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PREFACE 

.. This report describes the Division 6 $tanc;iard Tf!st 

Equipment, composed ,of Whirlwind Units, Burroughs Pulse 

Control Equipm,nt, Pl~g~In Units (va~uum tube), and 

Digital Equipment Gorp 0 Building BlQcks (transistorized) 0 

The test equipment units have been designed with a 

maximum of flexibility to be used as building blocks for 

test systems ranging in complexity from very simple setups 

requiring one or two panels to very extensive setups 

requiring several racks of equipment~ 

The equipment described in this report will be 

supplemented from time to time as needs for other units 

develop. 

The Test Equipment Committee has endeavored to 

provide the engineer with a line of standard test equipment 

which would relieve him of the time consuming and 

diversionary task of designing his own test equipment. 

The standard test equipment is thus a powerful tool which 

permits the engineers of this laboratory to perform tests 

which would otherwise require a very long time or not be 

undertaken at all. 

Div~sion 6 Test Equipment Committee 
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Report R=215 

DEFINITION 

STANDARD TEST EQUIPMENT 

INTRODUCTION 

Section 0 

_ . The tel:'m 10 s~anqard test equipment lO ·· is applied to any 
unit which has been approved by the Test Equipment Committee 
for quantity purchase or productiono _ . . 

Standard test equipment may be one of four types~ 
WhirlwInd unitso Burroughs unitsp plug=in unitsp· and Digital 
Equipl!1ent·· Corp 0 Building Blockso .Whirlwind and plug-in. units 
are assembled in either the Laboratorytl s shop or in the .. shop 
of a cQotractorp Bur:r.o~ghs un~ ts .. are built py. the au~roughs 
A~ding Machi.,e Co ..and its subsidiary the Control Instrument 
Coo 1/ Inc o!) and the Digital Equipment Corp .. builds the DEC 
Building Blockso 

TYPICAL USES OP STANDARD TEST EgUIPMENTg 

The equipment described in the following sections has 
been assembled as building blocks to perform numerous ta.skso 
During computer design p this method is extremely valuable 
in examining the behavior of basic circuits such asf1ip 
flop s and gates under system conditions 0 Even more 
important is its use in testing and simulating large computer 
elements (storage p arithmetic registers p and arithmetic 
control) 0 This appl ication alone has saved many months in 
computer installation by permitting testing of one element 
before an associated element was completed .. 

LABORATORY POWER SUPPLYg 

Most laboratory work benches are equipped with 
centrally mounted power box which supplies the following 
voltagesg . 

DC Voltages 

Positive 

.10 (Lexington only) 
90 

120 (Barta Bldgoonly) 
150 
250 

Negative 

=15 
-30 
... 150 
=300 

AC Filament Voltages 



, Section 0 

The front panel of the box has four outlets for 'Jones 12-pin 
cable connectors. All boxes have an on-off switch and 
green indicator lights for the 6.3V AC. The older boxes, 
most of which are located in the -Barta Building, have an on
off switch and a red indicator light for the DC voltages. 
The newer boxes have an on-off switch for all the DC ' 
vol tages except -450. (For safety reasons, -450V had its 
own SWitch; the supply has since been disconnected.) , 
Indicator lights for each of the negative voltages are 
correspondingl y' marked. The drawing, reproduced below, -,
which specifies the voltages at the twelve terminals, is 
attached to the conduit under each box. ' 

+ 250V +IOV* -450V-** 

, , 

-30V -300V 

* Except Barta Building, where Pin 5 carries +l20V. 
** The -450V supply is disconnected. 

Heinemann circuit breakers capable of switching in 
1 millisecond are used in all the DC lines; they are located 
in nearby wall-mounted circuit breaker boxes. One such box 
can supply power to as many as six bEmch power boxes. 

Benches are supplied with 1l5V'AC through the circuit 
, breaker ,in the AC power box located at the end of, the bench. 
Numerous AC outlets are provided by the terminal strip along 
the shelf at the top of each bench and by a short 'terminal 
strip or electrical outlet box on the lower side. of the 
bench top. The DC power box is supplied with 6.3V AC by 
a bench-mounted transformer, the primary of which is _ . -
connected to the AC power box. 



