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Digital Computer Iaboi'atory
Maesachusetts Institute of Technology
Cambridge, Massachusetts : '

SUBJECT:  ENERGY DISSIPATION IN SQUARE LOOP FERROMAGNETIC HATERiALS WITH
SPECIFIC APPLICATION TO SWITCH CORES

To: David R. Brown
From: N. Menyuk
Date: May 12, 1957 .

Abstract: A determination ie made of the energy dissipation in a square loop
ferromagnetic mate;ial due to domain wall motion. These energy
losses are separated into three terms, representing the relaxation
loss, the eddy current loss, and the hysteresis loes.. The order of
magnitude of the energy loss per cycle is found for an F-262 ferrite
and a 140 wrap 4-79 molybdenum permalloy core. Irom the values thus
determined, the power loss of these cores is calculated for a
frequency of 100 kilocycles, assuming a semi-infinite step function
‘input. .The calculated order of magnitude is in agreement with the
experimental results for a ferrite; no data i{s available for the
‘metallic cores. . The results indicate that external cooling will be
needed for switch core matrices operated at this frequency. A

number of reasons are given to show that metallic cores should bde

preferable to ferrites as switch cores.

A high speed multiposition switch can be made ueing ferromagnetic
cores.;' 2 and a number of these switch-core matrices are operating successfully
at the present time. However, J. Mitchell has noted that when these cores are
operated at frequencies in excess of § kilocycles they heat up and, with
increasing frequency, soon lose their ability to operate as a switching device.
This is not surprising eince the successful operation of a ferromagnetic toroid
is limited by the shape of the hysteresis loop (see reference 1) and this loop

is a function of the temperaturs.

1. Olsen, K. H., "A Magnetic-Matrix Switch and its Incorporation into a
Coincident Current Memory, * Digital Computer laboratory Report BRe211 (1952).

2. Katz, A. and “Guditx, B. A., "Swtich Core Analysis, I" Digital Computer
Laboratory, Engineering Note #-500 (1952).
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ne neating probium is a serious one since the switch coréa. when

used in a comy .ter, will operats at a frequency of the order of loo'kilocycleao
Tt 18 thersfore important that the factors which contribute to the temperature
1i® be underatood. This note investigates the energy dissipated by a core on
reversing its magnetization and, on the basis of the results obtained. determines
the power loss at 100 kilocycles.
Energy losaes

In the calculations which follow the hysteresis loop is assumed to be
square and the input signal is assumed to be a sequence of semi-infinite step
functions. This corresponds to a cyclic input of the form shown in figure 1.

Upon reveraing the magnetization of a ferromagnetic material the
aguation of motion of a demain wall is given approximately by the equation3

67 = 2(BR) - T7

N
[
S

wherein P is the damping factor, f the velocity of the domain wall, g the
applied field, Hy the threshold field, which is closely related to the coarcive
field, and f is the saturation magnetization. The damping factor 8 is the

sum of two factors

ﬁ=ae+‘5r ’ (2)

where Py ie the damping factor due to eddy current effects and Bp is the
damping factor due to relaxation effects. Equation 1 can therefore be rewritten

as

Bev + By¥ + 2Hpe I, = 28T, (3)

In equation 3 ' .
Zﬁ)f: is the energy/unit volume supplied by external field H.
ﬁev is the energy/unit volume dissipated as eddy current losses.

B;: is the energy/unit yolume dissipated as relaxation losses.

- -

2Hy+Iy 18 the energy/unit volume dissipated as hysteresis losses.

3. Goodenough, J. 3. and Menyuk, N., "Nucleation of Domains of Reverse
Magnetization and Switching Characteristice of Magnetic Materials, "
Digital Computer laboratory, Hngineering Note 3-532 (1953).
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Bddy Curres: Lose

The value of fg, as given in reference 3, page 26, 1is

fuUn2142 Rm
Bo = = 3z cosss <77 1515 @)

where Ry 13 half the thickness of the ferromagnetic material, /Pe¢ is the
resistivity of the material, <r) is the effective value of the radius of the
tase of a cone of reverse magnetization as seen on a plane through the material,
and <cos8> is the effective value of the cosine of the angle between the normal

to this plane and the direction of magnetization within the domain (see figure 2).

d<r,
dt

The wall velocity v and are related by

- 1 dery s

Zcos®y dt
thereforse,
212 (5)
e der> d<r 3 Rp
Bov = Tooss> dt = Bddy current loss = c2ccos r——‘z Zr >

The switching time Zjis the time required for the core to completely
reverse its magnetization direction, and in this time the domain wall is
asaumed to travel a distanceQ. On integrating equation § over the proper

1imits one finds
: (6a)

16n2142Rn2 R 4G
Z/OQCZCCOQBQ’ for 08 %’
Eddy current loss = 2 (éb)
16n<1
o (215::3%:3» }f" Buzpecondy?

The eddy current loss in ferrites is negligible because of the high
resietivity of these materials. In matallic cores this is no longer the case.

For thin ribbon metallic cores of the dimensions used in thie laboratory (1/8 mil
and 1/4 mil) Rp<p<casd,> and equation éa is applicable.

Belaxaﬁion Loss ' -
The value of By given in reference 3, page 25, is

2142 lg



N
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where <\ 1 .« -alaxation frequency, ) the magneto-mechanical ratio, K the
anssotropy <. .tant, and A the exchange constant. Therefors, |
21,2 N K dexr
= o (8)

Relaxation Loas = 'G'ﬁIaElﬁ;coer 4 dt

and on integrating one finds

Relaxation Loss =ﬂ%§—é\;§7 \l_"i' | 9)
AZ+1, _

Jysteresis Loss :
The hysteresis loss, as given earlier, 1s 2HgeIg or 2Holg<cos> . Hy
is the value of the magnetic field at which domain wall motion ceases. It is

nutained axperimentally as described in reference 3 page 28. This value is

based on the assumption of a square hysteresis loop.
Total Loss
The total energy loss.per unit volume in the course of a single '

magnetization reversal is thus

E _ 161121,23,!2 2142/ :I'_i_c_ .
V  Treticcos e> " 2?22+182£5' i 2HgIgccos | (10)

where equation 6a has been used for the eddy current loes. Since a full cycle
represents two reversals, the energy loss per cycle will be twice the value
given abovee. '

Comparison with Experiment

Farrite Core
At present, the General Ceramic ferrite core MF-1312B ie being used

in switch core matricee. Many of the factors which appear in equation 10 are

unknown for this material. However, reasonable values can be obtained from a
knowledge of these values for eimilar materials, and the order of magnitude
obtained can then be checked with experimental results. In ferrites the eddy
current effect is neglected. : ’

The ferrite MF-1212B has Igx155 gauss and Ho=0.5 oersteds. The
distance Q~5x10=3 cm, <cos®>~l, ¥=2x107 (gauss-sec)-l. The relaxation frequency
/A~10~8 sec-1 and \EﬂOS cm=l, The switching time | is taken as 1.1x10-6
ssconds, which is the experimental valus. Subatituting these values,.
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) 2
Relaxation loss = ﬁlﬂ £%450 erss/cm3/cyclo
s

Iﬁr.atei-eaiu loss = 4Hglg<cos > == 300 ergs/cm3/cycle.

The volume of these F-262 cores is 0.145 cm3. The relaxation
loss/core/cycle 1s therefore =62 ergs and the hysteresis loes/core/cycle
ie 44 ergs. |

The experimental value of the hysteresis energy loss, as obtained
from a measurement of the static hysteresis loop area, was found to be 75
ergs. The discrepancy betwsen the calculated and experimental results can
arise from our assumption of a perfectly square hysteresis loop. Actually,
the loop is only approximately square, and increases in size with increasing
input. Also, the expsrimental value of H, was taken from a single core, and
it was not one of the cores used in obtaining the energy loes data. Since H,
can vary by as much as 20% between supposedly eimilar cores, this leads to a
large uncertainty in the calculated result.

The total energy loss per core per cycle has been found experimentally

- to be 162 ergs as compared with our calculated valus of approximately 106 ergs. |

Thus the calculated relaxation loss of 62 ergs compares quite well with the |
experimental valus of 87 ergs.

Metallic Core :
A 1/1& mil 140 wrap 4-79 molybdenum permalloy core has recently been

obtained by A. Katz for possible use as a switch core. The parameter constants,
as given on page 29 of refersnce 3 are: Ig~700 gauss, ,c,-éxlo'17nu-cn.l%doﬁca -}
Nw2x108s8c=1, pox5x10=3, ccosédr~l, and ¥e2x107 (gauss-sec)=l. B8ince this is 1/4
mil material, Ryp = 3.2x10"‘" cm, and the switching tmT i{s again taken as
1.1x10-6sec. The evitching time can be chosen arbitrarily as it is dependent
upon the amplitude of the applied field. This value was cholqn in order to
obtain results which can be compared meaningfully with the results obtained for

the ferrite MF-1312B. Hy is 0.14 ocersteds.

21 .2Rm2
Bddy Current loss = yx: fson > ~|”36 ergs/cne/cycle
2 ’ %
Relaxation loss -Mwoo ergs/om3/cycle
+Igcyc AN .
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Hysteresis loss = 4HoIgccos®> ==392 ergs/cm3/cycle

The total volume of this core is 0.13 cm3. The calculated energy
loss per core per cycle is therefore approximately 170 ergs.
ﬁo’experimental values of energy losses are available as yet for
comparison purposes. |
Conclusions |
The magnitude of the energy losses discussed above leads to a large
power dissipation at high frequencies. At 100, 000 cycles/second the calculated
power loss for the MF-IJZGB and the metallic-ribbon core is about 1.1 and 1.7
watts per core respectively. Furthermore, in view of the parameters involved,
it is highly unlikely that these figures will be decreased in order of magnitudé.
An external cooling system will therefore be needed in conjunction with a
switch core matrix operating at high frequencies. Within this limitation. let
us compare the relative merits of the metallic and ferrite cores as switch-
matrix components.
1. Hysteresig loop - The hysteresis loop of the MF-1326B ferrite core is less
equare than that of the 140 wrap 1/4 mil 4-79 molybdenum permalloy core, @8
ghown in figure 3. The pulse characteristics of the metallic core should thare fore
be preferable to that of the ferrite and should reduce the need for any
"tailoring" of the input signal with its resultant complication of the
electronic circuit.
2. BHeating - As shown above, the metallic core dissipates 1.7 vatte at 100kc.
as compared to 1.1 watte for the ferrite core. Howsever, in view of the assumptions
made in these calculations, the difference is not necessarily oignificant.
Fyrthermore, since the saturation magnetization is almost five times as great
in the metallic core as in the ferrite, the output per metallic core should be
coneiderably greater than the output per ferrite core. At present, seven ferrite
cores are needed for each switch-matrix component %o obtain the desired output.
Since fewer metallic cores will be needed, the heat soneratod per component
will probadly be lower using metallic cores.
3. Surface Area~Volume Batio - For efficient cooling 41t ie desirable to have
as large a ourfsco ares to volume ratio as possible. Thie ratio is rather poor

in both the F-262 size ferrite core now in use and the 140 wrap metallic core
This ratio can be increased in the metallic core by

which has been received.
widening the core and decreasing the number of wraps, maintaining the same
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volume. It would probably be more difficult to effect a large improvement in
this ratio with a ferrite.

4. Temperature Sensitivity - Since molybdenum permalloy has a higher Curie
temperature (4600C.) than the ferrites (~300°C.), the metallic core hysteresis
loops should be somewhat less sensit;ve to small temperature changes in the

vicinity of room temperature than the ferrites.

Applied Field Value - The ;/h mil molybdenum permalloy core has a smaller value
of Hy than the MF-1326B ferrite. In addition, the switching coefficient Sy,
where S, = (H-H,)?, is also smaller for the metallic core. The figures are:

Sy = 6. 4x10~7 ocersted-second for %/h mil 4-79 molybdenum permalloy. and

Sy = 10. 2x10~7 oersted-second for MF-1312B.

A metallic switch-core matrix designed to Operate at the -same speed
as the ferrite switch therefore requires a smaller magnetic field. Thus, when
using metallic cores, a smaller current amplitude will be required of the "
electronic equipment used in conjunction with the matrix. Thie may permit a

fl

eimplification of the circuitry.

Recommendation
The above considerations all indicate that the metallic switch core

matrix f{e preferable to a ferritic switch core matrix. Future experimentation
along this direction should therefore be emphasized. In particular, wider cores
should be used to increase the surface area.
Acknowledgment
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Digital Computer Laboratory
Massachusetts Institute of Technology
Cambridge, Massachusetts

Subjects WWII MEMORY ADDRESS SELECTION SYSTEMS - P. B. No. 62

Tos N. H. Taylor
Froms Jo. L. Mitchell
Dates May 6, 1953

Abstracts This note contains a survey of the existing memory-address
selection systems as well as a survey of some of the more
promising new systems that have been proposed.

The function of the memory-address selection system is to
take the mamory address from the memory-address register and either
read from or write into the selected memory register. In order to
do this, two pieces of equipment are needed: a translator and a set of
current drivers. The translator takes the output of the memory-address
register flip-flops, converts from the base 2 to the base 6L, and thus
selects the proper driver,. » The selected X driver and the se-
lected Y driver drive the X and Y selection "planes®™ with the currents
necessary to read from and write into the memory.

Basically there are two types of translators and two methods
of driving that will be considerede The two types of translators are
the crystal-matrix and the magnetic=core matrix. The two methods of
driving are driving a selection "plane® directly from the plate of a
vacuum tube and driving a selection "plane" from the secondary of a mag-
netic device. THe subsequent discussion will describe some of the combina=
tions which have been proposed. Throughout this note we will talk about
a L096-register memorys

Following the description of the various systems, there are
two chartss: a chart, Figure L, listing the equipment needed for each
system and a chart, Figure 5, showing some of the ailvantages, disadvant=-
ages, and other peculiarities of each system.

Equipment counts, Figure i, include all the equipment needed
to operate the entire memory-address selection system. In the tube
counts, the tubes will be separated into five types, as followss
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le Memory drivers. These tubes drive the X and Y
selection "planes™ directly and must supply rectangular
500-ma current pulses about 1.5 pusecs long at a duty
cycle of something less than 50%.

2o Pulse=transformer driverss These tubes drive the
memory through current step-up pulse transformers and
probably will have to supply 100-ma pulses 1.5 psecs
long at something under a 50% duty factor.

3. Magnetic=core matrix drivers. These tubes drive
the magneticecore matrix and probably will have to
supply the same sort of pulses as the memory drivers,
or slightly greater.

Lo Buffer amplifier tubes (including crystadl matrix
drivers).

5. Gate tubes.

A. Crystal-Matrix Translator with Vacuum-Tube Drivers

‘ In order to select and drive one of the selection planes,
we need a 6li-position crystal matrix, 128 drivers and their asso=-
ciated buffer amplifiers, and read and write switches to gate the
drivers on. Figure 1 shows a block diagram of the system. The
outputs of the six flip=flops are run through buffer amplifiers
into the crystal matrix. Each of the 6l outputs of the matrix
goes to two buffer amplifiers which are normally-on tubes. The
selected pair of buffers is cut off by the matrix, and as a result
they tend to gate a read and a write driver on. However, all the
read=driver cathodes are connected to ground through a common re=-
sistor, the voltage drop across this resistor being determined by
the read switch. This voltage drop is adjusted so the driver tubes
that have been gated will not turn on until the read switch is
pulsed. When the switch is pulsed, the drop across the read re-
sistor is decreased, causing the read driver to conduct and send
1/2 I, to the selection “plane."™ The write operation is performed
in the same manner. Each driver used to drive a memory plane would
contain one tube of the "memory driver® size. The buffer amplie
fiers used with these drivers would also consist of one tubee. The
read and write switches would each be made up of five memory=-driver
tubes in parallel, a buffer amplifier tube, and a gate tubes

This scheme could be varied in a number of ways, one way
being to gate the buffers in place of the drivers. Crystal diode
gates could be placed in the input lines to the buffers and used to
control the read and write operation and thus eliminate the read

. and write switches. This would eliminate about 25 tubes and add

256 crystals to the systeme
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B. Crystal-Matrix Translator with Pulse-=Transformer Drive

This system is similar to the system described under
part ®A"; the difference is that pulse transformers have been
added to the systeme The memory planes are driven by three-winding,
current step-up, pulse transformers which might give a current gain
of about five.

C. Magnetic=Matrix Translator and Driver

To select and drive the selection "planes™ along each
coordinate axis, a 6li=position magnetic-matrix translator and
driver and 1ll; vacuum-tube drivers and their associated buffer
amplifiers are neededy, as shown in Figure 2. The switch is set up
by the 12" drivers controlled by the address flip-flopss then, during
read time, the read driver is turned on and causes the selected core
to switch and produce a current pulse which drives the selection
"plane.™ The write operation is carried on in a similar manner;j
this operation both resets the switch and supplies the write pulse
to the memory. All the driver tubes would be of the "magnetic-
matrix driver®™ type. A one=tube buffer amplifier could be used
between each flip-flop output and driver; however, the read and
write buffer amplifiers would need about six tubes each for pulse
shaping and current regulation. There are several variations
which can be made on this basic scheme, but none of them makes an
appreciable change in the tube count or operation.

A good deal of work is being done on the analysis of the
switeh and the feeling is that there is a fair chance that a satis-
factory switch can be built in the near future.

D. Magnetic-Matrix Translator with Vacuum-Tube or Pulse-Transformer
Drive

Another possible system has been suggested which uses a
magnetic-matrix in place of a crystal matrix. Each core in the
switch has two output windings, one going to the grid of the write
driver and the other to the grid of the read drivere. The secondary
windings on the switch cores have a large number of turns and give
enough voltage out to drive tre grids of the driver tubes directly,
‘gliminating the need for buffer amplifierse The equipment needed to
drive the switch would probably consist of single-tube drivers and
a single-tube buffer amplifier for each switch drivero

E. L096-Pesition Magnetic-Core Translator and Driver

This system would use a L096=position magnetic-core
®switch,™ with each output of the switch driving one register of
memory cores. Register selection within the memory would be on a
one=coordinate basis (not using coincident currents). There are
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several ways a switch like this could be built; for instance, it
could be built using the same principles that are used in present
matrix switches; this seems, as yet, infeasible. Another way to
build'the switch is described in M=2110 by K. Olsen. The equip=-
ment needed for this switch when it is, in turn, driven by crystal
matrices and vacuum tubes is shown in Figure L.

F. Crystal-and-Transformer Matrix Translator and Drive

In order to select and drive one selection M™plane"™, this
system requires two 8-position crystal matrices, 2L drivers and
their associated buffer amplifiers and gates, and an array, or -
matrix, of 6L pulse transformers connected as shown in Figure 3.
Selection of a selection "plane®™ is accomplished by obtaining coin-
cidence between the read and write drivers connected to crystal
matrix number one and the condition drivers connected to crystal
matrix number two. The condition drivers are on during both the
read and write operation, and the read and write drivers are gated
on for their respective operationse The diodes in the primaries
of the transformers are necessary to prevent "back™ circuits in
the transformer matrix. The drivers are all one-tube units, as
are the buffer amplifiers and gates. IBM is building up an ex=
perimental system of this type at High Street.

Signed
Jo L. tche
Approved Af\)'\\ g :

J1M/bs W. N. Papian
ccs D. R. Brown, Mog, Mewm . Section,

Ne. Edwgrds, D aﬂ\m\r‘(é..

Jo McCuskeq

R. N"'/s°”;

Drawings attacheds

Figure 1, SA-54789-2
Figure 2, SA-54790-1
Figure 3, SA=54791-3
Figure L, SA-54911
Figure 5, SB-5L912
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Digital Computer Laboratory
Massachusetts Institute of Technology
Cambridge, Massachusetts

SUBJECT:  TWO METHODS OF REDUCING DELTA NOISE AS TRIED ON
MEMORY TEST SETUPS I AND II

To: Norman H. Taylor
From: Saul Fine
Date: May 22, 1953

Abstract: A large lD/H‘value is desired for error-free magnetic-core memory
operation. Improved operation can be attained by reducing the
system delta to a small magnitude. This is accomplished by half-
selecting all the cores in the memory plane with a post-write dis-
turb pulse. With this method Memory Plane 1 was capable of holding
a "worst" type pattern.

Another method of improving operation is to delay either
the X or y coordinate drivers. This effectively separates the
delta noise of both coordinate lines and reduces the magnitude of
delta noise at the sensing point to one half. Both methods require
added operation time.

A. Discussion of the Problem

1. Effects of lDA{'on magnetic memory operation.

The ratio of disturbed ONE (1p) to delta (§) is a factor that
tends to limit the size and usefulness of a magnetic-core memory.
This ratio, a function of core material and production methods, should
be as large as possible in order to maintain error-free operation.
The driving current limits or margins are dependent on this ratio,
especially when operating with a large magnetomotive force, as delta
is a rapidly-rising exponential at high driving currents¥.

2. Delta noise.

A definition of delta has been outlined in Engineering Note
E-488 by E. A. Guditz, D.C.L. The magnitude of delta is a function
of the previous history of the cores. Figure 1 is a typical hyste-
resis loop of a ferromagnetic core. The half-selected ONE (HS1)

# "Driving Current Margins in Memory Test Setup I", S. Fine
Engineering Note E-531, D.C.L., March 6, 1953.
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output of a core is largest in magnitude if the core had previously
been undisturbed (HSly). This is point A on Fig. 1. After one or
more disturbances in the read direction the remanent flux moves to
point C and the magnitude of the HS1 output is very much smaller
(HS1). However, if the disturbed core is now half-selected in the
write direction, the remanent flux changes from point C to point B.
The half-selected ONE readout (HS11) now is larger in magnitude.
Similarly, a half-selected core holding ZERO will produce a
larger output if it had been disturbed in the write direction (point D)
than if it had been disturbed in the read direction (point E). Delta
is defined as the difference in the half-selected outputs of a core
holding ONE and a core holding ZERO; this indicates that the amount
of delta noise depends on the previous history of the cores.

The sensing winding output signal is the sum of all the voltages
on the winding. This includes either a disturbed ONE or disturbed
ZERO plus the various magnitudes of delta. The polarity of the deltas
might be such that they reduce the size of a ONE or increase the size
of a ZERO. The obvious thing to do is to reduce the system delta to
as small a value as possible. &‘l =(HSll - HSOl) cannot be reduced any
further so 80 =(HSlo - HSOl\ and 8 i =(HSli - HSOl), the larger and more

troublesome magnitudes, must be reduced through some means. This is
especially true for large memory planes where many 81 can add to cause
an error.

B. Post-Write Pulse

1. Method of applying Post-write pulse.

The magnitude of delta can be reduced to &\ in amplitude by dis-
turbing all the undisturbed cores and all those cores with remanent
flux at point B or D (Fig. 1) through the application of a half-
amplitude current pulse in the read direction. This pulse can be
conveniently applied to the z-plane winding. It must be applied after
the write pulse, before reading, and has been called a "post-write
disturb pulse." This post-write pulse puts all cores at remanent flux
points C or E, so the next readout will produce delta noise that is
small in magnitude and improved memory plane operation will be attained.

Experimental observations have shown that the half-selected output
of a core rises to a peak value rapidly and reduces to a small magni-
tude at approximately 2/3 the switching time of the core. Therefore,
the duration of the half-amplitude disturb pulse need be only 1/2 to

1/3 that of the read pulse.
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2.

3.

The core-switching time of memory plane 1 is 12Mseconds at
normal current. It was found that a post-write disturb pulse of
6-msecond duration was sufficient to reduce & and {? to &, in
magnitude. In memory plane 6, whose core- . : %
switching time is 8sAseconds, a post-write disturb pulse of 4 msec-
onds duration was found sufficient.

