s . — : = =4

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

. Memorandum 6M-3107 Page 1 of 5
Division 6 - Lincoln Laberatory
Massachusetts Institute of Technology
Lexington 73, Massachusetts

SUBJECT: HIGH-SPEED CORE IRIVER

Tot Group 62 Staffy Group 63 Staff
Froms 8. Bl‘ld”i..
Date: Oc 21, 1954
Appreved:
e Neo ian
RZ (35
R. L. Best

Abstractt A high-speed core driver has been developed. The circuit con-
sists of two pulse amplifiers, a slave flip-flep, a buffer
amplifier (which has very rapid rise and fall times), and a
current amplifier (Fig. 1). The rise and fall times of the
output current pulse are approximately 0.05 microsecond. The
current pulse output is negative (as in the Mod V core driver)
N and its amplitude exceeds 1.5 amps (Fig. 8).

Introduction

A memory system in which the cores are switchnf by very large
currents, and therefore very rapidly, is being developed.”™ Work on this
system using the Mod V Core Driver has been frustrating, partially due
to the relatively slow rise time of this driver, and mainly because of
its extremely slow fall time.” It has been found that the cores switch
before the current through them has risen to its final value. The result
has been the inability to take any quantitative data on the operation of
the memory system. The solution may be a driver capable of rising and
falling more rapidly than the Mod V driver does.

Fig. 1 shows a block diagram of the core driver. The first
pulse is applied to Pulse Amplifier 1, which has two outputs from its
three-winding output transformer - one positive and one negative. This
sets the slave flip-flop whose output rises as rapidly as the rise time
of the applied pulse. The second pulse applied to Pulse Amplifier 2
clears the flip~flop in the same manner. A trapezoidal wave is applied
to a buffer amplifier which has the ability to rise and fall rapidly.

*It 1s necessary to switch the cores both during the rise and fall of the
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The low impedance output of the buffer amplifier is used to drive four
6CD6's in parallel. The output is taken from the plates of the 6CDé's

and is greater than 1.5 amps in the negative direction; it rises and falls
in less than 0.1 microsecond. This curreat amplifier stage is very much
like that found in the Mod V core driver.%s3

The outputs of the flip-flop and the buffer amplifier (Figs.
 and 6) are trapezoidal in order to achieve a rectangular current output.
The reason for this situation is the RC combination in the cathodes of
the current amplifier tubes (time constant = 0.1 microsecond). If the
flip-flop output were rectangular then the current amplifier would have
an overshoot (Fig. 9). The RC combination is required to prevent oscilla-
tions in the output.

Slave Flip-Flop

The fast eperation of the high-speed core driver (Fig. 2) is
due to the ability of the slave flip-flop to change states as rapidly as
the rise times of the input pulses (for 0.l microsecond input pulses, the
flip-flop can be set in 0,05 microsecond).

In the quiescent condition V2A is on and V2B is off. The out-
put voltage is taken from the plate of V2A, which is normally clamped at
=215 volts (in order to hold the current amplifier stage cut off).

The application of a positive 0.1 usec pulse at inmput 1 of
pulse amplifier 1, results in the lg‘plication of a positive pulse at point
A and a negative pulse at point B (Figs. 1, 2, 3). The diodes, CRl4 and
V3, pass these pulses and turn V2A off and V2B on rapidly, but only part-
ially. The switching operation finishes slowly by means of the feedback
loops. The reason for this peculiar mode of operation has already been
explained - -~ in order to achieve a rectangular current output, the flip-
flop output must be trapezoidal.

The waveform at the cathode of V3 (flip-flop output) is shown
in Fig. 4 (the dec. level is =215 volts). The waveform at the plate of
Ry is shown in Fig. § (dec. level is -1LO volts). This waveform has a
dent in it because the diode's recovery time is not zero (i.e. - some
time is required before the crystal diode can switch from the low forward
resistance to the high back resistance). A dent such as this could not
be tolerated in the output; and so a vacuum diode, V3, rather than a cry-
stal is used. The capacitance from plate and grid to cathode of the 5965
is large compared to that of a germanium diode, however, and this could
cause a dent in the output waveform caused by coupling of the pulse's
trailing edge (from A) through this capacitance to the output. Two sec-
tions in series minimize this effect, and the addition of C15 at their
junction helps further to eliminate the dent.

The flip~flop is switched back to its original (steady) state
by the application of a positive pulse at input 2 (Figs 3C and D show the
pulses at points C and D). In this case, a dent in the output of the flip-
flop (Fig. L) is of no consequence, due to the fact that the current
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amplifier stage is well cut off when the flip-flop is down. Thus CR5 may
be a germanium rather than a vacuum diode.