Section 0 

"When racks of vac\lum-:tupe equipmenta're used g power 
'should'-be supplied through .the rack power=control unit 
described in Section 6 9 l;)(~lQw~ 

Th~ DEC plu9""in:\t.n1ts qj,ffer :f~m the oth~rs ,in that 
they Qonot~use.the~entrallabpowersupplyo .The special 
DEC power supply is described in Section 30 g belowg along 
with the re~t of this line of equipment0 

SPECIFICATION SHEETS g 

_ - A- photograph' Qf each unit is followed _hy,_its getteral 
description and' speeifica~ionsg including circuitryI' ,_ . 
controls g and power requirementso 'The last item on the 
sheet lists all the pertinent references on the unit for 
those who ~ay be interestedo , 

·Immediateiy following the specification sheet is an 
A-size reduction of the unit 11 s circuit scb'ematic o 

Similar units have been put in the same section D 
,Whirlwind units always preceding Burroughs U unitsoNames 
conform to standard Laboratory nomenclatureo .The type 
numbers appear with the Burrou9h$~' -unitsoThe letter tflW811 

f()11owing a Burroughs=type number indicates that the unit 
so, labeled is built according to Divi5io11 6 specifications. 
and requires the voltages listed above" Howeve:r;'D several 
hundred Burroughs Quoits were delivered before the letter 
~wto was added tc;> the type numberoTest .equipment built 
by Burroughs for other users than Division 6 9 Lincoln 
Laboratoryg likewise has no "W" following the type number 
and differs in requiring such power=supply voltages as 
+105 volts and =400 volts" 

As other units are acquired g specification sheets 
will be prepared and distributed to holders of this book" 

Division 6 Test Equipment Committee 

rjm 



Sect. 3 

General Description 

!he pulse standardizer is used to convert positive pulses of 
d1.tferent amplitudes and shapes to standard O.l-lJ.Sec half-dna-wave 
pulses whose amplitude and shape are independent of the input amplitude 
and shape. It is used to provide standard pulses for test equipment. 
com,pu.ter components. and for making measurements on basic circuits. 
!rh.e unit is constru.cted in duplicate on a single panel and chassis. 

Specifications 

Dimensions: 4-1/2 x 5-1/2 x 19 inChes. 

Oircuits: 5687/2 buffer amplifier 
5687/2 inverter 
6AG7 iLO pealter 
6AG7 buffer amplifier 

IlWut (each unit): 2 parallel Jacks. 
I~t pulse must be positive. 'but 
amp1i tude ma;y vary from 12 v min. to 
50 v max. Resolution time: 0.4; ~sec. 

Output (eaCh unit): Standard O.l-iJ.sec pulse. Polarity 
reversible. Amplitude range 12 to 
35 volts, controlled by potentiometer 
in f1naJ. buffer. Due-driver c17stal 
rectifier in ou~t. 



Page 2 

tt~n!.,DslIJ (thl'ough each Unit): 0.1 J,£sec 
lower lteg:g:i ... nts (both units) : 

'.e!,!BW 

Vol t!£is s 

, +250-v d.c. 
+150, v d~c. 
- :t,5 vd~c. 
6.3 T a.e. 

Oircuit Schematic: C-33001 

Ou.rrsy:t.! 
No Sig. l-mc pulse 

1 .. 75 !lIB. :5c-" 
l~g~O :11': 

It.lf. amp 4,.-4 '-. 



!INPUT! 

