TX-0, A Transistor Computer with a
256 by 256 Memory

J. L. MITCHELL

Synopsis: TX-0 is a high-speed digital
computer which was built at Lincoln
Laboratory to demonstrate and operation-
ally test 5-megapulse transistor circuitry and
a 65,536-word magnetic-core memory. The
word length is 19 bits; 1 bit is a parity check
bit for memory, 16 bits are assigned to
memory addressing, and the 2 remaining
bits are used to select among three memory-
reference instructions and one micro-
programming instruction. The logic is per-
formed by standardized packages using
surface barrier transistors. Fig. 1 shows
TX-0 with the arithmetic element just
beyond the console and the memory on the
far left. Part I of this paper covers the
TX-0 memory, and Part II the TX-0
circuitry.

Part I, The TX-0 Memory

HE TX-O MEMORY, Fig. 2, is a

high-speed, random-access, coinci-
dent-current magnetic-core unit with a
storage capacity of 65,536 19-bit
words. The bits in the word are read
out in parallel, and the cycle time is
7.0 psec (microseconds). (Cycle time is
defined as the time between successive
read operations.) Two 256-position mag-
netic-core switches are used to supply
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the read and write current pulses to
selection lines. The memory system
contains 425 dual triodes and 625 tran-
sistors. It is interesting to note that the
presently available 4,000-register mag-
netic-core memories use almost as many
active elements as are used in this 65,000-
register memory. The memory was
designed both electrically and mechan-
ically so that the word length can be ex-
panded to 37 bits. Two co-ordinates
are used to select a register during the
read operation, and three co-ordinates
are used for writing. A 2 to 1 current
selection ratio js used. A block dia-
gram of the memory system and the
timing diagram is shown in Fig. 3. The
basic operation of this type of memory
system has been adequately described in
the literature and will not be repeated
here.?

Memory Array

The memory array contains 11/4
million ferrite cores which were manu-
factured at the Lincoln Laboratory.
The outside diameter of the core is

80 mils, the inside diameter 50 mils, and
the height 22 mils. When driven with
an 820-milliampere current pulse, the
cores switch in 1 wsec and give a
peak output voltage of 100 millivolts.
The cores used in this memory have a
somewhat greater signal-to-noise ratio
than available commercial cores. The
cores are wired into 64 by 64 subassem-
blies, each subassembly being a com-
plete operating memory plane with its
own sense and digit winding. The same
winding configurations are used in the
64 by 64 subassemblies as were used
in the previous memories built at the
Lincoln Laboratory.? Sixteen 64 by 64
subassemblies are assembled in a square
array and connected together to form
each 256 by 256 plane.® The choice of
a 64 by 64 subassembly size was a com-
promise between the number of soldered
connections in the 256 by 256 plane and
the ease of construction and test of the
subassemblies.

The digit-plane winding in each 256
by 256 plane is divided into quarters,
each quarter being made up of the
digit winding of four subassemblies con-
nected in series as shown in Fig. 4.
Each quarter looks like a delay line with
a characteristic impedance of 150 ohms
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Fig. 1. TX-0 computer

and a delay time of 0.4 usec. The c'hoi?e
of connecting only four subassemblies in
series is a compromise between dela.y
time and equipment. Any increase in
digit-plane winding delay would re.sult
in an increased memory cycle tl.me;
for example, using one digit-plane wind-
ing per 256 by 256 plane would add 2
usec to the cycle time. :

It should be noted that during 'the
operation of the memory, it is‘p.ractlcal
to drive only one of the digit-plane
winding quarters in a given 256 by 256
plane at any one time. When a pulse
of current is supplied to the digit-plane
winding the resultant voltages cause
transient currents to flow through the

FROM MEMORY

interwinding capacities from th.e fligit
winding to the X, Y, and sense windings.
If the quarters of all the planes are
driven at once, the currents flowing
through the interwinding capacitie§ are
of sufficient magnitude to cause distor-
tion of the digit-plane current pulse, and
to create undesirable transients on the
sense winding. When only one of the
digit-plane winding quarters is pulsed at
a given time, these effects are not harm-
ful. g

The sense winding in a 256 by 256 plane
is also broken up into four sections, e_ach
section consisting of the sense windings
from four 64 by 64 subassemblies. ’I.‘he
subassemblies on a given sense winding
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Fig. 2. TX-0 memory

are connected in such a manner that no
two subassemblies on the same sense
winding section are common to the same
Xor Y driveline; see Fig.5. Itshould
be noted that with this method of con-
nection the voltage induced in the sense
winding by the half-selected cores is
equal to that induced in a 64 by 64
memory.* Each sense winding is also a
delay line. To reduce the delay and
resultant signal distortion, the four
subassemblies on 3 given sense winding
section are connected in series parallel
as shown in Fig. 3 rather than in series.
Of course, this type of connection halves
the signal amplitude seen at the output
terminals of the sense winding section.
Twenty 256 by 256 planes are stacked
on '/y-inch centers and the X and Y wires
are connected in series to form the com-
plete memory array; see Fig. 6. Nine-
teen of the planes are used, and the
20th plane is retained as a spare. The
total dimensions of the memory array
are 31 by 31 by 10 inches. The X and Y
windings are alsg delay lines, with a
characteristic jmpedance of 150 ohms
and a delay of 0.15 usec. It is interest-
ing to note that the delay time for each
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of the various types of winding in the

memory is roughly 0.1 usec per 4,000
cores.

Magnetic-Core Switches

Each magnetic-core switch is made up
of 256 tape-wound cores, each core con-
taining 100 wraps of 4-79 Mopermalloy
tape !/4mil thick and !/,inch wide,
wound on a bobbin with an inside diam-
eter of !/4 inch. Four windings are
placed on each core: two 12-turn drive
windings, a 16-turn output winding,
and a 2-turn bias winding. These cores
are connected into a square array to form
a 2-co-ordinate switch. The operation
of the switch is shown in Fig. 7. All the
cores in the switch are biased to point 4
with a d-c bias current. The applica-
tion of either the # or v current
pulses alone does not switch a core. The
application of # and v together to a
given core causes the core to switch and
generate a 410 milliampere read current
pulse at the secondary. When the
u and v pulses end, the bias current
switches the previously selected core
back to point 4, generating the write
pulse. The selected core is allowed to
switch completely. The cores in the
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‘Fig. 4 (left). Digit-

plane winding con-

nection schematic,

256 by 256 memory
plane

Fig. 6 (right). Mem-
ory array

switch were selected for uniformity of
open-circuit output voltage and switch-
ing time. The switch was wound as a
current step-down device in order to
match the characteristics of the driver
tubes to that of the 150-ohm X and ¥V
selection lines. All current outputs
from the switch are uniform within 59%,.

Circuits

The switch driver circuit used to drive
one co-ordinate of a switch is shown in
Fig. 8. A particular line in the switch is
selected by first grounding one of the
grid input lines and then pulsing one
of the current regulators. For example,
to select line O, grid input O is grounded
and current regulator input O is pulsed.
The current regulators hold the current

Fig. 7(A) (right). = Operation of switch core.
7(B) (below). Schematic, magnetic-core switch
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constant to within 39, over the life of the
tubes.

The digit-plane driver circuit is shown
in Fig. 9, and it is similar to the current
regulator in the switch drive circuit.
Four such circuits are associated with
each 256 by 256 plane, one for each
quarter of the digit winding.

The sense amplifier circuit is shown in
Fig. 10. The specifications on the sense
amplifier are as follows: it must accept
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Fig. 5. Sense-winding connection schematic
for one sense-winding section, 256 by 256
memory plane




Fig. 8. Circuit schematic, switch driver + 280V
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bipolar input signals, it must have bal-
anced input and must reject common-
mode signals, it must not block when hit
by large voltage transients, it must ac-
cept a train of unipolarity signals, and
it must have constant gain over reason-
able periods of time. The circuit shown
meets these specifications satisfactorily.
The unwanted signal due to voltages from
half-selected cores and zeros is sliced out
by applying the proper bias voltage to
the center tap of the secondary of the
transformer. The transformer bias volt-
age can be varied to give a measure of
the signal to the noise ratio of the signal
coming out of the sense winding. This
is the method used to determine the
margins of the system. The amplified
‘ input signals are mixed and rectified in
' the emitter-follower circuit, and then
further amplified in the pulse-amplifier
section to a voltage of 3 volts if a one
was read out and to zero volts if a zero
was read out of the memory plane. The
signal is transmitted to the memory
buffer register where it is sampled with
a 0.1-usec strobe pulse. One 4-input
sense amplifier is associated with each
256 by 256 plane.

Results

The memory system has been under
test in the TX-0 computer for several

months with very satisfactory results.
A number of the parameters of the sys-
tem have been plotted versus the sense-
amplifier transformer bias voltage. One
of the most important plots is shown in
Fig. 11. 1In this test the current in one
switch-driver current regulator was
varied, and the sense amplifier trans-
former bias voltage to all 19 sense am-
plifiers was varied until an incorrect read-
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out occurred. The test program used
shifts itself through all memory ad-
dresses. It is as “tough’ on the memory
margins as an average program. When
the switch drive current is varied, the
amplitude of the read current pulse and
the amplitude and shape of the write
current pulse are changed; the switch
drive current is therefore one of the most
(Continued on p. 98)
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critical in the system. The upper curve
in Fig. 9 corresponds to failure to read
out a one and the lower curve represents
failure to read out a zero correctly. The
margins shown are comparable to those
obtained on the 4,096-word MTC mem-
ory at the Lincoln Laboratory.

During the coming months the word
length of the memory will be increased
to 37-bits to bring the total storage
capacity to 2.5 million bits, and the
memory cycle time will be reduced to
6 usec.

Part Il, TX-0 Circuitry

Reliability has been one of the prom-
ised advantages of transistors in computer

circuits, and indeed it has proved to be
so. Reliability has come largely from the
gross reduction in the number of parts,
and from the expected long life of the
transistors. But, in addition to relia-
bility, it is found that transistors also
can give improvements in speed and tol-
erance to parameter variations, and that
they lend themselves to standardized
building blocks.

Faster circuit speed is not a result of
the fact that transistors are faster than
vacuum tubes, for as yet they are not,
but because they operate at much lower
voltage levels. A vacuum tube takes a
signal of several volts to turn it from
fully oN to fully oFF but a transistor
takes less than one volt to do this.

Tolerance to parameter variations
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Fig. 16 (left). Turn-off time |

Fig. 18 (above). TX-0 flip-flop

is the result of being able to saturate the
transistor. Unlike vacuum tubes, which
always need an appreciable voltage
across them for operation, an ON tran-
sistor can have almost no voltage across
it. In fact, it can be usually considered
as a switch that is either open or closed.
This feature of the transistor makes
possible very simple and very stable
circuits.

Standardized building blocks are prac-
tical because of the small number of
types of circuits required in a system, and
because of the large driving capabilities
of the saturated transistor. Even though
the rated power dissipation of the tran-
sistor may be low, it can drive a large
load because there is so little voltage
across a saturated transistor.
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Circuit Types

There are two general circuit config-
urations in TX-0: the saturated in-
verter, atid the saturated emitter follower.
When a transistor in these circuits is sat-
urated or oN there is only about 0.1
volt across it, so that an oN inverter
clamps its output to ground and an oN
emitter follower clamps its output to the
supply voltage.

‘The saturated emitter follower is, in
general, driven by an inverter as shown
in Fig. 12. The output voltage as a
function of load current is plotted first
with R returned to the -3 supply to show
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the characteristic of an unsaturated
emitter follower, and then with R re-
turned to —10 to show that the output
voltage remains almost constant with
load variations for a saturated emitter
follower. R was changed to keep the
inverter current the same in both cases.
Transistor networks are used to per-
form logical operations. Emitter follow-
ers are combined in parallel to form non-
inverting AND circuits for positive sig-
nals and OR circuits for negative signals,
as in Fig. 13. Inverters are combined

7

"0" SIDE t

in parallel and in series, as in Figs. 14
and 15, and series-parallel combinations
for other operations. The output of a
logical network is combined with a
sensing pulse to set a flip-flop.

In the schematic of the saturated in-
verter shown in Fig. 16 the input resistor
is selected so that in the oN condition,
enough current, plus a safety factor,
flows from the base to keep the transistor
saturated with less than 100 millivolts,
collector to emitter. The resistor to the
+10 supply voltage is chosen so that
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when the input is close to ground and the
transistor is cut off, the base is biased
positive to give tolerance to noise and
spurious signals. The by-pass capacitor
C is made large enough to take all the
holes out of the base during the turn off
transient. Fig. 16 shows the effect of
this capacitor on the turn-off time.
With surface barrier transistors, the
holes are removed so fast that the turn-
off delay is difficult to measure.

The input impedance of the saturated
inverter is roughly equal to the parallel
RC in the base, so for driving economy
R is made only small enough to saturate
safely the transistor with the lowest ex-
pected current gain, and C is made only
large enough to turn off safely the tran-
sistor with the largest specified amount of
hole storage. Minimum current gain
and maximum hole storage were specified
to give reasonably large yields from tran-
sistor production.

Flip-Flop

In designing TX-0 it was decided that

the advantages of having one standard

flip-flop would be worth the cost of some
complication in the circuitry. The
circuit diagram of the flip-flop package
in Fig. 17 shows an Eccles-Jordan flip-
flop followed by a 3-transistor amplifier
on each side. The output amplifiers
give excellent rise time. Input ampli-
fiers isolate the pulse input circuits and
raise the input impedance. Also these

amplifiers act as a delay line which
allows the flip-flop to be set at the same
time that it is being sampled. Fig. 18
shows the wave forms of this flip-flop
package. The rise and fall times, about
25 muysec, are faster than one normally
sees in an inverter or emitter follower be-
cause on each output there is an in-
verter that pulls to ground and an
emitter follower that pulls to -3 volts.
Fig. 19 shows the pulse amplitude neces-
sary to complement the flip-flop at
various frequencies. Although this cir-
cuit will operate at a 10-megapulse rate, it
is normally run at a maximum of 5 mega-
pulses per second.

Circuits which are repeated often were
designed with as few components as pos-
sible. In the case of less frequently
used circuits, added components and
even redundancy were incorporated when
they could simplify the system. For
example, the number of flip-flops in a
system like TX-0 is quite small com-
pared to the gates which transfer infor-
mation from one group of flip-flops to
another. So the TX-0 transfer gates
were made very simple. A transfer
gate is in fact only a single inverter;
the emitter is connected to the output of
the flip-flop being read, and the collector
is connected to the input of the flip-flop
being set. The output impedance of the
flip-flop is so low that when the output is
at the ground level, a pulse on the base
of the transfer gate sets the other flip-
flop.