The current output is shown in Fig. 8. The amplitude is 1.8
amps and the rise and fall times are each about 0,05 Jpsecs

The amplituae of the output is controlled by varying the upper
clamp voltage of V2A fram -150 (maximum output) to =215 (no output). Un-
fortunately the amplitude control problem is not solved as simply as the
above indicates. In order to obtain a rectangular output pulse, the size
of the input pulse at point A must be carefully controlled. If the pulse
at A is too large, the output appears like Fig. 9; if it is too small,
the output is like Fig. 10. The reason for these distorted waveforms
follows: The leading edge of the trapezoidal flip-flop output is almost
the same height as the pulse at A. The output then approaches the clamp
voltage almost linearly. If the slope is too small (pulse at A too large)
then the grids of the 6CD6's do not rise as rapidly as their cathodes and,
as time progresses, the current output decreases to its steady value
(Fige 9). If the slope is too large (pulse at A too small), then the
grids of the 6CD6's rise more rapidly than the cathodes and the current
output slowly increases to its final value after the initial jump (Fig.
10). In the ideal case (Fig. 8), the slope of the trapezoid allows the
6CD6 grids to rise just as rapidly as the cathodes rise, resulting in a
rectangular output.

Thus; the method of varying the amplitude of the output wave
is to observe it and vary both the "amplitude control" (which sets the
upper d.c. level of the flip-flop output), and the "imput 1 control®
(which varies the sizes of the pulses at points A and B).

Fig. 11 shows a 0.1 psec, 2.1 ampere pulse output from the core
driver. This demonstrates the speed with which this circuit operates, for
the slave flip-flop has been set and cleared in about 0.1 psec.

Fig. 12 shows a 1.8 psec, 1.8 ampere square wave output. This
demonstrates the ability of the circuit to hold a fixed output for a rela-
tively long period of time, despite the necessity for using a peculiarly
shaped output from the flip-~flop.

Buffer Amplifier

The output voltage of the buffer amplifier used in this core
driver rises and falls rapidly (Fig. 6). When the flipflop output is
down (=215 volts), both the upper and lower tubes (VL) conduct fairly
heavily. The plate waveform of the upper tube is shown in Fig. 7.

Upon the application of the rapidly rising edge of the trape-
goidal wave to the grid of the upper tube, a large slug of current is
drawn, dropping the plate voltage of the upper tube to about =73 volts
(Fige 7)3 the lower tube is immediately cut off by the feedback arrange-
ment. This means that all the current drawn is used to charge stray wiring
capacity apd so the cathode follower output rises rapidly. Following this
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there is an increase in bias on the upper tube, and a resulting increase
in its plate voltage, turning the lower tube on again, but not heavily.
Part of the current now drawn centinues to charge the capacity (resulting
in the steadily increasing voltage of Fig. 6); the rest flows through the
lower tube.

When the input to the buffer amplifier suddenly drops, the
upper tube tried to go off, but the following circumstances prevent this
from happening. The plate voltage of upper tube rises and this results
in a large current flowing through the lower tube, whose grid is capaci-
tatively coupled to the plate of the upper tube. This current discharges
the wiring capacity, and so the output of the buffer amplifier is forcibly
pulled down. The upper tube cannot turn off completely because its cathode
falls almost as fast as its grid does.

The remainder of the circuit, the pulse up].:lfiorss and the
current alplifiorzﬂ, present no material that is not well-known, and so
no description is given of their operation.

It is to be noted that all waveforms shown were made using a
Tektronix 51l oscilloscope in which the input was taken directly to the
vertical deflection plates of the scope.

s Ty _Crafppr
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Attach: D-60687
A-47175
A-6068ly
A-60685
A-60686




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

6M-3107 Page S of 5
BIBLIOGRAPHY

l. Pradspies, Sydney, "A Magnetic Core Memory with External Selection",
MIT Digital Camputer Laboratory Memorandum M-2762,
April 6, 195k.

2. Boyd, Harold W., "Core Drivers - Model V and Model VI", MIT Digital
Camputer Laboratory Engineering Note E-523, Febru-
.ﬂ 10’ 1953.

3. Childress, J.Ds, "Core Drivers - Model V and Model VI Applications,
Limitations and Modifications"™, MIT Digital Camputer
Laboratory Memorandum M-2755, April 1, 195k.

b Boyd, Hareld We, "The Normalised Flip-Flop Chart", MIT Digital Compu~
ter %boﬂtory Report R-227, July 21, 1953, Ap.en-
dix IV,

