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ELECTRICAL ENGINEERING DEPARTMENT 
MASTER'S THESIS PROPOSAL 

TITLE; A Trans i s to r ized Amplif ier-Discr iminator fo r Core Memory 
Output Sensing 

STATEMENT OF THE PROBLEM 

The information output of a co inc iden t - cu r r en t magnetic-core 
memory of the type used in Whirlwind I (WWI) and t h e Memory Test Com­
puter (MTC) i s e s s e n t i a l l y the presence or absence of +0 .1 -vo l t , 
1-microsecond pu lses a t spec i f ied t imes . The problem, in br ief , i s t o 
develop and cons t ruc t exper imental ly a t r a n s i s t o r system t o convert the 
memory output i n to t h e presence and absence of s tandard computer p u l s e s . 
In WWI and MTC, s tandard pulses a re 0.1-microsecond long, varying from 
+20 v o l t s t o +h0 v o l t s in amplitude; those in a proposed t r a n s i s t o r 
computer w i l l be about 0.1-microsecond long and between - 0 . 5 v o l t and 
-3 v o l t s i n amplitude. The techniques to be used i n a t r a n s i s t o r 
sensing amplif ier w i l l involve d i f f e r ence - s igna l ampl i f ica t ion , con­
vers ion of the p o s i t i v e and negat ive pu l s e s from t h e memory in to u n i -
p o l a r i t y pu l se s , conversion of t he se u n i p o l a r i t y p u l s e s i n to s tandard 
computer pu l s e s , and pulse-mixing techniques to a l low the use of 
mul t ip le sense windings in a memory p l a n e . Pre l iminary i n v e s t i g a t i o n s 
have i nd i ca t ed t h a t p r e s e n t l y a v a i l a b l e t r a n s i s t o r s are capable of 
handling the g rea te r p a r t of the necessary c i r c u i t r y . 

HISTORY OF THE PROBLEM 

Recent developments in Divis ion 6 of Lincoln Laboratory have 
led to proposa ls for the development of a new general-purpose computer. 
One of t h e primary ob j ec t i ve s in t h e design of t h i s system i s a r e ­
duction in s i ze and power requirements through the use of t r a n s i s t o r s 
wherever p o s s i b l e . In addi t ion , the p o t e n t i a l l y h igher r e l i a b i l i t y of 
t r a n s i s t o r s over vacuum tubes should u l t ima te ly r e s u l t in an increase 
in o v e r - a l l r e l i a b i l i t y of such a system. 

A 256 x 256 co inc iden t - cu r r en t magnetic-core memory w i l l be 
incorpora ted in the computer. As s t a t e d previous ly , the memory i n f o r ­
mation output c o n s i s t s of the presence or absence of +0 .1 -vo l t , 
1-microsecond pu lses a t speci f ied t imes ; these must be converted in to 
the s tandard pulses used in the computer. Four vacuum-tube sensing 
ampl i f i e r s have been designed in conjunction with 32 x 32 and 6h x 6U 
memories, but no e f f o r t s have been made thus fa r t o use t r a n s i s t o r 
c i r c u i t r y . 
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Pig, 1 - Mod. I Sense Amplifier Block Diagram 

The Mod. I va-"uum-tube sensing amplifier (Fig* l) has a 
single-ended input into three cascaded pentode amplifiers operating in 
a feedback loop. The third stage drives one side of a cathode-follower 
detector and a phase inverter which in turn drives the other side of 
the detector. The detector output can then set a gating circuit which 
is strobed, or sampled, at the proper time by a standard 0.1-microsecond 
pulse. 

In experimental setups, this amplifier may have been adequate, 
and it was used for a while in the WWI memory system. However, it 
finally proved unsatisfactory because of capacitive noise pickup by the 
sensing winding. Figure 2a shows the difference voltage across the 
sense winding with neither side connected to ground. The first pulses 
are ONEs being read out of a 128 z 128 memory plane; the pulses 
occurring about k microseconds later are OHEs written back into the 
memory plane, Figures 2b and 2c show the results of grounding either 
side of the sense winding The noise has increased considerably, and 
half of the OHEs have disappeared or at least seem to be greatly reduced 
in amplitude. 