Packaging

Simple construction and maintenance
of TX-0 was accomplished by using large
numbers of a few types of plug-in units.
For example, one package, Fig. 20, con-
tained only a standard flip-flop. Even
smaller packages, Fig. 21, contained only
one to three inverters or emitter follow-
ers. These then were plugged into
panels like the one in Fig. 22, and in turn
were interconnected with solderless con-
nectors.

Marginal Checking

Marginal checking was incorporated
in these circuits to locate deteriorating
components before they failed. It was
also useful for locating the design center
of the various parameters, and for indi-
cating the tolerance of circuits to these
parameters. Inaddition, marginal check-
ing was used after the TX-0 system was
operating to find noise and other system
faults which were not serious enough to
cause failure, but which would have de-
creased the reliability.

Operating conditions of the circuits
can be indicated by varying the inverter
bias. In the flip-flop schematic in Fig.
17, the inverters were divided into two
groups for marginal checking, and the
two leads labeled MCA and MCB are
varied one at a time for most critical
checking of the circuit.

Sample plots of margins as a function

of various parameters are shown in the
figures. Fig. 23 shows the tolerance to
the transistor current gain, and how
marginal checking will indicate its de-
terioration.

Fig. 24 shows the tolerance to 7, a
measure of hole storage. Margins to
supply voltages, temperature, and pulse

amplitude are shown in Figs. 25 through
28.
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TX-0, A Transistor Computer with a
256 by 256 Memory

J. L. MITCHELL

Synopsis: TX-0 is a high-speed digital
computer which was built at Lincoln
Laboratory to demonstrate and operation-
ally test 5-megapulse transistor circuitry and
a 65,536-word magnetic-core memory. The
word length is 19 bits; 1 bit is a parity check
bit for memory, 16 bits are assigned to
memory addressing, and the 2 remaining
bits are used to select among three memory-
reference instructions and one micro-
programming instruction. The logic is per-
formed by standardized packages using
surface barrier transistors. Fig. 1 shows
TX-0 with the arithmetic element just
beyond the console and the memory on the
far left. Part I of this paper covers the
TX-0 memory, and Part II the TX-0
circuitry.

Part |, The TX-0 Memory

HE TX-O MEMORY, Fig. 2, is a

high-speed, random-access, coinci-
dent-current magnetic-core unit with a
storage capacity of 65,536 19-bit
words. The bits in the word are read
out in parallel, and the cycle time is
7.0 usec (microseconds). (Cycle time is
defined as the time between successive
read operations.) Two 256-position mag-
netic-core switches are used to supply
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the read and write current pulses to
selection lines. The memory system
contains 425 dual triodes and 625 tran-
sistors. It is interesting to note that the
presently available 4,000-register mag-
netic-core memories use almost as many
active elements as are used in this 65,000-
register memory. The memory was
designed both electrically and mechan-

" ically so that the word length can be ex-

panded to 37 bits. Two co-ordinates
are used to select a register during the
read operation, and three co-ordinates
are used for writing. A 2 to 1 current
selection ratio is used. A block dia-
gram of the memory system and the
timing diagram is shown in Fig. 3. The
basic operation of this type of memory
system has been adequately described in
the literature and will not be repeated
here.!

Memory Array

The memory array contains 1!/,
million ferrite cores which were manu-
factured at the Lincoln Laboratory.
The outside diameter of the core is

80 mils, the inside diameter 50 mils, and
the height 22 mils. When driven with
an 820-milliampere current pulse, the
cores switch in 1 usec and give a
peak output voltage of 100 millivolts.
The cores used in this memory have a
somewhat greater signal-to-noise ratio
than available commercial cores. The
cores are wired into 64 by 64 subassem-
blies, each subassembly being a com-
plete operating memory plane with its
own sense and digit winding. The same
winding configurations are used in the
64 by 64 subassemblies as were used
in the previous memories built at the
Lincoln Laboratory.? Sixteen 64 by 64
subassemblies are assembled in a square
array and connected together to form
each 256 by 256 plane.®* The choice of
a 64 by 64 subassembly size was a com-
promise between the number of soldered
connections in the 256 by 256 plane and
the ease of construction and test of the
subassemblies.

The digit-plane winding in each 256
by 256 plane is divided into quarters,
each quarter being made up of the
digit winding of four subassemblies con-
nected in series as shown in Fig. 4.
Each quarter looks like a delay line with
a characteristic impedance of 150 ohms
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Fig. 1. TX-O computer

and a delay time of 0.4 usec. The choice
of connecting only four subassemblies in
series is a compromise between delay
time and equipment. Any increase in
digit-plane winding delay would result
in an increased memory cycle time;
for example, using one digit-plane wind-
ing per 256 by 256 plane would add 2
usec to the cycle time.

It should be noted that during the
operation of the memory, it is practical
to drive only one of the digit-plane
winding quarters in a given 256 by 256
plane at any one time. When a pulse
of current is supplied to the digit-plane
winding the resultant voltages cause
transient currents to flow through the

FROM MEMORY
BUFFER REGISTER

80

interwinding capacities from the digit
winding to the X, Y, and sense windings.
If the quarters of all the planes are
driven at once, the currents flowing
through the interwinding capacities are
of sufficient magnitude to cause distor-
tion of the digit-plane current pulse, and
to create undesirable transients on the
sense winding. When only one of the
digit-plane winding quarters is pulsed at
a given time, these effects are not harm-
ful.

The sense winding in a 256 by 256 plane
is also broken up into four sections, each
section consisting of the sense windings
from four 64 by 64 subassemblies. The
subassemblies on a given sense winding
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Fig. 2. TX-0 memory

are connected in such a manner that no
two subassemblies on the same sense
winding section are common to the same
X or Y drive line; see Fig. 5. Itshould
be noted that with this method of con-
nection the voltage induced in the sense
winding by the half-selected cores is
equal to that induced in a 64 by 64
memory.* Each sense winding is also a
delay line. To reduce the delay and
resultant signal distortion, the four
subassemblies on a given sense winding
section are connected in series parallel
as shown in Fig. 3 rather than in series.
Of course, this type of connection halves
the signal amplitude seen at the output
terminals of the sense winding section.
Twenty 256 by 256 planes are stacked
on !/s-inch centers and the X and Y wires
are connected in series to form the com-
plete memory array; see Fig. 6. Nine-
teen of the planes are used, and the
20th plane is retained as a spare. The
total dimensions of the memory array
are 31 by 31 by 10 inches. The X and Y
windings are also delay lines, with a
characteristic impedance of 150 ohms
and a delay of 0.15 usec. It is interest-
ing to note that the delay time for each
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MEMORY
CORE OUTPUT

STROBE PULSE n
DIGIT PLANE CURRENT} \
SET MEMORY
ADDRESS
REGISTER O I 2 3 4 5 6 7

TIME IN MICROSECONDS

®)

Fig. 3(A). Block diagram, 256 by 256
Memory. 3(B). Memory timing chart

of the various types of winding in the
memory is roughly 0.1 usec per 4,000
cores.

Magnetic-Core Switches

Each magnetic-core switch is made up
of 256 tape-wound cores, each core con-
taining 100 wraps of 4-79 Mopermalloy
tape !/,mil thick and !/sinch wide,
wound on a bobbin with an inside diam-
eter of !/4 inch. Four windings are
placed on each core: two 12-turn drive
windings, a 16-turn output winding,
and a 2-turn bias winding. These cores
are connected into a square array to form
a 2-co-ordinate switch. The operation
of the switch is shown in Fig. 7. All the
cores in the switch are biased to point 4
with a d-c bias current. The applica-
tion of either the # or v current
pulses alone does not switch a core. The
application of # and v together to a
given core causes the core to switch and
generate a 410 milliampere read current
pulse at the secondary. When the
u and v pulses end, the bias current
switches the previously selected core
back to point A4, generating the write
pulse. The selected core is allowed to
switch completely. The cores in the

AN

N
;m@%
N

Fig. 5. Sense-winding connection schematic
for one sense-winding section, 256 by 256
memory plane

Fig. 4 (left). Digit-

plane winding con-

nection schematic,

256 by 256 memory
plane

Fig. 6 (right). Mem-
ory array

switch were selected for uniformity of
open-circuit output voltage and switch-
ing time. The switch was wound as a
current step-down device in order to
match the characteristics of the driver
tubes to that of the 150-ohm X and V
selection lines. All current outputs
from the switch are uniform within 5%,.

Circuits

The switch driver circuit used to drive
one co-ordinate of a switch is shown in
Fig. 8. A particular line in the switch is
selected by first grounding one of the
grid input lines and then pulsing one
of the current regulators. For example,
to select line O, grid input O is grounded
and current regulator input O is pulsed.
The current regulators hold the current

Fig. 7(A) (right). Operation of switch core.
7(B) (below). Schematic, magnetic-core switch

i
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constant to within 3%, over the life of the
tubes.

The digit-plane driver circuit is shown
in Fig. 9, and it is similar to the current
regulator in the switch drive circuit.
Four such circuits are associated with
each 256 by 256 plane, one for each
quarter of the digit winding.

The sense amplifier circuit is shown in
Fig. 10. The specifications on the sense
amplifier are as follows: it must accept

to
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critical in the system. The upper curve
in Fig. 9 corresponds to failure to read
out a one and the lower curve represents
failure to read out a zero correctly. The
margins shown are comparable to those
obtained on the 4,096-word MTC mem-
ory at the Lincoln Laboratory.

During the coming months the word
length of the memory will be increased
to 37-bits to bring the total storage
capacity to 2.5 million bits, and the
memory cycle time will be reduced to
6 usec.

Part I, TX-0 Circuitry

Reliability has been one of the prom-
ised advantages of transistors in computer

circuits, and indeed it has proved to be
so. Reliability has come largely from the
gross reduction in the number of parts,
and from the expected long life of the
transistors. But, in addition to relia-
bility, it is found that transistors also
can give improvements in speed and tol-
erance to parameter variations, and that
they lend themselves to standardized
building blocks.

Faster circuit speed is not a result of
the fact that transistors are faster than
vacuum tubes, for as yet they are not,
but because they operate at much lower
voltage levels. A vacuum tube takes a
signal of several volts to turn it from
fully oN to fully oFF but a transistor
takes less than one volt to do this.

Tolerance to parameter variations
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Fig. 16 (left). Turn-off time |

Fig. 18 (above). TX-0 flip-flop :

is the result of being able to saturate the
transistor. Unlike vacuum tubes, which
always need an appreciable voltage
across them for operation, an ON tran-
sistor can have almost no voltage across
it. In fact, it can be usually considered
as a switch that is either open or closed.
This feature of the transistor makes
possible very simple and very stable
circuits.

Standardized building blocks are prac-
tical because of the small number of
types of circuits required in a system, and
because of the large driving capabilities
of the saturated transistor. Even though
the rated power dissipation of the tran-
sistor may be low, it can drive a large
load because there is so little voltage
across a saturated transistor.
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Fig. 17. TX-0 flip-flop
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Circuit Types

There are two general circuit config-
urations in TX-0: the saturated in-
verter, and the saturated emitter follower.
When a transistor in these circuits is sat-
urated or on there is only about 0.1
volt across it, so that an oN inverter
clamps its output to ground and an oN
emitter follower clamps its output to the
supply voltage.

The saturated emitter follower is, in
general, driven by an inverter as shown
In Fig. 12, The output voltage as a
fu'nction of load current is plotted first
With R returned to the -3 supply to show
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the characteristic of an unsaturated
emitter follower, and then with R re-
turned to —10 to show that the output
voltage remains almost constant with
load variations for a saturated emitter
follower. R was changed to keep the
inverter current the same in both cases.
Transistor networks are used to per-
form logical operations. Emitter follow-
ers are combined in parallel to form non-
inverting AND circuits for positive sig-
nals and OR circuits for negative signals,
as in Fig. 13. Inverters are combined

7

*0" SIDE =

in parallel and in series, as in Figs. 14
and 15, and series-parallel combinations
for other operations. The output of a
logical network is combined with a
sensing pulse to set a flip-flop.

In the schematic of the saturated in-
verter shown in Fig. 16 the input resistor
is selected so that in the oN condition,
enough current, plus a safety factor,
flows from the base to keep the transistor
saturated with less than 100 millivolts,
collector to emitter. The resistor to the
+10 supply voltage is chosen so that
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when the input is close to ground and the
transistor is cut off, the base is biased
positive to give tolerance to noise and
spurious signals. The by-pass capacitor
C is made large enough to take all the
holes out of the base during the turn off
transient. Fig. 16 shows the effect of
this capacitor on the turn-off time.
With surface barrier transistors, the
holes are removed so fast that the turn-
off delay is difficult to measure.

The input impedance of the saturated
inverter is roughly equal to the parallel
RC in the base, so for driving economy
R is made only small enough to saturate
safely the transistor with the lowest ex-
pected current gain, and C is made only
large enough to turn off safely the tran-
sistor with the largest specified amount of
hole storage. Minimum current gain
and maximum hole storage were specified
to give reasonably large yields from tran-
sistor production.

Flip-Flop

In designing TX-0 it was decided that
the advantages of having one standard
flip-flop would be worth the cost of some
complication in the circuitry. The
circuit diagram of the flip-flop package
in Fig. 17 shows an Eccles-Jordan flip-
flop followed by a 3-transistor amplifier
on each side. The output amplifiers
give excellent rise time. Input ampli-
fiers isolate the pulse input circuits and
raise the input impedance. Also these

amplifiers act as a delay line which
allows the flip-flop to be set at the same
time that it is being sampled. Fig. 18
shows the wave forms of this flip-flop
package. The rise and fall times, about
95 musec, are faster than one normally
sees in an inverter or emitter follower be-
cause on each output there is an in-
verter that pulls to ground and an
emitter follower that pulls to -3 volts.
Fig. 19 shows the pulse amplitude neces-
sary to complement the flip-flop at
various frequencies. Although this cir-
cuit will operate at a 10-megapulse rate, it
is normally run at a maximum of 5 mega-
pulses per second.

Circuits which are repeated often were
designed with as few components as pos-
sible. In the case of less frequently
used circuits, added components and
even redundancy were incorporated when
they could simplify the system. For
example, the number of flip-flops in a
system like TX-0 is quite small com-
pared to the gates which transfer infor-
mation from one group of flip-flops to
another. So the TX-0 transfer gates
were made very simple. A transfer
gate is in fact only a single inverter;
the emitter is connected to the output of
the flip-flop being read, and the collector
is connected to the input of the flip-flop
being set. The output impedance of the
flip-flop is so low that when the output is
at-the ground level, a pulse on the base
of the transfer gate sets the other flip-
flop.

