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Division 6 - Lincoln Laborator,y 
Massachusetts Institute of Technology 

Cambridge 39, Massachusetts 

SUBJECT: CORE DRIVERS - MODEL V AND MODEL VI 
APPlications, Limitations; and Modifications 

To: David He Brown 

From: J. D. Childress 

Date: April 1, 1954 

Abstract: (This memorandum supersedes Engineering Note E-523.1 ) The Model 
V and Model VI Core Drivers are standard test units which generate 
rectangular wave current pulses of variable amplitude, rise time, 
and duration. Model V supplies pulses negative-going from ground; 
Model VI, positive-going from ground. 

1.0 Specifications 

1.1. Dimensions: 

5-1/4 x 5 x 19 inches £or rack mounting. 

1.2. Circuits: 

Monostable multivibrator (5965) 
Inverter-amRlifier (1/2 - 5687) 
Clamper (1/2 - 6AL5) 
Cathode Follower (1/2 - 5687) 
Current Amplifier (4- 6CD6's) 

1.3. Input: 

Standard 0.1 j.Lsec pulses, -13 to -30 volts 

1.4. Output: 

Shape - rectangular 
Rise time - less than 0.15 f,Lsec, and 0.2 }J.see to 1 j.Lsec in two 

overlapping ranges 2 
Duration - less than I j.Lsec to greater than 40 j.Lsecs 
Amplitude - variable from 0 to 1.2 amps 
Output impedance - greater than 100Afor Model V and less than 10-...!'). 

for Model VI 

1. Boyd, Harold W., ·Core Drivers - Model V and Model VI," MIT Digital 
Computer Laboratory Engineering Note E-523, February 10, 1953. 

2. See Section 2.1. 



Memorandum M-2755 Page 2 of 5 

1.5. Duty Factor: 

1.6. 

Less than 40 percent or less than 40 percenta 
~ ou tpu t current in amps whichever is smal1e~ 

Power Requirements: (approximate during pulse) 

Voltage Model V Model VI 

+150 volts 0 0.07 to 2.0 amps 

-150 volts 0.03 to 2.0 amps 0 

-300 volts 0.04 amps 0.04 amps 

6.3 volts, AD 11.5 amps 11.5 amps 

Use separate filament supplies, center tap floating, for each type 
driver. 

2.0 Operation 

The Core Drivers (schematics C-52170 - Model V and C-52643 - Model 
VI, Figures 1 and 2, respectively) are shown in block diagram in Figure 3. 
The drivers have five stages--monostable mu1tivibrator, inverter-amplifier, 
c1amper, cathode follower, and current amplifiers. 

2.1. Monostab1e MU1tivibrator: 

The monostable mu1tivibrator is labeled "monostable" and "bistable" 
because of the two options in the use of the stage. In flmonostableU operation, 
the duration of the negative gate output to the inverter amplifier is de
termined by the network of C-2 (C-3), R-2, and CR-3 and is variable by the 
Duration Coarse and Duration Fine controls from less than 1 ~sec to greater 
than 40 ~secs; in "bistable" c;pei=ation, the duration is fixed at greater than 
40 ~secs. The duration of the gate from the multivibrator determines the 
duration of the output current pulse. 

The multivibrator is set by a standard 0.1 ~see pulse, amplitude 
-13 to -30 volts, into Jl-set and can be cleared in both "monostableft and 
"bistable" operation by a standard 0.1 J..I.sec pulse, amplitude -13 to -30 volts, 
in to J2-clear. 

It is recommended that the Core Drivers be operated in the "mono
stable" mode whenever the duty factor is less than 40 percent. For use with 
a "clear" input, the Duration Coarse and Duration Fine controls are set for 
a pulse duration slightly greater than desiredj then the mu1tivibrator is 
"'cleared" by a delayed pulse into J2-clear. '!he delay of the It clear" trigger 
is adjusted for exactly the pulse duration desired. 

3. See Section 2.1. and 2.5. 



Memorandum M-2755 Page J of 5 

The duty factor of the mul-tiv'ibrator 1.3 less t.h.~n 75 percent in 
"bistable" operation, less than 40 percent in fVmonostable~ operation. 