This added pulse increases the overall cycle time, thus limi-
ting the PRF at which the memory can operate. It is felt that im-
proved operation resulting from the added disturb pulse is more
necessary than the increase in PRF.

Operation of memory plane 1.

The cores used in memory plane 1 are Magnetics, Inc., Molybdenum-
Permalloy, 1/4-mil thick, 5 wraps. From tests made, the peak value
of lD/d‘o is 11 and of 1D/81 is 180. 80 is approximately 15 times
the amplitude of Cl. The memory plane was unable to hold certain

"worst" patterns. These are patterns in which the selected core held
a ONE with an output polarity opposite to the HS1l outputs along the
selected lines or a pattern in which the selected core held ZERO with
an output polarity the same as HSl. In either case, the ONE output
was reduced in amplitude and the ZERO output increased.

By applying a post-write disturb pulse to the entire z-plane
winding in the regd direction, the abnormally large {,was reduced to
the magnitude of ®,, and the memory plane was able to hold the "worst"
patterns. The curTent margins were increased from zero (the memory
would not operate without the added pulse) to + 13% of a normal dri-
ving current of 240 ma. Therefore, in memory plane 1 the post-write
disturb pulse was the difference between operating satisfactorily or
not operating at all. (See Fig. 2-a). Another difficulty in opera-
tion of this plane is that the signal levels are low - in the order
of 6-10 millivolts. Noise due to coupling or line transients can
easily be of a magnitude that will cause an error in operation.

According to present stemdards, the cores used in this plane
are poor. There has been considerable improvement in core manufac-
turing in the meantime, with resulting improvement in operation of

succeeding arrays.

Operation of memory plane 6.

Memory plane 6 consists of 256 moly-permalloy cores, 1/8-mil
thick, 10 wraps, made by Magnetics, Inc. The outputs of these cores
are mich improved over plane 1, both in ONE amplitude and.in switching
time. The average value of 11/80 was measured at 270, with normal
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be

driving current of 180 ma. lD/ g 1 Vas measured at 5500. This indi-

cates that both the HS1 disturbed and undisturbed outputs are much
less than the disturbed ONE output. From this fact it is to be ex-
pected that memory plane 6 operation should be greatly improved over
that of plane 1. This has been verified in that the memory will hold
the "worst" type of pattern with satisfactory results.

Because the magnitude of { and §tis small enough so as not to
be troublesome the post-write dPsturb pulse has little effect on opera-
tion. (See Fig. 2-b). This memory plane has been operating satisfac-
torily using both 2-to-1 and 3-to-1 selection without the post-write
disturb pulse.

Memory Test Setup II.

Memory plane 2, a 16 x 16 array using ceramic cores type 1118,
was the first of the two planes used in Memory Test Setup II. A dri-
ving current of three amperes was used to switch the cores. At this
current the ratio 1D/ 4y o Vas measured at 30 and lD/ 'y 1 measured at 385.

The ratios are considerably less than those of plane 6, and, as ex-
pected, discrimination between ONE and ZERO was not quite as good,
although no exceptional operating difficulties were experienced during
the operation of this plane. This is partly due to the large signal
outputs obtained from high driving currents. The signal output is
large enough to override any noise developed in the array.

The array can hold the "worst" type of pattern without diffi-
culty and without using a post-write disturb pulse. Its use, however,
does result in some improvement in ONE-to-ZERO discrimination. (See

Figo 3—8-) .

The other plane used in this setup was a 16 x 16 array of ferrite-
cores type 1326B. At a driving current of 1 ampere, the ratio 1D/
was measured at 68 and 1 gl at 1200. The ONE-to-ZERO discrimi=
nation is very good in this plane. This is to be expected
because of the large ONE-to-delta ratio. The memory can hold the
™yorst" type patterns without using the post-write disturb pulse.
(See Fig. 3-b). TIts effect, however, is to improve ONE-ZERO dis-
crimination slightly, and it will probably be incorporated in larger
memory planes using this type of core. Whether the amount of im=
provement in operation will warrant the reduction in PRF because of
the time consumed by the added disturb pulse will be determined

later.
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Other Methods of Improving Operation

l. Y driver delay

In using memory plane 1, it was found that by delaying either
the Y or X driver a few microseconds, considerable improvement in
operation was attained. Effectively this reduced the delta magni=-
tude at the sensing point by separating the delta outputs of the
selected row from the delta outputs of the selected column.

The half-selected output of a core rises to a maximum value
and then decays to a low value in about 2/3 of the core=-switching
time. By delaying the Y-column driving current, the half-selected
outputs along the X row will have passed their peak value and will
be approaching a minimum value before the half-selected outputs of
the Y column appear on the sensing winding. Therefore, at the point
of sensing only one-=half of the unwanted delta outputs will have a
magnitude large enough to add to or subtract from the output of the
selected core. This greatly improves the ONE-ZERO discrimination,
the ability to hold a "worst™ pattern, and the driving current
margins. Memory plane #1 was able to hold a "worst" type pattern
with but a 2-usecond delay in Y driver current. Somewhat better
operation was observed with a delay of L-useconds. Increasing
the Y driving current delay further,did not result in any addi-
tional improvement in operation. Similar results were obtained
by delaying the X driver current instead of the Y. ‘Figure l shows ,
the sensed output of plane #1 with a 2-usecond and a lL-usecond de-
lay in Y driver current. The plane was holding a ™worst"“type of
pattern. Without a delay in the Y driver this plane was unable to
hold the "worst" pattern.

2. Increasing Y driver rise time

Increasing the rise time of the Y driver is essentially delaying
the Y driver current. This results in a separation of X and Y
deltas, so that at the sensing point the ONE-ZERO discrimination is '
improved. The improvement in operation for a given increase in Y-
driver rise time was found to be the same as that attained by de-
laying the Y-driver current by this same amount of time. Increasing
the X-driver rise time instead of the Y resulted in a similar improve=-

ment in operation.

A further improvement in operation was attained by incorporating
the Z-plane winding post-write disturb pulse along with an increase
in Y-driver rise time. Figure lL-b shows the effects of this last me-
thod on the memory plane operation. All photographs were taken with
memory plane #1 holding the "worst" type pattern. The first photo is
the sensed output without a half-amplitude disturb pulse and with equal
X- and Y-driver rise times but with a post-write disturb pulse. The
last two photos are with a post-write disturb pulse and with increased

Y-driver rise time.
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It should be remembered, however, that all of the operational
improvement methods explained in this paper result in increased opera=-
tion time and therefore a reduced pulse-repetition frequency. In
using any one of the three methods explained, the increase in overall
operation time for a similar improvement in operation will be approxi-
mately the same. However, using a half-amplitude disturb pulse along
with an increase in Y-driver rise time will result in a much longer
overall operation time. The type of core used, i.e., the lp/§ ratio
and the core switching time, and the application of the memory plane
will be determining factors in which method is to be used.

Signed )JS F'iée'/b_&

Approved
W. Ne Papian
SF:jrt
Drawings attached: A=-5L971
A-55190
A=55196
A-55195

cc: D. R. Brown
J. McCusker
Magnetic Memory Section
Nate Edwards (IBM)
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SENSING
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FIG. 2

SENSED OUTPUT OF MEMORY PLANES | AND 6

(b)

MEMORY PLANE |

SENSING AMPLIFIER OUTPUTS.
Im=280 ma.

ARRAY HOLDING "“WORST"
PATTERN WITHOUT USING
POSY-WRITE DISTURB PULSE.

SENSING AT 5.0 u SEC.

I, =140 ma.

WITH POST-WRITE DISTURB
PULSE APPLIED TO Z PLANE
WINDING.

MEMORY PLANE 6
SENSING AMPLIFIER OUTPUTS.
Im=200ma.

ARRAY HOLDING "WORST"
PATTERN WITHOUT USING
POST-WRITE DISTURB PULSE.

SENSING AT 3.5 u SEC,
IZ = |00 ma.

WITH POST-WRITE DISTURB
PULSE APPLIED TO Z PLANE
WINDING.
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() MEMORY PLANE 2

SENSING WINDING OUTPUT.

Im=3.6 AMPERES.

"WORST" PATTERN WITHOUT
POST- WRITE DISTURB PULSE.

0.15 V/CM —»

WITH POST- WRITE DISTURB
PULSE APPLIED TO THE
Z PLANE WINDING.

0.15 V/CM —

<——0.2 4 SEC/CM

(b) MEMORY PLANE 4

SENSING WINDING OUTPUT
Im=1 AMP.

ARRAY HOLDING "WORST"
PATTERN WITHOUT POST-WRITE

DISTURB PULSE.

0.05 V/CM —

WITH POST-WRITE DISTURB
PULSE APPLIED TO THE
Z PLANE WINDING.

I,=500 ma

0.05V/CM —»

—O! y’2 SEC/CM

FIG. 3
SENSED OUTPUT OF
MEMORY PLANES 2 AND 4

A-55196




(@) MEMORY PLANE 1

SENSING AMPLIFIER OUTPUTS.

NO POST-WRITE DISTURB PULSE.

Y DRIVERY DELAYED 2 u SEC
AFTER X DRIVER.

Im=280 ma.

3 MV/CM —>

Y DRIVER DELAYED 4 u SEC
AFTER X DRIVER.

3 MV/CM—»

(b) MEMORY PLANE 1

Y DRIVER RISE TIME = 6 i SEC.

<—— 3 /L SEC/CM

FIG. 4
MEMORY PLANE 1 OUTPUT

ARRAY HOLDING "WORST" PATTERN.

= SENSING AMPLIFIER OUTPUTS.

> Im =280 ma

=

. NO POST-WRITE DISTURB PULSE.
3 4 SEC RISE TIME ON X AND

) Y DRIVERS

s ARRAY HOLDING “WORST " PATTERN.

O

>

: POST - WRITE DISTURB PULSE

« APPLIED.
1 j SEC RISE TIME ON X AND

} Y DRIVERS.

> POST - WRITE DISTURB PULSE

> APPLIED.

Z X DRIVER RISE TIME = 3 u SEC.
Y DRIVER RISE TIME = 3 u SEC.

4 POST-WRITE DISTURB PULSE

= APPLIED.

> .l

> X DRIVER RISE TIME =3 i SEC.

A-55195
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Digital Computer Laboratory
Massachusetts Institute of Technology
Cambridge, Massachusetts

SUBJECT: READOUT AND DIGIT-PLANE DRIVING SYSTEMS - P.B. No. 62

Toz Norman H. Taylor
From: W. Canty and 8. Fine
Date: May 28, 1953

Abstract: This note contains a survey of the existing readout and digit-plane
driving systems as well as a survey of some of the more promising
new systems that are proposed. Preliminary block diagrams with
weak and strong points of each system are also included.

Introduction

In order to make an evaluation of readout and digit-plane driving
systems, certain basic assumptions have been made to establish a starting point
of this investigation. They are:

1. Storage Medium - it is assumed that small ferrite rings approxi-
mately 0.090 inches 0.D., 0,040 inches I.D., and 0.030 inches thick will be
used as the storage medium.

2. Selection System - it is assumed that the memory will be of the
coincident-current single-turn type using digit-plane winding currents for in-
hibition of write-current pulses, and using 2:1 current ratios.

3. Readout System - it is assumed that the readout system will be
destructive. Cores holding a ONE will induce a voltage pulse in a sense winding,
threaded through cores in each memory plane, when interrogated by a read current
pulse of essentially the same shape and amplitude as the write pulses.

READOUT SYSTEMS

Proposed Readout Schemes

1. Single Sensing Winding (Fig. 1-A)

This scheme is the present system of read-write using one sensing
winding and one sensing amplifier per plane. The output of the sensing ampli-
fier is to be a positive-going pulse applied to the negatively-biased suppres-
sor grid of a gate tube. A strobing pulse will determine the point of sampling.
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The present MTC sensing amplifier consists of 5 tubes: 3 stages of
amplification, a phase inverter, and a cathode follower. The amplifier gain
is from 250 to 1000. Rise time is approximately 0.3 pusecond and bandwidth is
2 mcps.

If specially-designed pulse transformers were available, the sensing
amplifier design might be reduced to two stages of amplification and a cathode
follower.

2. Multiple Sensing Windings (Fig. 1-B)

This is the same scheme as (1) except that the sensing winding is di-
vided into N number of sections with one sensing amplifier for each section.
This requires N times as many sensing amplifiers and tubes as scheme 1. Con-
sidering equal size planes, the delta noise per sensing amplifier would be
reduced over that in scheme 1 by a factor of 1 over the square root of the num-
ber of sections.

3. Post-Write Disturb (Fig. 2-A)

This consists of scheme 1 or 2 with an added post-write disturb pulse.
The post-write pulse can be generated by the digit-plane driver or by a separate
driver. The duration of the post-write pulse is from 1/2 to 2/3 of the switch-
ing time. This results in a much-improved signal ratio.

If the digit-plane driver is used for post-writing, no added tubes or
components in the memory system are required. The addition of the extra pulse,
of course, increases the overall memory cycle time by that amount.

L. Staggered Read (Fig. 2-B)

The start of the read pulse is staggered, i.e., the read pulse on one
coordinate line is delayed. This will result in having the half-selected core
outputs along one coordinate line reach a maximum and decay to a small magni-
tude well before the point of sensing. Effectively, this reduces the delta
noise to one-half that of scheme 1l.

A negligible amount of additional tubes or components are required in
the memory system. The memory cycle time will be increased by approximately one-
half the switching time of the core and the information readout time will be

increased by a factor of 2.

5. Same-Polarity Double-Read and Compare (Fig. 3-A)

This method requires a double read pulse. The first readout is de-
layed and then compared with a second readout in a difference amplifier. If
the same noise is read out both times, they should cancel, leaving only a ONE
for a core holding ONE or nothing for a core holding ZERO. A post-write dis-
turb pulse is necessary to assure that each core produces the same half-
selected output during both readouts. This results in an increased memory
cycle time of over 1.6 times that of scheme 1 while the information readout

time is increased at least L times.
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6. Opposite-Polarity Double-Read and Compare (Fig. 3-B)

This method is similar to scheme 5 except that the second read pulse
is opposite in polarity to the first. This allows the use of a magnetic-matrix
switch or transformer driver. The first read is delayed, inverted and compared
with the second read in the same manner as described in scheme 5. The rewrite
may be as in scheme 1 unless magnetic-core driversare used, in which case another
pair of opposite-polarity pulses must be used. The memory cycle time is thus
increased over scheme 1 by a factor of at least 1.5 for vacuum-tube drivers, or
2 for magnetic-core drivers. The information readout time is increased by a fac=-
tor of at least L.

In order to have the delta noise equal during first and second read
pulses, it will be necessary to half-select all cores in a write direction prior
to the readout. This further increases the overall operation time.

With the addition of integration in this sensing scheme it becomes
essentially that being used at R.C.A. Laboratories. Using the integral of the
outputs means that all "closed-path™ noises will be cancelled out.

7. Single Read with Delay (Fig. L-A)

If the rise and fall time of the read current pulse are equal, the
d® /dt producing both delta noise and air-flux noise will be almost equal in
magnitude and opposite in polarity at the start and finish of the read pulse.
This noise can be cancelled by proper delay and comparison in a difference
amplifier. A post-write pulse is necessary so that the core's history will
assure more complete noise cancellation. The overall time added to the present
read-write-post-write disturb system is approximately 1/3 the duration of the
read gate while the information readout time may be about 3 times larger.

8. Combination of Scheme 3 with Others (Fig. L-B)

The post-write pulse has the pronounced effect of reducing the delta
noise in the sensing winding and may be incorporated with other methods in re-
ducing the overall delta-noise outputs. Schemes 3 and 4 would be a good delta
noise-reducing combination. A disadvantage, though, would be the increase in
memory-cycle time. The post-write pulse is also necessary with schemes 5 and
7 in order to assure better noise cancellation.

DIGIT PLANE DRIVERS

The Problem

The insertion of binary information into the memory registers of WWIT
necessitates the use of inhibition pulses supplied to a digit-plane winding of
each plane in the memory where a ZERO is to be written. These pulses are ap-
mmmﬂdymewmamhmwaMSmWasmexmdymhmMmﬂmewnww.
They are applied during the application of x and y write current pulses and nul=-
1lify the effect of these pulses on the core at the x-y intersection. MTC ex-
perience has indicated the usefulness of a post-write disturb pulse, that is a
pulse applied to the digit-plane winding of every memory plane, of the same .
amplitude and approximately the same shape as the inhibition pulse. A convenient

L R ke a e o S b L il e e SR e
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time to apply this pulse is immediately after the memory write time. The
post-write disturb pulse is effective in reducing the "delta™ noise in large
arrays when certain configurations of ONES and ZEROS are stored.

Theoretical studies of noise in large arrays predict that a reduc-
tion in noise can also be accomplished by using the post-write disturb pulse
only on those planes into which a ONE has been written. This reduction of
noise is of the same order as that which is obtained by using a post-write
disturb pulse at the end of each memory read-write cycle irrespective of
whether a ONE or a ZERO is written. The use of post-write disturb pulses only
in those planes into which a ONE has been written lends itself nicely to some
of the digit-plane driving schemes to be mentioned in this report since it
would be difficult (in these cases) to supply a post-write disturb pulse im-
mediately after an inhibition pulse. The problem as to whether or not a post-
write disturb pulse is to be used or whether a Mpartial" post-write disturb or
a "full® post-write disturb system is to be used is largely dependent on the
nature of the memory cores and the sensing scheme to be used, therefore the
relative merits of each system will not be discussed further.

Drawing once more from MTC experience we can list the tentative
specifications for a WWII digit plane driver:

In 300 - 500 ma

Rise Time 0«3 - 0.6 psecond
Current Regulation + 5%

Overshoot or Ripple on + 5%

Top of Pulse

Inhibit Pulse Duration approx. 2 useconds
Post-Write Disturb Pulse Duration approx. l.5 psecond
Interval between Inhibit and Post- may be as small as
Write Disturb Pulses 0 psecond

Memory Cycle Time 5 - 10 useconds

It may be possible to allow digit-plane currents to vary much more than #+ 5%

as stated above. In MTC while a "complemented checkerboard pattern" (so called
worst possible pattern) was being interrogated, the digit-plane driver currents
could be varied in any one of 3 digits (these were the only ones tried) + 30%
from the normal operating current without causing an error. While this test
was by no means conclusive it indicates that the above specificat%on on current
regulation may be too strict. Further study will be needed in this matter.

The problem at hand is to outline digit-plane driving schgmes which
will meet the above specifications and to list the advantages and disadvan=-

tages of each.
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The Proposed Systems

To supply memory plane inhibition and possible post-write disturb
pulses in WWII, four schemes are hereforth proposed:

A. Utilizing digit-plane drivers of the type current%x used in MTC.
Inhibition and posf-wrfte pulse currents would flow %Eroug a digit-plane
winding in the plane directly coupled to the plate circuit of the output driver
stage. This requires that the driver output tubes pass peak currents of ap-
proximately 0.5 ampere. A schematic diagram of such a driver which meets the
tentative specifications above is shown in Fig. 6. A block diagram of such a
system is given in Fig. 7. Advantages and disadvantages of this scheme are
given in Fig. 11.

B. Utilizing a digit-plane driver of the same type used in part A
with the exception that the plate circult of the output stage is transformer
coupled to the digit-plane winding of the memory plane. Since better transfer
of energy to the digit-plane winding is attained, a saving of one of the out-
put tubes in the circuit of figure 1 can be realized. Advantages and disad=-
vantages of this system are given in Fig. 1l.

C. Essentially the scheme described in part B with diodes in
transformer secondary. An objection to the scheme proposed in part B is
that the negative overshoot on the secondary of the pulse transformer is
objectionable when applied to a driving line of a memory. Also if an attempt
is made to keep the amplitude of this overshoot small by adjusting transformer
parameters a long time is taken for the overshoot to disappear completely and
the transformer is PRF sensitive. A means of overcoming either of these two
faults might be to place a diode either in series or parallel with the trans-
former secondary. Advantages and disadvantages of this system are given in

Figo 11,

D. Utilizing switch cores. No experience has been gained with this
type system, therefore a more detailed explanation will be given. Switch cores
of the type now under investigation for use in x and y selection-plane driver
systems could be used here. A block diagram is shown in Fig. 8 and a timing
diagram in Fig. 9 while a schematic diagram of the system is shown in Fig. 10.
The operation of the system is as follows: Control Pulses are (see Fig. 9)
applied from a current source.. The first pulse which occurs during the memory
write time causes the switching of unbiased cores and a resulting inhibition
pulse is applied to each digit plane where a ZERO is to be written. A removal
of bias on all cores during the Post-Write Disturb time allows a second posi-
tive pulse in the control winding to switch cores not previously switched and
thus a post-write disturb pulse is applied to those digit planes into which a
ONE was just written. A negative pulse applied to the control winding resets
all switch cores to their original state. A junction diode in the output line
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of each core prevents the reset pulse of each core from being applied to the
digit-plane winding of the memory planes. Advantages and disadvantages of
this system are listed in Fig. 1ll.

s
&=
A e

S. Fine
Approved
W. N. Papian
WJC/SF:jrt
Drawings Attached: SA 37479 SA 5L918-2
SA 37L80 SA 551L6
SA 37L81 SA 55147
SA 37L82 SA 55148
SA 37L83 Figure 11

SA 37L8L
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Memorandum M-2201 Page 1 of 3
. Digital Computer Laboratory

Massachusetts Institute of Technology
Cambridge 39, Massachusetts

SUBJECT ¢ MEETING ON WWII TUBES, MAY 22, 1953

Tos N. H. Taylor
Froms R. S, Fallows
Dates May 29, 1953

Abstract: Certain basic circuits utilize the 7AK7 tube outside its
normal operating range. A discussion of these applications
and the plans to get needed tube data is covered here.

INTRODUCTION

The meeting of May 22nd between MIT and IBM circuit and tube
people covered only one tube -- the 7AK7, The basic circuits involving
this tube were reviewed, certain important tube characteristics were
jdentified as essential to circuit development work, and a preliminary
specification for this tube was discussed.

‘ Present at the meeting were D, J. Crawford, H. J. Geisler of
IBM and R. L. Best, H. B, Frost, H. J. Platt, S, Twicken, P. Youtz,
R. S. Fallows and S, Thompson of MIT.

Tt was decided that characteristic information is of first
priority. Both MIT and IBM will investigate suppressor grid current
in the positive-grid region. Sylvania has been asked to obtain complete
curves over the contemplated operating voltage ranges.

BASIC CIRCUITS

Four circuit applications were listed as contemplated uses for
the T7AK7 tube. All of these operate the tube with its suppressor grid

positive.

1. Low impedance, .l psec pulse
Supply Voltages: Ep = +250 V, Eg3 = 410 V, E,p = +90 ¥,
ECI - -15 V.

Grid signal: 0,1 psec pulse
30 V amplitude

2 MC rep. rate
Plate load: 331 transformer driving 100 ohms to produce a
30 volt signal

. (It was noted that screen dissipation may 1limit the rep. rate
to less than 2 MC.)
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2. Medium impedance, .1 psec pulse
Supply voltagess: Eb = 4150 V, Ec
Ec3 = <15V

Grid signal: 0.1 psec pulses
30 V amplitude
2 MC rep. rate

Plate load: 12l transformer driving 1000 ohms to produce a
30 volt signal.