Packaging

Simple construction and maintenance
of TX-0 was accomplished by using large
numbers of a few types of plug-in units.
For example, one package, Fig. 20, con-
tained only a standard flip-flop. Even
smaller packages, Fig. 21, contained only
one to three inverters or emitter follow-
ers. These then were plugged into
panels like the one in Fig. 22, and in turn
were interconnected with solderless con-
nectors.

Marginal Checking

Marginal checking was incorporated
in these circuits to locate deteriorating
components before they failed. It was
also useful for locating the design center
of the various parameters, and for indi-
cating the tolerance of circuits to these
parameters. Inaddition, marginal check-
ing was used after the TX-0 system was
operating to find noise and other system
faults which were not serious enough to
cause failure, but which would have de-
creased the reliability.

Operating conditions of the circuits
can be indicated by varying the inverter
bias. In the flip-flop schematic in Fig.
17, the inverters were divided into two
groups for marginal checking, and the
two leads labeled MCA and MCB are
varied one at a time for most critical
checking of the circuit.

Sample plots of margins as a function

of various parameters are shown in the
figures. Fig. 23 shows the tolerance to
the transistor current gain, and how
marginal checking will indicate its de-
terioration.

Fig. 24 shows the tolerance to 7, a
measure of hole storage. Margins to
supply voltages, temperature, and pulse

amplitude are shown in Figs. 25 through
28.
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Transistor Circuitry in the Lincoln TX-2"
KENNETH H. OLSENT

Circuir CONFIGURATIONS
@NLY TWO BASIC circuits are needed to per-

form most of the logical operations in the TX-2
computer; a saturated transistor inverter and a
saturated emitter follower. To the logical designer who
works with them, these circuits can be considered as
simple switches which are either open or closed.
The schematic diagram of an emitter follower and the
symbol used by the logical designers is shown in Fig. 1.

+10 +10

OUTPUT ouT

INPUT

-3 -3
Fig. 1—Emitter follower.
* This work was supported jointly by the U. S. Army, Navy, and

Air Force under contract with Mass. Inst. Tech.
t Lincoln Lab., M.I.T., Lexington, Mass.

With a negative input, the output is “shorted” to the
—3-volt supply as through a switch. When several of
these emitter followers are combined in parallel, as in
Fig. 2, any one of them will clamp the output to —3 v.

+10

—& OUT

S

Fig. 2—Parallel emitter follower.

)

We have then an OR circuit for negative signals and an
AND circuit for positive signals. The transistor inverter
is shown in Fig. 3 (next page) with its logic symbol. Ba-
sic AND, OR circuits result from the connection of these
simple switches in series or parallel (Figs. 4 and 5). More
complex networks like the TX-2 carry circuit use these
elements arranged in series-parallel (Fig. 6).

In Fig. 3 the resistor R, is chosen so that under the
worst combinations of stated component and power
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Fig. 3—Inverter.
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Fig. 4—Parallel inverters.
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Fig. 5—Series inverters.

supply variations, the drop across the transist'or will be
less than 200 millivolts during the “on-condition.” Ez
biases the transistor base positive during the off c91ld1-
tion to provide greater tolerance to noise, I, and signal
variations. Capacitance C was selected to remove atll of
the minority carriers from the base when the tran§1st9r
is being turned off. The effect of C on a test circuit
driven by a fast step is shown in Fig. 7. Note that the
delay due to hole storage is only a few millimicros?conds.

We run the circuits under saturated conditions to
achieve stability and a wide tolerance to parameters

GND

CARRY FROM FROM
PREVIOUS DIGIT ACCUMULATOR
FROM CARRY
FLIP -FLOP
CARRY TO

NEXT DIGIT

=10

Fig. 6—TX-2 carry circuits.
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Fig. 7—Turn-off time.

without the need for clamp diodes. Unlike vacuum tubes
which always need an appreciable voltage across them
for operation, a transistor requires practically no voltage
across it. In spite of the delay in turning off saturated
transistors, these circuits are faster than most vacuum
tube circuits. Faster circuit speed is not due to the fact
that the transistors are faster than vacuum tubes, but
because they operate at much lower voltage levels. A
vacuum tube takes a signal of several volts to turn it
from fully “on” to fully “off;” a transistor takes less
than one volt.
Frip-FLop

On the basis of previous experience, we decided that
the advantages of having one standard flip-flop were
worth some complication in TX-2 circuitry. The circuit
diagram of the flip-flop package in Fig. 8 is basically an
Eccles-Jordan trigger circuit with a three-transistor
amplifier on each output. The input amplifiers isolate
the pulse input circuits and give high input impedance.
The amplifiers give enough delay to allow the flip-flop
to be set at the same time that it is being sensed. Fig.
0 shows the waveforms of this flip-flop package when
complemented at a 10-megapulse rate. The rise and fall
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Fig. 9—Flip-flop waveforms.

times, about 25 millimicroseconds, are faster than one
normally sees in a single inverter, or an emitter follower
because on each output there is an inverter that pulls
to ground and an emitter follower that pulls to —3 v.

(100 MMFD, 10000)

PULSE .5
.
VOLTS

0.5 _t
e Z 4 6 8 10

FREQUENCY IN McCS

Fig. 10—Trigger sensitivity.

Fig. 10 is a plot of the pulse amplitude necessary to com-
plement the flip-flop at various frequencies. Note the
independence of trigger sensitivity to pulse repetition
rate. This circuit will operate at a 10-megapulse rate,
twice the maximum rate at which it will be used in
TX-2.

The TX-2 circuits reproduced most often were de-
signed with a minimum number of components to
achieve economies in manufacture and maintenance.
The design of less frequently reproduced circuits made
liberal use of components—even redundancy to achieve
long life and broad tolerance to component variations.
The goal was system simplicity and high performance
with a lower total number of components than might
otherwise be possible. For example, the number of flip-
flops in the TX-2 is small compared to the gates which
transfer information from one group of ﬁip-ﬂops to
another; so the flip-flops were allowed to be relatively
complicated but the TX-2 transfer gates were made very
simple. A transfer gate is only a single inverter. The
emitter is connected to the output of the flip-flop be-
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ing read and the collector is connected to the input of
the flip-flop being set. The output impedance of the flip-
flop is so low that, when the output is at the ground
level, a pulse on the base of the transfer gate shorts the
input of the other flip-flop to ground and sets its condi-
tion.

MARGINAL CHECKING

We planned, of course, to incorporate marginal check-
ing in the design of these circuits so that, under a pro-
gram of regularly scheduled maintenance, deteriorating
components could be located before they caused failure
in the system. We also found it practical to use the
technique during the design of the circuits to locate the
design center of the various parameters and to indicate
the tolerance of circuit performance to these parame-

20
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R
=30 e
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Fig. 14— —3-volt supply margins.
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Fig. 15—Temperature margins.
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Fig. 16—Pulse margins.

ters. A further application of marginal checking has
been found in other systems during shakedown and
initial operation to pin point noise and other system
faults not serious enough to cause failure and therefore
very difficult to isolate by other means.

The operating condition of the inverters is indicated
by varying the 4+10-v bias. In the flip-flop schematic in
Fig. 8, the inverters were divided into two groups for
marginal checking, and the two leads labeled MCA and
MCB were varied one at a time for most critical check-
ing of the circuit. The following curves show the locus of
failure points for various parameters as a function of the
marginal checking voltage. Fig. 11 shows the tolerance
to tau, a measure of hole storage and Fig. 12 shows the
tolerance to beta, the current gain. Operating margins
for supply voltages, temperature, and pulse amplitude
are shown in Figs. 13 through 16.
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Fig. 17—TX-2 plug-in unit.

PAackAGING

The number of types of plug-in units was kept small
for ease of production and to keep the number of spares
to a minimum. The circuits are built on dip soldered
etched boards and the components are hand soldered
to solid turret lugs. The boards are mounted in steel
shells shown in Fig. 17 to keep the boards from flexing.
The male and female contacts are machined and gold
plated. The sockets are hand wired and soldered in

LGS G e L

Fig. 18—TX-2 back panel.

CONCLUSION

The result of these design considerations is a 5-mega-
pulse control and arithmetic element which will take
less than 40 square feet of space and dissipate less than
800 watts of power. The simplicity of the circuits has
encouraged a degree of logical sophistication which
would not have been chanced before.
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Petersen.

Discussion

R. D. Gloor (Ramo-Wooldridge Corp.):
What is the estimate of the expected mean-
free-time between component failures for
TX-2?

Mr. Olsen: The TX-0 Computer, which
has been running eight hours a day since
last April, has lost no transistors. So our
experience with the TX-0 is that we expect
the transistor portion of the machine to
go for weeks without an error.

John Hayes (U.S.N.E.L.): What type
of transistors are used in the flip-flops?

Mr. Olsen: The Philco Service Barrier
Transistor was a key part of this develop-
ment. [t is tested to computer specifications.

We also use two or three thousand
Micro-alloy transistors. We would like to
use 100 per cent Micro-alloy transistors, but
there were only two or three thousand avail-
able at the time we needed them. They have

higher gains, particularly higher current,
and appear to be much better transistors.

L. P. Retzinger (Litton): What is the
propagation time per carry digit?

Mr. Olsen: About 40 millmicroseconds
per digit. We made no effort to speed this
up. This is a straightforward cascaded in-
verter, and it was the simplest type carrier
we felt we could make. Even though it is
slow compared to the rest of the circuits, in
the over-all system it contributes very little
to it in time or calculations.

Win Soule (Digital Techniques): How
do you obtain visual indication of flip-flop
position?

Mr. Olsen: We drive incandescent bulbs
with a jumping transistor—a hardly satis-
factory way of doing it: 400 transistors
drive 400 incandescent bulbs. This is prob-
ably the best system as a whole, because it
is not too expensive. We have been looking
for less expensive ways for getting informa-
tion.

SRS

L. H. Crandon (Autonetics): Are there
any other sensitive parameters, different
from voltage, which are used in marginal
checking?

Mr. Olsen: One of course, can spend a
lifetime comparing every parameter with
every other parameter. Marginal checking
gives you very good measure of most sensi-
tive areas, and this is the one we concen-
trated on, and we feel that this is a reason-
able approach to it, when one is limited by
a limited length of time.

R. O. Barnes (Boeing): How much cir-
cuitry is represented in one plug-in unit (as
shown in the figure) 7.e., how many flip-flops
per unit?

Mr. Olsen: The figure shows that it con-
tained one of the ten transistor flip-flops,
plus three volume transistors. Three is in
one package of cross section of one by two
inches, one flip-flop plus a little logic; eight
to twelve converters, or eight to twelve inter-
followers.
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Transistor Circuitry in the Lincoln TX-2*
KENNETH H. OLSENT

CircuiT CONFIGURATIONS

NLY TWO BASIC circuits are needed to per-
@ form most of the logical operations in the TX-2
computer; a saturated transistor inverter and a
saturated emitter follower. To the logical designer who
works with them, these circuits can be considered as
simple switches which are either open or closed.
The schematic diagram of an emitter follower and the
symbol used by the logical designers is shown in Fig. 1.

+1.0 +10

OUTPUT ouT

INPUT

-3 -3
Fig. 1—Emitter follower.
* This work was supported jointly by the U. S. Army, Navy, and

Air Force under contract with Mass. Inst. Tech.
T Lincoln Lab., M.L.T., Lexington, Mass.

With a negative input, the output is “shorted” to the
—3-volt supply as through a switch. When several of
these emitter followers are combined in parallel, as in
Fig. 2, any one of them will clamp the output to —3 v.

+10

=3

Fig. 2—Parallel emitter follower.

We have then an OR circuit for negative signals and an
AND circuit for positive signals. The transistor inverter
is shown in Fig. 3 (next page) with its logic symbol. Ba-
sic AND, OR circuits result from the connection of these
simple switches in series or parallel (Figs. 4 and 5). More
complex networks like the TX-2 carry circuit use these
elements arranged in series-parallel (Fig. 6).

In Fig. 3 the resistor R; is chosen so that under the
worst combinations of stated component and power
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+10 GND

ouT

INPUTO—1

OUTPUT

=10

Fig. 3—Inverter.

GND

=

+10
Fig. 4—Parallel inverters.
GND
ouT
=10

Fig. 5—Series inverters.

supply variations, the drop across the transistor will be
less than 200 millivolts during the “on-condition.” R,
biases the transistor base positive during the off condi-
tion to provide greater tolerance to noise, I, and signal
variations. Capacitance C was selected to remove all of
the minority carriers from the base when the transistor
is being turned off. The effect of C on a test circuit
driven by a fast step is shown in Fig. 7. Note that the
delay due to hole storage is only a few millimicroseconds.

We run the circuits under saturated conditions to
achieve stability and a wide tolerance to parameters

GND

CARRY FROM
PREVIOUS DIGIT

FROM
ACCUMULATOR

FROM CARRY
FLIP-FLOP

CARRY TO
NEXT DIGIT

=10

Fig. 6—TX-2 carry circuits.

00—
f\ +10V
;O.IB MEG

INPUT

— INPUT 5000 &

0 —
\ OUTPUT
c
1000 n.

OUTPUT WITH C

-3V

04— T2
=1 \

OUTPUT WITHOUT C

T,= TURN-OFF TIME

Fig. 7—Turn-off time.

without the need for clamp diodes. Unlike vacuum tubes
which always need an appreciable voltage across them
for operation, a transistor requires practically no voltage
across it. In spite of the delay in turning off saturated
transistors, these circuits are faster than most vacuum
tube circuits. Faster circuit speed is not due to the fact
that the transistors are faster than vacuum tubes, but
because they operate at much lower voltage levels. A
vacuum tube takes a signal of several volts to turn it
from fully “on” to fully “off;” a transistor takes less
than one volt.

Frip-FLop

On the basis of previous experience, we decided that
the advantages of having one standard flip-flop were
worth some complication in TX-2 circuitry. The circuit
diagram of the flip-flop package in Fig. 8 is basically an
Eccles-Jordan trigger circuit with a three-transistor
amplifier on each output. The input amplifiers isolate
the pulse input circuits and give high input impedance.
The amplifiers give enough delay to allow the flip-flop
to be set at the same time that it is being sensed. Fig.
9 shows the waveforms of this flip-flop package when
complemented at a 10-megapulse rate. The rise and fall
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TRIGGER

PULSES
(10 MCS)

| ] 1 1 | |

0O 100 200 300 400 500 600

mu SEC

Fig. 9—Flip-flop waveforms.

times, about 25 millimicroseconds, are faster than one
normally sees in a single inverter, or an emitter follower
because on each output there is an inverter that pulls
to ground and an emitter follower that pulls to —3 v.

(100 MMFD, 1000.0)
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Fig. 8—TX-2 flip-flop.
3.0
OUTPUT 5.5
(UNLOADED)
2.0
PULSE
voLts 'S
1.0
0.5
0 2 4 6 8 10

FREQUENCY IN MCS

Fig. 10—Trigger sensitivity.