The negative gate from the multivibra'tor cuts off the normally 
condu.cting inverter-amplifier. The plate of the tube rises with a time 
constant depending on the plate to ground capacitance and the plate load 
resistance. The rise time of the plate of the inverter-amplifier determines 
the rise time of the output current pulse. With the Rise Time Coarse set 
on "short", the rise time of the output pulse is less~n-o:IS-=Jl.seo,n but 
is not variable with this setting§ with the Rise Time Coarse set on either 
"medium" or "long", the rise time can be varied with the Rise Time Fine 
control from less than 0.2 IJ.sec to greater than 1 IJ.sec inc;verlapping
range so 

Since the latest changes (6052 and 6118), the inverter-amplifier 
stages of the two drivers differ. The plate load resistor has been decreased 
and a small inductance added in this stage of the Model VI to decrease the 
rise time of the output pulse. Also, in the Model VI the voltage on the 
plate with the tube conducting has been lowered so that the output tubes are 
held cut off even when their cathodes are driven 70 volts negative. 

2.3. Clamper: 

The plate of the inverter-amplifier rises to be clamped to a 
level determined by the setting of the Amplitude control (R-20). This 
clamping controls the amplitude of the output current pulse, the amplitude 
is variable from 0 to greater than 1.2 amps, the upper limit depending on the (~
quality of 6CD6's. 

There is a 0.25 ~sec condenser from the center arm of R-20 
to ground (0-11) in Model V~ C-14 in Model VI). This condenser lowers the 
effective" impednace of the clamp voltage to give the output waveform in 
Figure 4&.. Without the condenser, the waveform is shown in Figure 4b. The 
break in the rise (indicated b7 the vrov) is the point at which the diode 

., 'begine to clamp, the further rise is caused by the clamp current affecting 
the clamp voltage. 

The addition of the condenser to the center arm of R-20 has made 
the circuit pulse duration sensitive and pr£ sensitive. For long pulse 
durations, the clamp current causes the clamp voltage to rise, thereby 
increasing the output current--see Figure 4c. The time constant of the 
circuit is such that' the current pulse changes less than 0.25 percent per 
microsecond duration. As the prf is increased, the average value of the" 
clamp voltage increases; therefore the current pulse amplitude increases. 
'or the buret· of high prt palees, the current pulses "grow" along the sequence--
e_ r1gure 4d. . . 
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2.4. Cathode Follower: 

The cathode follower is used to match impedance betw.een the 
inverter-amplifier and the current amplifier. 

2.5. Current Amplifier: 

Four 6CD6's connected in parallel form the current amplifier 
(pentode amplifier in the Model V and pentode cathode follower in the 
Model VI"~ The maximum amplitude of the output pulse is greater th~ 
1.2 amps, even with marginal tubes. 

The current output of the Core Drivers is limited by the screen 
dissipation of the 6cD6's. The maximum duty factor for four 6CD6's in the 
output stage is given: 

40 
Duty factor = output current in amps percent. 

A Screen Current Warning lamp gives a rough indication of the screen dissipa
tion; for rated operation, this lamp should not glow. Note that the duty 
factor of the driver as a whole depends on the duty factors of both the 
multivibrator4 and the current amplifier and is equal to the smaller of the 
two, see Figure 5. 

The output impedance of the current amplifier is a function of the 
current pulse amplitude and of the external load impedance. For an external 
load impedance of less than 100Jl(including 50~ current measuring resistor) 
and output current less than 1.2 amps, the output impedance of the Model V 
is greater than 100.11; of the Model VI, less than 10.1l. Note that for smaller 
currents, the Model V becomes more like a current source; the Model VI, more 
like a voltage source. 

3.0 Applications, Limitations, and Modifications 

The Core Drivers are designed particularly for the application of 
ferrite memory core testing. The stringent specificationsfor this application 
are as follows: 

Shape - rectangular with top I1flat" within 0.5 percent, no 
overshoots 

Rise Time - 0.2 IJ.sec, smoo th with a sharp break at the top 
Duration - 2 to 3 IJ.sec 
PRF - less than 20 kc 
Amplitude - less than 1.2 amps 

The Core Drivers have faults and limitations as discussed in 
Section 2. For use in other applications, modificatio!,!B may be necessary. 
A number of possible requirements for other applications and the proper 
modifications are listed below. 

1. Decrease rise time to about 0.06 (.Lsec - reduce plate load
resistor of inverter-amplifier and/or add small inductor. 
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2$ Long pulse duration without "droop" - increase the value 
of the condenser in the cla~p circuit or, if the rise 
shape is not too important, remove it. 

3. Increase output current amplitude - raise the clamp voltage 
or remove the condenser in the clamp circuit to increase the 
output of a single driver to about 2 amps. 