=410V, E, = 490V,

3 2

3. Memory switch gating
Supply voltagess E_ = 150 to 250 V, Ec
E03 = 15V

Grid signal: 2 usec square pulse
20 V amplitude
30% duty factor

Plate load: L4 - 10 K ohm resistance shunted by 15 puf signal
to have LO volt amplitude with .3 Wsec rise time.

=410V, E, = 490 V,

3 2

be In-out and control gating
Supply voltages: Eb = 4250 V, Ec3 =410 V, Ec2 = 490 V,

E03 = =15V

Grid signal: 0.5 psec pulse
30 V amplitude

Plate load: Transformer driving 100 to 1000 ohms

REQUIRED CURVES

Since basic circuit design work is still in process on the above
applications, certain characteristic curves would be valuable in deter-
mining the best operating regions. Such problems as supply loading and
operating margins are now a matter of circuit experimentation and results
may not be typical of all tubes. In particular, the load presented by
the suppressor grid when the control grid is pulsed positive may require
additional cathode followers between flip-flops and gate tubes.

The following curves were listed as being of value:
L Iy Icz’ Ic3 D Eb (0 to 250 V) for Ecl = =15 V to 415 V,
AEcl =5 V3
Bg -15V to + 15V, AE ;= 573
Ec2 = 50, 85, 90, 95, 130 V.
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It was agreed that the E , family is of interest from the point
of view of marginal checking only &nd is of less value at present, than
are the E . and E _ families. The curves of I _ for E _ = 45 V and 410 V

are of pa?%icularcinterest. Both MIT and IBM 3?11 obtggn these curves in
the next week.

Roger 8linkman was contacted at Sylvania, Emporium, Pennsylvania.
He indicated that the required curves can be obtained by Sylvania. This
is very fortunate since neither MIT nor IBM has the required facilities.

Negotiations were started, by letter from H. B. Frost dated
May 22, to have these curves obtained.

PROPOSED OBJECTIVE SPECIFICATION REVIEW

H. B. Frost presented a proposal specification for the TAK7
modified for WWII. This specification dated May 22, will be revised
in consultation with H. J. Geisler at a later date.

LIFE TESTS

Certain life tests are indicated if the TAK7 is to be used in
the basic circuits discussed above. It was agreed that work on these
tests should be postponed until the basic circuits are more firmly
established.

Signed: :
: Richard S. Fallows
RSF2mt Approveds
r mer
CCs IBM EEZ
D, J. Crawford R. L. Best
He. J. Geisler H. B. Frost
J. A. Goetz H. J. Platt
N. P. Edwards S. Twicken
P. Youtz
A. P. Kromer

8. Thompson
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Digital Computer Laboratory
Massachusetts Institute of Technology
Cambridge 39, Massachusetts

SUBJECT: MARGINAL CHECKING AND TROUBLE LOCATION

To: N. H. Taylor, J. M. Coombs
From: R. S. Fallows
Date: June 1, 1953

Abstract: A committee has been formed to work on marginal
checking and trouble location for WWII. Their
first meeting is reported.

Introduction

The purpose of this memo is to document the formation
of a committee to investigate the methods of marginal checking
and trouble location to be used in the WWII computer. The com-
mittee consists of I. Aronson, R. Fallows, and R. Pfaff of MIT

‘ and P. Beeby and L. Walters of IBM.

This committee met for the first time on May 27th and
formulated the following initial program.

Scope of Activity

The mission of the committee 1s to investigate the
problems associated with marginal checking and trouble location
as they apply to the WWII computer and to reach a first proposal
for a complete maintenance system. It was agreed that certain
equipment involved in the physical part of the system will af-
fect the physical design of the computer and should receive
first attention of the committee.

' It is assumed that the time required for routine pre-
ventive maintenance must be kept to a practical minimum. There-
fore, automatic marginal checking coupled with check programs
will form the core of the maintenance system.

The committee will start with the present logical de-
sign and basic circuits. By way of reasonable restriction,
they will not recommend changes in logic or circuitry unless
they are of great value in servicing.
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It is expected that the present investigation will be
restricted to the following:

‘ 1. The main frame of the computer, including
control.

2. High-speed memory
3. Power supplies
4. The marglnal checking equipment itself

Purpose of Marginal Checking and Trouble Location

There are three major objectives to be accomplished
by the marginal checking and trouble location system.

1. Determine the reliability of the entire
computer at least once a day.

2. Provide for the logging of the operating
condition of all circults, in logical groups,
to accumulate data on deteriorating components.

‘ 3. Faclilitate locatlion and isolation of faulty
components.

Equipment and Methods to be Considered

The following physical or logical devices were listed
as having a possible place in the marginal checking and trouble
location system.

1. Voltage variation

2. Check register (either a special register or a
computer register)

3. Test storage

4. 1Indicator lights (and camera)
5. Display scope -
6. Audio indicator

7. Manual controls on the maintenance console

8. Memory parity check
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9.
10.
11.
12.

13.

14.
15.
16.
17.

Proposed Initial

Flip-flop complement lines
Diagnostic programs
Reliability programs

L%ne;at-a-time recording (card, tape, printer,
e c.

Cyclic program control (with delayed stop and
automatic restart) _

Control bit (for use with diagnostic programs)
Sense instruction

Identity check or branch-on-zero instruction
Check instruction (wave of 1's or O's)

Program

In order to arrive at some needed early decisions on
the marginal checking equipment to be used with WWII, the com-
mittee decided to restrict their attention, at first, to cer-
tain areas which affect the physical design of the computer.
These areas are the following:

1.

Vs
8.

Voltage variation

Test storage

Indicator lights

Check register

Flip-flop complement lines

Manual controls on the maintenance console

Power supply

Check programs or orders as they affect 1
thru 6

It was agreed that recommendations on all of these
subjects are desirable as early as possible. However, for a
first aim, items 1 and 8 are probably as much as we should
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expect to cover in the next month.

Announcement

By this memo, we the committee invite any and all
parties who have information or recommendations relative to
the subject under investigation that they communicate with
a member of the committee in the near future -- before our
proposal 1s submitted.

Signed:
chard S. Fallows

Approved: #Zf ?ﬁ: W i
rthur \P. Kromer

RSF:tl
ces IBM MIT
M. M. Astrahan H. Fahnestock
P. Beeby I. Aronson
J. M. Coombs J. Gano
R. P. Crago R. Pfaff

D. J. Crawford
N. P. Edwards
H. Ross

L. Walters
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Digital Computer Laboratory
Massachusetts Institute of Technology
Cambridge, Massachusetts

SUBJECT:  MEMORY TEST COMPUTER TOGGLE-SWITCH STORAGE AND TOGGLE-SWITCH
STORAGE SWITCH

L0 MTC Engineers
From: John D. Crane
Date: May 29, 1953

Abstract: Toggle=-Switch Storage in MTC provides 32 registers of storage with
a capacity of 16 binary digits per register. Selection of a re=-
gister is accomplished by use of a 32 position Toggle-Switch Storage
Switche.

It is possible to substitute a live register (Flip-Flop Storage)
for any of the 32 registers.

A digit schematic of Toggle-Switch Storage, MTC, and the as-
sociated gates, flip-flops, and cathode followers is shown in

SD-55005.

Toggle-Switch Storage Switch

It is the function of the storage switch to select the register of
storage contained in the address section of the A-Register.

The Toggle-Switch Storage Switch consists of a 32-position diode=~
matrix switch driven by 10 cathode followers and 5 flip-flops. The address
to be selected is read into the Toggle-Switch Storage flip-flops from S gates
connected to the A-Register ONE bus. These 5 flip-flops are connected to 10
cathode followers which drive the 32-position diode-matrix switch. The out-
put levels of the flip-flop are O and =40 volts. From the output of the ca=
thode followers, the d.c. levels are applied to the inputs of the 32-position
switch whose outputs are 31 non-selected lines (=35 volts), and one selected
line (#2 volts). Registers are numbered O through 31l. Register 31 is selec-
ted when all 5 flip-flops are in the ONE position. See SD-55005. Flip-flop

FFO is the least significant digit.
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Toggle-Switch Storage

Toggle~-Switch Storage provides 32 registers of storage. Information
stored in the toggle switches can be set or changed by setting the switches;
which are accessible to the operator at the console.

Toggle-Switch Storage is located in the Toggle-Switch Storage panel
which contains toggle switches, crystal diodes, and cathode followers. See
SD-55005. All toggle switches are DPDT's and all crystals are 1N38A's.

From the outputs of the 32-position switch, lines are connected to
the inputs of 32 Toggle-Switch Storage cathode followers. The d.c. levels
are shifted by the cathode followers so the selected line is +6 to +8 volts
and the non-selected lines are =28 to =30 volts. This variation in output
voltages results from a difference in load when many toggle switches are
changed. Two typical input lines are shown as line 16 and line 31 on SD*55005,

Following the cathode followers, the first switch in the line, S 16,
chooses either the Toggle-Switch Storage Register or the live register. If
S 16 is in the NO position, the live register is substituted in place of a
Toggle-Switch Storage Register by applying the +6 to +8 volt d.c. level to the
live-register detection gate.

Placing S 16 in the NC position allows the +6 to +8 volt d.c. level
of the selected register to be applied to the grid of cathode followers (digits
0 through 15) whose associated toggle switches (SO through S15) are closed. Any
cathode follower not having access to this +6 to +8 volt level will have its
grid at the =28 to -30 volt level, so a binary number can be placed in a regis-
ter by controlling d.c. levels with toggle switches. Crystal diodes are placed
in series with each switch to isolate the selected line from the 31 non-selected

lineso

The input to the cathode followers is either +6 to +8 volts or -28
to =30 volts, depending on the position of the toggle switch between the grid
of the cathode follower and the selected line. Toggle switch out-gates, which
receive their suppressor grid voltage from the outputs of these cathode fol-
lowers (digits O through 15), are connected to the A-Register to provide the
means for getting information from Toggle-Switch Storage to the A-Register.

For each set of 8 registers, one crystal diode is placed in series
with each of the digit outputs. These diodes are shown in the circuit sche=
matic for Toggle-Switch Storage, MTC, E-5L259, but they are not included in
the digit schematic, SD<55005. Their main function is to increase the back
resistance seen by the cathode follower which is at +6 to +8 volts.

Signed ?té é éﬂ!zs
ohn D. Crane
Approved é z, ﬂ éz &/ v
JDC: jrt Kermneth H. sen

Drawing attached: SD-55005
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Memorandum M=-2206 Page 1 of 1

Digital Computer Laboratory
Massachusetts Institute of Technology
Cambridge, Massachusetts

SUBJECT: WWII BASIC CIRCUITS - LOW SPEED LEVEL INVERTER (16)

To: N. H. Taylor, A. H. Nelson, Group 62 Section Chiefs,
Vellum to D. Crawford at I.B.M. via A. P. Kromer

From: J. S. Gillette

Date: June 1, 1953

I have investigated three possible cathode clamping circuits which
may be used with low speed level inverters and amplifiers. These circuits
are shown on the attached drawing No. A55181. Circuits "A™ and “B" are simi-
lar in operation. Circuit "C" was selected on the basis of its transfer
characteristic. (See sketch below).

’ "A" and "B"
"C"
Iou‘b \\“
il

OJ Ein

The design margins are being obtained and will be studied. The
total rise and delay time and the total fall and delay time is of the order
of one microsecond. This circuit should be capable of delivering three
milliamps of "And" current and three milliamps of "Or" current. The value
of the output stage's cathode resistor can be varied to change the distri=-
bution of available output current between the "And" and "Or" conditions.

A tentative schematic is included with this report.

Signed 42&%
Je S. Gillette
2L 30

291t Approved
. ol R. L. Best

Attached drawings: A55181
A55182
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Memorandum M-2214 Page 1 of 1

' Digital Computer Laboratory
Massachusetts Institute of Technology
Cambridge 39, Massachusetts

SUBJECT: ESTIMATED PARTS LIST FOR SCOPE DEFLECTION AMPLIFIER

To: N. H. Taylor, R. A. Nelson, Group 62 Section Chiefs,
and vellum copies to D, J., Crawford and W, Triest at
IBM via A, P. Kromer.

Froms Henry E. Zieman

Date: 5 June 1953

Since a specific CRT has not yet been decided on, definite
amplifiers have not yet been designed. For magnetic deflection, an
amplifier similar to SB53854 will be used with each of the 715C tubes
replaced by two 4 x 150 A, For electrostatic deflection (K1187P-) the
amplifier will be similar to the magnetic deflection amplifier with
the deflection coils replaced by plate resistors which go to a high
B+ (12507)., For a dual deflection tube (EX 4566 P7M), the same ampli-
fier mentioned above will be used for positioning the spot magnetically,
and a simpler a-c¢ coupled amplifier using 5965 tubes throughout will

' be used for writing electrostatically.

Two amplifiers will be used in each scope (one vertical

and one horizontal). At present it is planned to use a total of 75
scopes, making a total of 150 amplifiers.

stems, Ko/ & Jirrmam,

ﬁénéb 5. 21eé§h
Approved OZE?\ C;\ IEiJL“;::E:D

Richard L, Best
Section Leader

Approved %

Norma Taylor
Group Leader

Drawing attached: SB 53854

‘l' HEZ:gn
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Memorandum M-2218

Digital Computer Laboratory
Massachusetts Institute of Technology
Cambridge 39, Massachusetts

SUBJECT: SPECIFICATIONS ON IMPROVED INTENSIFICATION AMPLIFIER

To: N. H. Taylor, R. A. Nelson, Group 62 Section Chiefs,
and vellum copies to D. J. Crawford and W. Trilest at
IBM via A. P. Kromer

Froms Henry E. Zieman

Date: 5 June 1953

Figure SB-55242 1s a schematic of a new intensification
amplifier which incorporates the new High-Speed Flip Flop (see
E-543) to improve the reliability of the present system. Since
a new.display tube has not yet been decided on, the output volt-
ages of this circuit are expected to be similar to that of the
present system. When a new tube is finally decided on, the out-
put of this circult will have to be modified to fulfill the re-
quirements of the new tube.

One of these units will be required for each scope and
at present i1t is planned to have 75 scopes.

Signed:
enry,

Approveds L (1».
ichard L. Best
Section Leader

Approved: j?Zé*q;——
Norman H. lor

Group Leader

HEZ:t1

Drawing Attached: SB-55242
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Memorandum M-2219 : Page 1 of 5

Digital Computer Laboratory

Massachusetts Institute of Technology
Cambridge, Massachusetts

SUBJECT:  TESTING OF INDIVIDUAL CORES IN MTC MEMORY PLANES

To: N. H. Taylor
From: A. D. Hughes
Date: June 16, 1953

Abstract: The 32 x 32 magnetic-core memory planes for MTC were constructed
from cores tested and sorted on a production basis. To obviate the
possibility of defective cores, each core was retested after it had
been wired into a memory plane. A device was constructed to enable
the operator to send current pulses through each core in a plane and
observe the output. The necessary test equipment was arranged to
provide the pulses and allow measurement of the outputs.

No defective cores were found. The test showed that the limits
of output voltage at the sensing time used were +17%. Five cores
with outputs outside of these limits were replaced. Taking into ac-
count that the variable factors inherent in testing and equipment
are +5%, the cores in each plane are within approximately +20% limits.

Definition of Terms

The magnetic memory for MTC consists of 17 memory planes. Each plane
has 102 magnetic cores wired at the intersections of 32 pairs of vertical wires
and 32 pairs of horizontal wires (see Memorandum M=2225, "The Construction of
Memory Planes for MTC Memory," E. A. Guditz, June 10, 1953). These vertical and
horizontal wires are called the x and y windings, respectively. The completed
plane also includes both a sense winding and a Z-plane winding, each of which

passes through each coree.

The tester being described is called the plane tester. The tester used
to select cores for the planes is called the production tester.

Reason for Test

Lest completed planes mistakenly include defective cores rejected by
the production tester or cores damaged in construction, it was decided to rgte§t
the individual cores in each memory plane after completion of the x and y windings.
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Defective cores could then easily be replaced before the Z-plane and sense wind=-
ings were added. A retest also gave the limits of the ONE-disturbed output vol=-
tages or the percent difference between the highest and lowest cores in the plane.
(An incidental result here was a correlation of .plane~-tester outputs with those
of the production tester.)

Actual testing of the planes showed three common errors in construction
of the x and y windings: |

1. Any cores out of proper 90° angle with their neighbors;
2. Failure of any x or y wire to go through any core;

3. Improper connection of the pair of x or y windings to the correct
terminals.

Such errors were easily corrected before addition of the Z-plane or sense wind-
ings.

Method of Test (see Fig. 1)

Testing each core in the array was accomplished by using the x windings
for driving and the y windings for sensing. One y winding was connected to a
scope so that the ONE-disturbed output of any of the 32 cores on that winding
could be observed. The driving current was then connected to all the x windings
in succession, until each of the 32 cores on the y winding had been tested. The
sensing connection was then moved to the next y winding, and the procedure re-
peated until the output of every core in the array had been measured. Only one
of the pair of x windings need be used for the driving current since the curremnt
drivers supply both negative and positive pulses over the same wire. Using only
one of the x windings for the driving current considerably speeds the testing
procedure, since a rig was devised which makes it very easy for an operator to
shift the driving current quickly from one x wire to the next. The device (Figel)
provides a spring wire which can be moved to make contact with any of the X winde
ings on one set of terminals. The other connection at the opposite side of the
plane is a common wire connecting all of the x terminals. The movable spring=
wire connection and the common wire are connected to the source of driving cur=
rent. The sensing or output connection merely connects the ends of one given y
winding into a coaxial cable, which is fed into the scope. The device provides
a means of testing the plane using one of the pairs of x windings and one of the
pairs of y windings which pass through each core. So that the others of the
pairs of x and y wires may be used, the test dewice is reversed and the plane re-
tested. Although one test is sufficient to detect a bad core, the second test
gives a double check and completes a test of all the x and y wires of the plane
for possible construction errors. The entire test can be completed in about 2

hours.
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Test Setup (see Fig. 2)

To drive the cores, a train of pulses which simulates actual operating
conditions is used. The positive pulses are provided by two Mod. VI core drivers
and the negative pulses by twc Mod. V drivers. The logic used to drive the sys-
tem is the same physically as that used with the production tester. (An Engin-
eering Note by J. W. Schallerer which will describe the Production Tester is being
written.) Calibration of the current amplitude is provided by a 60=cycle a=-c/d-c
chopper calibrator mounted with the test setup. The current which drives the cores
goes through a 1%, 10-ohm resistor. The voltage across the resistor is then fed
to the current calibrator. Calibration of the scope for reading the output vol=-
tage is provided by the same calibrator used with the production tester, which
gives a continuous 200-millivolt, LOO=-cycle, square wave. Fig. 2 shows two cables
on input 1 at the scope, one for voltage calibration and the other for current
calibration. Actually, either one or the other is connected, but not both. Since
the scope is easily calibrated, the test operator can read the output of each core
directly from the scope face, which is marked off with the proper division lines.

Also included with the test setup is a delay-line panel which provides
a pulse to intensify the output disturbed-ONE pulse at the desired read time. The
d-c voltage for the test setup is provided by a regulated power supply. This is
to insure, in particular, no drift of the current drivers.

Driving Current

Most of the test was designed to be consistent with the production tests,
since, in effect, it was desired to show that no really bad cores had been passed
by the production tester. However, since the production tester uses a semi-infinite
current-pulse length, it was decided that a pulse length closer to the one MIC
would use would give a better test. The read and write driving currents used,
including the disturb pulses, were 1.5 microseconds in length, measured from 10%
of the maximum at the rise to 10% of the maximum at the fall. At the beginning
of the test it was not known exactly what pulse length would be used for MICe It
was decided, however, that a l.S-microsecond pulse length was probably the minimum
that could be used. Since then, a 2-microsecond pulse length was decided on for
MTC, but the tests were continued at 1.5 microseconds, for consistency. The current
rise time used for the tests was the same as that used for the production tester,

0.2 microseconds.

The current amplitude used was the same that was used with the production
tester, 920 milliamps for read and write pulses and L60 milliamps for half-selec=
ting pulses. This seemed to be cptimm driving current and gave consistent results.

Output

The output for each core in the plane was displayed on the scope. Five
important traces were observed, disturbed ONE, disturbed ZERO, write ONE, half-
selected ONE, and half-selected ZERO. The traces which were significant for the
tests were the disturbed ONE and disturbed ZERO. The disturbed ZERO was found to




Memorandum M-2219 Page L

have decayed to zero at sensing time for all cores tested. The disturbed-ONE
output was measured at the same sensing time for all cores. The sensing time
was determined by taking the average peak time for a large sample of cores.
This turned out to be 0.52 microseconds after the read driving current pulse
had reached 10% of its full value. The delay-line panel mentioned above was
used to intensify the disturbed-ONE trace on the scope at 0.52 microseconds for
easy reading.

Results

It was found early in the tests that the variation between the lowest
and the highest disturbed-ONE output for a given plane was about 3L% at its mini-
mum. It was decided that +17% would comprise the basis for acceptance of cores
in a given plane. That is, any cores whose output at sensing time was outside
of the limits prescribed were considered bad cores. The average output per core
was 0.115 volts. The acceptable limits, then, were 0,095 volts and 0.135 volts.
Cores replaced were as follows:

Plane Core Output Next Closest Core in Plane
6 0.093 volts 0.097 volts
9 0,092 0.097

10 0.138 0.135

10 0.093 0.098

10 0.096 0,098

The 0.096=volt core in Plane 10 was replaced since it happened to be
on the same x winding as the 0.093=volt core.

It should be emphasized that there were no cores in all 17 planes
tested which were actually bad cores, mistakenly placed in the planes. Those
cores which were replaced, were found to be satisfactory, although marginal,
when retested on the production tester. As mentioned above, important results
of the tests were the detection of errors of construction in building the arrays.
About one third of the planes tested had such a construction error.

The production tester accepted cores between 0.105 volts and 0.125 volts
whereas the plane tester found the range to be 0.095 volts to 0.135 vo}ts. The
difference was probably due to several factors, one of which was th§ dlf?erence
in driving-current pulse lengths. Another was a difference in sensing time (0.67
microseconds for the production tester, 0.52 microseconds for the plane tester).
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A third factor was the noise in the plane being tested and general difference
in physical setups between the plane tester and production tester.

Validity of Results

Each plane was considered as a separate unit. Core outputs in any
given plane were tested for spread for that plane alone. Since MTC has a se-
parate sensing amplifier with variable gain for each plane, considering each
plane separately seemed to be a valid criterion. Differences in core outputs
throughout a given plane, regardless of distribution, were disregarded, pro-
viding the outputs fell within the desired limits. The time and effort in-
volved and the variation in availability of large numbers of cores prevented
the construction of planes with an even distribution of core outputs or putting
cores of closest outputs in the same planes.

Control of parameters involved in driving current was as close as
practicable. However, variations in results were inevitable due to such varia=-
tions in parameters. The greatest cause of error resulted from variations in
amplitude of driving current. A 5% change in driving-current amplitude will
produce approximately a 25% change in output. Considering all the parameters,
i.e., rise time, pulse width, and amplitude of driving current, plus variations
in the oscilloscope and the calibrators, the worst variation in core outputs
in any given plane would be approximately +20%.

Conclusions

1. The most distinct advantage of testing a plane before Z-plane
and sense windings are added is in incovering construction errors when correc-
ting such errors is simple.

2. It is believed that the test will definitely show any cores
which are bad.

3. The quality of the present core-selection system was good enough
so that no bad cores were found in 17 planes, of 17,L08 cores selected as good.

L. The cores in each memory plane at the driving currents used for
the tests have a worst-output variation of approximately :20%.

