X

7Z,11X,16A,18R

Purpose

Ground

+5 volt

. =5 wvolt

+7 volt

+16 volt

-14 volt

+24 volt

-24 volt

Signal
Signal
Signal
Signal

Signal



Location

Top
Bottom
Bottom

Bottom

Bottoﬁ
Top

Top

Bottom

Bottom

5-30

Top
Top
Top
Top
Top
Top
Top
Top
Top

Top

color
White
White
White

White

White
White

White

White

wWhite

White
White
Clear
Brown
Clear
Red
Clear
Orange
Clear

Yellow

Terminals
7Y, 11w, 15A
7F, 16P

7N, 16J

8‘1", 8U’ 9U, 9Tl
117, 1l2a

11E, 12T
11A, 18L
11F, 13D, 13F,
13U, 13w, 14w,
14U, 14F, 14F,
188

15C, 16C, 19E

15K, 15R, 16R,
16K, 17H

15D, 18K
17y
8J

8H

-8N

8P

8s

8R

8M

8L

MRE
MRE
MRE
MRE

MRE

MRE

Purpose
Signal
Signal
Signal

Signal

Signal
Signal

Signal

Signal

Signal

Signal
Signal
428 Pin A
428 Pin C
425 Pin B
425 Pin D
428 Pin H
42S Pin E
428 Pin J

428 Pin F



Location
Top
Top
Top
Top
Top
Top
Top
Top

Bottom

Top

Bottom
Bottom
Bottom
Bottom
Bottom
Bottom
Bottom
Bottom
Bottom
Bottom

Bottom

Green
Clear
Blue
Clear
Putple
Clear
Grey
White

White &
Orange

Brown
Clear
Red
Clear
Orange
Clear
Yellow
Clear
Brown
Red

Orange

Terminals

9J
9H
9N
9P
9s
9R
SM
9L
19B

7T

Terminal
Terminal
Terminal
Terminal
Terminal
Terminal
Terminal
Terminal
Terminal
Terminal

Terminal

Board

Board

Board

Board

Board

Board

Board

Board

Board

Board

Board

MRE
MRE
MRE
MRE
MRE
MRE

MRE

MRE

MRE

MRE
MRE
MRE

MRE

MRE
MRE

MRE

Purpose

428 Pin M
428 Pin K
428 Pin N
428 Pin L
428 Pin S
428 Pin P
425 Pin T
428 Pin R
428 Pin U

428 Pin W

425 Pin X

428 Pin Z

42S Pin BB

42S Pin DD

425 Pin Y

428 Pin AA

42S Pin CC

425 Pin EE

428 Pin XX

42S Pin WW

428 Pin VV



~Location

Bottom
Bottom
Bottom
Eottom
Bottom
Top

Top

5-57. A rapid check of all power supply voltages at their card
cage terminations may be accomplished with
coding and harness run (top or bottom) are

wire identification. Additional card cage

Colox
Yellow
Green
Blue
Purple
Grey
Black

White

- Terminals

Terminal

Terminal

Terminal

Terminal

Terminal

Terminal

70

wiring information is also presented.

Board

Board

Board

Board

Board

Board

MRE

MRE

MRE

MRE

MRE

Table 5-6.
listed to facilitate
and terminal board

Purpose

428 Pin
428 Pin
428 Pin
428 Pin
425 Pin
42S Pin

428 Pin

Color

Uu

TT

S8

RR

PP

NN
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SECTION VI

DRAWINGS

6-1. GENERAL.

6-2. This section contains a functional block diagram and
schematic diagrams for all circuits of the 144-A buffers. The
block diagram covers all four buffers of the 1l44-A series with
notations which show the basic differences between models.

6-3. The numerical designations in the blocks of Figure 6-1
indicate the physical location of the circuit within the buffer.
Point-to-point wiring is shown for all signal lines by card
designations at the line terminations.

6-4. Several of the schematic diagrams, Figures 6-2 through 6-13,
show circuit wiring with respect to the buffer circuit (common)
ground. This ground is located at terminal A of the power

supply terminal strip, as well as at the ground terminals shown
in Figures 6-1 through 6-13. Figure 6-12, the Power Supply
Schematic Diagram, shows both the chassis and the circuit ground.
Do not confuse these ground potentials while making voltage ox
oscilloscope checks.

6-5, Limited cross referencing between the separate schamatic
diagrams is achieved by the functionmal block diagram, Figure
6-1. The functional block diagram provides continuity for the
schematic diagram signal inputs and outputs by identifying each
functional block with its printed card name and anuunber and
placing a connzactor designation on each input and output.

6-6. The following example will illustrate schematic cross-
referencing. Figure 6-2, input sync amplifier schematic, shows
the delayed sync signal output terminated at Pin M. Figure 6-1,
functional block diagram, identifies the input sync amplifier
as a functional block and shows the Pin M output connected to
the load two phase driver, Pin A,
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