Fig. 10 is a plot of the pulse amplitude necessary to com-
plement the flip-flop at various frequencies. Note the
independence of trigger sensitivity to pulse repetition
rate. This circuit will operate at a 10-megapulse rate,
twice the maximum rate at which it will be used in
TX-2.

The TX-2 circuits reproduced most often were de-
signed with a minimum number of components to
achieve economies in manufacture and maintenance.
The design of less frequently reproduced circuits made
liberal use of components—even redundancy to achieve
long life and broad tolerance to component variations.
The goal was system simplicity and high performance
with a lower total number of components than might
otherwise be possible. For example, the number of flip-
flops in the TX-2 is small compared to the gates which
transfer information from one group of flip-flops to
another; so the flip-flops were allowed to be relatively
complicated but the TX-2 transfer gates were made very
simple. A transfer gate is only a single inverter. The
emitter is connected to the output of the flip-flop be-
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ing read and the collector is connected to the input of
the flip-flop being set. The output impedance of the flip-
flop is so low that, when the output is at the ground
level, 2 pulse on the base of the transfer gate shorts the
input of the other flip-flop to ground and sets its condi-
tion.

MARGINAL CHECKING

We planned, of course, to incorporate marginal check-
ing in the design of these circuits so that, under a pro-
gram of regularly scheduled maintenance, deteriorating
components could be located before they caused failure
in the system. We also found it practical to use the
technique during the design of the circuits to locate the
design center of the various parameters and to indicate
the tolerance of circuit performance to these parame-
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Fig. 16—Pulse margins.

ters. A further application of marginal checking has
been found in other systems during shakedown and
initial operation to pin point noise and other system
faults not serious enough to cause failure and therefore
very difficult to isolate by other means.

The operating condition of the inverters is indicated
by varying the +10-v bias. In the flip-flop schematic in
Fig. 8, the inverters were divided into two groups for
marginal checking, and the two leads labeled MCA and
MCB were varied one at a time for most critical check-
ing of the circuit. The following curves show the locus of
failure points for various parameters as a function of the
marginal checking voltage. Fig. 11 shows the tolerance
to tau, a measure of hole storage and Fig. 12 shows the
tolerance to beta, the current gain. Operating margins
for supply voltages, temperature, and pulse amplitude
are shown in Figs. 13 through 16.
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Fig. 17—TX-2 plug-in unit.

PACKAGING

The number of types of plug-in units was kept small
for ease of production and to keep the number of spares
to a minimum. The circuits are built on dip soldered
etched boards and the components are hand soldered
to solid turret lugs. The boards are mounted in steel
shells shown in Fig. 17 to keep the boards from flexing.
The male and female contacts are machined and gold
plated. The sockets are hand wired and soldered in

Fig. 18—TX-2 back panel.

CONCLUSION

The result of these design considerations is a 5-mega-
pulse control and arithmetic element which will take
less than 40 square feet of space and dissipate less than
800 watts of power. The simplicity of the circuits has
encouraged a degree of logical sophistication which
would not have been chanced before.
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panels as in Fig. 18.

Petersen.

Discussion

R. D. Gloor (Ramo-Wooldridge Corp.):
What is the estimate of the expected mean-
free-time between component failures for
TX-2?

Mr. Olsen: The TX-0 Computer, which
has been running eight hours a day since
last April, has lost no transistors. So our
experience with the TX-0 is that we expect
the transistor portion of the machine to
go for weeks without an error.

John Hayes (U.S.N.E.L.): What type
of transistors are used in the flip-flops?

Mr. Olsen: The Philco Service Barrier
Transistor was a key part of this develop-
ment. [t is tested to computer specifications.

We also use two or three thousand
Micro-alloy transistors. We would like to
use 100 per cent Micro-alloy transistors, but
there were only two or three thousand avail-
able at the time we needed them. They have

higher gains, particularly higher current,
and appear to be much better transistors.

L. P. Retzinger (Litton): What is the
propagation time per carry digit?

Mr. Olsen: About 40 millmicroseconds
per digit. We made no effort to speed this
up. This is a straightforward cascaded in-
verter, and it was the simplest type carrier
we felt we could make. Even though it is
slow compared to the rest of the circuits, in
the over-all system it contributes very little
to it in time or calculations.

Win Soule (Digital Techniques): How
do you obtain visual indication of flip-flop
position?

Mr. Olsen: We drive incandescent bulbs
with a jumping transistor—a hardly satis-
factory way of doing it: 400 transistors
drive 400 incandescent bulbs. This is prob-
ably the best system as a whole, because it
is not too expensive. We have been looking
for less expensive ways for getting informa-
tion.

& e

L. H. Crandon (Autonetics): Are there
any other sensitive parameters, different
from voltage, which are used in marginal
checking?

Mr. Olsen: One of course, can spend a
lifetime comparing every parameter with
every other parameter. Marginal checking
gives you very good measure of most sensi-
tive areas, and this is the one we concen-
trated on, and we feel that this is a reason-
able approach to it, when one is limited by
a limited length of time.

R. O. Barnes (Boeing): How much cir-
cuitry is represented in one plug-in unit (as
shown in the figure) 7.e., how many flip-flops
per unit?

Mr. Olsen: The figure shows that it con-
tained one of the ten transistor flip-flops,
plus three volume transistors. Three is in
one package of cross section of one by two
inches, one flip-flop plus a little logic; eight
to twelve converters, or eight to twelve inter-
followers.
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INSTRUCTION CONTROL FRAME ———"
W

TESTING

Abstract

This report contains a description of how the Instruction Control Frame
will be tested and is written to familiarize new men in the group and any other

interested parties in the test procedure planned as of now for testing the Instruc-

tion Control Frame.

The frame will be divided into two sections. Group "A," which will be
assigned to Section one, will proceed to get the time pulse distributor and associa-
ted controls working. Group "B} which will be assignevd to Section two, will pro-
ceed to get the éommand decoder operating. As it is planned now, each group will
be able to work independently of each other. If one éroup falls behind schedule, the
other group can switch over to help. A definite sequence of pluggable unit insertions
in the frame has been listed for each group. The list includes s@&quence, type, and
a short log.ical description of the pluggablé unit use in the frame. This list iscl

included in t-hil report.

It is desirable that all who test the frame should use the log book in a manner
l..

that can be followed by any member of the Instruction Control Frame group, or any

other interested party. In order to expedite this difficult task, Figure 1 illugtrates

i

how the framelog book will be kept.
\.
The time pulse distributor and associated controls are almost entirely lo ated
at the left side of the frame. The command decoder is located at the right sid‘gof
‘ -

the frame. Each of these units can work independently of each other. This allo;ws
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a double barrel attack for testing the frame. When both these sections are work-
ing satisfactorily, the time pulses and +10 or -30 levels are at the correct pins

of the.coxmnand generators pluggable units for each instruction, then the command
generators pluggable units will bo ineerted. The insertion of the command genera;
tors will be in an ordered sequence by registers or controls. Each will be checl;ed
out before the succeeding register or 'contro_l is inserted. 'Thia will be done by
putting the 48 instructions associated with XD-1 in the operation regiltexf and check-
ing output points for commands associated with the instruction in the operation
regiater. "

With the command generators inserted and operating, another incomplete
check will be made to be sure pulses associated with command; occur on the cor-
rect indiruoﬁons Next, the push button operat.ioﬁs will be tested..

To };cilitate the elin'nnation of excess thumbing through block dzagrams a
chart ho..s been made for each of the 48 XD-1 instructions. These charts have
pulse pin numbers, supressor grid pin numbers, tube numbers, locations, and
driving circuitl. etc, for each command associated ‘'with an instructmn, Charto
have also been made up for time pulses and instruction pnlles whxch will indicate
the destination of thesevpulncs and what operation they pefform. * :

In ordcr to perform the tests indicated above, Figure 2 and Figure 3 show
how test equipment will be wired to the frame. |

- It should be pointed out that it is very difﬁcult to foresee all problems that |

will devclop as testing of the frame progresses. The above procedure of testing

may have to be changed. However, it is felt that our plan of attack will allow us to
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proceed with testing in the quickest possible way with a maximum amount of
reliability of data. Any suggestions for improvement of our test procedure will

be welcomed.

R. W. Shur
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GROUP "A"

Pluggable Unit Sequenceé Insertion List

Sequence
Code Type Location Logical Definition
1A 6002 4 CX Oscillator
2 A 6020 4 BM TPD Control FF
' Continue FF
3A 6001 4 BG Gate Tubes: TPD ON
Continue
No Break
IO Interlock
4 A 6007 4 BF P. A, - IP Driver
2 mc pulses
Clear, comp. FF
5 A 6005 4 BN 2 mc FF
Inst. Step. FF
Memory Cycle FF
6 A 6007 ‘4 BK : P. A. - TP Driver
Clear, Comp. FF
7A . : 6016 4D R. D. - TP Register Driver
IP Register Driver
Clear Comp. TPD
Register Driver
8 A 6008 4 CE TPL -0
9 A 6024 4 CF TPL 1
10 A | 6024 4 CG . TPL2Z
11 A 6024 4 CH TPL 3
12 A 6024 4 CJ TPL 4
13A 6024 4 CK TPL 5

14 A 6024 4 CL TPL 6



Sequence
Code

15 A
16 A
17 A
18 A
19 A
20 A
21 A
22 A
23 A

24 A

25 A

26 A

27T A

28 A

29 A

6024
6008
6024
6024
6024
6024
6024
6024
6024

6016

<6016

6016

6005

- 6005

6007

Location

4 CM

4 CN

4 CP

4 CR

4 CS

4 CT

4 CU

4 CV

4 CW

4 EC

4 FC

4 ED

4 CD

4 DC

.4 DD

Logical Dea'cription
TPL 6 A |
TPL 7
TPL 8
TPL 8 A
TPL 9
TPL 10
TPL 1"1
TPL 11 A
TPL 11 B

IP 9‘Driver
IP 10 Driver

_IP 7 Driver

IP 0 Driver

IP 8 Driver

Comp. DVTPD; Step Counter,

and Mem. Sel. FF's

2 mc Driwer

IP 5 Driver

IP 6 Driver

IP 11 Driver

IP 3 Driver

IP 1 Driver

IP 2 Driver

IP 4 Driver i

Clear St ep Counter DVTPD, Me
Sel. FF :

DVTPDO, 1, 2
DVTPD 3, 4
P. A. Drivers for DVTPD 0, 1
Z, 3, 4 Clear Step Counter and

DVTPD - PT 6 Add one to
Step Counter



Sequence
Code

30 A
31.A

32A
33A
34 A

35 A
36
37 A
38A
39 A

40 A°

41 A
42 A

43 A

45 A
46 A
47 A

48 A

Tme
6010

6010

6001

6018

6001

6007
6001
| 6007
#6001
6007

6001

6001
6007

6001

6001
6001
6007

6007

6007

Location

4 BJ
4 BE

4 BD
4 BH
4 FM

4 FN

4 FP.

. 4FR

. 4EE

4 ED

4 EH

4 EK
4 EJ

4 DX

4 DY

4 EL
4EP
4 EM

4 EN

Logical Description

Pause FF
Break FF

Gate Tubes; Pause ff On
(Clear Sync)

Pause "&'" No Break
Break "OR" No pause

Instruction Control Command
Generator

B A

Jndex Command Generator
Index Command Generator

Program Control Command
Generator

Memory Buffer Command
Generator

Memory Buffer Co&ﬁnand
Generator

A 'Register Command Generator
A Register Command Genexitor
A Register Command Generator

A Register Command Generator



Sequence

Code

49 A
50 A
51 A
52 A
53 A
54 A
55 A
56 A
57 A
58 A
59 A
60 A
61 A
62 A
63 A
64 A
65 A
66 A
87 A

68 A
69 A

70 A,

6001 .

6001
6007
6007
6001
6001
6007
6007
6001
6001
6001
6001
6001
6007
6007
6007
6007

6001

3 ;6001’

6001

6001

6007

Location

4 ER
4 EU
4 ESq
4 ET
4 FH
4 FL

4 FJ

4 FK

4 FS

4 FT

4 FW

4 FX

4 GX

4 FU

4 FV

4 GX

4 GY

4 EW

4 EX

4 FD

4 FF

4 FE

Logical @escription

Adder Command Generatog

Adder Command Generator

Adder Command Generator

Adder Command Generator

B Register Command Generator

B Register Command Generator

B Register Command Generator

B Register Command Generator
Accumulators Command Generato:
Accumulators Command Generato:

Accumulators Command Generato:

|
f Bl i

Accumulators Command Generato:

Accumulators Command Generato:
Accumulators Command Generato:
Accumulato rs Gommand Generato:
Accumulators Command Generator
Accumulators Con.unand Generator
Input-Output C@and Generator

i,

Input-(liJ tput Command Generator

Selection Control Command
Generator

Selectioﬁ Control Command
Generator

Selection Control Command
Generator



Sequence

Code

1B

2B

3B
4B
5 B
6B.
7B
8 B
9B
10 B
i1 B
12 B
13 B
14 B

15 B

te

o]

i<16 B

et -

GROUP "B"

Code Sequence for Pluggable Unit Insertion

Type
6007

© 6016

6010

6010

6010

6010

6010
6010
6010
6010
6010
6010
6010

6010

6017

Location

4 HX
4 HY

4 HU
4 HT
T 4JY
43JY
4w
o~
4JU
43
4st
4 JR
4 JP
4 JN
4 JIM
B

4 JL

Logical Description

P. A. - Clear and Comp.
Cycle Control and Operation
Register

. R. D. - Drivers for Clear ahd

Comp. Cycle Control and
Operation Register

A,B FF
PT, OT, FF
Bits 1-10 of Operation Register

Bits 1-10 of Operation Register

o e
rag .