4. Improve current source characteristics of the Model VI -
change C-14 so that it is connected between the clamp 
voltage and the cathodes of the 6CD6's in the current 
amplifiere A second method is to remove C-14, replace 
R-37 with a lO,OOOApotentiometer (rheostat connected)" 
and tie the junction ofR-37 and R-20 to the cathodes of 
the 6cn6'se With this change, R-31 (pot) would have to 
be adjusted for zero steady current (driver not triggered) 
output. 

5. Improve lif'e characteristics of the Model VI - bias the 
filament power supply at -90 volts or bring out separately 
the filaments of the' 5687 and bias them at -200 volts. 
This is recommended for experimental or test assemblies 
in which Model VI's are used for long periods of time. 

4.0 Conclusions 

The Core Drivers work quite well in the application for which 
they are designed0 They still have faults and idiosyncracies and must be 
modified for other uses. . 

The Model V is a better driver than the Model VI and is to be 
used instead of the Model VI whenever possible. 

Signed_...,.....,(L~~· ---=---~~~~. ~ _____ _ 
IJames D~ Childress 

Approved ~i? 
------~D~avw1~od~R~.~Br-o-wn-· ~---------

JDC!jk 

Drawings attached:· 

Figure 1 0.-,2170 
Figure 2 C-,2643 
Figure 3 B-58376 
Figure 4 A-,8374 
Figure, A-,8375 

cc: Test Equipment Committee 
Group 63 Staff 
Magnetic Memory Section - Group 62 



~-521701 

RI 
0.11 MEl> 
/W:!:/'% 

[&]~ 
CRI 

SET L 
INPUT 

se 
DURATION 
I COARsi" I 

1.....--------- ~e .;e 

~L 
- + 

I\&'-S7..( 
R.E! CWl.Y 

1.0ME"G 
/NPUT 

"* -tJ ~ ~ ~ 
P'!.NA~/ON ~ 

C13 
51 

IN38A 
IA/P(/T 

R.3 
16,000 
Jw:t"/'o 

[ l r" ~-- T--
, i I 

LI ¥I gI l.2 

eS-OftH, _!.!!co,uh 
-,k-

CR7 + 

RS ~6 
e~OO !?eOO 

f W I---- -k W 

C2 
39 

UN!""C> 

ISl-ldR71--l1~r-----' 
,.-<>-
~--lJI---ir------' 

C3 
180 
MM!""D 

CS-
0.01 

II 

Gee 

:..J C~S 

I 
[G A·~~,:>I C) ~~~~~6' 

~ POST 
Ol/I,=t/T 

r---

Reo 
5000 

£/7 RIB ,eZI 
c2pOO 2Z,000 9700 

R23 
.5""6 
IHI 

Re? 
56 
IW 

~cS-
5"6 
IW 

MONO-SI-STA8l.E M{/LTIVIBRATO~ STAG'E AMPLIFIER CA7HODE FOLLOWeR STAGC 

,eIO 
10 

8 

NOTES: 

RII 
10 

/. {/Nl.eSS OT,I-N:RH-"/Se SPECIFIEO: 
A. k'ESlsro-<:,s ARE IN OH,vS'j 2W. 
B.RES/STO,eS ARE ~/O '%. 
C. <..:APACITORS ARc IN M/CROFA.<'A,oS. 
D. VlOeO CONNECTC,RS JI I' J2 AA'c JAN uG-C''''''/U 
e. CRYSTAL ~ECT/F/E"R$ ARE SYLI-'r/NI4 

TY.'=E IN3~A. 

2. t/sc .sC"PARATE FILAMENT SerPLY 0,£ 
ISOLATION TRAIV5--,.e-uRI>"EIe 

3. CONNeCT SHAFTS Or co-Ie'-,?, n:-GET4IE& 
WITH 5L.!EI-£. 
CONNECT FA~A""iES TOGETNER' FOA'£'IG-I/J/TY. 

-1-. T/I· .... ['J:: ... .:;·i/No I,; dIM/L.~.C TC C-Si.!o·":-3 
(co.e£ lJA:./v.£J2 MODYI) -£X~E''''~ Ov'Tf-'ur 
¢ SUPFL,' VJLTA<I£8. 

5. TITLE OF IDENTICAL IlI.TER/'(4rF:. UNIT I:;, 
"CURR£NT-PI.JLSE GeNeRATOR (NEGATIVE)." 

'€/9 
IS-O 

r---(~, c/o 
- ;:0 
- + ~S-Oy 

S" 

2. -= 
Q€'AWING .e'£FERENCES: 
!. ASSE/I4SLY: £>-5.2(#22-
C:. PARTS L/sr: PL -.5-;:(;22. 