JI 

'c RI ,< I INPU"T I~.~D:-

................. ,; 

IINVER"TER I 
CR _I· 

:.(];O\ I.: 
\.IFD I BUFFE.R I 

AMPLIFIERI 8~on.~ AMPLIFIERIMFD p,!; ?2.~\i.fL 

~~~~t-________________ 1-2_<_O_SL ______________________________________________________ ~~ __ ~ ____ ------------------------------~------t__t--------_1__t 

RU 
22.0.11.. 

~.RI8 ( I INPUT 1f1~=*= 
aaWt.)- IAMPL\FIERI~~~L-
RI .. 

.. ' 

R~2. 
'2.2.0.IL 

IINVER"TE~I 

R2.9 
3'30q.n.. 

c"t:\ 
O.'Z.S 
MFO 

en 
0.0' 
MFD 

C"B 
O:l.S 
MFD 
R30 

IOPJ?_O 

ROI 
~"('_O..n. . 

Ro3 
?i'.o..n. 

CW 

I surfER I 
IAMPLIFIERI 

~~qn..L-____ ~ __________ l_----------------------__ --------------------____ ~ __ ~~~~--~~------------__ ~------------------------------------~~~ 
• , •••• :' '1 " ,. 

'. Mo,.is:'"- .. ~: .. 
I. RESISTOR';) A.i~·\,w·:±·I~%·.- ..... ,-' :,' .. .,.; ..... :. _. 
2 VIDEO CONNECTU,R'5 ARE. UG-2<iO/U. 

3. CRYSTAL RECTI.t.lERS ARE 1N..'~4'j OR 
4. ,CAPAClTORS F\RE MICA,"±IO;o, E'kCEPT 

.,,: 'l" 

D-'35"1'~i~ 

CI..I\, CL6 _ AltO 

AND C.1b6i WHIC" RRE. U.lL":.Fr'LLE.O OUJ\L BJ\," l""OBS. 

" .. ~', ~ . 

fJRI\WINb H\ l·n~.I·NC\; ~ 

PHENOI)G Pf\N~ L f\SS'l.l"h~.LY; SC-.. 400?S. 

FOR 
,}EE 

C:,Pi-' elf \ f-J\ t ION m 
PL-."i'\{;t L 

. -to " .J.':" 

.-., 
C.OMPONE·N."l ?, 

.1lftVOII .. CHANlSM. LAIIOItATOIlY 01" nIE 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY· 
~to" 0' 'NDU8TIIW.. COOPCIlAnON ~OI£CT IICL ~34S' 

CIKCUIT SCHI::.Mf>"TIC, PUL~E ?TANllARDl1E.R 
....... ,- DO.· '<;."," 48!'" . ~ "" '*' .rllca.-rt. ,_. C-3300l~Z 
4\.vi;;-4Y I 11/,i5/4B ". B-RE.DUC1"ION~· 



Sect. 4 

General Description 
. . . 

The unit is a pulse generator covering a range from 
200 kc to £0 cps and which may be synchronized with any frequency 
equal to or greater than the output frequency. ~ output pulses 
are provided: one a standard O.l~sec pulse, the other ah1~ 
impedance negative pulse used to trigger a synchrosco:pe. 

Siecifications 

Dimensions: 5 1/4 x 6 x 19 inches, for rack mounting. 

Oircuits: 2inptlt pulse amplifiers (each 1/2 5687). 
High-freq. mu.ltiv1brator (5687). 
Low-freq. multivibrator (2051). 
Pulse generator for O.l~sec pulses (1/2 5687). 
Delay mu.l tivibrator (5687) • . 
Output amplifier for O.l~sec pulses (~G7). 
Output amplifier for high-impedance pulses 

(1/2 5687). , 

In;pu.t to Dividers: Input pulses - positive, 0.1 Ilsec or longer~ . 
Pulse amplitude - 15 v min. 
PRF - 60 cps to approx. 5 mc. 
}.fu.l tlvibrator ranges overlap between 2.5-3 kc. 



Input to Lock-in Delay: 

Standard Pu.~Be Output z . 
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For synchronized delay, pos
itive pulses may be fed to 
this inpat. These are ~ 
plified and fed to the . delay 
mu.ltiv1brator. 

O.l-lJ,sec half-sine-wave pulses, 
polarity reversible; amplitude 
adjustable up to 25 v when 
output feeds a 93-ohm term1nated 
line. . 

Ou.tput Pulse (Reg. High Imped8.nce): 0.2-1J,sec leading 
. edge, a.mp11 tude adjusta.ble up 

Power Requirements: 

References 

to 100 volts. Will drive an 
unterminated 93-ohm line of rea
sonable length. Occurs at the 
end of a del~ interval variable 
from 5 to 100 ~sec. 

+250 v d.c. at 115 ma 
+150 v d.c. at 6.4 ma 
-150 v d.c. at 8.4 ma 

6.3 v a.c. at 4.5 ~ 

Engineering Note: l!l-2Sl 
OirC11i t Schematic:. D-33285 
Photogr.aph: 1-1)01 
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General Description 