Bits 1-10 of Operation Register
Bits 1~10 of Operation Regi!lterm
Bits 1-10 of Ope;'ation Regi;te:v
Bits 1-10 of Operation Register
Bits 1-10 of Operation Register
Bits 1-10 of Operation Register
Bit; 1-10 of Qperation Regiate.;r |
Bits 1-10 of Operation Register
Mult - OT

Mult - PT

Mult

Misc - OT

Misc - PT
Misc



Type Location ' . Logical Description

6017 4 JK Add - OT
Add - PT
IO - OT
IO - PT

6017 4 JJ Reset
Store - OTB

Store - OTA
Store - PT

6017 4 JH Branch - OT
Branch - PT

6017 4 JG _ Shift - fcl
IO - rds
Reset - adx
10 - wrt

6017 4 JF Mult- Mul
Store - ech
Branch - blm

Mult - tmu
Reset - xin

Branch - brm

Add - can

Muit - dvd
Shift - del
Store - dep
Add - din
Mult - tdv

Reset - xac

6017 4 JE Add - csu
Misc - 1db
Store - lst

Add - sub
Store - rst

Add - tsu
Store - sta
Shift - lsxr
Branch - bfz




- Sequence

Code

23 B

24 B

25 B
26 B
27 B
38 B
29 B
30B

31B

6017

6017

6017

6010

6010

6010
6010
6010

6010

Liocation

4 JD

. AIC v

4 HP

4 DE

4 DF

4 DG

4 DH

. 4DJ

4 DK

Logical Description

Store - aor
Shift - rsr
Branch - bfm

Add - adb

Branch - bsn
IO - Sel

Misc - csw
Shift - ast

Misc - slr
Store - fst
Shift - asr

IO - lde

‘Misc - hit

Add - cad
Shift - jsl

Misc - ctr

-Add - add

Shift - dsr
Misc - per
Branch - bpx
I0 - sdr

Add - tad

Index Selection Matrix

Step Counter and Controls

Step Counter and Controls ‘

Step Counter and Controls
Step Counter and Coriﬁds
Step Counter and Controls

Step Counter and Controls



Sequence

Code

32B
33 B
34 B
35B
36 B
37B
38 B
‘398
40 B
41 B
42 B
43 B
44 B
45 B
46 B
47B
48 B
49 B
50 B
51 B
52 B
53 B

54 Bli

-

6025
6005
6012
6012
6013
6012
6012
6011
6013
6012
6012
6011
6012
012
6012
6013 -
6012
6012
6013
6012
6018
6012

6012

Location

4 DL
4 DM
4 HC
4 HE
4 HD
4 HF
4 HH
4 HG
4 HI
4 HK
4 HN
4 HL
4 GC
4 GE
4 GF

4 GD

"4 GG

4 GJ

4 GH

4 GK

4 GL

4 GM

4 GR

Logical Description

Step Counter and Controls

Step Counter and Coﬁtrols
In-out Class Instruction Matrix
In-out Class Instruction Matrix
In-out Class Instruction Matrix
Add Class Instruction Matrix
Add Class InstructionMatrix
Add ClassInstruction Matrix
Add Class Instruction Matrix
Shift Class Instruction Matrix
Shift Class Instruction Matrix
Shift Class Instruction Matrix
Misc, Class Instruction M:;trix
Misc. Class Instruction Matrix |
Misc. Class Instruction Matrix
Misc. ClasscInstruction Matrix
Branch Class In;truct.ion Matrix
Branch Class Instruc;:ion Matrix
Branch Class Instruction Matrix
Reset Class Instruction Matrix
Reset Class Instruction Matrix
Mult, Class Instruction Matrk

Mult. Class Instruction Matrix



Sequence

Code

55 B
56 B
57 B
58 B
59 B
60 B
61 B
62 B

63 B

6011
6012~
6012
6012
6011
6010
6010
6010

6023

Location

4 GP

4 GS

4 GT

4 GV

4 GU

4 DN

4 DP

4 DS

4 DR

Logical Description

Mult. Class Instruction Matrix

' Store Class Instruction Matrix

Store Class Insltlx:ﬁ;;ion Matrix
Store Class Instruction Matrix
Store Class Instruction Matrix
Memory Unit Sele_ction Controls
Memory Unit Selection Controls
Memory Unit Selection Controls

Memory Unit Selection Controls
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’ .t!um is fuumd by LJ‘X‘B mztesa of u‘t)u L

5 d&w.dt-tm hah‘\tct.on loxhe 80 pu:ises an rcquixod Uue of the five

pulses 18 nred aa’!y to udtain @ nocaua~y dchly. }s saar. &z ‘iu 2tel couster

is reduced t3 u t2, the T.r'b iz u-started and y&ragrur. tm.n mcmuxy cyele

i teew.nud wi:h ET-0. The refaining cbrzmndn dul wm; the correctwu
6f the rcmﬂmler at £T-2 and cox :ecﬂm of cigxa at "T 6. T«a carrect the

| rmamdar. lhe .egistcr cign ilip-{iop is cxamiaad. 1! t.huz fhr-i‘wu tadi-

7

cates rers ehc carry £0ro” Yuo s ,.u!ud ’Ihia is fullowed. LH ::T-S by a
whifls tail c..amma.nd Final corraction ol‘ sl;m e.s deac*ibec; 29 8 p3:t of the

v

mul thl} i.:utrw tion 5.

S’I'ORE CLAA ErRca

The '&tore Class eoatuiag 7 mstmﬁtwus. Thu euu is indazable. 2

\ A!i the instr.;ctim:, m&«t the Rore (tt) inanm:tiou, remtirc 3 memm'y

4

f cyclcs to cwaple.e. ln general, the ccﬁspu%er contra! eixcniu degin nitn

FEsgramm time, at PT-!I This cycla ia Ivlhwad by {.ATA and memory cycle

: OYB fc uowt. ‘Ihe or!ore insuuctmn reqax ‘C8 ttw mcmory cyeles, It 4s

uulika au okz21 {nstructions that re :;u.ira 2 memory cych:s iu that propram

B

Iu nl! thn hstrncuaus af tals uus. ucept "ttsre, Iulwifw comm..nds

a,.e ezen:t..d, At {?‘3‘&-0 ths mmmy addreca ug!xtor L cleued asd a
O‘I'Adl tka cmeats of th: Bdidress regiam are tn.n»!erred ta tbe mtm..ry i 5
. ‘ndclran ragiutet. At thix tige the mmary bn{kr ng:letcrs u'c cicar«! 8

& ,nyucadon for thz t*-msf,er of ¢the cgeund i:um t!w mmm;y rx:gm«. At

f ¢
8 e M .
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UT! <&, the A xegidtel‘a are cleared, and at OTA-7 the C..mhmta ol ﬂn mcmary i1 483

bu{fcr registeys ase transl‘erred to tae & registers, ..hen cxh.uting the
Depozii instructicn, the 4 registora are ant cleared st OTA~b. fha Mu Wutd
{rop: the memory ‘;mffer tegiszazs is rea;‘l into the A raglster a't,‘:‘t’IA-? on
top of the word already zhua.. *hen gxccating the' Store .‘r.ddtéw inazructfion.»
the cm::éand.a at JTA-G ;ad OT4£ -7 coucern duly the left & reglstar {nztead
of both A regiswr‘g. £t OTE-1 the contents of t}m addyess yegister are tace
more tr&..naftrzed'ta the memary address rcgﬂtef which w3 ;léared at
«T5-0. The rr:emety bufler veglaters are ciencd iv promrs&im for sub-
zu,wm trnnata:a of Smom:ati.}n., Iu ail the insttn'tions of tb.iz class, thc
‘-frecr,r.-:x overflow™ cominaad is executed. * This tmzmand io mandiﬁou!
wnd c;uao.i no harmful affect on any of the lrsau;ncti:.ms ol thijsltlgiiu. ._; The
cotmands ;s:cuﬂar to each instractios will xww(bc doscribed, ¢
The Lelt Store fnatruction f,l:lt} iz curaplated when at OTHE-2 tae con-

tents of the right A :egi:terv 2re trax}qfctré'd te the right memory buffer
register and t'he_.cur.ucata of the Teft accumulator reg'i;éer are ft:aAu‘sf;i?réd
te the left ruacory buffer tcgi:ter. The contents of ihe riuhl L &gisier
re::rcs». n!. thc h.ai(-wsrd Or‘iginally etored in'mm'y. ‘Ihis ha&f-v ord was
transfs :reJ fr om the right nsa...cry buffcr :egistar ty tlu: rizﬁt & reghtv :

CTA .7 to rrevent the ciﬂtr..chou of this ward tlu'nugh the o::urrence of
an I? crca.k .mwseu the A and B apcratxau um memo:y cycles. '3

The ! lg‘zt Store in:ttuct.:)r (ut} u simtlu to the lns:racuon d&#cribaﬁ

above ex&.cpt tnat st OTR-2 the contents of the teft & ro;iaur art trnuierrud '



‘4o the :ight uam iy baffey regbt.oc. S A
A A ' A

: c.an—.utctsou v::( this zecuerce gf :;mmanéa 2 vue has bceu adaed o the !en.'st si,,-

The ature !\dsiress inatruction {sta} te sumﬁar ;o tz.;e. Righ: store
iuﬁttucﬁm;,-éx:cpt thal the ¢putents of the & regmtew are crmafur red ta
the mmnor'y buffsrs .r@-_i ,tcra 8t CYE-2 hmc.

’K’ha purpose 9{ the Ldd Goe imtrnct.x:aa {rac) is ta aﬁd a sae to the
lasut sigwxi!‘xc‘at aigit of the xignt haif of ﬂw ucc;.-iad n:;wory ;i-esiste:.
in ::r&er tu sceonialish this act..m. the ac:cuz.mla&sr xaguter ané the ::.ddm
chcm*a saust oe uwd &.ouaeqx.am‘y. al. UL:A-& tha )riaht &Lcunuutuz 1@~
iater 1§ ciﬂeargd. Atllj'r? -5, tnat i nftcz thc» e biu bten placed in tie
A r-t n‘iste:n, the»."right garsy ong’ ii*ue is ;vula,ec to canse a; one to be a«.%ded'
to the c:ntenu 9( the right A xeg ister and the 3igut uccnmu‘awr rcg,istu.
l‘aia suta i4 9! cud ip the right c.reamulatar. but du,-mcea qme ,mﬂtmn i
the xigm.' =chc¢. zt OTh-11 2 shift left cammmd in exeeuted 1n the fol-
lowing m«vmarv cy:ls gt GTB-} e, € "z'i;ht auﬂ ccrry &It&r adé voe”
cumm:aa is exemtad §f the right cax vy ﬁlg‘ft?«- i: eru&.l ta sne, In the 81~

.‘1

tumhu case ia which 8z ead carty wwﬁ aer.ar. !t n en’.y necessary to set

.

tae ntteen&h bu of the right a»cumm.ztur ta nae.) Aa actual a.da{tm for this

it

¢or re«..tmn is u-ot required 'I‘aa riuht s,arry ﬁn-'tiop 1: cieares‘., }t the

A o ’x;@-«"~f"‘

niﬂr a:u. d&glc ut Lh( uwiacr shteined t:ozu the apeciﬁed rtsht m-mo'y regio-

: u::. ; fw ms 2 the cmunts of the :ight m.cnzmtlator xogi&taz are trnnu’errcd

‘m ﬂxc right m«mwzy bu.ier mgluer. cnd the coateatu o( &a féﬁ regiawr

%
. § "vw‘

A
.

'ﬁu\

are t?&ndetmﬂ to the l¢it memory buﬂ'er r&gilt«z. S

Tat;
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In the iﬁxcha;\gé instruction {ec), the como&is ai‘lme epeciiled mewory

- register and the contents of the accucmulator reglsters 2re {alerchenged. In

the eiwccu‘an of this instruction the contents of the uccnmuhtrw registers

are t:msfurred te thc mcazary bufler regleters at OTH-2 time. ?rcvim‘u

to this time. it was neccabaxy to tzansfar t,le eriginal contents ui the a,m*i-

3 f’ud mems £y te;htc: to the .‘ registeza via the Remory butio: registera.

Alter the ori;uml cautents of the accu.:nclatur uginten ara Lzaasfat red to

- o

: the mczrory baﬂer rcgiow:s at CIL-2 time, the s.ccumula.tar 1egieuu are

" tion 24 &is Lutructhn the A registcrs are clesred &t u‘l‘)-l tisue, At OTA-2

lb.e '*‘lmgical mu}hply” Cbmaad 14 m:u&ad. (wo ducri;»tian .{ Exﬁtact :

c!cated at OTB-6. At CIB-10 the "cm:ty zero" lines are galaed ta cawxa ’

2 the adéxdon of the c:mtcnta of thc A nglshrs und the cleazed &Ccm\ﬁ&tut

:egﬁvteu. This acti:m ia (.)Um.ul st I”l‘d by a shiit left aperaticn and at

P‘I~6 by“res aré :warflaw. ‘Zﬁm timiag s! the aboave ~addl tr.c‘* commands

. 'f».wta w.ade catwiatwnt with t!w reguuu- Add class .{nattacﬁuns.

uepooit »dxm 04, 15.52

’ha l)cg:ult invtrucucn (écp) is daacriu:d relcreme 7. h tbe exXecu -

the contems o{ the accnmu!aza: 1egh«tau arse ccmylumcmua. At O‘XA ¢ the

5 'f cmsnta o{ tha 8 roxtszsr are hua{et red w ﬂw A rasiﬂ@“ Wﬂ ‘f GT-‘*L—S (o

{ BT
’Y ,».
e ¥

inctrm:ti:m hu;he miacﬂluaems chn ) Th.e runult uf thc Iag,ical multiply _,-7 '
co:ma:and is n..n- in ﬁw accumulatur reglntax 4. The new ward is gnru:ed-
frmr mnwry at OTA-? aad wlaced in ﬁu A tegﬁaters 'Thia tx ant(a: con-

: hinoa wn.h tlw pmwu wormmau n! thc A re;istc!s. At Q’:) ~1 m A
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raglaw:c for ttortgt in the umgnetic-cou mmary.

tsber are lest.

§ &-!I!"I‘ CMS&

the m.wnbcr oltimesta shift, ana am&x&rﬂuuxat“ ddm uprwkicd At

4 th ucmuuor xe;istota are coazplamemd oact l'a!n, Micwed by gaoﬂu.

“logial mult.lpl;" :omnd at 0:‘4&-9. 'l'hm &n contonts of the T rogiaitnrs

it have dnhrmind wh&: binsry poeitions a¢ the tpedﬂed \Onrd in memdyy are

to be re; ~lac¢d by the cwzesmmﬁn; binary posumna of tlm accumulatsr

rcgiatars. ‘I‘lu em&ten!a of the B regiate.n an aut aﬁ'ecud ha:evcr. the

: cmms of tha accumuiatar ngisten are trncfc:xcd ;: thc memery bnt’!er :

+ y‘(

P

'r'na mm lmt:uchan (at) req\utca :hat the :camtxtp M ﬁu ac»nmu-

.q\

: !axor rggimrn he tranwfe.rcd to the mdmoq bdtcr rcgtstow for storage

|

' iu the aiazutic-cerc memory. m contenta of thc ucmulatar registers

| au bachngod. hwavar. tha origiud cmws ui the mﬁicaud memo:y rcg-

1

-

‘l‘be %itt cisas containy eight iuurnctiau c&ch n! vduch is simiisr tc

ither ﬂ:e sutz Len or tha Shit‘t Right in;trm‘:doa. '!‘he mcanon of the lcatruc-

tioas in tius cuu regeires zhe accumula:r nguuxs Md the B registers to ¢

; bc cmecud in uwra& wIYS (we utcrence 6) Bnth :s;isten are capable
of ahimag thair c-:vntent-: cne pabiﬁm to the ﬁw ny one posmm to the left.