Such a situation obviously requires an amplifier with a 
balanced input and common-mole rejection; these conditions may be 
achieved with a transformer or a difference amplifier. Accordingly, 
the Mod, II sensing amplifier was designed using triode difference 
amplifiers throughout as Indicated in Fig. 3- The output of four cas­
caded difference amplifiers drives a cathode-follower detector which 
In turn operates a standard gating circuit. 
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80 MV/DIV 
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F IG 2a 

SENSE-WINDING OUTPUT WITH NEITHER SIDE GROUNDED 
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I FIG 2b 

SENSE-WINDING OUTPUT WITH ONE SIDE GROUNDED 
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F IG. 2c 

SENSE-WINDING OUTPUT WITH THE OTHER SIDE GROUNDED 
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F i g , 3 - Mod. I I S e n s i n g - A m p l i f i e r Block Diagram 

With t h e Mod. I I a m p l i f i e r , a new problem a r o s e . The use of 
an inhibit winding for writing information into the memory greatly re­
duces the number of cathodes required for driving the memory, but oper­
ation of this winding disturbs nearly every core in the inhibited 
memory plane during the rise and the fa l l of the inhibit pulse* The 
summations of these disturbances result in pulses which may be as high 
as 1 volt, as shown in Figures ha. and lib,, By the time these pulses 
reached the fourth stage of the Mod- II sensing amplifier* they were of 
sufficient amplitude to cause blocking in this stage, 

A second problem was involved in the RC time constants of the 
interstage coupling circuits., These were originally 700000 microseconds 
but were later reduced to 1000 microseconds because of d i f f icul t ies en­
countered with extraneous low-frequency transients. In the case of a 
6U x 6U memory, C. Lasplna indicates that an RC time constant of 200,000 
microseconds would be preferable in view of certain pulse sequences 
which might occur*. 

Efforts to overcome these di f f icul t ies resulted in the 
Mod, III and Mod., IV sense amplifiers, The Mod. I l l unit was designed 
by the WWI group for use in the Wtfl memory. About the same time., the 
Mod, IV amplifier was designed for use in the MTC Both units incor­
porate a transformer input as shown in Fig, 5. 

• i 
Fig, 5 - Input Circuit of Mod. I l l and Mod. IV Sensing Amplifiers 

1. Laspina. C. A.- "Basic Circuits - Sensing Amplifier, Preliminary 
Specifications,- PB#20" M-227Uo Digital Computer Laboratory, M.I.T. 
3 July 1953. , — — ' 
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Since only u n i p o l a r i t y pu l s e s can appear a t t he output of t h i s cu rcu i t , 
i t i s followed by an a-c coupled ampl i f ie r with clamping diodes be­
tween s tages , which e l imina tes both t ime-constant problems and blocking 
d i f f i c u l t i e s . 

The pu l se transformer introduced i t s own d i f f i c u l t y in the 
form of recovery t ime. Since the vol tage- t ime i n t e g r a l a t t h e output 
of a pu l se transformer must u l t i m a t e l y be ZERO, app l i ca t i on of a 
p o s i t i v e pu l se a t the input w i l l r e s u l t in a negat ive overshoot, or 
v ice versa , as i l l u s t r a t e d by the s o l i d t r ace in F ig . 6. 

INHIBIT DISTURB 

6 - Pulse Transformer Overshoot and Recovery 

In the memory cycle, information pu l s e s follow the i n h i b i t 
pu l se s , but i f information occurs while the overshoot from the i n h i b i t 
pu lse i s s t i l l p r e sen t , erroneous data may r e s u l t . Consequently, i t i s 
d e s i r a b l e to reduce the recovery time in order to a t t a i n a minimum 
cycle time in the memory. Recent experiments by R. Z o p a t t i a t Lincoln 
Laboratory ind ica te t h a t the recovery time can be reduced t o about 1.5 
microseconds by connecting a few tu rns on the t ransformer across 1 or 2 
ohms of r e s i s t a n c e . This r e s u l t s in the dot ted t r a c e in F ig . 6 and 
does not seem to impair the q u a l i t y of the information p u l s e s . 

Vacuum-tube c i r c u i t r y has not y e t y ie lded a completely s a t i s ­
factory so lu t ion to the sensing problem. I t i s expected t h a t t r a n s i s t o r 
techniques , although poss ib ly in t roducing problems of t h e i r own, w i l l 
circumvent seme of the inherent d i f f i c u l t i e s of previous vacuum-tube 
des igns . 