-

. Burroughs 9 

PULSE COUNTER TYPE l750B 

Sect. 5 

This unit is a pul.se counter with a counting rate ~- pushbutton 
to 500 KCe It bas both a manual and electronic reset.. Each count is 

. represented visually by meaIlS of a neop indicator as well as elec
tronically in the form of a DC signalo A pulse is generated at the 
count corresponding to the position of the scale switch (1-10). This 
pul.semay be connected to the reset input clearing the counter every 
time it counts up to the scale number. 

Specifications:: 

Dimensions ~ 

. Inputs: 

Outputs: 

. Controls: 

Panel 3 1/2 in. x 19 in,,» depth 10 in. 

Count i~put 0.1 usec positive half sinewave 
15-30 volts 

Reset input 0.1 usee positive half' siDewave 
1.5-30 volts 

Reset time: 10 usee 

Pulse Q01 usee ~ sinewave !30 .volts (adjustable) 
DoC o -90 V from target on which-beam is formed 

-60 V from the other n1ne'targets . 
Sequence gater CaIl be used with this unit to 
convert stated va.luesto standard Burroughs' 
level» zero or -15 voltso . 

Manual reset pushbutton 
Scale factor switch 



Power~ 

. Tube Conwlement: 

References :. 

+250VDC 
+150 VDC 
-15 VDC 
-150 VDC 
-300 VDC 
603 VAC 

2 5689 
1 5963 
1 1AIr7 
1 6cL6 

Circuit Schematic 

23 mao 
16 mao 
-6 mao 
39 mao 
14 mao 

3085 amps 

1 6100 
1 0A2 
1 OB2 
1 0A3 

D-85478 

Secto 5 
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Sect. 5· 

. Burroughs ' 
SEQUENCE.Gf.'J!ER·TiPJ!: 1950 

General Description· 

This unit accepts DC levels from the· target outputs ot the 
Pulse Oounter,T)pe1750B, and converts them to the standard DC voltage' 
used in the Burroughs .Pulse control line (zero and-15 volt.s). . . 

Specitications: 

Dimensions: 

Inputs: 

Outputs: 

5 1/2 in .-~.x 19 in., depth lOin. 

Frequency:· Pushbutton to 500 .KC· 
DC levels 

Gate on: -90VDC 
Gate ott: -60 VDC 

Number ot Inputs: 10 

Number ot outputs: 10 
DC levels 

Unloaded 
Gate on: 0 vC?lts (groUDd) 
Gate off: -30 volts 

Loaded with 1800 ohms and 100· mm:f' 
Gate on: 0 .. volts. (ground) 
Gate oft: -15 volts. 

. Transient response 
Unloaded 

Rise time 0.2 usec . 
. Fall. time 0.4 usec 

Loaded vi th 1800 o.hms and 100 mmf' 
Rise time 0.4 usec 
Fall time 0.8 usec 



Seeto 5 

· Cirn1t: 5 5687's use4u ~itage ruqpl1f'1ers 
-

Power CODs!!pt:1OJi:· -150 VDC 1~_ 

. Retereuees: ·C~l"cu1t .. Schemat1c S ... 805011 . 
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Sect.. 5 

LOW ... SPEED 26 Counter, Mod .. II 

General Description 

The lo.w-speed 26 couuter,Mod .. II, is a compact, flexible dev~ .... d 

with a counting rate of 200 kilocycles and below. This unit, like the Mod. I 
described in this Section, uses 6 plug-in binary scalers which may be preset 
to proda~e an end carry after any desired count up to 64. A single-pulse out
put for each prese:t input pulse may be obtained after any given count by 
switching in a special circuit betw~en the fifth and sixth plug-in units: if 
the sixth unit is preset to a 1, the carry from the fifth unit will clear the 
sixth and produce a single pulse" Any carry thereafter from the fifth unit Will 
keep the sixth JJ,Ilit cleared, producing no further outputs until the unit is 
again preset .. " 

Specifications 

Dimensions: Panel, 5-1/2 ~ 19 inches 
Depth 9 inches 
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RACK POWER CONTROL UNIT 