" In the accumlntar xegisteu. the bit ln posimm l u lost wlwn !ef: shifts cre

NJ

cucnted mu bit la uat lost sa cycu iugtructim "ﬁ&miqr smcme.qta a,; ly

5 '~ J ».‘

V to &xa bu iu pauidoa 15 ok amer ut the quztm' bf m§ ?!ns.

S :f *4"‘4

ln all ﬂuuae iutrmtians ﬂu aﬂreu ptribl lkeiins&ructim spuitus :



; : tlana a-e putormed 13 n:axv the o,;crati:m roaciueu: -Mth ths. Maltiply

i gmca CLAGE

a3 . : AL e ek AL
£t #T-1C tha ahift oeration is started, Yor every 2 mc ghift operation the

step counter which comtaing the mm'zber o( tlimes iﬁv shlﬂ is ndnced_,by 06‘3'.’7

At Z ’I 11 the ‘l D is stopred, and only 2 oic chift ca:nmand pulws 3::0 umsa .

availabla, When the 3te; Couster Bae Dcen reduced tc 3, ﬁm ‘!i"ﬂ 16 rutarte.l :

and the regelzy ;ragram hma membry cycle is usm"seé with e}l‘-ﬁ l’lems

the aisp cmmur Las beea reduced to xazs £ i cnmm:.md yul«# Are ntm:oed

&ince the ehfi speration s cm,lezed ‘The TPR ls re's.’.art’ed md the mcmory

cycxe is resurced whan the step countar i2 redx..czé to five to save time:., *?ix
0.8 ui»r:w:ond tatervals ars svailable betwcen r’r—ﬂ and ?T-é at whiaa

tizoe ﬂw wozeration :egmtw ia clesced apd t!m inztrnctitm is hmc. t‘:ax sﬂﬁ

; &per&&ihaz couid thcrefare be uccormodated Pwnn, oaly £mu' sh'n o;wra- "?"‘

Jn

| Ahs!.mctieas. It’ the apecified nusaber of sbiita h ﬁve ox lmns, the T:‘B aaed

/

m* bc zto,, yed. ’the “f9 aud "B notes on all tha trat’lis. diagrams 9f tb.m

cinsa indicate the tyre of accumulator yegister and B ragiste.r ﬁpcxatm.

reapectively,

I‘he Bra.u:h Cius cmmius eix 1nstt:.ct!ona. ‘S‘hia cu.u,“ not inm- b 15 Y

i lbte.‘ ‘Ihe ‘Ecnse anﬂ Braach on eru mt. uctions teguiru tv ‘3 mmgry cycics.

o3 1

: zugm Ldnus zre oue-mcmo*y-cyclc inatructiam. Tha Eenu tnstnwu.m v;s

7

mda a twy-mamary—cyz.le mstruczian to rednce m mmber of cathaf*c

ap¥r

] 1}1-..1:&: oa iuin:.'s. uramh ann Iaéex, Branch :m ..eft Hlmu. -’md Eus‘,h on :,f,' i
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naiad vmch c:.mses the mnu wf the "sen?e w:n-imu"' t'a .‘am exan.im ﬁ. M

isucme:s ?evmirau e drwe itie selac«mr matrix.

f_A

,cft iuim.a #nil

T}ze exircution of the L‘-ram.:a wn Minus, Eraneh on 1

Branch on z-.ig,‘u wMirus tostructions aye Yery shnihr. 'e.ly tne mmdlttsas

"y
e

to be el Bre dlffe_re ot Eo) clm 58 inctrucu.ua ths uézmt &.x&&.dab!x 3{

{net s tumn fueorn o um.al pldiessuy ia is.térrupw& if th: mm.bev in

Ju left md rigm ascumnhtcr rc,ime 3 ua buth mé,a vs, '*r xt the pugn~
ver in the lel? atcumm‘t.:e mwin;e. i Mﬁs'ivzx or i; t‘u: hum'baf ia the
;ia accwnhtyr xeghster i: ueztc‘.w. :eq;aouvﬂy .M ~"I‘~"3 t‘hz right A

i‘ﬁbilwr 55 fctﬂ!tﬂ and the appr.z,z!am ucem.ﬂatar ragi.‘!m bi&u bm ace

:$«

exminined, H the :‘ ;zr;g riate sign blt.s a.re QGM tu :md t!ut. ’btam:k fli,:-:

flo, i: in an iuﬂ.ic.atiag c.:u.hh 29, ma cmzte'lh of zha 1&6:&3; rcgistur are

§r\"“'~,,

tf&ﬂs{sxrod to t.he. ,:r¢gr.u.. counter on th: fcllaul:zg x’T»G ¥u -oc.. Thxu. the

» grogxxm cuuuter i& set'td the tdzaesa of tl'.c utl matrucm:t; ba u:acu&u..

Tha br&m’h ﬂi* -ﬂsp is cxzu*eu st ¥ T-Ea umc. R thc slga com&in.m.. haﬁ

vmt bcm wet tha br mch mg-t! oy l’&i’u&iﬂﬂ in & cla:nd cwﬁtion. ami the

Fa

C:‘iat’bntl s!’ the mogram ccmtm re m alwnd

Tho ;.onae ic&trw‘tinn (su) éct*rwims cha atm w( a aa;ectad electri-

.aal tasminal, a.na 4 m.uacmwal braach .J ..»ntmt ,u' c,xccu:ed i 2 :uitw!e

&..

rwctnc.m uigml cxiew at ke te.i..inal. ewt {“t-‘?.'i nm cbxunmd is 5\-“*

5.
x

.QT-9. \'buaequently,

riéﬁt A r:«'glxt-».r, which wu deartd at r*i’-? ot 'thc ,.xvstaus, mrm:u'y cy-»te.

v - ) g ! k: 3
d < RA
e
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riu. FEOETam Counter is r:l::srafl um m‘.u . 1‘! I‘T-O e-t d':e Ialln «ia., memory
cyn)a. ths contents of the address :egutcr are tuzzafu'rcd ie ths Frogram 5

zounter, The brench (i1 -fiop is danred tst - ¥ I‘é siac:a thc imat*uctlmn is

earmpleted,

r._v P
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!4 ta ;a ia&cadng tﬂu&kiaa. the coutonts of sb.o pragram countar are ham—
!ured ts ﬁw xight A ragiawr and the progras ecuntcr iy clearcd 2t o:r-u
ﬂme. At F'T~0 of the lollawing memory sycic, the sontents of the a_ﬁérea:s

ragittzr q.rc ;‘nlaee& in the prbgram counter. At PT-6 the sign coatrol {li.-

ﬂapx *iw a.umiuad i cwzér f:,:-nov i3 in the one-conditisa the carrézpcm:o
: ing accmx:nlatar x%xatet u csm lexs: antm‘.'. ;B':eth sign coatrsi fild; --ﬂs,.- axe

- Jv:axcdat T71-0 tixe,

The execatlon of the Hixanch xnd Index instruction (bi) is countingent ou

the 3{51: ef the s ezified ladex tegiant@r. At T -9 tbé sigh it -a{ ,the'a;:eci»

- _ﬁed index r«aglster ia axa.mhmd X it de equal t> 2ery the 'bzmh ﬂi,:-ﬁnp

the conteatu of the ;n' gram ccmnte. ave traa:fn rad to ths xizht A rcgut&r, _
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the rosalt 15 au uncoaditionnl breach. n this case contents of the index
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fclkming ln«utomn Sut o,arati.m wili m tram{ex*ed

Ihe lc»t hatructiumj 3€) 1nd.xcatc. the .‘mpub:x.trm' x:mit. sthor than

: 4ruzta W‘*.ich 13 to functi 2n during the failowing 1J break u;-e;-..zti.:n. * The

IU tmit i: Hsntitisd by t!:e iut &13 nits, 10 through 15, of thc cperation
” rcgiurr. "I'hesc azve the sams bus which are wsed @& the indux ietarval
_on other imuuct.inna'. Tv.a P Gey cycles Are x€ .‘uxﬂd fox she exccntiuu

ef thiz iﬁumtimx, s!ztra with this prrangemrent the pumter of cath athode fol-
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Atwecs aecewuy ta d:ivc the ma.txlx B rc&ucc&. The amu..*n 3‘ ti=h

: in&tmﬂon is :.:mtingaat on tha 1«3 interlock b-;ung in aa off occwdiuan ' 'iha

imrlacm ia ;etmed 2t LT-H )43 the: luteziack is ht an aft-xeudltim. tue

,'.P"F-Q"f ﬂi‘:-ﬂ.ep is ut o F“r :md the coxpeter procesds vitb. the ia*truc-
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i re'luta -tha e 'hectitm ﬂir-ﬂtna lasoc{ﬂod with the previoualy hlact?d Qﬂgﬂw- l

autpnl unita. I*t 1“1‘-3 the cantcnt.s oA t!w ar'dreso raniwt‘x Lre tunsfctxed
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| ‘aqul te nra" ud the IC mmmx is claané at F'I--E Ths s;pcrati.qu{
_«m.ing Lhe 10 acn{ couater re:;uiws ¥ x 0.035 ax a Sb microzecamis Since
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l.cad B Register
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* Clear & Subtract & .‘rd\nunmr
# Shift ieft & Xound

£4¢ Clans

Clear & Aad
& Add

Twin & Add
Clear & Scviract
3 Sautrect
L Twin & *ubt'mct

. #Clear & Add Magniludes

Aad B Regis&er to Ace

!v”nlti, 1y C loas

# Aottty

Twin & Multizy
= Divide
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Duriﬂ &Q;palt two montho, the Inltruction Control gronp has cnrried'
out gn exteneive testing progrnm which has inclnded engineertng deeign t..dng
of the 18 plnggable unit typel used in Instrpction Control nnl tho px.u:nimry

\ testing and -ncceufn! operation of one Modnle (G) md in tho‘hutrnction Codrol

. "J “i, b"ﬁ 1. 0 '. -~ E
; 'Fra.me Membere of the Instrnction Control gronp nnd other. hve l.li nut a
Vi N b

- resume of our ﬁndings wonld be of interest to other gronp- whole ,chodnh i. .
not as ndvanced as ours. It was felt thnt a lilting of the probleme we &W

and the poelible explanation and soluﬁon. if any, for thele vgld be o{greet velne

e "" " ¥ ’v A3
to all concerned Therefore, thi- report is written from a ciuutrneﬁ rnther .
. H’- .“.‘. s AT
"~ than a critical standpolnt In reading of the varione problemi T "'f ;é' hre.
) ‘r b "’ 3&’ 4 i ’. ' .

. T ) \., - '
one ehould not lose sight of the overall picture, which we teel %o ‘be'w ncourn“
. . ok ""“‘? L"Jf”'ws":" ;‘ “

cal and wiring problems enconntered at vario;o periode

Mo
"',Jﬁr.:

has been completed to date. It is reblized that mnny ot the flctl nnd theorie-

'.~r--’ 'i

_preeented may be common knowfedge ln order that nothing c( impbﬂlnce be

missed, it is meant to be as comphreneive as poedhle in the 'ohort ce l“ottcd

o '.
& ki - ‘ e Af
S _\a

" The Inetrnction Control group would like % acknowled‘c “"“““ °‘

"o«. -\'-.‘,‘ :7- ,\--e-,_',; ;I f |
many othera who heve helped make the testing progrnm a lncCOpl-L; ¥
. . L "‘i"'..‘,*,_"é‘;vl(‘?{",\’ >
The A Flip Flop Circuit . ; ,_,‘ , .‘;";-;1 3 "‘2‘"2‘" . A

‘l'he A ﬂip-ﬂop is the only type nled in the inetrucdon i: Z?"‘ Phl(z!-

ble nnit typee containing thil circnit were deaign te-ted. h s

_which consilte mainly of a 16 poeition ring. was operated anccoﬁlﬂ‘ny- m““"e
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data, including marginal checking, was taken on the circuit during both types of
testing, In general, the A flip-flop pei-formed quite satilfactoiily. All circuits
were found to complement with a standard iaput pulse whoke minimum amplitude
ranged between 10 dbd 15 v. Several flip-flops were found to have an output
whose upper level was +14 v. This is undesirable in most circuit application.
A rough check indicated that the probab;e cause of this bias buildup was due to
high forward rooistance in the +10 v catchor diodes in the flip-flop oircuit The
upper level of the grid of the cathode follower in the flip- ﬂop was found to be +12yv,
rather than +10.5.
Marginal checking data on the A flip-flop was taken at a 200 KC P.R. F.

A compariaon of this data with marginal checking data taken ata 2 mc P. R. F
showed narrowor margins at the lugh frequency The decinon to marginal check
at the lower frequency was made in order to find possible unbalances in a flip-flop :
circuit which would tend to make it favor one state. This .condition could be detected
more readily at the lower P. R. F. |

" Mention should be made of the spurious pulse obtained on the output of
the "off' side of a flip- -flop when the "on'" side is hit by consecntlve pulses This

-

may approach 16 v in magnitude with 40 v xnpnt to flxp-flop and is i 0 2 microsecond
pulse. It seemed possible, in synchronizing flip-flop logical apphc;tions present

in the instruction frame, that a gate tube could be triggered at an tmproper time

by this spnrious pulse appearmg on the gate tube aupp:enoor grid. A pluggable unit
having an ‘ flip-flop mth a gate on the "O" side was pulsed consecutively with the

1" side "onm," and at the same time the control grid of the gate tube was hit by the
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same pulse. With a 40 volt pulse applied, a 16 volt pulse appeared on the gate
tube suppressor gfid. The output of the gate tube showed only one volt of noise
operating under this condition. It would appear that there is no reason to suspect
that a gate tube could be pulsed under these conditions.

In all other respects, the A ﬂip-ﬁop appears to operate satisfactorily in
accordance with specifications.

The A Gate Circuit

The A gate tube is used extensively in the instruction frame. Considerable
pluggable unit testing data and module test data was taken on this particular circuit. :
In most respects, data obtained on the gate tube was quite satisfactoryl In some
circuits it was possible to get as much as 43 volts out with a 40 volt pulse input
and 100 ohms dutput termination. Since this output pulse was larger than the
specified amplitude, further investigation was carried on. Several tests were run
on the gate circuit driving one anit of load and an output termination of 100 ochms.