PROPOSED PUN OF ATTACK 

Since i t i s immediately apparent t h a t any system of sensing 
w i l l r equ i r e a balanced input and common-mode r e j e c t i o n , t he approaches 
can be divided i n t o two c l a s se s , t ransformer inputs and d i f f e rence -
ampl i f ie r inpu t s . 
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An important factor to be considered in the design of the 
sensing amplifier is the total delay time throughout the unit. This 
delay is usually defined as the time elapsed between the peak amplitude 
of a ONE at the input and the peak amplitude of the corresponding 
standard pulse at the output of the unit. WWI and MTC have been de­
signed in such a manner that if a ONE has not arrived at the output 
of the sensing amplifier by a given time,, the computer assumes that the 
information is a ZERO. 

o 
STROBE 

STANDARD 
PULSE 

OUT 

Figo 7 - Transformer Input Circuit 

Figure 7 shows a c i rcu i t which could be used with a t r ans ­
former input. This c i rcui t has the advantage of extreme simplicity 
but involves the disadvantages of transformer recovery time and delay 
time through the transformer Experimental verif ication of the 
operational f eas ib i l i ty of the c i rcu i t should be a simple matter. If 
i t proves feasible, the major problem wil l be an investigation of the 
methods of reducing transformer recovery and delay time. 

The al ternat ive to a transformer input i s the use of a dif­
ference amplifier- A preliminary investigation has been s tar ted 
toward the development of suitable c i rcui t ry for t h i s purpose. This 
has revealed that the primary d i f f i cu l t i e s in such c i rcui t ry would be 
d-c unbalance because of parameter variations in the t rans is tors and 
d-c dr i f t . In th i s case,, the major problem would be an investigation 
of the techniques for minimizing these d i f f icu l t i es . 

If a satisfactory difference amplifier can be developed, ONE 
pulses can easily be changed to unipolarity pulses by the use of diode 
r ec t i f i e r s at the output of the c i r c u i t . Conversion of the 1-micro-
second memory pulses to 0.1 microsecond pulses wil l be attempted ei ther 
through the use of a two-transistor chain gate following the diodes or 
by gating the difference amplifier i t s e l f so that i t i s inoperative 
except during strobe time. Figures 8 and 9 show possible c i r cu i t s 
incorporating these methods. 
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INPUT 
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Fig . 8 - Difference Amplifier wi th Gated Output 
0 ~ v l 

OUTPUT 

OUTFUT 

Fig. 9 - Difference Amplifier Emit ter Gating 

A 256 x 256 memory plane w i l l probably contain a t l e a s t four 
sensing windings. A l l of the c i r c u i t s contemplated have been designed 
wiUi diode outputs t o allow these outputs to be mixed. In the case of 
t h e c i r c u i t of Fig. 9, for example, t h i s could be accomplished as shown 
i n Fig. 10. 

OUTPUT 

Fig. 10 - A Possible Mixing Scheme Using the Circuit of Fig. 9 
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A ONE in any winding w i l l turn on one diode which i n turn 
back-biases a l l other diodes, thereby discriminating against noise 
from the unselected windings. The previous c i rcu i t s are contemplated 
for use in a t rans i s tor computing system. Followed by a vacuum-tube 
power amplifier, they should be suitable for possible use in the MTC 
and WWI systems,. This i s the one instance wien vacuum-tubes would be 
necessary, as no available t rans is tors can supply a 0.1-microsecond 
pulse at a power level of 10 watts . 

PROPOSED PROCEDURE 

1. Experimental ver i f icat ion of the feas ib i l i ty of the 
transformer input c i r cu i t of Fig. 7 wil l be attempted. 

2. If th is c i rcui t proves feasible^ methods for minimizing 
transfoermer recovery and delay time wil l be analyzed. 

3<- At the same time„ investigation wi l l continue to develop 
a suitable difference amplifier for a sensing system. 

h« I f a satisfactory difference amplifier resul t s , the gating 
schemes mentioned w i l l be incorporated with the amplifier 
and evaluated. 

5. I f a 256 x 256 plane with multiple sense windings i s 
available., an experimental model incorporating the more 
satisfactory techniques will be bu i l t and tested* In 
any case* a model sui table for use with MTC will be 
bu i l t and tested. 

EQUIPMENT NEEDED 

All necessary equipment i s available from Lincoln Laboratory. 

ESTIMATED TIMB 

Preparation of Proposal 50 hours 

Further search of l i t e r a t u r e 20 

Experimental work and analysis 165 

Correlation of resul t s and 
formulation of deductions and 
conclusions hO 

Preparation of thesis 75 

350 
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