S5 Pulse Amplifier Model B, Military Reference Data, Section 131, Basic
Circuits, MD 112, November 21, 1953,




bt - . iy

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

Memorandum 6M- 3107
DISTRIBUTION LIST

Lincoln: J. A. Arnow IBM: M. M. Astrahan
H. W. Boehmer P. A. Beeby
S. H. Dodd T. A. Burke
R. R. Everett J. M. Coombs
Ha Fahneltock R. P. Crago
J. W. Forrester J. He Fraser
J. V. Harrington Co F. LynCh
A. G. Hill C. F. McElwain
M. M. Hubbard R. L. Palmer
D. R. Israel A. E. Quick
J. F. Jacobs D. C. Ross
A. P. Kromer Je V. Schmitz
w- R. Hartin Do Bo Thompson
B. E. Morriss (1 reproducible)
R. E. Rader W. H. Thomas
W. H. Radford J. E. Zollinger
F. A. Rodgers
H., Sherman ADC: Col. O. T. Halley
N. H. T&ylor Col. E. F. Carey, Jr.
G. E. Valley Col. H. E. Neal
S. Van Voorhis
R. L. Walquist JPO: Col. R. Osgood
C. R. Wieser ~—  Maj. K. W. Gordon

P. Bragar (for PCO file)(2)

ADES: C. W. Halligan (3) AFCRC: Lt, Col, R, LaMontagne
J. H. Moore (2) Mr, W, J, Smith, CRRY
S. P. Schwartz Mr. R, F, Nicholson, CRRY
T. L. Albee
(1 reproducible) AMC: R, M, Paulson - Rome AFD
K. 0. Thorp
Ce A. Smith USAF: Mr, R, L, Crockett (AFCIE-CS)




— . W ' .

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.




o
2 LAWY 35Wd Y Ve
h S = r satew ™ .ﬂ .w. lav .H
_ !.Itul“ll:l.lnl.-!ﬂ”..l b H _ 3 . . t Ll : H )
- j - I.(‘S..l.s..tm)w”..w.tr)... - + 3 |
s ) e = | = | ¢ |
e | —
*E ™ |y

[ |
A : -y MW 2  F Ly L ..ﬁL 1 4 xmww.,.c..w
.....— 233% . T ._ .\ | A%

@ |

)

i

e 21
—
|

.1.
=i m
e — - L z
- A e
e ———— - T ©
=T b
<t Y S
< -
f =
)
-t

—ti

A..
o
O
o
L
%)
<
@
L
%)
<C
L
—
i
4
S
-
m
-
o
n'd
O
LL
a
L
>
o
04
o
o
<




e ———————— < I ———

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

A-4TI75

ﬂ n CURRENT
® OUTPUT

- > BUFFER e CURRENT —
AMPLIFIER ® AMPLIFIER

INPUT PULSE ﬂ @ ﬂ @

s SLAVE PULSE INPUT
—— AMPL;IFIER ol FLIP-FLOP AMPLMER

: ®
U® U o n

[ |

=0

FIG. |
BLOCK DIAGRAM OF HIGH SPEED CORE DRIVER
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15 VOLTS/CM

[

0.1 uSEC/CM

FIG 3A
VOLTAGE AT POINT A
CORRESPONDING TO FIG. 8

FIG. 3B
VOLTAGE AT POINT B
CORRESPONDING TO FIG. 8

FIG. 3C
VOLTAGE AT POINT C

CORRESPONDING TO FIG. 8

FIG 3D
VOLTAGE AT POINT D
CORRESPONDING TO FIG. 8
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IS VOLTS/CM

[

0.1 uSEC/CM

FIG. 4
FLIP-FLOP OUTPUT
(WAVEFORM AT CATHODE OF v3)
CORRESPONDING TO FIG. 8
DC LEVEL=-2I5 VOLTS

FIG. 5
WAVEFORM AT PLATE OF CR4
CORRESPONDING TO FIG. 8
DC LEVEL=-140 VOLTS

FIG. 6
BUFFER AMPLIFIER OUTPUT
CORRESPONDING TO FIG. 8
DC LEVEL=-2I10 VOLTS

FIG?
BUFFER AMPLIFIER PLATE
WAVEFORM
CORRESPONDING TO FIG. 8
DC LEVEL*=-27 VOLTS
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l-

1.5 AMPS/CM ‘

0. WSEC/CM

.5 AMPS/CM

-

0.3 uSEC/CM

FIG. 8
BEST CORE DRIVER OUTPUT
CURRENT (THROUH 10N LOAD)

FIG. 9
CORE DRIVER OQUTPUT CURRENT
(THROUGH 100 LOAD) WHEN INPUT
PULSE AT 1 1S TOO LARGE

FIG. 10
CORE DRIVER OUTPUT CURRENT
(THROUGH 100 LOAD) WHEN INPUT
PULSE AT 1 IS TOO SMALL

FIG. 11
0.l1#SEC CORE DRIVER OUTPUT
CURRENT PULSE

FIG. 12
1.8 SEC CORE DRIVER
OUTPUT PULSE