In pone of these zt\és't'; was it possible to get 40 volts out with 40 in, the average

being on the order of 32 to 34 volts. Several gate tube suppressors in the instruc-
tion frame are conditioned directly from APCF circuits. It was feared that the

high upper level of the APCF on the gate tube suppressor m ight result in exces-

sive amplitude in the output pulse from the gate circuit. The bias buildup through

A ﬂip-ﬁop and PCF stage can reach +18 v at the upper level. Data wa3s taken on
a gate tube driven by a flip-flop through an APCF and compared with data obtained
The

on a gate tube driven by a flip-flop through a conventional cathode follower.

results showed that the higher level on the suppressor grid caused a maximum
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| lincreased pulse amplitude from the gate circuit of 3 volts.

_ Several gate circuits were chacked for outputs with the suppressor‘ held
at -15 volts, and standard 40 volt pulses on the control grid. In no case weremore
than 2 - 3 voltc of noise discernible on the output. -

The B Pulse Amphﬁer y R e

The B Pulse -Amplifier was also thoroughly tested under both-pluggable
unit and frame operation, Test data showed this circuit to perform entirely

according to specifications.

.Due to lack of confidence in the A pulse ampliﬁer at the time the layout

D

.....

of the instruction frame was prepared B puhe ampliﬁer- are used in all pulse
a.mplifier applications in the frame. This means that in many circnits.v B pulse
amplifxera are driving lighter loads than they were dcsigned for. In cases where

n.

the B pulse amplﬁer is lightly loaded, the intention is to ﬁzt:minate the output of the
B pulse amolifi:; with a low value to prevent exceeding unity gaxn ;t ;. ;0 volt puhe
iupnt. Re_cently the point was raised, that by so doing one might shift the gain
coﬁe of the B pulse amplifier enough to"prevent getting unity gain with a 20 volt |
inp;xt pnlse. Test data was run on a B pulse ampuﬁer driving a single A gate tube
unit of load. 'I'he B pulse amplifier was opepated first at 200 KC dnvmg the single
load unit. Forty volts were applied to the input of the B pulse amplifier and a
sampling of terminating resistors indicated that 40 chms would give 40 volts out

at thllﬁnpui. Readings were taken at 30 volts ;nd 20 volts :lnput a.nd the 40 ohms
output termination. With 30 and 20 volts in, 35 and 22 ont'were obtained, respec-

Zz
tively. The same sampling of readings was then taken at both eae mc and 2 mc,
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40, 30, and 20 volts in gave 38, 33 and 21 voits out, respectively. The sampling
of data taken would seem to indicate that the B pulse amplifier is only slightly
frequency sensitive, and that unity gain is not lost at the lower amplitude pulse,
with the output termmated in a sufficiently low value to preveant more than unity
gain at the" higher amplituches The circuit should be catilfactory !'or driving a
single unit of load. Of course, one would recommend that an A pulse amplifier
be used for sﬁch an application.

d i)
Pulsed "OR'" Circuits

Pulsed "or" circuits are used extensively in the instruction control frame.
In all applications thelﬂy are used directly at the inputs of A flip-flops or B pulse
amplifi;ra and are located next to the unit of load driven by them. Data taken on
pulsed ;'o;;s" during pluggable unit testing indicate. that the average drop in the
pulse amplitude acrosssa diode would be 2 - 3 volts. It was noted that the diode
can widen the pul;: which posses through it by as nmch as 0. 04 microaeconds.
In other words a 0.1 mxcrosecond pulse qmlied to the imput to a pulned fior* could
become a 0,14 microsecond pnlse on the output. When this ontpnt of the pulsed
nor" pasaed through the B pulse ampliﬁer it was driving it was again narrowed to
a0.} m:.crosecond pulse, presumably by the B’ pallc ampl:lﬁer truntormer. At
any ra'.te the combined "or' and B pu.lse amplifier circuit gives a pulse outpnt well
' within speciﬁcaﬁous. | \
Imreltigation of the spreading of the pulse throngh the 'or' diode indicat\ed\
 that excessive open wire on the pluggable unit tester contributed no small amount

to the puheb-widening; but was not the full story. i\

The "ysnkdewn” circuit at the output of the pulsed 'or" circuit fell under \

Ie a'Mk
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suspicion. This consists of a series choke, resistor combination to aid the
'recovery of the output pulse. It was decided to experimentally change these
values and note the effect on the output pulse. 'l‘riai and error showed that

a decrease of the resistor value or an increase in the inductance of the 'yank-
down" circuit would give a pulse width from the "or' circuit which was within
speciiicatiom. The simplest change would be to decrease the resistance to
an optimum value, which would probably be about half of its present value.
Since the pulse spreading caused no particular problems in the instruction
frame, it was decﬁed that no component changes woi:.ld be made in existing
circuits at the present time.

Register Driver Model A

The A register driver is used to drive many instruction pulse lines
to gate circuits aid to clear flip-flops in the instruction frame. Pluggable
unit test data were taken on the circuit, which exists in two pluggable unit
types. In addition, the circuit was used to drive pulses into the gate tubes
of the time pulse distributor in module C, during testing. No particular diffi-
culty was encountered, and testing data shows the circuit to be satisfactory.
In one instance, it was noted that the output pulse of an ARD dxfiving 16 gate tubes
was not quite recovering. This was an isolated case a;d no e#ltnitiou has yet
been uncovered.

Register Driver Model B

This circuit is used to complement flop-flops and drive instruction

pulses, in one instance at 2 mc. The BRD is always driven by a BPA. In all
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applications, the combination of the BPA and BRD must be considered a

package circuit. This means th# the circuit is to be checked by measuring

the input to the BPA and the output of the BRD. This was not known by the
persons doing the pluggable unit testing in tﬁe instruction frame, and as a

result unsatisfactory data was obtained on the circuit. The BRD was used to
complement 16 flip-flops in module C. Operation of the circuit in the module
testing was unsatisfactory. Part of the difficulty was due to the master oscil-
lator circuit located in module C. This circuit was puttingoout an undesirably (-
lowroutput pulse to drive the BPA section of the BRD package. Operation was
switched to a Burroughs unit test oscillator. Data was taken with 20, 30 and

40 volt pulse inputs to the BPA's driving the BRD's. Outputs from the BRD's
were satisfactory at a P. R. F. of 200 KC, but outputs were too low at 2 mec.
Experix;mmtati;)n indicated that changing the component values of the terminating
network at the secondary of the BRD input transformer improved the PRF response

of the circuit considerably. See Table 1.

Table 1
P.R. F. Input to BPA Output of BRD Terminating Load on
Network BRD

200 KC —.1 25 L=33 uh, R=560n 33 ochms

2 MC 20 16 L=33 uh, R=560 33 ohms
200 KC 20 28 L=33 uh, R=100n 33 ohms

or L=8.2uh, R=5601
2 MC 20 25 L=33 uh, R=100nr 33 chms

or L=8.2uh, R=560n



15965" Cathode Follower

Three types of conventional cathode follower circuits are used in
3cF ceF,
the instruction frame. These arebn;—&;- am‘l FCF. The BCF is used exclusively
amlne

to drive the suppressor grids of gate tubes. Test data was taken using a decdde

precisioa capacitor to simulate wiring and gate tube input cépicitance loads. 4T
4:t best) these capacitances could only be estimated. However, in all cases it is felt

that the simulated loads were on the pessimistic side. All BCF circuits were

able to drive the specified 1oazhalaigned in the proper switching time. A flip-

THEM
flop output to switch the CF's was obtained from a test ﬂip-ﬂop. Further tests

|
|
|
|
?
were rum on the actual conditioning of gate tube suppressor grids_ by BCF's. In }
one instance, a gate tube suppressor was cMﬂoud by one BCF‘tribdc while
the gat; was being pulsed. In another instance, two gate mbcs'being'pnhed ‘
simulta.nequsly were conditionea by tﬁo BCF triodes in 4parall;,(. Both tests
were snccessfnl. but a unique effect was noted on the ontpnt of-the BCF’'s. A

positive spike appeared oa the trailing edge of the upper level of tlm BCF oul:pnt :

when driving a gate with the control grid of the gate being pnlsad. When only

one suppressor was being driven by one triode, the magnitude of the positivc

spike m only on the order of three volts. However, in the ca.se of two paral‘lel

triodel. driving two supprc.uo: grids and the two control grids pulsed limultan-

eonsly, the spike approached 10 voltsiin mg-nituda An experiment was con- :

ducted, ‘and it was fairly well determined that this effect was due to feedb’u:k.

from the plate to suppreasorryg'rid in the gate circuit, of current to the cathode
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follower due to interelectrode capacitive coupling. This effect was not noted

" on the input tpvel, of the BCF. The generzal consensus of opin.iot.z”s.eemed to
establish that this feedback could cause no forseeable difficulties in circuit
applications.

All diode circuit driving cathode followers were tested withThevinin
eqﬁivalgnt diode loads and estimated capacitance loads. Carbon resistors
were u_ned to simulate the equivalent diode circuit resistance with "and' and
>"orf' current being supplied.by a D-C power supply.

| In general, FCF's were used to drive diode "or' circuits in the
instruction matrix. The worst combination of '"or'" current and capacitance
: jriventblyf each F CF was simulated and data taken. All F CF circuits were
able to drive their-specified load in the proper switching @e. ey
" In a few applications C CF's were used to drive diode "and" circuits
i;n the ﬁime, but all matrices are now driven by A PCF's. The few C CF's
tested were loaded with simulated diode "and" current and capacitance loads.
it did not seem that the cathode circuits of the cathode followers vﬂre accept;
ing as mni;h.r"and" current as design critex;';. would lead one to believe and still
fall in the proper timme. - Fortunately, the circuits used were sufficiently over-
‘deaigned_to‘ ali.ow circuit specifications to be met. No reason for the pporer
than expected fall time of the C CF has yet been established. n is known that
- some "hot' 5965°'s have Seen placed in the prototype pluggaﬁle units used in

testing. It may be possible that these tubes are being used in C CF circuits

and as a result are not being driven far enough into the cutoff region, allowing
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too much tube current to flow into the cathode resistor. This could réduce the
"and" current which could be accepted. Poor cutoff characteristics in the '"5965"
triodes could produce the same effect.

The "5965" cathode follower in test was a very atable circuit. The
+150 volts marginal checking could always be lowered to +50 volts or less before
any effect was noted on CF output. Below 50 volts the circuit had difficulty in
reaching the +10 volt upper level.

A large number of -30 volt protector diodes have failed during circuit
operation. The exact cause has not been definitely established, but there are
theories which seem to merit mentioning.

One possibility, which will be mentioned in more detail under compon-
ents, ig_that some undetected low back resistance diodes are in the pluggable units.

The upper limit on the steady-state forwa_rd current that should be
passed throﬁgh a™'y''diode is 16 ma. At presant , when several cathode follower:
model,s\a_re paralleled, only one diode is used to clamp the output to -30 v. This
.diode may be required torpass from 20 -30 ma .to clamp to -30 volts depending on
the mo_dgl»_l_md number of cathode followers in parﬁllel. There-is-some question as
to how long a "protector’ diode of this sort would be required to pass the 20 - 30
ma.. If no case occurs where a diode is required to clamp for more than one second,
then the present design is satisfactory since a "y" diode is rated to pass 100 ma
for a s;cond or less. Under present test conditions, the +150 v was turned off

inadvertantly in a few instances for several minutes and as a result some protec-
Waxe fyand

tion diodes/\ with nearly zero back resistance. Itz undesirabie-to-paratiet protector
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m.ﬂ-,mam It is nndesxrable to parallel protector
A d.iodes, cince this also paralleh the back resiltances. This effective lower
... back re-istance‘ would defeat the original purpose, since more current would |
K fidﬁ through the lower resistance. This would also increase the load on the
dififing circuit.

Power Cathode Follower Model A

e

"_I’he A PCF is ued primarily inAinstructiox-l control as a matrix
idriv r with one microsecond switching time. Test data obtainécf shows the bias
-buihh:;’zn the upper level of this circuit to be higher théu anticipated. A typi-
calv‘nlue would be +18 out for +12 in. This undesirable in at> l?ast two réspects.
a,'._‘jWhen the A PCF outéut is at +18 and &ivea an "and'.'v circuit with at
Iealt_ one input at -30 v, there will be approximafeiy 48 volts across the '"down'"
diode. | |
. -': When the A PCGF drivés an "'and " circnit whose output is caught at +10

voltl there will be a delay, which has been meann-ed at about .05 microseconds,

f-between the time the ohtpnt of the A PCF starts to fall and the txme the diode

. B L T #"«n
"and" circnit atarts to fall. This is due to the fact that the outpnt oi the "“and"
WA o ; ) ?‘L{Jﬂ g

: ci.rcuit will not begzn to fall nntil its input reaches +10. This dila.y would accumu-

late where more than one level of PCF's is used in tapdem w1th vand" circuits, In

£

-’«-‘-“lé 'ins’trﬁction' matrix-atime allowance of .05 microseconds had been made for
" such delay. However two levels of A PCF's are used in tandem here making it

posnble to lose a total of 0.1 microsecond in delay from this source. Itis beheved

R

e
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that the circuits are sufficiently overdesigned to compensate for this unexpected
delay, and that it will not create any timing problems in these applications.

Due to a lack of information on the A PCF circuit when ti:e instruction
frame logic was laid out, two circuit applications whose switching time was 0.5
microseconds had been set up utilizing the A PCF circuit. Testing revealed that
the A PCF circuit would not satisfactorily follow a 2 mc switching rate. The out-
put fails to reach its upper and lower level and resembles a s;wtooth wave. Modi-
fications will be made in these two cases, and the A PCF will be replaced by a
' different circuit.

Master Oscillator Model A

A 33 volt pulse is presently being obtained from the cathode circuit of
the oscillator tube via a 1:I transformer. However, the secondary of the trans-
former-in biased at -30 volts and a smalil additional bias is developed resulting
in a pulse whose lower level isag-32 volts., When this pulse i;c applied to the out-
put BPA's the grid of the BPA's are only brought to positive +1 volts, instead of a
minimum of +5 volts. This results in a low output from the BPA's which drive the
oscillator pulses to other circuits. Amn investigation of the ci;cuii: is being carried
out by the basic circuits group.

A Pulse Generators

An attempt was made to obtain pluggableunnit test data on the APG eircuit.
A square wave generator opesatigg at 20 cps was fed into a relay inverter which
. & ) A PG b
switched a relay inm its plate circuit. Au APB was driven from a pair of normally

open contacts omn the relay.
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, 1 " However, an attempt to monitor the output of the pulse generator on

RRA .,;?"

X ;I%le toof scope failed. The pulse was not sufficiently clear to take any data on it,
- _' - , ’_ The output of the pulse generator was fed into the complement input
. _, of a flip~flop, and the blinker neons indicated that the flip-flop complemented
..pxoxae,rl.y. This indicates omly that the pulse generator was producing 2 pulse,
= R - ‘and not that it was operating within specifications.
' | Some reasonable test procedure will have to be set up for this circuit;
rnbcfore it {s determined whether or not is is satisfactory.