(Model 2) 

Sect. 6 

General Description 

This unit provides 6.3 v a-c and a convenient means 'for 
Switching all d-c power from the _central supply to equipment moUnted 
on a standard 19-inch relay rack. When fused pro~rly. it prevents 
local short circuits or overloads from tripping the main circuit 
breakers. thereby allowing other racks to continue drawing power. In 
addition. the equipment has a time-delay relay which acts as a current
surge suppressor by shorting out series resistors in the +250 and-+150 
lines. 

Specifications 

Dimensions: 8 3/4 x 10 x 19 inches. 

Input (rear chassis): D-C input !'rom bench power box through 
a 12-pin male Jones plug. 
115-v, 60-cycle input through a flush motor plug. 

Output (rear chassis): Standard d-c voltages (central power 
supply) to 4 female l2-pin Jones plugs. 
6.3 va-c (40'amp) from 2 filament transformers (primaries 
tapped). Output from one through the 4 Jones plugs; out
put !'rom the second (with center taps) brought out to 2 
terminal strips. ' 
4 115-v a-c outlets on top rear of chassis. 
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General Description 

Burroughs! 
RACK POWER ,CONTROL 

(Type 7202 AW, Models I & II) 

Sect. 6 

The Rack Power Control is the switch and fuse box for a rack of test 
equipment; it also is a 50-amp, 6.3-v filament supply. A toggle switch con
nects the a-c input and permits the ON push button to control the d=c voltages. 
In !JIodel I.9 the ON button immediately connects the d-c voltages. In Model IiI, 
the ON button immediately connects all the d-c voltages except +150 volts and 
~2S0 volts where it leaves series resistors for a period of approximately 8 
§9conds. In either Model I or Model 11J failure of any fuse disconnects all 
the d=c voltages. 

Speci.fications 

Dimen.sions ~ 7 x 19 i,nches, depth 9 inches 

Input (at rear of chassis):. apply L,aboratory d=c power supply to 12-
pin, male Jones plug and 115-v, 60=cycle AC to male line 
plug. 

Output (at rear of chassis)~ the lower, 12-pin Jones plug is in 
parallel with input. The two upper, 12-pin Jones plugs 
provide standard d-c voltages from the Rack Power Con
trolo The f smale, a-c line plug is in parallel with 
male line plug. Transformer terminals furnish four 
12.5-amp filament supplies, the voltage of which may be 
changed by moving the input connection among the eight 
taps on each transformer. 



Reference 

Max:i.mum Loads: 

Fuses: -

2 amp for d-c voltages 
5 amp for l15-v AC 
50 amp for 6.3-v AC 

d-c;voltages -- Gral3shopper 2"8inp 
U5·v AC .... FusetronFNM .5" " 

, .'~ I 

Circuit Schematic D-52642 ~Model II) 
"D-55.393 (Model I) 

Sect. 6 
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Sect. 6 

RACK POWER-INDICATOR PANEL 

General Description 

This unit is an indicator of Laborator,y voltages. \~en connected to 
the output of a Burroughs Rack Power Control or to the rack power strip, the 
panel indicates by the glow of its lamps which power-supply lines are contin
uous from the source. Each of the nine labelled indicator lamps is connected 
between a d-c voltage and ground. A tenth lamp is connected to a two-terminal 
Jones strip where another voltage may be applied. 

Specifications 

Dimensions: 

Lamps: 

References 

1-3/4 x 19 inches, depth 4 inches 

NE 51 across all d~c voltages except -15 and -30 