FIG.1 

-~~I~ ~ ~ MASSACHUSETTS INSTlTUTE OF TECHNOLOGY 

~ ,~I''lI~:4 c DEPT. OF =.u. ~~~ NO.6'89 
':! : ... .! =t-------------------I 

~ '(l ;;1;1-; CIRCUIT SCHEMATIC,CORE DRIVER-MODY,T[ 



ell 

r.JIlQ ti..f' 
~T 
INPVT L 

A 

r:::. 

CAl 

CZ 
39 

MM~D 

--=. .• 

~ LZ 
.. 250pH 

1.sMO'""I---it-'t----1 
r-

r----------, 

I I 1.,~9s I 

I f'~V I 
I FTLAMENr.5 F<J,p 59' S I L ________ --' 

C~ 
0.01 

Je'IZ 
10.000 

·iw 
.---

AMPLN"/Ele 

2. CONNECT SHAFTS OF CIPIcv. 1l>fi:£'TMITN 
W/T# SLeEJ/4; 
Ca.vNE"CT FIII'_~S 70QETHle ~ ,('~DITY. 

.,. THIS· DRAWING IS S/MILAIt Tl) C~s"ZI7(): 
{l::ORE DNVER MPIJ%)-Exccpr ovrl"UT; 
~ SUPPLY VOi.TAGES. 

8 

CATHODE rOU:OWc~ STAGE 

DRAWING IfE,£IfENC£S: 
/. ",SSe_LY: ~-S"Jl??Z 
z. '14IfTS i!./sr .. PL-SJl77Z 

f;\ 11 C/3 
RZr;Y I *'QOI 
/0 --L 

FIG.2 

GItAOEO IV: MlI:.-" a __ or. _r ___ -
_ .. ____ . __ - I _. __ .. 

JiaCji-~6?=.~~==
~;:~~I M~~~~ 

H-+-t-+-F.!11~~~i -. Of"......-..cAL _-DoLe. .......... - .... 

" ~ .." ( ~ I CIRCUIT SCHEMATIC,CORE DRIVER - MOD Jr[ 



CLAM PER 

SET 0 
~ MONOSTABLE INVERTER- CATHODE CURRENT 

CLEAR MULTIVIBRATOR 0
P 

AMPLIFIER 8
P 

FOLLOWER 0 AMPLIFIER 0 

(0 V 
0 v 
0 ~ I 

/_------~WITHOUT CLAMP 

/ \ 

8 _----. __ 1 \:H CLAMP 
o 

0----« ~MODEL:sa 

_ ;:::MODEL lZI 
"---____ --J 

FIG. 3 

BLOCK DIAGRAM AND WAVEFORMS 

OF THE CORE DRIVERS 



A-58374 

RISE SMOOTH 

TOP FLAT 

A. 

WITH CONDENSOR 
IN CLAMP CIRCUIT 

C. 

LONG PULSE DURATION 

FIG.4 
- _. 

BREAK IN RISE 

B. 
WITHOUT CONDENSOR 

IN CLAMP CIRCUIT 

FIRST PULSE IN BURST 

LAST PULSE IN BURST 

D. 
BURST OF 

HIGH PR F PULSE 

OUTPUT WAVEFORMS 



A-58375 

(/) 

w 
(!) 

~ ..... 
Z 
l1J 
U 
a:: 
l1J 
a.. 

z 

a:: 
o 
..... 
U 
<t 
IJ.. 

100 __ ----~------~~----~------__ ------~------_T------~------_, 

90-~ 

80 ~----~------~--~~~-------+-------+-------+------~------~ 
LIMIT OF MULTIVIBRATOR\' 
IN BISTABLE OPERATION\.. 

~ 70 

60~--~--~----~"~~~--~--~----~--~ 
"'" LIMIT OF SCREEN 

~KDISSIPATION 
LIMIT OF MULTIVIBRATOR 

50 -

IN MONOSTABLE OPERATION 
40~----~------~------~-------+------~~-----+------~------~ 

"'---r----r-------.--
30 -

20 ~----~------~------~-------+-------+-------+------~------~ 

I 0 -

o 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 

OUTPUT CURRENT IN AM"PS 

FIG. 5 

DUTY FACTOR 