~ Relay Inverter

A few of these circuits were tested. It was only necessary that they
&r switch a re'lAay. All circuits were approved on this basis. These circuits will

' draw about,o;:S ma of current from the driving socurce.

- e T With the exception of tubes, 21l component failures recorded during
. .. -the pluggable unit and module testing program were "y" diodes. The high failure

rate which was incurred may be the resuit of 2 combination of factors, or may be

2 ';’v'rqoted in one of a2 number of theories which have been suggested. These are
mbﬁly worth mentioning here.
1. Testing procedures may not be eemphsensive enough.

FUT <7 0 2. Bhelf life from the time of testing until the actual placement
in pluggable units may cause deterioration.

. DP

3. Siip soldering of c%rdq may cause excessive heating of the

 diodes and resulting deterioration.
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4. Circuit operation combinéd with poor power regulation and
shutdown may have placed undue strain on the diodes, during
the testiﬁé period.

In all fairness, it must be noted that all these failures occurred in
the first few prototype models. In these first few units one would expect inex-
perience in testing and dip soldering as well as in actual circuit testing proced-
ures. The f'actors which contributed to the diode failures may not be present
by this time. However, sufficient low back resistance and high forward resist-
ance diodes were detected in these first few models to cause considerable alarm
concerning this component.

It is difficult to check diodes properly once they are on the cards in
the pluggable unit. At best, only a rough check can be made. By this time, pro-
/ _ggdure. probably have beer set up to test diodes on the card between the time

t’,{ ”that cards are dipped and placed in the pluggable units.

Tabes

A few tube failures occurred during the testing program. In some
cases uncertainty exists as to the cause, but it is believed that most failures were
a result of improper testing procedures on the part of those testing the pluggable
units. Two cases can be traced to defective tubes, for certain. 'In one 5965, the

¢ "t

’ getter was shorting out the ssmsmsmasmst control grids. One 1782 A was found to be

Al -
O.K. when checked D~€ wise, but failed pulsewise.

The 1782 A tube fits very tightly in its socket and must be rocked when

removed. In ome case, the tube base was cracked as a ressult of such removal. On
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six other tubes, keyways were cracked and broken off as a result ;:f removing
theﬁ from the socket, This would indicate that the tube bases are too fragile,
or that handling téchniqu.es were not gentle enough in these instances.
Wiring |
: 5  Most of the trouble shooting done during the testing period of plug-
»331‘11; units and the module led ultimately to wiring errors. This was to be
expected on the prototype pluggable units .and module, sincé many of the per-
sonnel concerned were .inexperienced and techniﬁu.es were still unfigfgoing
: refinement. This waé bofne #$out by the noticeable decrease in winng errors
in later uﬂts. _
4 'fhe types of wire used in the pluggable units and module seemed
satisfactory wiﬁz the exception of the microdot wire now in prototype module C.
:'The fnsulation of this wire was found to have low abrasive re'iist_ance and
‘im‘prove'.& microdot will appear in forthcoming modules.
In an isolated instance filaments in module C were found to be shorted
4 to chasq}s. ‘ Investigation showéd fhat this was occurring in one of the pluggable
units, ‘!'he.uu.it was removed and ti'xe filament wire checked. When the filament
wire was moved from touching the pluggable unit chassis, the sho‘rt disappearod.
However, no visible break could be found in the insulation of the wire.
: The wiring of module € illdsirated that using microdot wire between
points 8 to 12 inches apart seems unnecessary. In these \cases-, nearly as much
yeltow wire is used in tying in the ends of the corx as would be used in jumper!"§

the points together with open wire.
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In module C wiring, it was noted that in ferminating signal wires
the wire is always sent to the terminating resistor on fhe 'boa.rd beiore being
sent to the last unit of load. In rhany places, wiring could be shortered by
3 to 4 inches and made somewhat neater if the signal pin of tixe last load unit
were connected and then jumpered to the terminating reaistoz.

Mechanical Features

By far, the larger portion of mechanical failures occurred because
of falured of the male plugs in pluggable unit bases to vgz;-ﬁf;’];aroper c;mtact
with the opposite member in pluggable unit testers and in module C. In many
instances, pluggable units which made contact in one female base would not
make contact in another. This would evidently be due to a bmldnp of tolerances
on the part of both male and female. These falures occurred in the prototype
pluggable unit models. Since then the pins have been redesigne“d,‘ and it is
hoped that failure from this cause will be eliminated. No data.is yet available
on the redesigned bases.

In some instances pluggable units bases did not float properly in the
pluggable unit frame. As far as is known, this has occurred in only the first few
prototype units, whose frames may not be entirely within specifications. It is
felt that th;la difficulty should be eliminated in forthcoming units.

In prototype x:tc:dule C ."piugglble units could not be put i.:nto the module
without considerable force being apflied. In some cases where units were forced

in, wires were torn off card edges in the pluggable units. It became necessary to

remove the "ladders” from the module in order to facilitate c_ztrince of the unit
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into the module. Module C has begn operated throughout without these "ladders,»
whose main purpose is to hold the pluggabi\e 'uniu firmly in position. This parti-
cular difficulty has been under investigation by the mechanical design group.

On the filament busses in module C it was noted that the male connector
of the wires leading to the buss seems to fall out too easily. The male connector
on the end of the lead in wire has no room for expansion and as a result is being
compressed to some extent. Perhaps this difficulty could be overcome by use of
the edge connector principle‘vhero expansion is provided for.

The stamping of pluggable unit type numbers on each unit ud_gf,plng=
gable unitilocations on the back of each module would facilitate testing and help
eliminate the possibility of placing a wrong type of unit in the wrong médulg loca-=
tion. No permanent identification procedure was used on mo&lc C or its proto- .
type units.

During testing it was found that the handles on the pinggable unit cam-
shafts vprk loose and fall off qﬂh easily. This is due to h.ihnrg of the set screw
to rexnain‘- tight against the flat part of the shaft. |

: "It is feit that the soldering lugs used on the card assemblies in the proto-
type \;nits ’are to fragile. During troubleshooting, several lugs were broken off
by oalyA a amall amount of bending. Once a lug is broken off it cannot be replaced
with the card still in the pluggable unit. The card must be removed from the units
mﬁqnnttupptmadator’emove the remaining portion of the flgtromthe card.
ni- can naly be aéeomptiched with great difficuilty, if at all. Quite often the

result is a brokea card.
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The instruction control group invites comments, corrections and ques-

tions concerning any of the material found in this report.

H. G. Hickey



INSTRUCTION CONTROL DAILY LOCG
June 10, 1954

1. The -30 breaker on module G and the +150 marginal check breaker for
G, H were tripping every five minutes. An ammeter was placed in series
with the +150 (3 amp) breaker and read only 1 amp. m.miurmm
climb just before the breaker tripped, so we assumed that the b;ahr was
defective and it was replaced, The -30 (3 amp) breaker still kept tripping.
Aun ammeter in series with the breaker read 1.3 amps and the reading
started to climb just before the breaker tripped. The breaker was assumed
to be all right and the trouble was traced to PU-GD. The plates on 5965
{tube 1 and GD) were glowing red. The unit was pulled and the plate decoup-
ling resistors were sliced in half although they still must have been making
contact. The excessive current was traced tc a -30 clamping diode in the
cathode with only 3K back resistance.

2. While tracking down the trouble in (1) above, it was found that the B CF's in
P. U. type 6013 had -30 clamping diodes. Since these CF's drive only gates, e
clamping dicdes are not needed. We checked the prototype and saw that the
=30 lead had been clipped on that unit, but the engineering change did not get

through to the production units. The engineering change has now been sent in, . _

3. Grid resistors in register drivers which work at 2 mcps are being changed
from 10 ohms 1/2 w to 1000 ohms 1/2 w to limit grid current.
4. ¥ J (3rd group) and F S (1st group) ﬂlunonti not lighted. Tapered pins do not

seem to be making contact with the filament bus.
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6.

7.

PU - ET will not plug in,

PU - GG Tube 6 looked gassy and was replaced.

The TPD was changed from an 8 microsecond to a 6 microsecond ring.
Timing is very tight in many instances and impossible in others. Part

of memory selection will have to be done in the program element instead

of the instruction control frame. Cable delays and transformer delays

may dictate other changes in the logical design as well as in a few pluggable
unit types.

Time level zero and time level one are being interchanged. The "Break"
flip-flop is cleared on TP-11 supposedly. However, because of delays, etc.,
the pulse does not get to the flip-flop until much after TP-11., Therefore,
the "Break" flip-flop has not settled down by zero time, Now if you are in
a Pause and Break condition and then change to a Pause and No Break, you
do not want T}?-O to get through and start up the ring. However, as men-
tioned above, the Break flip-flop does not settle down by zero time. So the
machine will be stopped in the future in TP-1 by which time the Break flip-

flop will definately have settled down,
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INSTRUCTION CONTROL DAILY LOG
June 11, 1954

With all "1 being read into the operation register the +90 line has the

following ncise:

J. Beesley suggests that all future PCF's have their +50 decoupled and

‘that we just hang a 1 uf capacitor on the line.

PU - CD tubes 1 and 2 have 1K resistors in the grid circuit. These are
Ann'-k.ﬂuzm-. The output voliage was the same with the 1 K resis-
tor 2s with the previous 10 chm resistor. However, the grid curreat was
cut from 14 ma tc 5 ma.

?D-!CW.OM!M\M‘NM nthterlhlh-jl"u. This is 2 BRD
;tulncpt. The input transformer has 2 100 ochm resistor on the primary
umunmarmmwmdmnmuu.ﬁtyxm Without
the 100 chm input terminating resistor and with the 10 chm grid resistor the
grid curreat per tube was 6.5 ma. With the 100 ohm resistor and 10 chm
resistor the grid curremt per tube was 3.5 ma. With the 100 chm resistor
and 470 chm resistor the grid curreat per tube was 2.8 ma.

Tubes 7, 8 and 9 in PU - HG were not lighted. The filament pins on the plug-
gable unit loocked burat and scorched. There was no apparent reason for this,
After the pins were cleaned, the filaments lighted up.

PU « ET could be plugged ia after the terminal board mounting bracket was

moved,
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6. PU - CF tube 9 was not lighted at 2 p.m. After jiggling the tube, the filaments
lighted.

7. PU - CX tube 9 (same as 6)

8. ON FJ (3rd group) and F S {1st group) of tubes the wire inside the tapered pin
is not making contact with the taper pin. Yesterday it was reported erron- |
ecusly that the pins were not making contact with the filament bus.

9. PU - DL card 9, the +10 catcher dicde was found open and replaced.

10. PU - DL card 9, the aignal diods H2 bad 1§ K beck resistance and was

replaced.
11, PU - CD tube 1 was not lighted at 5 p.m. See 6.

{
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ISSUE 3 INSTRUCTION CONTRCOL DAILY LOG

June 14, 1954

1. Cue per cent resistors in the power cathode follower circuits have been
opening up and one has changed value. In particular, the 47K and 51K
resistors in parallel in the plate circuit of the difference amplifier have
been opening up. The 68 K resistor which iz also part of this parailel
group has not gone bad. A 300K resistor in one uait has changed yalue
to 1 megacycie. The three resistors ia parallel should be 18 K. Here
are readings that were taken yesterday om some pluggable umits that were

NPT A CRS Wy o T eamey p T TR T

bad. The last three were fresh from stock and measured just to make sure %
that defective components were not getting into the pluggable units.

6010 - type § X226 Card4 - ISK Card 10 - 26K

e

X227 Card4 - 21K Card 10 - YK
alsoc Card 10 300 X Resistor was 1 meg.

X 220 Card 10 - 68K Card4 - 18K
X 206 Card 10 - 0K Card 10 - 30K
6017 - type X 225 Cardl - 68K Card7 - 18K

Card8 - 18K Card 14 - 18K

X 224 Cardl - 66K Card7 - 62K
Card 8 - 66K Card 14 - 62K
X 329 Cardl - 18X Card7 - 25K

Card 8 - 28K Card 14 - 52K
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Fresh From Stock
6010 - type X 221 Card4 - 18K Card 10 - 18K’
X 228 Card4 - 18K Gard 10 - 18K
X 231 Card4 - 18K  Card 10 - 18K

We have at times lost just the +150, the +90 or the -300 supply. Tests

and calcuiations indicate that loss of any of these supplies should not cause
resistors to fail. A few times we have run the machine without air-condition-
ing and then turned it on suddenly. There is some chance that this might be
causing the damage. The actual cause has not been verified yet.

2. Yesterday in item 10 it was mentioned that 2 signal dicde was replaced. The

symptoms leading & its discovery should be mentioned as they are of interest,
A number was set into the step counter to indicate the number of desired shifts
and & shift instruction was carried out over and over. The add "one” pulses
to the step counter were cbserved to see if the order was being performed
properly. If we mlh&hmpcamraﬂvmm scope, we would see
8 "add one™ pulses for a second or so, but then we could see a decaying action
and only "1" add one pulse would be seen. The trouble was traced to a bad
diode. The point being made is that in actual machine operation the shift order
would actually have been performed correctly once or more since it took time

for the error to occur. Yet if many orders using the step counter were per-

formed in the same program, it is conceivable that eventually errors would have

occurred. This may be of interest to diagnostic programmers and maintenance




ISSUE 4

1

1.

INSTRUCTION CONTROL DAILY LOG

A 6010 pluggable unit that has never worked was finally debugged today
after about 12 engineering man hours. The symptoms were: one side of

A FF¥ always stuck in the +10 condition; the other side switching from -30
to +10 but returning to -30 before the next pulse came along. The trouble
was that pins 2 and 3 (grid - cathode ) of the cathode follower in the +10
output side of the flip-flop were soldered together inadvertently.

On PU - 6001 X1 a pulse transformer on card 7 {(of a gate tube) was bad.
mnﬁmwwuwmmwu
wrong. The primary measured about 3 chms, the secondary 1 ohm and
secondary to primary are opea circuit. When the transformer was replaced
the circuit worked. With the original transformer a pulse was developed
in the primary, but even with the secondary unsoldered from the card there
was no output. The transformer is being sent to the componeants pecple as
are all other components that seem to be bad.

It has been ascertained that leads in tapered pins that have been crimped
by hand can be pulled loose without toc much trouble. Leads in tapered pins
that have been crimped on a machine are impossible to pull loose, Unfor-
tunately, quite a few leads on Instruction Control seem to have been crimped
by hand, if not all of them, This is probably why we have been having trouble
with them. All future leads are being crimped by machine. .
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