No 49 across -15 and -30 volts 

Circuit Schematic'B-52739 
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General Description 

FILAMENT POWER PANEL 
(Models 1, 2, & 3) 

Sect. 7 

This unit is used to supply auxiliary filament power when the amount 
from the rack power-control unit is inadequate for t.est setups" It consists 
of two 4000amp filament transformers mounted on the rear of a panel. .. Models 1 
~d 2 have no in.dicator lamp" fuse, or switch. Modell has eight center-tapped 
secondaries; Model 2 has four center-tapped secon<iaJ:'.ies. Model 3 has incU.cator 
lamp" i'use,and switch and four center-tapped secondaries. On the primaries of 
models 2 and 3 are taps for input voltages of either 95" 105, or 115 volts. 

Specifications 

Construction: Panel for rack mounting. 

Dimensions: 8~3/4 x 19 inches. 

Transformers: Two 40~~, 6",,3-v a-c filament transform~rsb Each 
t),"ansformer of Model 1 has four center-tapped 10-amp 
secondaries; those of models 2 and 3 have two center
tapped 20-amp secondaries. 

"' 

... 



References 

Input~ lIS-vic pri.mary" power from Au!.. FIL~ outl~t(jn· rack 
power-control unit" controlled by filament switch., 

Output: Secondazo,ieswithcr:m~er' taps brought to,Jonesterminal 
stripsoIi rear of panel.. Maybe ,u,sed in parallel to 
obtain more than' 20 amp, on one line.o 

Circuit Schematic :8-38759 (Model 1) 
, , B~40127 (Model 2) 

Engine~ring Note E-117 (Mo~el 1) 
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General Description 

:Burroughs' 
FLIP-FLOP 

(Type 1103 A or AW) 

Sect. 9 

This unit uses the same 7AD7 flip-flop, d-c coupled to its load, \ 
that is used in the D-C In-Out Register in Whirlwind. The two stable states) 
of the flip-flop are 0 and -15 volts. The" equipment is meant to drive gate! 
~be panels, crystal gate panels, and similar loads up to 100 mmf with 1/4-
IJ,sec rise time 

"ONE" and "ZERO" inpu.ts may pass through an inptlt transformer or 
through agate tube. In order that a pulse pass either of the Read-In ~te 
tubes their G3 input must be zero or positive. If a terminator is ptlt in 
this jack the gate will always be open; if it is 15 or more volts negative 
it will be Closed. There is also a complement-input that has a 0.05~sec \ 
delay included so that the flip-flop may be used for counting. It will 
operate up to 4 megacycles, and will resolve pulses 0.25 lJ,eBC apart. Two \ 
indicator lights show the position of the flip-flop. 

$pecifications 

Construction: 

Dimensions: 

\ 

Panel and chassis 

3-1/2 x 19 inches 
Depth 10 inches 

\ 
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General Description 

:Burroughs I 
MULTIVIBRATOR PULSE GENERATOR 

(Type 1001 B or Dr) 

Sect. 11 

This unit generates either positive or negative O.l~sec pulses 
at frequencies continuously- variable from 15 to 650,000 cycles per secoM, 
in five overlapping bands • 

.6. s;ymmetricaJ. m1tivibrator 1s used to control the frequenc7, 
but there is no prOVision for 87nchronizing it with an external higher
fre~enc7 signal. 

Specifications 

Const~ction: Panel and chassis 

DimensiODS: 3-1/2 x 19 inches 
Depth 10 inches 

CircUit: 5687 Mult1vibrator 
5687 Pulse Standardher 
6AG7 !nffer Amplifier 



Sect. 11 

Output~ The pulse output jack provides standard 
O.l~rsec half-sine-wave pulses of reversible 
polarity at amplituq.as from 10 to 32 volts 