S. The plane tester performed the function for which it was designed.
Further improvements and tests would overlap core production tests and tests
given the planes before their use in MTC.

signed (Zo#F Mranfasa

A+ D, es

ADH: jrt Approvdd

apian

cc: Magnetic Memory Section
J. H. McCusker

Js We. Schallarer
N. Edwards Attached drawings: A=55166
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Digital Computer Laboratory
Massachusetts Institute of Technology
Cambridge, Massachusetts

SUBJECT: A MAGHNETIC CORE TEST STORAGE

To: N, H, Taylor
From: K, H, Olsen
Date: June 15, 1953

Abstract: The toggle-switch test storage units in WWI and MTC use large numbers
of crystal diodes and vacuum tubes, A much simpler unit might be pos-
sible using a modified magnetic matrix switch which will both select
thedw:fds and isolate the outputs, Only one core per word will be
neede

The WWI-MT0 Toggle-Switch Storage

In the WWI and MTO toggle-switch storage units, crystal diodes are used
both to select the words and isolate the outputs, In the MIC units, there are
over 700 crystal diodes and 60 cathode followers,

Magnetic Test Storage

The proposed test storage consists of a magnetic matrix switch, the
type described in R 211, A four-word unit is 1llustrated in the accompanying draw-
ing, The selection flip flops with their buffers saturate all but the selected
core, During the readout operation the driver pulses all the cores; the one which
is not saturated switches and a voltage is induced across all its windings, BEach
digit output is in series with one output winding on each core, Each output wind-
ing can, however, be bypassed by a toggle switch which is in one position to repre-
sent a "zero" and in the other to represent a "one", Induced pulses will, therefore,
come from a given digit only if the toggle switch for that digit of the selected
word is in the "one" position,

Both selection and isolation are accomplished using only one core per
word of storage, Bach core will have a large number of windings but the cores can
be large with many turns in the driving windings because operation of test storage

need not be fast,
sk s ZE A
Kenneth H, Olsen

KHO:hpm

Attached:

Drawing No, SA-55295

ces R, R, Everett - W3-Ul3
H, Ross - I,B.M,
D, Orawford - 1.,BM,



P ——
T
R SN v
DT T e T g~

A 4 \A/dvc\ AR & \J;\j
- ‘--; \ OV RaNl k/Q‘
2 7 Vo l.z v\’ { Mj\_; . c\& C :
QN = & = 3 / & ove o { ' *\
’ ‘ fphg )Qle'.;_ Lo

S/;)“'b“:s’oz %l
75 ’
o8 ‘/;\




. I Mt

Memorandum M-22),2 Page 1 of L
Digital Computer Laboratory

Massachusetts Institute of Technology
Cambridge 39, Massachusetts

SUBJECT:  BENDIX RED BANK DIVISION TUBE PLANT

TOs N. He Taylor
FROM: R. S. Fallows
DATE: June 15, 1953

ABSTRACT: As a result of J. W. Forrester's recommendation to Mr, M, A. Babb
of Bendix and Mr. J. A. Goetz of IBM that there may be a place
for Bendix in the tube development activity of Project Lincoln,
contact has been established and an engineering evaluation has
been made.

Introduction

I attended a meeting in Poughkeepsie on June 9th at which M. A. Babb,
We C. Coldwell, R, R. Meijer and W. C., Wyman of Bendix presented the Red Bank
Division's position. J. A. Goetz and H. J. Geisler of IBM presented the
WWII tube problems and discussed the project procurement status. The Bendix
position is briefly stated as follows:

l. Bendix Management issued a request to the Red Bank Division
(possibly other divisions also) that an effort should be made
to get into the Lincoln Project activities as soon as possible.

2. The Tube Plant of the Red Bank Division is a job shop for
developing and making high-quality special-purpose tubes.

3. They would be interested in a development contract, development
followed by limited production (up to 20,000 tubes per month),
or, simply, limited production in the capacity of a second
source of supply. However, they prefer development jobs.

L. They appear to be ready to start work immediately, since their
facilities are just being completed and are not yet filled.

The meeting at Poughkeepsie made it clear that Bendix could fit
into the WWII tube development program, Thus, it was followed by a visit
to Red Bank to inspect facilities and evaluate the Bendix engineering and

production potential,
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Plant and Facilities

On June 12th, H. John Geisler, H. Bonnell Frost, Pat Youtz and
I visited the tube plant near Red Bank, N, J. A more complete appraisal
of the facilities and manpower at Bendix can be obtained from Frost or
Youtz.

The plant is small compared to most tube plants. Mr. Babb
(Plant Manager, Electron Tubes) explained their plans for revising the
layout and expanding the plant as business builds up. He pointed out that
the work in Red Bank Division to date has been directed toward building
an organization with experience in doing the most difficult tube jobs in
the industry. For example, they have redesigned and are producing the
2K50 (K-band low voltage, local oscillator) and the 2C51 (a difficult
miniature twin-triode).

The tube group of Bendix moved from Teterboro, N.J. to Eatontown,
N.J., about a year ago. The facilities are still incomplete, but the plant
is a working unit. Emphasis has been on gas tubes, microwave tubes, and
high-reliability tubes (power supply and receiving types) with emphasis on
hard glass, rugged designs, and good early-life reliability. One feature
of their designs is a heater insulated with ceramic tubulations, which
they feel has virtually eliminated the problem of heater-cathode shorts.

In general, we were impressed with every feature of the Red Bank
Division's tube plant.

The organization is built around a few key people in each depart-
ment. These key people all appear to be expert in their specialty. In
particular, Mr. John H. Wyman, who is Chief Project Engineer on receiving
type tubes, is a very capable all-around tube engineer.

The working group seems to be built of mature, conscientious
people who have been trained in the attitude and methods needed in
assembling and processing first-quality tubes. There was no hurry or
casualness apparent anywhere in the plant.

The equipment in each department includes the best that is
available. The people know how to use this equipment and what its
limitations are.

The working areas are the cleanest I have seen outside a
laboratory -- in fact, they compare well with many laboratories. The
practices followed in each department were in acecord with the best that

could be recommended.

General Discussion

We discussed the 5965, 7AK7, and core-driver tubes. Specs for
the WWII versions of the first two tubes were left at Bendix (for informa-
tion only). Bendix wants our business on almost any terms, but the terms
on which they would like to work are of particular interest. Mr. Wyman
expressed their desires as follows:
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1l. Bendix would like to start with a development contract for any
of these tubes,

2. This is a somewhat new field to them and they can not guarantee
resultsy however, they would give the job their best effort.

3. By working very closely with MIT and IBM tube engineers,
they think that, if the necessary knowledge is available
within our three organizations, they can come as close to
satisfying our requirements as is possible. (This presents
an ideal relationship which, I think, no other company has
wanted to establish,

Mr. Wyman's estimate of the time involved to develop one of these
tubes sounds a bit optimistic. He quoted two to three months to study the
problems and work up several designs, perhaps two to three months to try
several designs, and about four months to make up dies and tools, giving
a total of less than a year. He pointed out, however, that he had not
studied our specs carefully and that our life test requirements might
increase development time considerably.

We specifically asked if Bendix would consider production only
as second source for the 7AK7. Mr, Babb said, "We have been told to get
into the Lincoln Project wherever we can fit." Mr. Wyman estimated that
Bendix could get into business producing an established design (with tool
designs and parts available from the prime manufacturer) in five to six
months on a "crash® basis if necessary.

With reference to long life operation of tubes, Mr, Wyman said
that bulb temperature is a prime factor. He said that he thought L watts
total dissipation for a tube like the 5965 is a safe rating only if air
cooling keeps the bulb temperature to 80° C maximum,

Coneclusions

The electron tube plant of Bendix Red Bank Division is an ideal
contender for consideration in the development of long-life high-reliability
tubes for computer use. They should also be viewed as a very promising
producer of such tubes in quantities up to 20,000 per month, However, it
is difficult to see how they fit into the WWII tube program at this time,

They could be considered as a second bidder on the improved 7AK7.
However, it should be pointed out that Sylvania is in a preferred position
since they developed the original tube and have made it for several years.
Also, we have a certain moral obligation to Sylvania because of their long

devotion to our unprofitable cause.
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In the case of the improved 5965, we are already well involved
with G,E, who have experience with the original tube. We do not have time
to start further discussions with Bendix. Also, I have the impression that
Frost and Youtz consider R.C.A. at least equal to Bendix with reference
to this tube,

It may turn out that Bendix could be considered for development
of the core-driver tube. However, we can not spell out the exact require-
ments at this time, and we will certainly have to spell out our requirements
in terms of a tube which is already being produced by someone.

We left Bendix with the understanding that we will report our
evaluation to the planning and procurement people at MIT and IBM. They,
in turn, will contact Bendix, We predicted that this would occur in about

two weeks,
Signed: Q;g/ l AW

Richard S, Fallows

Approved: Mvﬂ/ ﬂ A@/ﬂzc

V//7'Arthur P. Kro

RSF smmt

CC: H. B. Frost
P. Youtz
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Digital Computer Laboratory
Massachusetts Institute of Technology
Cambridge, Massachusetts

SUBJECT:  JOINT MEETING ON PACKAGING OF WWII
To: N.H. Taylor
From: W.H. Ayer
Date: June 17, 1953
PRESENT
IBM - MIT
M.M. Astrahan Irving Aronson
P.A. Beeby W.H. Ayer
P.P. Crago S. Best
D.J. Crawford S.H. Dodd
N.P. Edwards R.R. Everett
W.F. Hughes J.F. Jacobs
J. Montogmery A.P. Kromer
H. Ross K. Olson
B.L. Sarahan R.J. Pfaff
D.B. Thompson N. Taylor
C.W. Watt

-

The meeting was opened by Harold Ross of IBM who presented the
latest recommendation for the number of types of pluggable units and the
types of tubes in each. A combination of six and nine tube units was
broken down into five different types as follows:

Estimated No. used

Type No. of Circuit Types in central machine
A 1-FF 2+GT 1=-CF 1 Spare 160

B 1-FF 1-GT 2-CF 1 Spare 80

¢ 1-FF 3-GT 3-CF 1 Spare 80

D 6-GT

E 9=GT

These five units are used to make up all the registers except
those that count such as the adder, program counter, address register and
I/0 control counter. The requirement of a spare gate tube and a spare
socket in each digit of each register is satisfied and the redundency of
components made necessary by the use of only five pluggable units is held to
15%. The meeting voted to accépt this proposal and to allow the mechanical
design group to proceed with the design of a six and a nine tube pluggable unit.
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J. Montgomery presented sketches of a new pluggable unit design,
and demonstrated a sample frame containing two pluggable units. A dis-
cussion of the redesigned 701 plug that will be used touched on the following
features:. sequencing, locking, contact life and contact spacing. A com-
parison with the Amphenol Blue Ribbon connector showed that both plugs can
be made to do the job with equally good results, providing the time and
money are available for tooling. It was decided that a new 701 type design
would be used on the pluggable units since it meets all the requirements
and will probably be available much sooner. It also has the advantage of a
self contained locking scheme.

A discussion of the method of component mounting to be used in the
pluggable units resulted in the following voluntary assignments. H. Ross
and D. Crawford will inform J. Montgomery of their decision regarding the
inclusion of the 2 watt 1% register in the high speed flip flop circuit or
its replacement by two 1 watt 1% resistors. D. Thompson will make up as
many sample pluggable units as necessary to establish standard physical
layouts for the basic circuits.

J. Montogmery followed up his discussion of the pluggable units
with a brief description of the proposed bay design, including the location
of air ducts, pluggable units, and power distribution equipment. It was
agreed that each vertical stack of pluggable units would contain units of
only one sije, either 6 tube or 9 tube. Agreement was also reached on the
bay size, which will be one pluggable unit wide. Two bay sizes will be
produced, for six and nine tube units. These will be permanently assembled
in any order desired, on a base or skid that will be approximately six

feet . long.

H. Ross presented the current thinking on the physical breakdown
of the central machine. Seven main cabinets will be used as follows:

1. Left arithemetic element

2. Right » "

30 ContrOI

he Program Control

5. Maintenance and control console

6. Memory #1
7. Memory #2 (IF DESIRED)

He also presented diagrams showing a suggested arrangement of
the registers within the frames and the number of connecting cables.

Signed; 47;6 ‘27“
.H. Aye

Approved:

WHA : jme
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Digital Computer Laboratory
Massachusetts Institute of Technology
Cambridge, Massachusetts

SUBJECT:  TESTS OF SOME MAGNETIC-MATRIX SWITCH OPERATING MOIES

To: N. H. Taylor
From: Jo L. Mitchell, R. S. DiNolfo
Date: June 17, 1953

Abstract: There are two independent questions that must be answered when
choosing a switch operating mode:

l. Should the "set™ and "reset" windings take part in the selec-
tion operation?

2. Should the "bias™ drivers be gated?

The tube counts indicate the "set" and "reset" windings should not
take part in the selection operation. The duty factor requirements
on the "bias™ driver indicate the "bias" drivers should be gated.
The experimental results obtained from two different operating modes
show that the tube count should determine the operating mode.

Introduction

The magnetic matrix switch is being considered as a device to se-
lect and drive the "selection" planes in a magnetic-core memory, its main
advantage being that it greatly reduces the number of tubes and other compo-
nents required in a memory-address selection system. This advantage stems
from the fact that the magnetic-matrix switch performs two jobs: it trans-
lates the address from the base 2 to the selection-coordinaté¥‘and it drives
the memory selection planes with the desired current pulses. The fact that
the switch is a dual-purpose device enables us to make tremendous savings in
equipment over systems that use separate translators and drivers. For example
a system using a crystal-matrix translator and vacuum-tube drivers requires
56l tubes and 768 crystals to operate a LO96-register memory, while a magnetic-
matrix switch system requires only 104 tubes and 128 switch cores to gdrive the

same memory.

A ™" position magnetic-matrix switch is made up of "n" magnetic
cores threaded with three types of windings as shown in Fig. 1. There are
a number of "bias" windings which, when excited, select the desired core by
biasing off all but the selected core. In addition, there is a ®get" wind-
ing and a "reset™ winding; driving the set winding switches the selected core
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and causes this core to produce a voltage pulse; driving the "reset™ winding
resets the selected core to its original state.

There are many different modes in which a magnetic matrix switch
can operate; however, in this note only a few of these modes will be consie-
dered. In the discussion of the modes of operation, two independent questions
arise:

1. Should the "set" and "reset™ windings take part in the selection
of the core?

The "set™ and "reset" winding configurations can be arranged so that the only
function of these windings is driving the selected core (the selection opera=-
tion is performed by the "bias" windings)s'~the winding configuration can be
arranged so that these windings not only drive the selected core, but also take
part in its selection.

2. Should the "bias™ drivers be gated?

The "bias™ drivers can be connected directly to the outputs of the address
flip-flops, or gate tubes may be interposed between the flip-flops and the
drivers. By adding the gate tubes the duty cycle of the "bias" drivers can
be reduced. A timing diagram showing the switch input pulse sequence for
the two types of '"bias" driver operations is shown below.

bias
e i
Direct
: Bias
set reset set reset Connection
bigs bi
Gated
Bias
set reset set reset Connection
Timing Diagram for Switch Input Pulses
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Description of Operating Modes

In the first mode of operation to be considered the switch has a
"set" winding, a "reset" winding, and a full set of "bias™ windings as shown
in Fig. 1. The "set™ and "reset" windings pass through all the cores and do
not take part in the selection of the desired switch core.

In the second mode of operation the switch has two "set™ windings,
(which now take part in the selection process), a "reset" winding, and a set
of "bias" windings minus two as shown in Fig. 2. Each "set" winding goes
through half the cores, and the high-order selection is done by pulsing only
one of the "set" windings. The highest-order address flip-flop determines
which "set" winding is pulsed. The "reset™ winding is the same as the previous
case.

In the third mode of operation the switch has a "set"™ winding, and
a full set of "bias"™ windings, as shown in Fig. 3. The "set" winding goes
through all the cores and does not do any of the selection. One pair of "bias"
windings does double duty, that is they supply both the "bias™ and the "reset®
pulse to the memory. This is possible because there is only one core in the
switch that has to be reset. This core is always on the "bias™ winding that
is connected to the nonselected side of the flip-flops in other words, the core
is on the one of a pair of "bias™ windings that was not driven during the set

operation.

In the fourth mode of operation the switch has two "set" windings and
a full set of "bias" windings minus two as shown in Fig. L. The "set" operation
is the same as in system number 2 and "reset" operation is the same as in the
system number 3, described above.

The "bias" drivers can be connected directly to the memory-address’
flip-flops or they can be gated with any of the four above-mentioned systems.
If the "bias™ drivers are connected directly to the flip-flops the drivers
must be able to operate at a 100% duty cycle; but, if gate tubes are inter-
posed, the duty cycle can be reduced, and as a result the driver-tube speci-

fications can be relaxed.

Estimated Tube Counts

The tube and winding counts shown in Fig. 5 are made on the following
assumptions:

1. The gate tubes are independent units and are counted as suche

2. The "bias" winding drivers would be made up of two tubes, a
buffer amplifier and a driver.

3, The "set" and "reset" drivers would be made up of 7 tubes, a
6-tube buffer amplifier and a driver tube. The large number
of tubes is necessary for pulse shaping and current regulation.
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After looking at Fig. 5, it is clear that no saving in the number
of driving tubes is made by using one of the more sophisticated driving
systems. The only saving is in the number of windings on the switch core,
the maximum saving being two windings. The gates added between the address
flip-flops and the "™bias" drivers increase the total number of tubes re-
quired, but on the other hand, the duty cycle of the "bias" driving tubes
will be reduced from 100% to about 50%.

Test Results

Memory Test Setup IV was built up so that a switch could be tested
under two different modes of operation. The system consisted of two 16-
position magnetic-matrix switches made up of MF 1118, F262 cores which drove
a 256-register, 2-digit memory made up of MF 1326 B, F291 cores. Each switch
selected and drove the "selection"™ planes along one co-ordinate axis. This
switch was set up so that it could be operated with one "set™ and one "reset"
winding with the "bias" drivers connected directly to the flip-flops as shown
in Fig. 1, or it could be operated with two "set" windings and combined "bias"
and "reset" windings, with gate tubes controlling the "bias" drivers as shown
in Fig. L. The switch was driven with similar driving functions for both
modes of operation, and every effort was made to keep the conditions similar
for both modes of operation.

The first test made was a comparison of the selected and non-selected
outputs of the switch core under the two different modes of switch-core opera-
tion. There was very little difference in the output pulse shapes from the
selected switch core when the operation mode was changed. The slight differences
could be attributed to the fact that the driver was working into different
impedances depending on whether the driving winding passed through all the
switeh cores or one-half the cores. The outputs from the non-selected cores
showed very little difference for the two modes. In both cases the largest
non-selected output was about 9% of the selected output. As a whole, the
non-selected vutputs of the system shown in Fig. 1 were slightly smaller than
those of the other system, but the difference was very small and could very
well be attributed to measurement errors.

Various patterns were placed in the memory planes and the spreads
of the outputs from the memory were compared under the two modes of switch
operation. The outputs were. observed with all "one®™s in the memory, with all
wzero"s in the memory, and with the "pairs checkerboard® pattern in the memory.
The spreads were approximately the same for the three patterns for both opera=
ting modes. The post-write disturb pulse was removed and the output with the
"pairs checkerboard" pattern in the memory was observed. Here again, no dif-
ference was detected in the output spread from the memory when the driving
mode was changed. The effect of load changes on the output of the switch core
was very small and did not change when the mode of operation changed. The
test data was documented by R. S. DiNolfo in notebook #2.
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Canclusions

To minimize the number of tubes required to operate the switch,
there should be one "set™ winding, one "reset™ winding, and a full set of
"pbias™ windings. The "bias®™ drivers should probably be gated in spite of
the fact that the gated system used 12 gate tubes that are not needed in
the direct-connected systems; this allows the driver duty cycle to be re-
duced by a factor of about one half, a considerable reduction when the driver
tube must supply LOO ma.

In the actual operation of the two systems that were tested, we
were not able to detect any significant difference in the characteristics
of the two systems. The outputs of the switch and the operation of the
memory were similar for both modes of operation. As a result, it seems that
the winding and tube count should be used to determine the operating mode.

\
Signed i,
o Lo te

R. » D1No
Approved
W. N. Pdpian
JIM/RSD: jrt
cc: Magnetic Memory Section
D. R. Brown
J» McCusker
N. Edwards (IBM)
D, Shansky
Drawings attached: SA 55290
SA 55291
SA 55292
SA 55293

SA 55294
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Memorandum M-2254 Page 1 of 3

Digital Computer Laboratory
Massachusetts Institute of Technology
Cambridge, Massachusetts

SUBJECT: SENSING THE SLOPE OF MAGNETIC MEMORY OUTFUT

To: William N, Papian
From: Kenneth H, Olsen
Date: June 19, 1953

Abstract: In the MTC memory,the amplitude of the output
voltage is sensed to tell if it is a “one" or
a "zero®, If the slope of the output is sensed,
the "one" to "zero" ratio may be greater,

In M, T, C, the amplitude of the output voltage of the
coincident=current magnetic memory is sampled at a fixed time,
Pulses above a fixed level are considered "ones" and those below
are considered "zeros", Sensing may be more straight forward if,
instead of the amplitudes, the slopes of the output pulses are
sampled becanse at a fixed time the slope of a "zero®™ is negative
while that of a "one" is positive,

A voltage proportional to the slope can be obtained by
differentiating the output of the memory but this attenuates the
amplitude of the signal significantly and accentuates the noise,
If this signal is only "partly differentiated", the difference in
slope may still be discernible without a great loss in amplitude,
If a capacitor is put across the "differentiator", it will filter
out some of the noise and may help the circuit recover quickly,

Figure 1 shows the output signals from a memory core
in an experimental set-up, The "zeros" are made unusually large
to exaggerate the effect of noise, When the signal is put through
the network of Figure 3, the output is as shown in Figure 2,
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Figure 1 Input to Network
& |
Figure 2 l Output of Network
o A O
18 Ohm 4,3 uh 1= 3500 wuf
O +- -O
Figure 3 Network

Sensing Amplifier"Differentiator"
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It can be seen that even with this large "zero" there is a time
vhen the "one" is positive and the "zero" is negative, With
smaller "zeros® there is a much greater time when this difference

is evident,
Signe
:ﬁ‘ienneth H, Olsen; ;

KHO:; hpm
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Digital Computer Laboratory
Massachmsetts Institute of Technology
Cambridge 39, Massachsetts

SUBJECT: MTC PARITY CHECKING SYSTEM

Tos MTC Engineers
From: Philip R, Bagley
Date: June 25, 1953

Abstract: Each 16-digit word stored in magnetic memory has associated with it
an extra digit, termed a parity digit, This parity digit, generated
at the time the word is stored, is O if the stored word has an odd
number of 1l's, or 1 if it has an even number of 1l's, When the word
is read out of memory, there must be parity--~that is, equality=-be-
tween the previous "1" count as stored in the parity digit, and a new
count made at the time of read-out, Otherwise a parity alarm will
occur,

Fundamental Parity Ohecking Scheme

The parity count, often referred to simply as parity, of a binary word
in MIC, is odd or even according to whether the sum of the digitg~—=i,e,, the num-
ber of l's-=in the word is odd or even, 4 binary parity digit may be used to in-
dicate the parity count of a binary word, Parity digits of 1 and O may be
associated with mimbers whose parity counts are even and odd, respectively, or
vice versa, From the logical standpoint, the choice is entirely arbitrary,
Engineering considerations, however, dictate that words of even parity should have
a parity digit of 1, and conversely, and that words of odd parity should have a
parity digit of 0, This convention was chosen so that if the magnetic memory
should fail entirely, or Dbe accidentally turned off, the apparent contents of any
register——i,e,, all zeros--would have the wrong parity digit, A word of 16 zeros
should have a parity digit of 1, but if no 1's can be obtained from the magnetic
memory, the parity digit will appear to be a zero also, and the computer alarm

circuits will register a parity alarm,

When a 16-digit binary word is stored in magnetic memory, a parity digit
chosen according to the established convention is stored with it, When the word is
read out of memory, the parity of the word is checked against its associated parity
digit, If the check fails, a parity alarm is given, which normally stops the come
puter, If a single digit of a stored word or its parity digit is in error—i,e,,
has been changed from & 1 to a 0, or from a 0 to a 1,--the parity alarm will occur,
It mey be observed that the parity alarm will occur for any odd number of errors,
but not for any even number of errors, Because the probability of a single error
is usually small, the probability of a double error is usually negligible, If
this were not the case, a more elaborate technique for checking would have to be
used, such as is available in the identity check instruction, id,

Since Panel Storage has no provision for storing a parity digit with
each word, the parity generating and checking circuits are automatically by-passed

when dealing with Panel Storage,
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Generating the Appropriate Parity Digit

Preparatory to storing a word in the memory for the first time the
proper parity digit must be generated, This is done in the memory buffer, or
"A¥, register, The A-Register Flip-Flops (0-15) which hold the 16-digit word
are connected to a network of gate tubes which will pass a pulse if the parity
count of the 16-digit word in AR O through 15 is even, AR16, the parity digit
position, is initially clear, If a pulse (called Parity Count) gets through
the parity gates, AR16 is set to a 1, At the end of this process, AR16 holds
the proper parity digit and the word is ready to be stored in the memory,

Parity Checking

Whenever a word is read out of magnetic memory to the A-Register, a
parity check is performed upon it, If there is not parity (equality) between
the count of the word read out and the parity digit's record of the count of the
word originally stored, a parity alarm pulse is given which will stop the com-
puter unless the pulse has been suppressed by a manual switch,

The mechanics of the check are as follows: the word from storage is
read into the 17 digits of the A-Register, The 17th digit ("digit 16"), besides
going into AR16, is also read in on the complement line of the Parity flip-flop,
which initially holds a zero, Hence at this instant, the Parity FF holds the
parity digit read from storage, A "parity count" pulse is given after the read,
If the parity digit was a "1" and if the parity count pulse passes all the way
through the parity gates, it will go to the complement input of the Parity ¥F,
thus clearing it again, (The passed pulse will set AR16 if this is not already |
set, but AR16 does not enter directly into the checking operation), If the
parity digit was "0", and if no pulse is passed by the parity count gates, the
Parity FF will likewise finish clear, If, however, the parity digit and the
count gates do not agree, only one pulse will arrive to complement the Parity
FF, A succeeding "parity check" pulse will pass through the gate on the et U
side of the Parity FF and cause a parity alarm,

A

P, R, Bag eyd’

Approved: :
W, feden
Approved: ‘y

7 N, B, Taylor

J, Canty
A, Gudits
Jeo L, Mitchell
N, Papian

Drawing attached: SA-3Tu88
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Memorandum M-2267 Page 1 of 5

Digital Computer Laboratory
Massachusetts Institute of Technology
Cambridge, Massachusetts

SUBJECT:  PROJECT GRIND MEETING OF JUNE 25, 1953 (Second Day)

To: AN/FSQ-7 Planning Group
From: A. P. Kromer, R. P. Mayer
Date: June 29, 1953

Abstract: At this meeting marginal checking, power supplies and magnetic mem=-
ory were discussed. It was generally agreed that more work remains
to be done on marginal checking andpower supplies before decisions
can be made, and that the memory section was more firmly establishede

Members
Present: 1I. Aronson®  MIT J.F. Jacobs MIT
M:M. Astrahan IBM A.P. Kromer MIT
‘ PoAe Reeby™ IBM R.P. Mayer MIT
R.L. Best MIT JoL. Mitchell®*  ymy7
DoR. Brown** MIT Moyer * TBM
WeJ. Canty** MIT W. Ogden*¥ MIT
J.M. Coombs IBM K.H. Olsen MIT
R.P. Crago IBM W.N. Papian*¥ MIT
D.do. Crawford IBM Rede Pfaff MIT
N.L. Daggett MIT M.J. Raffensperger IBM
N.P. Edwards IBM E.S. Rich MIT
R.R. Everett MIT HeD. Ross IBM
RoSo Fallows* MIT G.F. San@* MIT
R:G. Farmer * MIT N:H. Taylor MIT
Wo Fitzgerald* 1mM L. Walters* IBM
JoJe. Gano* MIT W. Whittenberg?*¥* TRM

I. Marginal Checking

Memorandum M-2202 states the existence and function of the marginal
checking group. Although further study need be made by this group, it is de-
sirable at the moment to obtain some idea of how to break down marginal check=-
ing lines so that ¢lectronic design of the logical progress can proceed and so
the power supplies can be worked oute

% Present at Marginal Checking and Power Supply discussion only.

#% Present at Memory discussion only.

il S R R R e s B Gt
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. It was agreed that no mechanical marginal checking will be built
e

The capacity of the marginal checking generator must be such that
it :an carry any circuit to failure although this capacity may not be used in
most cases.

It was generally agreed that no more than two hours a day will be
available for process of marginal checking itself. The basic philosophy
should be that "if a part starts to deteriorate or is different from other
circuits, it should be replaced.™

Whole circuits must be marginal checked. (This may be done by vary-
ing the voltage on adjacent circuits in some cases.)

It is not necessary to locate an error more precisely than to the
pluggable unit containing it.

All procedures and variable voltage lines must be mamally control=-
lable through simple circuits and any automatic equipment decided on later can
make use of the same lines. Someone must study the methods of setting excur=-
sion limits for use in automatic (or manual) operation. It must be possible
to service and repair all marginal checking equipment without interrupting
computer operation.

. Marginal checking lines will be arranged and grouped roughly as
follows: (an illustrative example will be presented next week) .

(1) A single line will connect to all circuits, in a unique logical
section, which have the same supply voltage and approximately the same percen-
tage margin. A "unique" logical section is to be defined in such a way that
each pluggable unit being checked should be fed by and fed into ones which are
not being checked (it is suspected that no more than 170 lines will be needed
in the central computer including magnetic memory).

(2) All lines, having the same supply voltage and the same percen=
tage margin, in a physical frame (gross logical division) can be varied toge-
ther.

(3) All lines having the same supply voltage and same percentage
margin, in the whole camputer can be varied together (perhaps by varying power
supply). It should be mentioned that Norm Daggett thinks this type of control

would be excellent.

A marginal checking procedure using the above arrangement of lines
was suggested as follows:

(a) With a check program running, marginal check all group lines
(see (3) above) to see if any of this is wrong. Log any

trouble and proceed to (b)e

(b) If a failure occurs in one such group, split that group into
subgroups (see (2) above) and vary each subgroup. Log the
trouble and proceed to (c)e

T ORI T TR B 1 DL TRy VSR R L S S T R
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(e) pepending on the particular frame discovered to be in trouble,
insert a diagnostic program and/or split the faulty subgroup
into individual lines (see (1) above) and vary each one.

(d) ?:place the faulty pluggable unit or log trouble to be fixed
ter.

Automatic equipment for any and all of the above procedure should
not be provided unless it is sufficiently simple.

Automatic or manual procedures must not cause unreliable nor elec-
tron%c damage nor serious logical damage (writing between pockets on the drum,
etce.)o

It was agreed that further investigations should be carried on in
connection with diagnostic programs and techniques for automatically logging
troubles and margins. Study of the application of marginal checking to power
supplies and air conditioning equipment should be made.

IT. Memory

The memory section was discussed next. It is fairly well established
that magnetic memory will contain L,096 registers, 33 bits each (including one
parity bit) in a 64 x 6l x 33 core array using a 2:1 current ratio selection
scheme.

It was definitely decided that everything should have sufficient
capacity so that a complete second memory can be added later without rede-
signing of logic, air conditioning, power supply, room space, etc., although
a second memory may not actually be built for sometime.

A memory cycle was proposed which required 7 3/Li microseconds for
a complete read-write time from one strobe to the next. It was agreed that
every attempt should be made to obtain a faster memory cycle. It may be pos=-
sible to make memory cycle faster due to the following details which could
be possible eliminated: a post write disturb pulse requires 1/L to 3/L micro=-
second longer than the memory address register setup time depending on how the
M. Adr. Reg. is read into. It is possible that a post write disturb is not
necessary or that it can be made no longer than the M. Adr. Reg. setup time.
1/2 microsecond is used for staggering the read pulses in order to reduce
noise. An additional 1/2 microsecond is used for staggering write pulses if
at somewhere drivers are used in the system which uses stagger read. Stagger
read might be ommitted if i sensing lines per plane are used instead of the
2 which were proposed at the meeting; but this would probably require extra
sensing amplifiers adding 528 cathodes to the system unless low level gates
could be used. Such techniques will be investigated.

MIT will check to see if cores must be tested specially to make
use of the stagger read system.
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The sensing amplifier will use a balanced input and amplifier,
full wave rectification taking place immediately preceding strobing gate.

It was agreed that people should concentrate on developing trans-
former driving systems. A crystal translator (matrix switch) will control
cathode drivers which drive the driving transformers. IBM will study the
6146 and 7AK7 tubes as transformer drivers and MIT will study the 5998 tube
(a direct vacuum tube driver without transformers). It was generally de-
cided that a few spare planes should be wired into the memory array for emer-
gency use. Perhaps the complete memory cube will be pluggable but independent
planes will definitely not be pluggable. Perhaps 2 planes will be sewn toge-
ther as one assembly but probably not more than 2 (although investigation is
being made on the possibility of sewing the whole cube). The cube will pro-
bably be about 1' x 1' x 2 1/2', It took 2 man weeks to wire an MTC plane,
so careful production schedules must be made immediately.

The memory cube must be air conditioned to + a few degrees Centi-

grade. This will probably require a separate low velocity recirculating sys-
tem with thermostatic control of injection of cool air from the main system.

III. Power Supplies

This was the first major discussion of power supplies and few
decisions were reached although some major decisions and ordering action are
required soon, since power supply equipment is required very early in the
installation period. It was decided that there will be a diesel generator
unit provided for XDl for practice with such a device. Details will be de-
cided later. The water cooling portion of the air conditioning system will
be broken into several sections or units (perhaps L) for reliability.

Rotating machines will be used between the line and all power
supply regulator units in order to isolate the system from transients at
the power source and within the AN/FSQ-7 Central. At least 1 spare machine
will be provided. The motor and generator sections of each machine must be
separate in order to prevent capacatative coupling of large transients. A
208 volt system was suggested (120 volts, 3 phase, L wire)o

In general, any standby power unit should be able to take over
within one minute of power failure.

Filaments will cycle up (when starting) from some voltage (not
necessarily Zero) to a final voltage which will be regulated. They will be
cycled off except in an emergency when another supply is going to be flipped

One

Estimated requirements for AC power needed for computer and asso-
ciated equipment is 200-250 KVA with approximately 100-150 KVA for air

conditioning, lights, etc.
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The DC should be regulated to roughly 0.3% for any type of load
variation or to within about 2% if all types of variations were cumulative
in the worst way. (The following types of variations were mentioned: 95%
steady change of load, 80% transient change, 98%
change at any frequency, ripple and immediate drift). Estimated voltage re=-
quirements are =450, =300, 4250, + 150, 490, =30, +15. High voltage for
scopes might be by way of low voltage high frequency system. The
estimated DC power requirements totals about 56 KVA.

The logic and planning group should help define power supply num-
ber of units to use, number of standby units, etc. All this depends on me-
thods of operating during breakdown, methods of marginal checking, etc.

The method of sequence power on and off must be designed to pre-
vent writing undesirable information on the drum or between slots on the
drum even when emergency cut-off drops everything considerably (emergency
cut-of f probably should not drop air conditioning system).

It must be possible to apply power to any large logical block
without disturbing power supply to the rest of the system.

< KA. P Kro’nﬁ'

[ A1 T,

T R. P, Mayer (/

APK/RPM: jrt
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Division 6 - Lincoln Laboratory
Massachusetts Institute of Technology
Cambridge 39, Massachusetts

SUBJECT: EQUATION OF MOTION FOR A CYLINDRICAL 180° DOMAIN WALL

To: Group 63 Staff
From: P, K, Baltzer
Date: July 30, 1953

Abstract: The equation of motion for a cylindrical domain wall has been
derived utilizing the Lagrangian formulation, Additional terms
enter the equation of motion for a cylindrical wall that do not
appear in that for a planar wall,

Thf motion of planar 180° domain walls have been investigated by
J. K. Galt, where the equation of motion is mZ + Bz + of z = 21 E for a unit
area of 180 Bloch Wall, m = equivalent mass per unit area, B §s the damping
coefficient, Of is the stiffness coefficient and z is the linear displace-
ment of the wall, Is is the saturation magnetization and H is the applied
field.

To derive the equation of motion for a cylindrical wall, the
Lagrangian formulation is used, The Lagrangian = = T - V; where T is the
kinetic energy of system and V is the total potential energy. The dissipa-
tion function is GJS where): is the radial displacement of wall, The equa-

tion of motion is; 9 ol
at(%}i)"' %}C};“gf;‘ i

—— 180° Bloch wall

\&

Cross Section of a Unit Area of Material

Note: Saturation magnetization of shaded domain is perpendicular to paper and
toward reader, and that for the unshaded domain is away from reader,

l, J. Ko Galt, J. Andrus, and H., G. Hopper, "Motion of Domain Walls in
Ferrite Crystals," Rev, Mod. Phys., vol. 25, P. 93, (Jan. 1953).




Memorandum M-2275 Page 2 of 3

Wall motion is considered for a wall of the configuration shown
where the domain enclosed by the wall is magnetized in opposition to that out-
side, and is § units long, The applied field will be parallel to the domains,
favoring one of the two directions, thus causing the wall to move radially

in such a direction as to enlarge the domain magnetized in the direction of
the applied field,

The kinetic energy is
2

T = (2ngm £

The total potential energy is

K Emutual " Ewa]l+ .lmagnetostatic

i O-ﬂf*),(zHIs + (2P L oty + (2T £)dp?
72 5

‘ and the dissapative function is;

where ¢” is the wall energy per unit area, all other constants being the
same as those in the equation of motion used for a planar wall,

Hence substituting these values in the equation of motion;
z
\ -a— (g—:) -+ ..J_g - _Q_K =
P O

one obtains for the motion of a cylindrical 180° Bloch wall (per unit wall

area) ;
. 2 . 3 6~
/' 2/ ﬁ/a /a / %

the equation of motion for a planar wall being

m;'-f  + of 3 = 2475
° g
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In general since m v‘lo'lo, the normal inertial term can be neglected,
For low fields where © would not be excessively large, the additional
inertial term can also be neglected, However the additional non-linear term,

o is of the same order as the driving force and cannot be neglected in
cilculations involving the motion of a cylindrical wall, This term enters
here since the total wall area, and thus also the total wall energy, varies
as the wall moves,

Signed )}/

lip K., Baltz

Approved

David R. Brown

PKB/ jk
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Digital Computer Laboratory
Massachusetts Institute of Technology
Cambridge, Massachusetts

SUBJECT:  MT'C BOOTSTRAP TYPE PROGRAMS

Tos
From:

Date:

Norman H. Taylor
He E. Anderson

July 6, 1953

Abstract: There have been three bootstrap type programs written and tested

MP-27

MP=29

MP-36

on MTC. The general characteristics of these are described in
this note.

(Inchworm) This program starts from toggle switch storage and moves
through magnetic memory in steps of 16 registers. The programs spends
full time pulling itself through the magnetic memory and when it has
reached the end it starts over in toggle switch storage, all automa=
tically. Much of the memory data that has been taken was taken with
this program because it has semi random references to magnetic memory
and because of its convenience since it can be made to regenerate it=
self automatically after an alarm has occurred. The only checking in-
volved in the program is the parity checking and the fact that the pro-
gram would probably destroy itself if an error occurred.

(Bootstrap) This program must be read into the magnetic memory. It
then divides the magnetic memory into two parts. When the program is
being operated in the first part it is testing the second part of the
memory by storing all 1l's in each register of the second part and then
checking to see that every register reads out all 1l's. The checking
is done by means of the identity check instruction, which checks all
digits. This program has been used for life tests. It operates en-
tirely in magnetic memory and will probably destroy itself if an error
ocours. For this reason it is not desirable for marginal checking of

the memory.

(Worst Bootstrap) This program is the most recent of this series. It
is similar to MP=29 except that it divides the magnetic memory into
geometric quarters. When the program is running in the first quarter
it is testing the diagonally opposite quarter by placing the checker=
board pattern in the three quarters which do not contain the programe
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This procedure is necessary in order to have available a full row and
column of the checkerboard pattern. In the diagram below the program
would be in section 1. The checkerboard pattern would be stored in
sections 2, 3, and L. The section being tested would be section L.
The testing is done by means of the double complement technique.

/ | 4 2

3z 4

After testing of section L is completed the program would move itself
to section i and test section 1, etc. Eventually this program will

have checked all four quarters.

- il

H. E. Anderson

Approved
W. Ogden

HEA:zjrt
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Digital Computer Laboratory
Massachusetts Institute of Technology
Cambridge, Massachusetts

SUBJECT: PULSE DELAY REPEATER, P.B, #7
Tos N. H. Taylor
Froms Julius Woolf
Dates July 8, 1953

The pulse delay repeater consists of a buffer amplifier which
drives a }j00=chm ,5 psec delay line. The delay line in turn senses a
gate tube, (See Figs. 1,2) The gate tube's output is fed back to the
input of the buffer amplifier through a mixing circuit.

An initiating pulse, greater than 20 volts, is required to
start the pulse delay repeater. It was observed that the output pulse
stabilized at 30 volts. If the input pulse is under 30 volts the first

. few pulses will build up in a progression dependent on the loop gain at
, each point. (See Fig. 2) When an ocutput pulse of 30 volts is reached,
the buffer amplifier operates on the non-linear portion of the i =e
‘ curve and limits the output amplitude, B

With an increase in resistor R=8 the diodes, CR-2,3 can be
removed which will result in a slightly greater output.

This 2 mcps clock appears to be stable with regard to load and
voltage variations. (See Figs. 3,L,5)

The WWI 2 mcps clock, (See drawing E=32333-7) in comparison,
uses four tubes. This is an increase of two tubes, and related parts
over the delay line pulse repeater., The WWI clock consists of a 6SN7
cathode=coupled oscillator, a TAD7 inverter, a 616 peaker, and a 6L6

buffer output tube.
Signed X
J%us éoolf (/;

W/cs

cc: R.A. Nelson Approved £ L [_{)o/_t)
Group 62 Section R. L. Best

Chiefs
H. Ross, A
pproved
D, Crawford IBM .
. . Bart } N. H. Ta.ylozj

Attached Drawings:  A-LBLS7 A-L8LS8 A-55360
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Digital Computer Laboratory
Massachusetts Institute of Technology
Cambridge, Massachusetts

SUBJECT: PROPOSAL FOR REDUCING THE NUMBER OF TUBES USED IN DRIVING A
MAGNETIC MATRIX SWITCH

To: N. H. Taylor
From: J. Raffel
Date: July 9, 1953

Abstract: A scheme is outlined which eliminates roughly half the bias drivers
used in present models of the magnetic matrix switch. It calls for
an increase of about 50% in the number of wires passing through a
core in the switch.

The usual scheme for driving a magnetic matrix switch (shown in
‘ Fig. 1) having 20 cores and the same number of output windings, calls for
2n separate bias windings, one set winding and one reset winding. An al-
ternate scheme calls for 2 (n-l) bias windings, 2 set windings and 1 reset
winding. In this note we will refer only to the first scheme above. The
results can be applied equally well to the alternate scheme. In either case
the bias windings occur in pairs; one pair per digit flip-flop. Of the pair,
one is activated by the "1" side of the flip-flop and the other by the nQw
gside. These windings will be referred to as the "1" and "O" windings respec-
tively in this report.

A given flip-flop performs the logical function of selecting one
of the two windings associated with it. Each of these windings threads half
of the cores. In Fig. 1 for instance the "™O" winding of the 2 flip-flop
threads cores L, 5, 6, 7 and the "1* winding cores O, 1, 2, 3. The pairs
of windings associated with the other flip-flops are made to divide the cores
into Ealves also, but each division is made in a different way. For example
the 21 flip-flop (Fig. 1) is seen to divide the cores in half by alternate
groups of two. This arrangement of windings leaves only one core in the ma-
trix unbiased for each setting of the flip-flops, all other cores being sub=-
jected to at least one unit and as many as "n" units of bias.

The modification of the above conventional magnetic matrix switch
which is proposed is based essentially on the fact that all of the informa=
tion in a flip-flop is contained in either of its two sides. Our process of
selection could, for instance, be made to depend only on the condition of the
®1n gide of the flip-flop. Suppose we make the "O" winding of a particular

. flip-flop independent of the condition of the "O® side of the flip-flop, and
instead have it automatically pulsed whenever the switch is to be operated.

e R e R




Memorandum M-2291 Page 2

In order to have this flip-flop produce an effect equivalent to that in the
usual switch we must have the "1 winding, when it is selected: -

a) perform its usual function of biasing half the cores,
b) perform the additional function of cancelling the effects of
the automdtic "O" bias on the other half of the cores.

This cancellation is readily accomplished by having the "1® winding in addi-
tion to biasing its half of the cores in the matrix, send its current in the
opposite direction through the other half. Fig. 2 shows a diagram of the pro-
posed scheme.

Let us examine the 2° flip-flop and its associated windings. The
"O" winding automatically biases cores L=7. If the "0" side of the flip-flop
is on, the "1" winding is not pulsed and we have the desired result. If the
"1" side of the flip-flop is on, the "1l® winding is pulsed. This means that
cores 0-3 are biased and cores L-7 receive current which tends to cancel the
automatic bias of the ®"0O" winding. We therefore have cores 0-3 biased and
L-7 unbiased, which is the desired result. The other digit flip-flops and
windings may be seen to operate similarly.

The total number of bias drivers used in this system becomes n
"1" bias drivers, one "O" bias driver where the usual magnetic matrix switch
has n "1* bias drivers, and n "O" bias drivers. For a large switch this pro-
posed design cuts the number of tubes approximately in half.

: The main disadvantage of this system is that it requires the cancel=-
lation of currents within a core. Added noise on non-selected cores or possi-
bly unequal outputs for different selected cores may result from differences
in currents assumed to be cancelling. It also requires an increase of some=-
thing less than 50% in the total number of turns on the switch.

An incidental advantage is that the buffers which are normally turned
on by the flip-flops and which actually drive the ®0" and "1" windings need
not be gated drivers in order to be off during the period when the switch is
not in use. Since there are no buffers hanging on the "O" side of the flip- -
flop we can simply set all the flip-flops to the ®™0" sid€ during the periods
when the switch is inoperative.

Signed ,
Approved kj&J\j?:D
JR:th s W.N. Fapian
cc: Magnetic Memory Section
D.R. Brown
Nate Edwards (IBM)
K.H. Olsen

ttached drawings: SA 5553L
sy,
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Digital Computer Laboratory
Massachusetts Institute of Technology
Cambridge, Massachusetts

SUBJECT: PROPOSED SENSE WINDING FOR A 6L x 64 MEMORY PLANE
To: W. N. Papian

From: W. J. Canty

Date: July 23, 1953

Investigation of the optimum sense winding geometry of a 64 x 6l
memory plane indicates the following:

l. If a single sense winding per plane is to be used the
present MTC type geometry should be used.