not affected by changes in frequency. 

Power Requireme~ts g' 

t250 volts d-c 
t150 volts d-c 
+90 volts d-c 

15 volts d':'c 
603 volts a ... c 

References .. ,; . ' ." .'. ' .c 

Cil'cui t ..• Scb~tic 
.' ':Jmgineering Note 
"Pliotogt!a.pb . 

'" . 
, .. t' "\. 

"" . 

8ma 
57 ma 
40ma 
lma 

2.5 amp 
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Sect. 12 

VARIABLE-FREQUENCY CLOCK-PULSE GENERATOR 
(Model 2) 

.... .. . ..~ 

General Description 

This unit is a primary pulse source for test setups of gate 
tubes, flip-flops, matrices, bus drivers, control-line drivers, and other 
components. It is also a basic building block for complete systems and 
special tests, providing standard ·output pulses 0.1 microsecond long at 
a 93-ohm impedance level with frequencies variable trom 0.2 to 4.9 
megacycles. 

Specifications 

Construction: 

Dimensions: 

Circuits: 

output: 

Panel and chassis for standard rack mounting. 

si x six 19 inches •. 

6SN7 cathode-coupled oscillator. 
6AG7 inverter. 
et6 R-L-C peaker. 
616 buffer-amplifier. 

O.l-psec ha1f-sine-wave positive pulses at 
93-ohm impedance level. 

Amplitude Control: o to 40 volts, control linear but not 
calibrated. 

Frequency Range: 0.2 to 4.9 megacycles in 4 bands. Calibr~-
tion chart on front panel. . 



References 

FrequencyStabi ii -by:' 20- .partsin 1,G00 .-000. . ," 

Power Requirements: (standard laboratory power supply) 

+250 v, 130 me. (maximum) 
-150 v, 1.3 me. 
6.3 v a-o, 3.05 amp 

Circuit Schematic I B-39135-1 
Instruction Booklet: Report R-144 
Specification of Components: PI. 39135-

Page - 2 -
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Sect. 12 

Burroughs' 
HiGH-FREQUENCY PULSE GENERATOR 

(Type 1002 AW) 

General Description 

This unit generates O.l-\.Lsec pulses at frequencies continuously 
variable from 0.2 megacycle to 4.5 megacycles in four overlapping bands. 
A calibrated, L-C controlled, sine-wave oscillator controls the frequency 
which is within +8 percent of the value indicated on the calibration 
chart. 

Specifications 

Construction: 

Dimensions: 

controls: 

Frequency Range: 

Panel and chassis 

3-1/2 x 19 inches 
Depth 10 inches 

Coarse frequency 
Fine frequency 
Output pulse amplitude 
Output pulse polarity 

Coarse Frequency Setting 

1 
2 
3 
h 

Approximate Range 

200-450 ke 
430-970 kc 

() .93-2.1 me 
2-4.S me 



Se('lt. 12 , 

The pulse output jaClk provides pulses from a tra.nsformer
Cloupled output circUit designed to match thecharaeteris
tic 93-ohm impedance of ('lomal Clableo The output Pulse 
polarity is reversible by means of a three-position , . 
lWitcho Wi,th the an tch in th,e "ZlIROW position the output 
jackie disconneClted from the outpu. tcircuit 0 The out
put amplitud.e Clan be 't'a1'1ed from 10 to 32 volts aDd is 
affected by frequenClY changes only in the ranges above' 
2 megacycleso 

The dUration of the pulses varies with the 'f'requenqy 
from a width of, 0014 !-Laec at "the lowest frequency to 
0.08 !-Laec at the highest frequency 

01rcu.1tg 6S17 Oscillator 
6A.G7 ,Shaper' 
6A.G7 PeakeI' 

"W50utput amplifier 

Power ReqUirements: 

References 

+ 250 volts d=c 
+ 90 volts d ... c 
... 15 volts d-a 

6;3 volts 8.=Cl 

Cir©uit SClhematiCl 0=52058 

47 m 
36 ma 

OoB ma 
301 amp 

, I 
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Secto 12 