2. If multiple sense windings are to be used, the best
geometry is one in which an equal number of cores in
each sense loop is distributed along each of the X and
Y coordinate lines. '

To enumerate on the second conclusion:

A multiple sense winding geometry has been proposed which
consists of dividing the memory plane into four equal parts as shown in Fig. 1.

/|
cF

Figo 1

The MTC type sense winding is to be wound into each section. An analysis of
this type of geometry indicates that the expected delta noise in the sense
winding containing the addressed core will be 1/2 of that expected from a
plane using a single sense winding.
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If the memory sense winding was divided into 2 sections per plane
as shown in Fig. 2 it is seen that the expected delta noise in the sense wind-
ing containing the addressed core will be 1/2 of that from a plane using a
single sense winding.

Thus by using a sense geometry as shown in Fig. 2 only two sense amplifiers
per plane would be required whereas four sense amplifiers per plane would be
required with the geometry of Fig. 1 and yet the expected delta noise would
be the same from both. -3

The proposed method of winding the sense winding is shown in Fig. 3.
This type of winding has the air-flux-pickup cancelling qualities of the MTC

Type array.

Figo 3 c C’
D ED’
Winding #1 Winding #1 Winding #2 Winding #2
Section A Section B Section A Section B

Signed:%”- / g
Approved: N7 :

WJC/rmb
N H. T lw‘_ ‘
Group 62 aS Cedi'vn Qﬁ\ce'(:s

Magnetic Memory Section
war 63 Secton Cliets
D, /2 Brow w .

CcC:
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Division 6 - Lincoln Laboratory
Massachusetts Institute of Technology
Cambridge 39, Massachusetts

SUBJECTs RESULTS OF TRANSISTOR LIFE TESTS:JUNE 1952 70 APRIL 1953
Tos N. H. Taylor

From: D, J. Eckl

Date:  July 28, 1953

Abstract: This note describes the reaction of a limited number of
transistors, manufactured over a year ago, to a series
of a=¢c, d=c, and shelf life tests. The tests ran for
approximately 5000 hours, The number of transistors which
were available for the tests is too small to make meaning=
ful calculations of expected life from the data obtained,
The transistors employed were the Bell 1698, GE Gl1lA, and
a few RCA TA-165. ' The Bell transistors in general with-
stood the tests far better than the other types. This is
not surprising since Bell had been producing transistors
for a much longer period of time., The GE and RCA tran=-
sistors used were from initial (or nearly so) experimental
production runs,.

The tests involved a total of 91 transistors, not counting
the immersion tests, and there were 1l failures, In the
a=c tests there were 3 failures in 29 transistors during
5000 hours of operation, In the d-c tests there were 5
failures in 32 transistors. The shelf life tests produced
1 failure in 15, and the elevated temperature test 5 fail-
ures in 15 at 60° C (140° F), All 15 transistors in the
water immersion test failed. These results are good when
it is remembered that: 1) many of the tests were intended
to be destructive tests, not tests under normal conditions;
and 2) many of the transistors used were by necessity of
somewhat poor quality.

1.0 Introduction

As soon as transistors became available in quantities, the
question of their 1ife in circuits became of interest. Small signal
A. F, amplifiers were among the first applications and life tests were
started on circuits of this type. Figure 1 illustrates tests used to
obtain life data described by Mr. E. Shower on a visit to this labora-
tory. The small signal A.F, amplifier shown in Figure la was the basis
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‘ of this test. Normal dissipation was set at 140 mw. End of life was
defined as the point where the power gain dropped 3 db, A large number
of amplifiers were operated in an accelerated life test at 200, 250, and
350 mw and the average life was calculated from the number of survivors
after a given time as shown in Figure 1lb. Using this data, the half
life for 140 mw dissipation was obtained from the extrapolated curve
zhown in Figure lc. The result gave a life expectancy of about 70,000

our'se

A recent a.rticlel in the IRE based on 20,000 hours of opera-
tion, indicates that the half life should be somewhat in excess of
70,000 hours,

In contrast to this highly satisfactory picture there were
scattered reports in the spring of 1952 of shelf lives of only a few months.
The difficulty was attributed to humidity and presumably moisture penetra-
tion of the plastic impregnation,

As a restlt of this and other problems and in particular in the
face of conflicting claims, it was felt that life-test data should be ob=-
tained in this laboratory. Modest tests were started in the summer of
1952, At this time, there were two serious obstacles to the operation
of satisfactory life tests: 1) Lack of sufficient number of transistors
which could be allocated to such tests; 2) Somewhat poor quality of
those units which were available, Nonetheless, tests were started and

. the results of 5000 hours of these initial tests are presented below:

2,0 A<C or Dynamic Life Tests

There were 3 dynamic tests which involved the active operation
of the transistor. The blocking oscillator and pulse amplifier tests
were expected to take a heavy toll. The counter test was intended to
give some idea of life in normal operation.

2,1 Blocking Oscillator Test

This test employed 5 Bell 1698 and 5 GE GllA transistors
in the circuit of Figure 2. It was intended to be a destructive test
since blocking oscillators of this type had a reputation for producing
transistor failures. The test was introduced to show the effects of high
emitter and collector peak currents on transistors. The waveforms pro=-=
duced by the blocking oscillator age shown in Figure 3. The test was run
for 5500 hours with only 1 failure® which occurred abruptly at 4,000 hours.
A list of parameters before and after is given belows:

1 Morton, J.A., "Present Status of Transistor Development®, Proc. IRE
40, 131k, 1952.

e Since some of the transistors which were of necessity used in the test

‘ did not meet our specifications (see M-1800), the definition of failure is
somewhat doubtful. It was decided to assume that a failure occurred if a
parameter changed by 50%. In most cases when a unit does fail, a change of
this magnitude will suddenly occur,

Ry st osELe . R s oL Sl L
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Blocking Oscillator life test datas
Bell 1698 Transistors: 5500 hours 1 failure
a P (K ohms) Vc3h (volts)
Transistor 1 F I F g F
B"212 208 2.9 20 19 009 008
B=235 2:2 2.6 21 18 1.3 Lk
B"2h5 3 01 3 .2 29 27 1.1 103
B=262 2.7 2.9 215519 1.0 09
B-195 i 0% i R 59 0,6 2,2 Failed at L0O0OO hrs,
GE GllA Transistorss 5500 hours failures
a Pas (K ohms) chh (volts)
Transistor - SIS 7 P = F
W‘”ls 20’4 203 | 19 15 009 loo
w=2l 35 3.6 23 20 1.2 o9
T=55 Le3 3.8 15 % 0.7 0.8
V=78 21 29 i S 15 1.2
U=k6 3.5 345 bl 25 07 07

The trend in these parameters over the duration of the test
is shown in Figures L4 and 5, Some of the other tests show less change,

The only significant result’'is a decrease in average Tio of about 2K
for the Bell units and 6K for the GE units.

2.2 Pulse Amplifier Test

The pulse amplifier life test used 5 Bell and 5 GE tran-
sistors in the circuit of Figure 6. This test was designed to drive the
collector heavily into saturation. The driver circuit shown in Figure 7

3 T and F stand for Initial and Finalyrespectively
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operated at a 100 kc/sec repetition rate and produced a pulse 1 psec wide
and 45 volts in amplitude. This produced an emitter current of 4.5 ma
and a collector current of 8 ma. The pulse output at the collector was
15 volts., The test ran for 5300 hours with no failures. The parameter
values before and after the test are tabulated belows

Pulse Amplifier life test data:
Bell 1698 Transistorss L4800 hours.

a oo (K oﬁms) chh (volts)
Transistor X F I F it F
B-110 3.0 3.2 20 16 0.9 0.8
B=127 25 e 8. » 281 L
B=123 1.9 23 Ly 36 257 1k
B=122 2b T 2.8 . G & e 08
B=92 20 . 3 s Ry 0.8 10

GE Gl1A Transistors: L800 hours.

T (K ohms) vCBh (volts)
Transistor I F I F 7 F
Y-78 2,0 2,1 <ol 1.3 - 1.2
U=-23 .Y SIS F e 1.3 “1.4
W66 2,0 1.8 b % 4 9 3.0 1.8
2=29 2.5 20l 18 16 1.0 1.0
V=82 3.0 3.0 . ¥ B 11 1.0 0.9

The only significant change was a decrease in average r of 6K
for the Bell 1698 transistors and 8K for the GE Gl1lA transistors.

2.3 Three-Stage Counter Life Test

The three-stage Jacobs coun.terh shown in Figure 8.was
operated for 5200 hours to test transistor life in counter circuits.

“ Jacobs, J.F., "A High-Speed Counter Employing Transistors", Digital
Computer Laboratory Report, R=21l,
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There were 3 flip-flop circuits using a total of 6 transistors. No
failures occurred in these circuits. In addition, one amplifier and
two gate stages were used. The amplifier failed at 2600 hours and
one of the gates failed at 1400 hours. Replacements for each lasted
until the end of the test. The counter was driven at 200 kc/sec by
the vacuum tube blocking oscillator shown in Figure 9. A tabulation
of the parameter data for this test follows:

3 FF stages:

Bell 1698 Transistors: 5200 hours; no failures.

a e (K ohms) chh (volts)
Transistor I F I F I F
B-239 2.5 245 23 20 1.0 1.0
B-22); 3.0 3.0 20 19 1.0 0.9
B-201 2.9 3.0 19 217 Q.9+ 0.9
B-288 3.3 3k 20 16 0.8 0.8
B-207 3.0 3.0 ¥l - 1.0 1.0
B-232 3.1 3.1 17 & 1.0. 1.2

1 Amplifier stage: 5200 hours.

Bell 1698 Transistory, Transistor Products 2C.

a 4 (K ohms) .3y (volts)
Transistor I F I F I F
Failed to operate
B-291 2.6 2.3 31 16 1.8 3.0 .4 2600 hours.

C-332 4.0 4.0 4o 28 0.8 0.8 Replacement; op-

erated 2600 hours.
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2 Gate stages: 5200 hours.

Bell 1698 Transistors:

a e (K ohms) chh (volts)
Transistor I F 1 F 1 F
B-2).|.8 3.5 306 23 19 008 008
B“‘191 305 203 17 25 0.6 6.2 Failed at ].)4.00 hrs.
B-1L46 ko6 o2 19 =319 1.0 1.1 Replacement; op-

erated 3800 hours.

Both transistors which were used in the pulse amplifier showed a
large decrease in r_ . This circuit was originally intended to stretch a
0.1 psec pulse and $Re 0.2 psec pulse provided by the driver may have been
too wide., The flip-flop circuits showed a change in r__ of about 2K with
other parameters unchanged. If this rate is assumed +8%be constant, it
would take some 25,000 hours for rco to reach 9K, the minimum for the circuit.

3.0 D-C or Static Life Tests

Three static life tests, in which d-c voltages were applied to
determine the effect of certain operating points on the life of the tran-
sistor, were set up. These included a cut-off test, a saturation test, and
a maximum dissipation test.

3.1 The Cut-Off Life Test

This test was operated for 5500 hours with 9 transistors: 5 Bells
and ) GE's, The circuit is shown in Figure 10a. Two RCA TA-165's, which
did not become available until after the start of the tests, were operated
for 3700 hours. One GllA failed at 550 hours. The approximate ratings for
the test were:

collector current 1 ma.
emitter current 10 pa.
collector dissipation 2L mw.

emitter dissipation 60 pw.

The initial and final parameter values are given on the next page:




Memorandum M-2325

Cut-off life test data:

Page 7 of 15

Bell 1698 Transistors: 5500 hours; no failures.

a A (K ohms)
Transistor I F I F
B-55 2.9 2.6 26 22
B-285 247 2.7 22 22
B-218 3.2 3.2 2k 20
B-266 3.1 3.1 19 27
B-66 2.6 2.6 2k 20

GE GllA: 5500 hours; 1 failure.

a . (K ohms)
Transistor I F I F
W-11 3.0 201 3 =
V-85 2.l 1.7 €15 15
v-91 2.7 2.2 16 16
T-73 2,5 1.0 2k k4O

RCA TA-165: 3700 hours; no failures.

a (K ohms)
Transistor I i } R
5521 2.5 204 k2 36
5528 3.6 3.kt 60 50

v o3l (volts)

I F
10 1.8
B R T
0.8 0.8
1d 10
1.k 1.4

\703,4 (volts)

I F

T 1.6

2.3 2.6

1.3 - 1.5

1.1 8.3 failed at
550 hours

I F

1.8 1.8

Tl 1.2
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In the case of the Bell units the main change was an average
drop of about 3K in r_ . The GE units showed a drop in a, the average
value going from 2.7 €8 2.0. The RCA units had an average decrease in
r.o of about 8K.

3.2 The Saturation Life Test

This test was operated for- 5500 hours with no failures. The
circuit is shown in Figure 10b. The approximate ratings on the test were:

collector current 9.2 ma
emitter current 9.2 ma
collector dissipation 15 mw
emitter dissipation 5e5 mw

The parameter data follow:

Saturation life test data:

Bell 1698 Transistors: 5500 hours; no failures.

a e (K ohms) Vc3h (volts)
Transistor I F R, I F
B-251 2.4 2.7 b { Sl ¢ 0.9 0.7
B-276 2.4 2.9 - 25 1.5 - &k
B-65 2.3 2.5 23 17 1.h 1.k
B-80 343 2.l 21 15 0.9 1.
B-229 2.h 2.6 16 1 T R

GE GllA transistorss 5500 hourss no failures

a P (K ohms) vCBh (volts)
Transistor I F I F I F
T-51 245 2.l il p % " P
U-31 RSO o SRR S g 2.8
W-30 2.2 1.7 a8 8 e 39
W-59 4.6 58 s X 18 %l

Z"2S 1.9 200 29 15 109 107




Memorandum M-2325 Page 9 of 15

The average r__ for the 1698 transistors decreased 6K. a
increased about 0.3 in 891 cases except one, where it dropped 0.9. In
the case of the GE units the data is less exact, but rco decreased.

3.3 The 120 mw Dissipation Test

This test was set to give approximately 120 mw dissipation in
the collector of the transistor, as shown in Figure 10c. There were 1l
transistors in the test which lasted 5300 hours. There were L4 definite
failures: 1 Bell at 500 hours; 2 GE's at 500 hours; and 1 RCA at 500
hours. All of these had an excessively low r_, which is associated
with excessive power dissipation or Moverfo g". In the case of the
other units % also changed considerably, making these borderline
failure cases., In almost every case the major change took place in
the first 500 hours and no further change occurred. Apparently the
drop im r_ _ brought the transistor out of the excessive dissipation
range. -

The ratings for the test were:

collector current - ~~ 5 ma
emitter current ~~ 1.3 ma
collector dissipation 120 mw
The parameter data follow$. All these units remained in the

test for the full time. After the "failure"™ at the time noted, no
further significant change took place.

120 mw dissipation life test data:

Bell 1698 Transistors: 5300 hours

a oo (K ohms) vCBh (volts)
Transistor I F I F I F
B’271 205 209 17 9 lou 100 fail.d ‘t
B-2h2 2 ol 2 05 LI.O 21 2 oh l ° 8 500 hours
B’61 206 256 26 13 100 009

B-177 3.2 3.3 30 15 0.7 0.6
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GE GllA: 5300 hours

a T (K ohms) Vth (volts)
Transistor I F I F I F
v-22 2.5 2.5 o 1 1.k 1.4 failed at
U-28 i R - 19 12 3, 1.2 D00 hours
T-81 1.k 1.k 2, 16 2.0 2.0
U"eh 302 203 Q5 8 1.0 1.0
-3l 2.5 2.8 25 12 1.1 1.0 failed at
500 hours

RCA TA-165: 5300 hours

a e (K ohms) Ves) (volts)
Transistor 1 F I F i F
5549 2,2 2.7 A 1.2 1.8
5663-A 2.2 1l.h 3 . 1.8 »10 failed at
500 hours

The collector dissipation of 120 mw used in this test is
apparently high, although this is about the maximum quoted for the
experimental transistors made at the time of the test. Some tran-
sistors now available commercially (RCA 2N32) have a 50 mw maximum
rated collector dissipation.

4O Shelf Life Tests

Two tegts of this type were made, one at normal temperature and
the second at 60°C.

4ol Room Temperature Shelf Life Test

The main purpose of this test was to show the effects of
ordinary humidity on stored transistors. The test lasted for 7000
hours from June '52 to April '53 and therefore covered a wide range
of temperature and humidity conditions. Figure 11 shows temperature
and humidity readings from September 152 on. No data was available
previous to this time. The parameter data follow:
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. Normal temperature shelf life test data:

. Bell 1698 Transistors: 7000 hours; 1 failure.

a " (K ohms) v03h (volts)
Transistor I F I F I F
B-202 2.6 2.4 27 2k 1.4 1.k
B-210 2.7 2.7 ok 22 W0 PO %7
B-21L 2.7 2.6 21 16 : 155 i A
B-223 2.5 1.9 2, 18 1.7 7.8 failed within
B-228 2.9 3.0 2y 23 1.3 1.0 1000 hours
GE GllA: 7000 hoursy; no failures.
a e (K ohms) Veal (volts)
Transistor I F i F I F
Tly2 1.8 1.6 12 1k 2,0 2.8 removed after
U-17 o e 17 16 1.2 1.2 2900 hours
U-53 1.5 1.k 26 20 97 S A
Y-16 2,0 1.9 50 50 1.9 2.0
Z=lh 2 2.l 36 31 3 303

RCA TA-165: 65200 hourss no failures.

a i N (K ohms) v03h (volts)
Transistor I F I F 1 F
5331 2,0 2,5 30 Lo 16 13
53hk 243 : 2.5 T BEER 1.5 0.9
5356 2.5 2.9 23 28 3.3 1.0
51,05 2.2 2.2 23 25 i P
sh2l 2,2 2.0 25 30 g3 fa




Memorandum M-=2325

The trend here again seems to be a decrease in r
in the case of the Bell and GE units.
an average increase of LK in Tl

.2 Elevated Temperature Shelf Life Test

Page 12 of 15

of 2 to 3K
However, the RCA tréfisistors show

The shelf 1ife of transistors at a temperature of 60°C (140°F)

was also measured.
of the tests at normal room temperatures.

Elevated temperature shelf life data (60°C)

Bell 1698 Transistors: 5600 hourss 1 failure.

a ", (K ohms) VCBh (volts)
Transistor 1 F I F I F
B=-203 2.8 2.4 22 ~- % 0,9 4 1.0
B-217 2.6 1.0 hr 2 1.9 $10
B-225 3.6 3.0 22 & O R
B"213 2.5 202 23 16 la7 2.8
B“’282 202 108 <15 12 102 1.2

GE GllA: 5600 hours; 2 failures.

a oo (K ohms) vc3h (volts)
Transistor I F % F 4 F
T"69 106 103 hé 39 105 800
U"61 201 200 19 23 105 3¢h
U-80 2.3 202 p & SRR . 1.3 ke

Failures were considerably higher tham in the case
A list of the data follows:

failed at
200 hours

failed at
2900 hours
failed at
3700 hours
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RCA TA-165: 3800 hours; 2 failures

a o (K obms) vc3h (volts)
Transistor I F I F I F
5707 2.3 2.2 Lo 39 2.0 7.2 failed at
5711 2.8 Ko 32 ol g AR s
570l 2.5 2.9 36 34 PR T R
5705 2.5 2.3 60 la 0.8 9.4 failed at
5TLT 2.7 LAy 60 L5 9.y Fpg PPP AR,
5719 2.0 9.0 28 28 S S
5721 2.7 2.9 b6 Lo 2,2 2.0

The Bell units showed a slight decrease in a and no -definite
trend in the r  change. The one Gll which did not fail showed little
change. The RER units showed a slight increase in a and an average drop
of 6K in ool

o3 Water Immersion Life Test

This test was intended to be an extreme humidity test and was
expected to be hard on transistors. All units in the test failed, showing
that the transistors tested were not moisture proof. At the start of the
test the curve tracer was not available, and checks were made by measuring
d-¢ parameter values. Failure was therefore considered to occur when a
significant change occurred in the parameters or when drift became too
serious to make measurements., However, it seems likely that actual circuit
failure would occur before this. The result of moisture is to produce
hysteresis in the characteristic curves as shown in Figures 12, 13, and
1}y, which show all transistors before and after the test. These curves
also #end to drift considerably. The parameter data for this test and
the time of failure are given on the figures.

5.0 Summary

The table on page 1l gives an overall picture of the test and
its results. In general these results were better than expected. The
transistors which were available were not the best quality and some had
previously undergone the rigors of thermal testing. The tests were in-
tended to be severe yet the majority of the transistors were not seriously
affected, The most prevalent change was a decrease in the value of e




Memorandum M-2325 Page 13 of 15

RCA TA-165: 3800 hours; 2 failures

a . (K oms) chh (volts)
Transistor I 1% F I F
5707 2.3 2.2 Lo 39 2,0 7.2 failed at
5711 2.8 2. Lo 32 18 L 29 e
5701 2.5 2.9 36 3k 0.k 1.5
5705 2.5 2.3 60 la 0.8 9.4 failed at
5717 8.7 % 5k 60 LS O T g i
5719 2.4 2.0 28 28 18 22
5721 2.7 2.9 46 Lo 2.0..2.0

The Bell units showed a slight decrease in a and no -definite
trend in the r  change. The one Gll which did not fail showed little
change. The RER units showed a slight increase in a and an average drop
of 6K in oot

lis3 Water Immersion Life Test

This test was intended to be an extreme humidity test and was
expected to be hard on transistors. All units in the test failed, showing
that the transistors tested were not moisture proof. At the start of the
test the curve tracer was not available, and checks were made by measuring
d-¢ parameter values, Failure was therefore considered to occur when a
significant change occurred in the parameters or when drift became too
serious to make measurements. However, it seems likely that actual circuit
failure would occur before this. The result of moisture is to produce
hysteresis in the characteristic curves as shown in Figures 12, 13, and
1}y, which show all transistors before and after the test. These curves
also send to drift considerably. The parameter data for this test and
the time of failure are given on the figures.

5.0 Summary

The table on page 1l gives an overall picture of the test and
its results. In general these results were better than expected. The
transistors which were available were not the best quality and some had
previously undergone the rigors of thermal testing. The tests were in-
tended to be severe yet the majority of the transistors were not seriously
affected. The most prevalent change was a decrease in the value of o
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Type Significant
of Transistor Test  No, No. Avg, Time  Change **
Test Type Hours Units Fail, at Failure a r v

co c3ly
Blocking Bell 1698 5500 5 1 4000 - =2K
0sc., GE G114 5500 5 0 St M
Pulse Bell 1698 4800 5 0 = - =K
Ampl., GE GllA L1800 5 0 oo - =8K A
P
P
Counters R
FF Bell 1698 5200 6 0 oo = =2K E
AVMP Bell 1698 5200 3 1 2600 = coe c
GT Bell 1698 5200 2 “ 1400 = moe I
A
B
Cutoff Bell 1698 5500 5 0 S = =3K L
GE Gl1lA 5500 L 1 550 ol === E
RCA TA165 3700 2 0 B - =8K
Satura=
tion Bell 1698 5500 5 0 came - =6K c
GE @& 5500 5 0 m - S
A
120 mw Bell 1698 5300 N 1 500 - =16K g
GE GllA 5300 5 o 500 - =8K E
RCA TA165 3500 2 1 500 - oo
Shelf
Life Bell 1698 7000 5 1 1000 = =3K
GE Gll& 7000 5 0 oo = =2K
RCA TA165 5200 5 0 oo - #4K
El, Temp, Bell 1698 5600 5 1 200 - coo
GE Gl1A 5600 3 2 3300 - -
RCA TA165 3800 7 2 3800 - =6K
Inmer- ‘ *
sion Bell 1698 ———— S 5 1600 .
@ Glll G o 5 5 1000*
RCA TA165  ==== 5 5 2200
106 29

% These times are probably high since failure was based on d=c¢ point measurements

#% This does not include units which have failed.
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This is normally expected when operating conditions are exceeded; but in
some cases where ratings were not exceeded the same result was observed.
There was very little change in other parameters.

There were two serious difficulties involved in the tests. The
number of satisfactory transistors was not sufficient to make a good
statistical analysis of results. The test equipment available during
most of the tests did not allow as full a study of the transistors as
desirable. In particular, the curve tracer was not in operation at that
time.

Signed:

Approved:

DJEstl
Distribution 2

Drawing Noss

&-55546 C=51509
A=55550  A=55555
A=55547  A=55720
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A=555L9  A=55723
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Division VI = Lincoln Laboratory
Massachusetts Institute of Technology
Cambridge 39, Massachusetts

SUBJECT: SWITCH=CORE DESIGN AND POWER LOSS

To: N. H. Taylor
From: Jo Raffel
Date: August 7, 1953

Abstract: Criteria for the design of switch cores to be used in a magnetic-
matrix switch are established. Core loss is shown to depend only on
the average value of net ampere-=turns excitation if certain
assumptions are made about memory requirements and switch construction.
Temperature effects on core output are discussed, and the problem of
heat dissipation is considered. Comparison of 2 ferrite and 1
metallic core materials show the latter superior;, and specifications
are given for a metallic core which should be capable of driving a
magnetic memory without ceoling although such operation would
probably be marginal under the worst possible operating conditions.

Introduction

The principal problem in the design of a magnetic-matrix switch has
been essentially that of designing a saturable core transformer to
provide a current pulse specified in shape and amplitude into a
specified load. The latest 32-position switches represent the
results of efforts in this direction.

Of late it has become necessary to recall that the core in the
matrix switch is really a device for distributing blocks of energy,
often at very high repetition ratesg that the losses in the core

are considerable; and that heating is a problem of great importance,
since magnetic cores are in general temperature-sensitive components.

I. Excitation and Core Output

The voltage output from a core is a function of the flux in the core
and the net ampere-turns linking it. Two voltage waveforms of interest are
shown in Figures 1 and 2 with the corresponding excitations which produce them.
The first corresponds to driving with a current source (the case of a memory
core, for instance). The second corresponds to a voltage=-source drive which
might be used to produce a flat-topped pulse from a switch core. (This assumes
perfect coupling which is approached in most square-looped materials.)
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The total energy loss in a core being switched is expressed by:

t
We fo° Nipgy Vat (1)
where V = g’? is the rate of change of flux in the core and T is the switching
time.

For constant i or constant v, the two cases considered abeve, this
reduces to

WeN, AR (2)

where A€ is the total flux change of the core switching and NIpet is the time-
average value of Ni, .i. The d-c hysteresis loop for a square-loop material is
shown in Figure 3. We recall that the change in flux is given by the area of
the veltage pulse on a single turn linking the core. It is immediately apparent
from an examination of Figures 1 and 2 that the d-c loop does not give an
accurate account of the operating point of the core under pulsed conditions.

If it didy, the time response could, of course, be predicted from the shape of
the input current pulse and the d-c¢ loop alone.

It is also clear that the energy loss of a core switching under
pulsed conditions is not given by the area of the d-c loop, but rather by the
area of the appropriate pulsed loops drawn roughly in Figures 5 and 6 for
constant current and constant voltage drives, respectively. (In drawing these
it was assumed that there was no flux change on the rising edge of the current
pulse.) The added energy may be thought of as going into relaxation and eddy-
current losses. / .

For rise times used in the magnetic-matrix switch the assumptions
made above are well justified; at worst they give a slightly exaggerated
estimate of the energy loss in the core.

II. Switch as Used with Memory

The requirements for a memory of the coincident-current type
using MF-1326, F=-291, cores are:

1) 12 :1/2 amps
2) Ro = 6l ohms;
3) Driving-current shape as shown in Figure L

These conditions are imposed because:

1) The current amplitude must be half that necessary

to switch a core;
2) The resistive termination must be such that the
back voltage of 32 memory cores switching will be small compared to the total
voltage across the secondary of the switch core. The back voltage for 1

memory core is about 0.l volt; for 32 cores, 3.2 volts. If we assume thgt a
change in secondary current of less than 10% due to back veoltage is required,

then:




Memorandum M-23L8 Page 3

I,Ry= 10 x 3.2 volts

Rp = 32 = 6L ohms
172

It is possible that this estimate of IoRp may be too low since it
would allow for a 10% dip in the current pulse from the switch core. For a 2%
change, for instance, the switch-core ouput would require 150 volts or a termi-
nating resistance of 300 ohms.

Two switch cores must be pulsed each time a memory address is to be
selected. Since one core must supply pulses to all memory cores with the same
x (or y) address, it is possible that a single switch core may be required to
produce outputs many times in succession for certain programs. If we assume
a total read-write cycle of 10 microseconds, a single switch core may be
operating at a prf of 100 kc for a considerable period of time. In any case,
conservative design demands that such a contingency be provided for.

ITI. Switch=Core Design

In switch=-core design, three relations governing core operation
must be kept clearly in mind. We can formulate them as follows:

Ny A2 = I RoT (3)
AT = (1) (L)
T = g(Ninet) (5)
where T is the output-pulse length;

Rp is the secondary resistance;

NIpet = N1I - N2I2 (capitals indicate time-average
values).

Equation 3 is merely a particular example (for a square pulse) of
the general equation which states that the area of the secondary voltage pulse
equals the number of secondary flux linkages.

It is important to note that I>R,, and T are usually specified before-
hand in switch design; therefore the product NoAEis fixed and represents a
prime design criterion.

Equation L states that the total flux change depends only en the
input ampere-turns. This is true only if the secondary pulse is allowed to go
to completion before the input current pulse has ended. The functional
relationship is best expressed graphically. The curve is much the same in
shape as the familiar magnetization curve for iren except that the entire curve
is shifted by a constant amount along the NI axis. This shift is an indicatien
of the square-loop characteristic of the material. Its shape of course depends
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on the particular square-loop material being used. Curves for MF-1312, F-262,
for MF-1131, F-262, and for me-Permalloy L-79 1/h mil, 1/4-inch wrap are shown
in Figure 7. 1In order to eliminate inequalities in output due to pulse-sequence
sensitivity arising from unequal biases on different cores, the switch is
generally designed to operate in the saturated region of the AX vs N1I; curve.

Equation 5 says that the switching time T depends on the net ampere-
turns linking the core. This expression, unfortunately, is the one most
difficult to evaluate explicitly. In order to obtain this data, the core with
its secondary open-circuited is excited with a low-impedance source. This
yields a flat-tep voltage pulse on the secondary and the driving current gives

a direct measure of Ninet'

We can use the three equations above (with their corresponding graphs)
and certain constraints impesed by memory-driving requirements to outline the
steps to be followed in designing a switch from any given core material. If
it is assumed that NyI; is limited by tube and construction restraints to
some maximum value and that I,, Rp, and T are constants fixed by the memory,
the design procedure is as fellows:

1. Determine NI .4 for the value of T required;
2. Find Ny from the equation Np = N1I - Nlnet where all of
I
the quantities on the right side ef the equation are now fixed;

3. Determine the A Erequired fromAE = I,R,T ;
N2

L. Calculate the height of the core needed te supply the
necessary A€ frem the magnetization curve for the material.

For these assumptions, then, switch-core design and the consequent
power loss are fixed. Core loss may now be expressed as a function of NIpe
alone using the results obtained above. ‘

H = NInet OAI

2
= NIpet I2R2T (6)
N1I3- Nlpet

This last equation shows that core less depends only on NIpet and
that its variation with NI is more than linear since NI,et appears with a
minus sign in the deneminater of the second factor.

It was stated above that the design was completely fixed once we
assumed a fixed value of NI which was the largest physically obtainable.
This was done, since increasing NjI; to its maximum tends to decrease core
loss as shown by Equation 6, above. It may be desirable to redgce N;Il in
order to place less of a lead on the driver tubes. Such reduction will cause
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the losses to increase, and some kind of compremise between high driving current
and high core less will have to be made. At present, heating seems to be the
predeminant difficulty so that maximum driving ampere-turns will be used in
subsequent calculations in this memorandum.

IVe Core Less

Temperature effects on core output

Tests on different materials show the same general effects of
temperature on output waveform as shewn in Figure 8. It is impertant te note
that variation in eutput with changes in temperature is net a discontinuocus
pheonemenon but eccurg_threughout a large range of temperatures. In the range
from =20 C te 100 G, pulse amplitude increases and switching time decreases
fairly linearly with incremental increases in temperature. It seems reasonable
to define workable temperature limits in terms of the greatest difference in
core temperature which can be telerated in a switch. We will call this tempera-
ture AU and note that it should be ne less than the difference between the
maximum core temperature (core being pulsed at 100 kec) and the ambient tempera-
ture. The allowable AU will be determined by hew much variation in output wave-
shape we can tolerate and will depend on the core material used. We arbitrarily
1imit variations in core eutput to switching-time change no greater than 0.2
micresecond (out of total length of 2.5) and amplitude change less than 3%.

Heat dissipation EE core

Once the maximum power less in the core has been determined as well
as the allowable temperature rise and the area of the core, it is convenient
to formulate a measure of the required amount of heat to be dissipated per
degree centigrade per unit surface area of material. We denote this required
ceefficient of heat transfer by h; the defining equation is:

" i

where Q is the maximum p‘wor (at 100 ke);
A is the free surface area; and
AU is the allewable temperature rise.

The results of ceeling tests in still air and with small-fan cooling
are shewn in the curves of Figure 8. They indicate thaa maximum values of h
obtainable with still air are about 0.025 watts per in “per degree centigrade;
with a concentrated blast of air frem a small fan, an h of O.l4 watts per in

2per degree centigrade.

It is apparent frem the above analysis that the problem of heat
dissipation is a direct function of the material used. The two most impertant
factors are NIpet (which alone determines core loss) and AU (the allowable
temperature rise in a core), both of which vary greatly for different materials.
A third factor whose effect is not quite so easy to estimate is the flux per
unit volume of material. In order to make a reasonable comparisen between
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different core materials it is necessary to assume that any core material
could be redistributed so that the over-all dimensions would be comparable fer
different materials. It is also necessary to assume some maximum fixed height
of core material (imposed prebably by wiring restrictions). Otherwise the
material ceuld always be stretched out to give enough area to provide the
necessary dissipation. If all the materials then are of the same height, the
flux per unit volume for each will determine the required outside diameters for
each, assuming the inside diameters are unchanged. This outside diameter will
then give a measure of the free surface area for cooling for each material. The
assumption is made that ceoling in the switch only takes place at the surface
lying on the outside diameter.

_ When considering heat dissipation frem a core the tacit assumption
has been made that there was no temperature gradient within the core and that
cooling was merely governed by the equation:

Q = hAAT

However, it is clear that the larger the difference between inside and outside
diameters the less valid this assumption of uniferm core temperature. It would
therefore seem desirable to include in any comparisen of materials a measure

of the difference between inside and outside diameters which will be denoted by
®L®, For this comparisen, L is not measured on the original core but rather on
the "redistributed® core obtained by making cores of equal height and required
total flux with inside diameter unchanged. The results of this comparison
between three materials on the basis of h and L appear in Figure 10 in tabulated
form. A maximum core height of 2 inches is assumed. Maximum NjI; is assumed -

to be about Li.0 ampere-turns.

The table indicates clearly the advantage of metallic cores over
ferrites from the point of view of power-dissipation problems. Other properties
which make it particularly desirable for switch-core applications are squareness
of loop and saturability of the/\ ®vs NI curve which lead to reduced noise and
greater uniformity of output, respectively. The results tabulated in Figure 10
show that the metallic core will require about 1/10 the cooling of the ferrite
core. It also shows that with simple fan cooling a mo-Perm core having the
follewing specifications should be capable of driving a memory without signi-
ficant change in output due to core heating: -

Tape width 2 inches
Inside radius 3/32 inch
Outside radius 00128 inch
Material 4-79, 1/L4 mil

With natural convection (still-air cooling) such a core would still proeduce
outputs with less than 0.3 microsecond variation in pulse length and less than

3% change in amplitude.
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V. Conclusions

A search for new materials should follow along the lines suggested
by the analysis given above, the main criteria being fast switching time (low
net ampere-turns for a given switching time), insensitivity of output to
temperature change, and high flux per unit volume of core material.

The mo-Perm 4-79 had values equal to or better than any other cores
tested for these three factors. These values are .75 ampere-turns for 2.5 micro-
seconds switching time (from open-circuit test), 90 C allowable temperature
rise, and about 30,000 maxwells per cubic inch.

It is important to realize that the energy dissipated in the core
is directly proportional to the output power (Equation 6) and that as a result
the lesses go up directly with the terminating resistance on the secondary.
The heat-dissipation problem will become more and more serious, therefore, as
the current regulation is impreved through higher secondary resistance. Recent
tests with linear transformers indicate that extremely goed regulation may be
required in which case the core less could be increased by a significant facter.

Signed:

Approved{

JIR/rb

cc: QGroup 63 - Staff
A. P. Kromer - (IBM)
Magnetic Memory Section - Staff
D. Shansky
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Division 6 = Lincoln Laboratory
Massachusetts Institute of Technology
Cambridge, Massachusetts

SUBJECT: DURATION AND RESISTANCE OF SHORTS IN THE TUBE TYPES 6145 AND 5965

To: J. W. Forrester
From: 8. Twicken
Dato: August 14, 1953

ABSTRACT: Vacuum tube shorts are caused generally either by loose particles
or by some mochanical defect. The laboratory shorts tester is capable
of detecting a cathode to control grid dead short in about 1 usecond
and one of 100K olms in about 8 yiseconds. Like shorts betwseen other
clectrodos require a somewhat longer duration for detection. A special
test Lo determine distribution curves of duration and resistance of
shorts in the 6145 and 5965 was performed. The laboratory shorts de-
tector appears capable of definitely picking up 90 per cent of the
flicker shorts observed with 4 per cent marginal and & per cent
incapable of detection. This 6 per cent probably does not constitute
e potential source of trouble.

INTRODUCTION

Vacuum tube shorts are caused generally either by loose pearticles, usuvally
lint converted to carbon during procossing, or by some kind of mechanical or structual
defect such as enlarged holes in the supporting mica spacers which allow movenent of
electrodes, deformed elements which reduce nominal spacings, or poor welds. Under
shock or vibration the lint particles may move about shorting the tube clements, or
there may be actual movement or deflection of electrodes which cause them to short
one another, or both. As herein used, a "short" exists without any applied shock.

A "bap short" is induced by irpact and continues for at least some tenths of seconds
after the impact. A "flicker short" is ore which is induced by irpact but which
lasts no more than soeveral milliseconds. Shorts must also be defined in terms of
their resistance. In addition the intensity of impact must be specified as prt of

the description of & short.

Tep and dead shorts are of no excepbtional concern in measurements since
they can usually be detected by aeny equipment designed to d etect the shorter duration
flicker shorts. Flicker shorts have been observed ranging in resistance [rom zoro
ohms to a megolm or more and in duration from 3 to 1000 microseconds or more. Ideally
the minimum acceptable resistance should be determined by the minimun resistance
which gives unreliable circuit operation e.g., a grid to cathode flicker short of
5 megohms will not cause enywhere near the trouble of one of 5000 ohms. This c:iterion
is, of course, not practicelly feasible when circuit applications are varied. The

sroblem of minimun daration is of the seme nature .
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THE LABORATORY SHORT TESTER

The detector currently in use on the Model II Tube Tester, the design of
which is due in large part to H.B. Frost, detects resistances up to about 3 megolms
in 3-4 milliseconds and a dead short in a few microseconds. Its resistance~time
characteristic for cathode to control grid shorts is shown in Figure l. The
characteristiéc for shorts between other elements is displaced upward somewhat so
that & suppressor grid to plate short of one megohm.can be detected in 100 micro-
seconds while a dead short between those electrodes can be detected in about 2
microseconds.

The method of detection is shown in Figure 2. A string of 2D21 thyratrons
is hung on a voltage divider between ground and a negative supply voltage, the grids
of the thyratrons being about 14 volts more negative than the cathodes and normally
cut-off. There is a 60 volt difference in potential between adjacent electrodes of
the tube under test. A hypothetical short is shown between cathode and control gride
The current through this resistance makes the grid bias of V1 less negative due to
the voltage drop across the parallel combinations of resistors in the grid circuit
and if this current is high enough (short resistance low enough),.n will fire and
the neon light in its plate circuit will indicate a cathode to control grid short.
Similarly, a short between any two electrodes will cause the thyratron of the more
negative electrode to fireo.

The tube under test, in a horizontal position, is rotated about its
longitudinal axis by a reversible motor whose direction of rotation is changed
every 360° by a cam on its shaft. During one test cycle the tube makes a 360°
rotation clockwise and then.returns to its initial positions While the tube is
rotating, it is automatically tapped about every 90Y of rotation by a solenoid
tapper. Thus, on the shorts test, 'the tube is tapped eight times. The inten=-
sity of impact is variable and is set at about 50g as measured with a Gulton
A-314 accelerameter. The indicating circuits are of the lock-in type, i.e.,
once & thyratron has fired and a neon light indicating a short is turned on, it
will remain on until the foot switch initiating the cycle is released by the
operatore.

SPECIAL TEST METHOD

A program was recently undertaken to determine the distribution of short
duration and resistance in two cammon tube types, the 6145 and 596568 first, to
discover whether any troublesame shorts are incapable of detection by the current
equipment; and second, to obtain much needed information on these distributionse 1
The tubes were tapped manually with a reasonable facsimile of a MIL= approved tappere
This econsists of a 6 inch long rod with a cork head which is swung through an arc
of 2 inches. With manual tepping, the intensity was not as uniform as that of the
sutomatic tapper and was greatere The circuit schematic for this test is shown in
Figure 3. A short between control grid and any other electrode produces across the
1K load resistor a voltage which is fed into the scope and used to trigger the sweepe.
A Polaroid Land camera was used to record the results. It was not possible te
photograph every short because of the randommness of occurence of same shorts,

1
Military Specification MIL~E-1B, Amendo. 1
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especially those caused by moving lint. It was necessary to cause the tube to short
a sufficient number of times for the scope sweep speed to be set to an appropriate
value. The camera was then closed up, the shutter opened and the tube tapped until
a short occured, a short being indicated by the switching over of a 2° counter whose
input came from the "Gate Output™ of the scopeo

TEST DATA

Lot 12

A lot of 179 61456's rejected by the automatic tapper for shorts was tested
by this method. Séventy-one tubes showed tap or dead shorts while flicker shorts in
twenty-three tubes were recorded on film. TUnfortunately, the number of tubes which
shorted only once or twice and could not be photographed was not recorded. As
measured by the accelerameter previously mentioned, the tubes were given an impulse
of about 50=-860 g. lasting 500 mseconds. Distribution curves of duration and resis-
tance of the shorts are shown in Figures 4 and 5. In the case of tubes with
multiple shorts only the one of longest duration is plotted, since the shorts
indicator should be able to detect the longest short produced by any given tube.
All signals definitely attributable to tube flicker shorts were of 10 ‘psec. duration
or longer, with the median about 100 igsec. The median of the resistance distribution
is about 100K olms. 8ixty-five per cent of the shorts fall between 30 and 300 psece
durations Tubes with tap or dead shorts sometimes show spikes of a few tenths of
microseconds on impacte Since the shop equipment will not detect shorts of less than
one psecond duration, it is important to note that these short spikes were found only
in tubes which had been picked up as dead or tap shortse.

Lot 22

Ninety~three 6145's which had passed the shop test were tested. Results
are shown in Table I,

TABLE 1

No shorts - 7
Shorted once
Tap shorts-
Flicker shorts

Total 93
% showing no shorts 80%

Ianl-'tO

Distribution curves of duration and resistance of the flicker shorts are
shown in Figures 6 and 7.

In view of the randomness of some shorts and the increased accaleratipn
on this test, the figure of 80 per cent exhibiting no shorts is felt to be fairly
goode The thirteen taep and flicker shorts on retest on the automatic tapper

showed only four failurese




Memorandum M-2349 Pege 4 of 5

Lot 3

One hundred and ten 5965's rejected for shorts at incoming inspection
were tested. Results are shown in Table II.

TABLE II
No shorts 45
Tap shorts 156
Shorted once 16
Flicker shorts 29
Dead shorts 5
Total 110

Distribution curves of duration and resistance of these shorts are shown
in Figures 8 and 9. The intemsity of tapping on this test was about 150 ge The
short of least duration observed was 9 puseconds with the exception of ome tube
showing spikes of a few tenths of microseconds. There is some question as to
whether this one was in fact a short or only socket noise as was experienced with
same other tubes.

The median here again is about 100 usece Seventy-onme per cemt of the
shorts fall between 30 and 300 pseconds which is quite similar to the 6145 distri-
‘ bution (Fige 4) wherein 65 per cent of the shorts fall between the same duration
limitse.

Lot 4=

Twelve 5965's were tested as a separate lot, seven of which had failed
at initial test for shorts and five for low plate current. Of the seven rejected
for shorts, four were found and recorded on filme Of the five rejected for low
current, one shorted once, one showed an intermittent tap short, and one showed
a flicker short. It should be noted again, however, that the intensity of tapping
on this mamual test was higher than that on the automatic tapper by about 50 per cent.

Lot 52

Ninety-nine 5965's which had been passed by the autamatic tapper were
tested. Results are shown in Table III.

TABLE III
No shorts 90
Flicker shorts 5
Tap shorts 4
Total 99
% showing no shorts '91%
. Again in view of the randomness of the nature of some shorts and the

inereased scceleration on the manual test, this figure of 91 per cent is felt
to be rather goode
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CONCLUSIQN

Of sixty-five flicker shorts whose resistance and duration were recorded ,
only four lie below the curve of Figure 1 in the region where they are theoretically
incapable of detection by the testér; three additional shorts are marginal .
Resistance and duration of these four shorts are shown in Table IV.

TABLE IV
Resistance (Approx.) Duration
0.8 mehogm 25 Hsecs
: 0 "
- 10 *
0.16 " Ry

The intermittent-short detector is capable of detecting about 90 per cent
of the flicker shorts observed with about four per cent marginal and six per cent
incapable of detection. Whether this six per cent represents a potential source of
trouble is open to considerable question.

The distribution curves of short duration are quite similar for the two
types tested. For dimensional comparison, the cathode to control grid spacing of
both tubes is about five mils while the control grid to plate spacing of the 5965
. is about 1l mils and the control to screen grid spacing of the 6145 is about 14 mils.

Only four flicker shorts were observed with a resistance higher than
750K ohms. This campares quite favorably with a recommendation by the Armour
Research Foundation® to set 750K ohms as the maximum value to be considered a
short. On the other hand, they recamménd in the seme report setting 100 micro-
seconds as the minimum duration to eliminate false indications of shorts, caused
by extraneous transients in the system. This is not borne out by our tests on
the 6145 and 5965 which show about 55 per cent of all flicker shorts lasting less
than 100 microseconds. This descepancy may have been caused by the difference in

impulse length, 500 pgseconds in these tests but one millisecond jn ;,he Armour teste.
Signed \()-
S Twifhken
Approved & Al L LS

Encs A 55385 (Fig.l) H. Weinwright T
A 55386 (Fig.zg
A 55387 (Fig.3
A 48440 (Fig.4)
A 48436 (Fig.5)
A 48437 (Fig.63
A 55433 (Fig.7
A 48439 (Fig.B;
A 48438 (Fig.9

2 prmour Research Foundation, Project No. 90=568E, Report No. 88
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Division VI - Linceln Laboratory
Massachusetts Institute of Technolegy
Cambridge 39, Massachusetts

SUBJECT: SENSING WINDING GEOMETRY

To: Ne Hs Tayler
Fromg Jo Raffel
Date: August 6, 1953

Abstract: The difference between the minimum wanted output (a system ONE)
and The maximum unwanted eutput (a system ZERO) is the same fer
a winding which threads the cores so that each half of the
memory plane has a different polarity as it is for one in which
all the outputs add.

Intreductien , L;;‘Q

.. ; This memerandum concerns itself with the analysis of the signal ;

{i and noise in the present sensing winding and in a proposed winding, and will '/ |
not consider other asseciated facters such as plane construction, sense ok
amplifier design, etce.

Present Sensing Winding

When the first magnetic memory planes were being designed, before
any detailed work had been done to determine the exact nature of the half-
selected eutputs which might appear in an array, the assumption was made
that these veltages were approximately uniferm and independent of the previous
histery eof the core. This led quite naturally to a sensing winding geemetry
which tended to have the half-selected outputs cancel. This was accomplished
by having the winding thread the ceres in a diagenal fashien se that ceres in
twe halves of the plane were threaded in eppesite directions. The wiring
scheme is shewn in Figure 1. With this type of winding it turns out that all
but twe half-selected outputs are of canceling polarities. i

Since the construction of these first planes a good deal ef ,
information has been obtained about the types of half-selected eutputs which
can appear on the sense winding. The eriginal assumptien ef equal outputs
frem all half-selected cores is ne longer justified. It is logical therefore
to reconsider the preblem of sensing winding geometry. The term ®*canceling®

& will be used to describe the present winding and "additive®™ will be used te
. describe that propesed which will thread the ceres in such a way that all the
: eutputs appear with the same pelarity en the winding. : :
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‘ The fellewing definitions will be used belew:
(A1l definitions are for values at stroke time)

hy
hg
81

')

ZEROpax

ONEpin

the maximum eutput pessible from a half-selected core,
the minimum output possible from a half-selected ceree.
the minimum output frem a selected core containing a ONE.
the maximum output frem a selected cere containing a ZERO.

the maximum sensing winding voltage when a core containing
a ZERO is selected.

the minimum sensing winding veltage when a core containing'
a ONE is selected.

(h1= ho)

ONE,qn = ZEROpax
2

Fer an nxm memory containing n® ceres the follewing results may be

seen te held:

Canceling
ONE, = 81-2hy = (n=2) 5
ZEROpex = Sg-2hz + (n-2) O

D

= 81-89-2(n-1) &

For additive

ONEpip, = 81 #+ 2(n=1)h,

ZEROpay = 8p *+ 2(n-1)hy

D

= g1-80~ 2(n~l) 5
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The difference between the minimum wanted output and the maximum
unwanted eutput is the usable signal, D. Since this difference is seen teo
be the same for the two systems, it would seem that a re-evaluatien of the
canceling winding is needed to determine if it really buys anything,
especially since plane construction and amplifier design are affected se
strongly by the sensing winding geemetry. !

Signeds ‘ W
J. alrle

Appreved:

. Paplan

JR/rb

ccs QOroup 63 - Staff
A. P. Kromer - (IBM)
Magnetic Memery Section - Staff

Drawing: A-51628
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SUBJECT:
To:
From:

Date:

Abstract:

: Page 1 of 7
DIGITAL ___ . _ MOC FIIE
L MILVUAd ﬁd’h&_

Division 6 = Lincoln Laboratory
Massachusetts Institute of Technology APR & 1962
—Gambridge 39, Massachusetts

TESTING THE MAGNETIC~CORE MEMORY SYSTEM IN A COMPUTER

N. H. Taylor

B. Widrow

September 18, 1953

A working memory has a "safe" operating region in a multidimensional
space whose coordinates consist of the significant operating
parameters of the memory. Errors occur only with excursions of

the operating point outside the safe volume; such excursions result
from failure of the surrounding equipment to remain perfectly

'~ stable. The optimum operating point is determined by the nominal

settings of all the parameters which permit operation with a
minimum of errors. Reliability is then defined as the ratic of
the number of memory cycles to the number of errors. This is,
to-a very close approximation,the reciprocal of the probability
of the operating point to drift from its optimum setting into
the region outside the safe volume.

The specific problems of finding an optimum point and evaluating
the reliability of the 32 x 32 MTC memory have been facilitated
by reduction of the number  of significant variables to two: the
driving current and the common bias of the sensing gate tubes.
Optimum conditions were L75-ma X, Y, and Z driving currents

(1/2 In) and -30-v gate-tube bias. Since the probability dis-
tributions of the variables are not known, reliability can only
be evaluated by optimizing the adjustments of the system and
maintaining count of its errors.

i Genefal Problem

A system affected by n parameters will in general operate

as long as these variables are set to correspond to some point within a
mgafe™® volume in an n-dimension space whose coordinates are these parameters.
If the system is a computer memory, the shape of the operable volume in

the n-dimension space will depend upon the computer's program. This volume
will henceforth be called a "shmoo."

Memory-test programs are usually cyclic and do not work on

®live" incoming data. This type of program always "does the same thing"
to the memory. A practical program dealing with input data that may be
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continuously changing is, from the memory's point of view, like a very

large number of programs. The word program will now be considered from

the memory's point of view, so that it refers to a given information pattern
stored and acted upon at certain PRF's.

The surface of a shmoo for a given program may be obtained
by varying a parameter between the lower and upper bounds over which
operation is possible, while the other variables are fixed. This is repeated
for many values of the ™fixed"™ variables. Then a new parameter is picked
as the one to be varied over operation limits, and the process is repeated.

Two shmoos corresponding to two programs will most probably
overlap in the n-dimension space and share a common volume. If a volume
exists that is common not only to two shmoos but to every possible shmoo,
then the memory is a working memory. Operation within the common volume is
error free. Errors occur only upon transient excursions of the operating
point outside the common volume; such excursions result from failure of the
surrounding equipment to remain perfectly stable.

let us define the nominal optimum operating point as that
point in the n-dimension space at which, for the given surrounding equipment,
a minimum number of errors occur on a long-term basis (allowing many programs
to be worked). The problem is to find this point and, at this point, to
determine the reliability of the memory. The stability of the surrounding
equipment and the tolerances of the memory itself are both involved in this
problem.

A. Experimental variables

If the memory operation is a function of only two
variables, a two-dimensional shmoo may be simply obtained for a given program.
If operation depends upon 3 variables and data is taken for 5 points of each
variable, 5 two-dimensional shmoos are needed. If, on the other hand,( 2)
operation depends upon n variables and each is varied over 5 points, 5\%°
two-dimensional shmoos are needed to specify the operating space for each
progranm.

Among the variables affecting the 32 x 32 MTC memory
are the X and Y read-and-write driving-current magnitudes (128 of them);
digit-plane driving-current magnitudes (17 of them); rise time and pulse
duration of these currents; strobe time; sensing-amplifier gains (17 of them)s
sensing-gate-tube bias; and temperature. Hence the total number of variables
lies between 10 and 170 depending upon how one weighs and counts. At any
rate, 5 n-2 experiments per program for an almost infinite number of

programs is staggering.

B. Optimum settings and reliability

Assume for a while that the information concerning
these variables is available. How can it be used to determine an optimum
operating point in multidimensional space and to allow the calculation of
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a figure of reliability?

It will be assumed that the number of errors made
on a long-term average basis will be proportional to the number of excursions
of the operating point outside the common volume. This assumption, that
errors are just as likely to occur as a result of crossing the safe surface
at one point as at any other, must be made in the absence of specific prior
knowledge of the programs (and their respective shmoos) to be handled by
the computer. Each parameter may be described statistically in terms of a
probability distribution that peaks at the nominal setting. For given settings
of the n parameters, the probability of the operating point being at a given
point in the n-dimensional space is the product of the n distribution amplitudes.
This over-all probability function, a scalar field, is the joint probability
of the n independent parameters. The problem of finding an optimum point is
one of maximizing the probability that the operating point will be within
the safe volume. The surface of the safe volume may be approximated by some
equation while the distributions of the parameters may be approximated by
analytic functions. The maximizing done on a formal basis will only require
differential calculus, but will involve the lengthy procedure outlined below.

"safe® n-dimensional volume —
in space whose coordinates
are the independent variable ,

MN
PWi-4%) Plagagl) - ( AJ;) is the probability of the operating point

being at any point ’b( e ,,) when the variables are nominally set

at aAno, AL Af‘

The probabiiiéy of being within the safe volume is:

P [ PO Pl ag) o P ny) o oo

Pis only'a Tunction of A, 47% ' A5° and is to be maximized. The
optimum point 13 now found from %he simultaneous equationss
2P o SR e L o S
= O Al R
N, / oMy A SV

A more practical and no less precise procedure is
that of trial and error. Here again knowledge of the n-dimension shmoos
and of the statistics of the parameters is necessary. How a trial and error
process may be instrumented in the absence of such precise knowledge will

be considered below.

II. An Engineering Answer for the 32 x 32 MTC Memory

A. Finding optimum point

1. Reduction of number of variables.

To make the first important reduction, let §ll the
driving currents be identical in magnitude (1/2 I,) and let this magnitude
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be a single variable. The X and Y currents should be identical by symmetry,
and a limited amount of experimental data shows that the Z current magnitudes
are best when they are the same as for X and Y. This is not sufficient,
however, to justify the lumping of all currents into a single variable. It
is necessary in addition to show that all the currents simultaneously under-
go the same transient excursions from the nominal 1/2 I,. The X and Y
currents would exhibit this as a result of power supply transients. However,
the Z driver circuits are not the same as the X and Y circuits and so would
not experience the same transients. Also, variations may exist among the

Z driver units and among the X and Y driver outputs due to driving-tube diff-
erences. Actually the currents do not behave as a single variable. Although
the biggest strain on the memory comes from read-and-write driver currents
wandering in opposite directions, the circuitry is such that this possibility
is remote; the next biggest strain comes from all drivers drifting in the
same direction. Assuming a single driving-current magnitude thus leads to

an approach that is nearly the most conservative.

The memory performance varies considerably with
termperature. This will not be considered as a variable, however, because
it is fixed by the temperature of the air-conditioned memory space.

The 17 sensing-amplifier gains will not be
considered as experimental variables. They are not quantities that could
fluctuate rapidly; their sensitivity to power-supply fluctuation gives only
second-order gain variations. These gains are subject to long-term variation,
however, but this would doubtless be eliminated by system tune-up at
sufficiently close time intervals. If shmoos are taken and the gain (all
17 identical) noted, the shmoo that will result from a different gain can
be simply calculated from the first shmoo if one knows the gate-tube thres-
hold. It follows at any rate that complete information is obtainable from

data taken at fixed gain settings.

Operation of the memory depends upon current-
gate durations only when these gate widths are less than the time necessary
to switch the memory cores. The read-and-write gate durations may be
eliminated as variables if they are made sufficiently long.

As long as the current gates are of sufficient
durations, rise time on write is not important. Experiment shows also
that varying the read rise time between 0.5 and 1 psec has no effect upon
margins. Hence it is no longer necessary to consider rise time as a
variable.

2. Observe properties of remaining variables.

There are three remaining variables: driving-
current magnitude, strobe time, and gate-tube bias. The significance of
the single driving-current magnitude has already been discussed. Next to
be considered are the special characteristics of strobe time.

All times are measured with respect to some start
pulse which initiates the read gate into the read switch. The time of
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strobing is fixed relative to this pulse by delay-line amplifiers. The
strobe time could be pin-pointed if it were not for the fact that, for

the particular driving circuits used, the time after the start pulse when
the X and Y read currents begin flowing in the selected memory lines depends
fairly critically on power-supply voltages. The strobe time turned out to
be a significant variable whose value hardly needed to be changed over

wide variations of the other variables. For each driving-current magnitude
of an experimental run, the strobe time was adjusted to give maximum bias
limits. This procedure lead to the result that the strobe time needed only
to be increased by 0.05 psec as the driving currents were lowered from 500 ma
to 350 ma. The strobe time was set at 1.20 pusec with read current - rise
times at 0.5 psec thereafter.

The gate-tube bias is the last remaining variable.
Gate-tube bias limits give a measure of the size of the smallest ONES and
the largest ZEROS. The differences between these limits, very significant
quantities, are the differences between the ONES and ZEROS outputs and are
proportional to sense-amplifier gain.

3. Two-dimensional reduction.

Now the problem of finding the optimum operating
point is two dimensional. For a given program, let the bias limits be
plotted against driving-current magnitude where the strobe time has been
optimized. This gives a single two-dimensional shmoo per program (See Fig. 1).
When a sufficient number of shmoos have been taken for the various programs,
the overlap region may be found, as shown in Fig. 2.

PRIVING CURREMT PRIVING CURRENT

4~ g

h.zi Qi:::;;:::j;;a 2:2 oude
Wz P

~8 :m “ ”
< <

) ( / ¢ | ( g o

b

Fige Fig. 2

: The two-dimensional safe-overlap region together
with the characteristics of the driving currents and gate-tube bias are
sufficient to determine the optimum point. The gate-tube-bias probability
distribution should not only include the variations in the bias potent?al
applied to the.gate tubes but also should take account of any stray noises
appearing on the outputs of the sensing amplifiers that.are generated within
the sensing amplifiers. These distributions may be mgasured but.not very
simply. They may best be estimated and at the same time the opt?m?m point
should be selected. The decision as to where to operate for a minimum of
errors is not difficult in two dimensions and can be made with as close an
accuracy as the shmoos can be measured in the first placeo
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B. Reliability

Reliability may be conveniently defined as the
number of operations divided by the number of errors. This is a statistical
measure — a long-term average. Reliability is then the ratio of the
probability of the operating point being inside the safe volume to the
probability of the point being outside the safe volume. This is very nearly
the reciprocal of the probability of being outside the safe volume.

In a reliable system such as a magnetic-core
memory, it may be assumed that appreciable simultaneous excursions of two
or more variables from their nominal settings is a very much rarer situation
than that of a single variable deviating from nominal. Therefore, not much
conservatism will be lost if it is assumed that excursions of the variables
are mutually exclusive events. From the optimum point, each of the parameters
may be varied separately over finite ranges before the system fails. The
error probability is then the sum of the probabilities of each variable
being outside its safe range. The reciprocal of this sum' is the reliability.
These probabilities are difficult to obtain, but a feeling for the system
reliability may be achieved from knowledge of the allowable ranges of the
variables at the optimum point. These ranges at least give a basis for
critical comparison of various magnetic-memory systems and of the merits
of the various adjustments of a given system. \

" III. Experimental Determination for the 32 x 32 Memory in MTC

The procedures described above will be illustrated for the
32 x 32 magnetic-memory installation in the Memory Test Computer.

Fig. 3 shows two shmoos taken on the MTC memory-test
programs MP1l and MP28-2 (the ®inclworm"). MP1ll places all ONES or all
2EROS in a memory plane and operates on the memory at a low PRF. Most
of the computer time is spentin toggle-switch storage and the arithmetic
element. This program placed less strain on the memory system than the
high-speed program MP28-2 which had about the poorest margins of all those
tried. The safe overlap region for the 32 x 32 memory in MTC was roughly
the shape of the shmoo of MP28-2. The placing of the optimum point was
easy here because the tolerable ranges of both current and bias were
maximum and balanced at the same point. For this special case; no know=-
ledge of the variations in current and bias was necessary because the best
operating point biaswise also turned out to be the best operating point

currentwise.

At the optimum operating point, if each variable is allowed
to change while the others are fixed, the reliability of the memory alone
is ‘indicated by the following tolerances:

Driving currents 2154 at L75 milliamperes 85 F
Gate-tube bias 230% at =30 volts
Strobe time 215% (+0.2 psec) at 1.20 psec

Read-rise time Noncritical 0.5 = 1.0 usec
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As yet, the probability distributions of these variables have not been
measured. Monitoring these variables for deviations may give information
leading to equipment changes with subsequent improvement in reliability.
The reliability may only be measured at present by keeping count of errors
made over known numbers of memory cycles.

Only observations of the existing system have been con-
sidered thus far. Some recommendations may be made now for improving the
32 x 32 MTC memory installation. The time when the X and Y driving currents
begin flowing in the memory lines after the initial cycle start pulse depends
fairly critically upon the =300-v supply. Reducing this sensitivity will
improve reliability. It is believed that the margins on all programs could
be made as good, if not better, than those of MPll by improving the filtering
and shielding in the sensing circuits and making changes in the sensing
amplifiers to reduce PRF sensitivities. Photographs of voltage waveforms
on the sensing windings show that the sizes of ONES and ZEROS changed
negligibly with program. Delta noise is not a serious problem here; and
hence operating margins should not be greatly affected by the nature of
the program.

A considerable amount of experimental work was done by
R. L. West and F. R. Durgin of IBM. Their results are given in the IBM
report "An Experimental Evaluation of the MTC Memory System" and justify
many of the simplifications made here in arriving at a practical solution
. to the memory-adjustment and evaluatiqn problem.

Signeds Berere| ’t'//i'oir%"'

~

" Bo Widrow

Approved:

BW/rb |

CC: Group 63 Leader - & Section Chiefs
N. Edwards, ( ‘
Magnetic Memory Section
MTC Section
S. Dodd
N. Daggett

Ww. Limvill
R R. Evecett
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- Division 6 - Lincoln Laboratory
Massachusetts Institute of Technology
Cambridge 39, Massachusetts

SUBJECT: CLAMPED LOW-SPEED FLIP-FLOP FOR XD-1

To: N. H. Taylor
From: H. W. Boyd
Dates September 15, 1953

Abstract: This M-note is intended to describe, by the presentation of
characteristic curves and marginal checking curves, the operating
characteristics of the clamped low-speed flip-flop. This flip-flop,

| possesses those characteristics which should allow its use as an
. all-purpose low-speed flip-flop for XD-l.

1.0 General Characteristics and Applications

This flip-flop was designed to drive 2 ma of "AND" and ™OR"™ current,
| and extremely large capacitive loads. As are all circuits for XD-1l, this
unit is capable of operating within specifications with 50k back resistance
diodes and 65% unbalanced tubes (+25, =LO%).

|
As the total rise time (delay + rise time) is larger than the
total fall time, it is the determining factor in the flip-flop's total
transition time. The total rise time Rt (including a constant 0.1 pusecond
delay) can be calculated for any capacitive load by

Ry = 1.0 + C load (puf)
t °
SOu\u.?l usec

This assumes 50k diodes.

The maximum capacitive unbalanced load that can be reliably driven
is 320 pf (unf) on either or both outputs.

The input is specified by:

pulse width 0.8 to 0.12 usec.
amplitude 20 to LO volts
. polarity positive
(or negative by reversing input
xformer and mixing diodes)
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The only limit on the magnitude of a negative overshoot at the
input is that of the input diodes back-voltage. The maximum allowable positive
overshoot is 10 volts during that 0.3 psec immediately following the trigger.
The maximum allowable noise at the input is 5 volts (positive). When driving
gate=tubes that are to be sensed by 0.l usec pulses, favorable gate-tube
transfer characteristics® can be obtained by padding the flip-flop output to
160pf for each gate-tube to be sensed at any one time. The padding consisting
of gate-tubes and/or additional capacitance. The flip-flop has inherent delays
suitable for counting.

When driving gate-tubes that are to be sensed by larger pulses
(around 1.0 psec.), each gate-tube thus sensed should contain a lL.7k isolating
resistor at the suppressor grid. When the number of such gates approaches
around l; the suppressor resistance may be neglected and only the total capacitance
considered in computing rise time.

2.0 PRF Respohse

Figure 1 and 2 show the prf response characteristics of the flip-
flop. Figure 1 shows the effect of varying pulse width and prf, under the
most adverse conditions. These being complementing the flip=-flop at a
continuous pulse repetition frequency. Figure 2, taken with 0.1 psec. pulse
widths, shows the effect of capacitive load on the input prf response.

3.0 Output Waveform

Figure 3, "Qutput Waveform Characteristics," was taken with a LO volt
0.12 psece input. In this figure are plotted the variations in total rise,
total fall, upper delay, and lower delay times with variable balanced capacitive
load up to 320 pufds per side. The rise time curve is extended to 10,000
pufds in Figure L. Also in Figure 3 is plotted the total rise time curve
obtained with the most critical diode at a 50k back resistance.

4.0 Maximum Safe-Loading

Figure L indicates the maximum loads that the flip-flop can drive.
The flip-flop can drive an infinite capacitance on one side, but a maximum
capacitance of 3500 pf on both sides. These marginal checking curves were
taken at an input of 30 volts. The maximum safe load of the flip-flop, allow-
ing about a 25% reduction in margins, and hence tolerances, is 320 pf on one

side, 64O pf total.

5,0 Reliable Input-range and Loading

Figures 5 and 6 allow an approximate determination of the reliable
input trigger ranges and allowable reduction in margins caused by loading.

Figure 5 shows how margins are affected by the input trigger
amplitude, while Figure 6 shows how the most critical component's tolerances
vary with trigger input. Both curves suggest a linear relationship between
margins and tolerance.. Note that at an input of 20 volts the most critical

% The same as with the High-Speed Flip=Flop in counting applicationse.

AT L AV P AL Ot Ly R e PR L O N R SSeeE
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component has a nominal, no-load tolerance of about 17%. A full-load reduction
in margins of about 25% should yield a minimum tolerance of about 123, a not
too severe reduction.

6.0 Gate-tube Transfer Characteristics (0.1 psec.)

The gate tube transfer characteristics of a 0.1 usec. gate-tube
when driven by the Low-Speed Flip-Flop are the same as when driven by the
High-Speed Flip=~Flop in a counting application. (Low=-speed flip-flop output
padded to 160 pf.) The low-speed flip~flop delayed sensing characteristics are
identical to its coincident sensing (counting) characteristics.

7.0 Tolerances and Marginal Checking

Figure 77 is a plot of the variations in critical voltages with
unbalanced low I, tube sides. The critical voltages are the "on" tube's grid
voltage, E,7, the "off" tube's grid voltage, Egg; the cathode voltage, Ep, and
the lower output voltage level, E_'. One tube side was held at 25% above bogie
Iy, while the other was varied below bogie. The below bogie tubes were not
simulated, but were actual low I 5965's. A plot of the variations in margins
vs. low unbalanced tubes is shown in Figure §.

The rest of the marginal checking curves, Figure § thru | , are
self-explanatory. However, I might add that OS on the curves means marginal
checking on the opposite side of the flip-flop from which the component is
located, while SS is for the same side.

Signed: /%{ﬁ&qll

Heo W. Boyd /?’

e o e e

R. L. Best, Section Leader

Approved:

No Ho s Group Leader

HWB/rb

cc: Basic Circuits
D.J. Crawford (IBM)

D. Dossin L
N. Jackman "
R. Neinburg "
R. Randles "
J. Sanders "

Drawings attached:

SA=-56282
SA=L8L6T7 thru L8L77 (Fig.l - 11)
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