Burroughs v 

10 Me PULSE GENERATOR . TYPE 1050 Y" 

-General Description 

This unit produces half sinewave variab1e~width voltage pulses at 
frequencies.continuously variable from· 1 .. 6 ·to 10.4 megacycles iD·four 
overlapping bandso Power supply UDit~ type 9802 <3 1/2 iDo panel) Cml 

be used to power this generatoro 

Specifications: 

Dimensions: 

output Signal: 

Controls:: 

3 1/2 inox 19 ino~ depth 10 ino 

Amplitude adjustable from 1 volt to 30 voltso 
Polarity -- Positive or negative 
~se width < 5 available l 30.9 40.9 50.9 60 &; 70 
millimicroseconds tolerance !10~ 

Band frequency 
Fine frequency 
Output pulse ampli t~e 
Pulse width control 
Output pulse polarity 

Power Requirements:: Voltage Max Current 

Circuit:: 

References:: 

+250VDC 
+150 VDC 

.. 15 VDC 
603 VAC 

1 5787 oscillator 
2 6360 pulse shapers 
1 5894 output bUffer 

250 MA 
40MA 
-7 lifA 

4034 anws 

Circuit Schematic c=85477 
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General Descriptiong 

B~~~ou9hs 0 
POWER SUPPLY 
(Typ e 9802A) 

Section 12 

This is a power supply designed specifically for use 
with the Burroughs II Type 1750 BW clock-pul seg.enerato~o . 
Comparison of the capabilities of this supply with the 
requirements of other Burroughts ll units will show that this 
supply can be used to power some other units alsoo 

.sp ec ifications g 

Dimensionsg 

.Inputsg 

OutputSg 

Controlsg 

Circuitg 

Powerg 

. Referencesg 

3-1/2 inox 19 ino j) depth 10 ino 

110 volts!) 60 cycles aoc o 

+250 vde 
+150 vde 

-15 vde 
6 0 3 vae 

350 mao 
55 mao 

... 10 map 
4 0 3 "amp 

Filament power swltcho 
Plate power switch o 

3 full wave semiconductor rectifierso 
Grasshopper fuses are used in the de 
outputs so that blowing of any fuse 
will dump the plate supply vol tage o 

110 volts ac o 

Circuit schematic #A=85852 
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General Description 

l3u.rroughsl 
GAS TT1.B.ID PULSE GENERATOR 

(Type 1003 A or AW) 

Sect. 13 

This un! t generates O.l-f.l.sec positive pulses. Pulses may be 
generated in three different ways: (1) by ~sh button, (2) by the coin
cidence of a positive synchronizing pulse with pushing a button, and 
(3) by the action of a positive pulse alone, with no push button. Input 
pulses must be at least 1.2-J..Lsec duration, and of at least 20 volts 
amplitude. For the second mode of operation, these pulses are fed in 
the "sync input" jack; for the third mode of operation they are fed in 
the "low frequency input" jack. The upper frequency limit is 2000 cycles. 
Three identical. units are mounted on one 3-1/2 x 19-inch panel. 

Spec ifications 

Construction: Panel and chassis 

Dimensions: 3-1/2 x 19 inches 
Depth 10 inches 

Circuit: 2D21 Trigger Tube 
2D21 Pulse Generator 



' .. 

"'10 _Sect.·1J 
.'. 

Controls8 !he cirCllit is so designed tbatonly onepll.e' 
18 generated for each pu.h .... button depressloa. 

A selector switch with "Random" and "Synchronized' 
positions permits generation of an output pulae by 
depressi~ the push 'button in "llandOm"posi tion or in 
'Synchronized" position provided a sync pu1s~ i8 re
ceived at the sync input Jack during the time the 
buttolf i8 depressed. !he output pulse is fired 'lout' 
Ileec after the positive rise of the sync pulse. 

!he output pulse amplitude m~ be varied from 
o to 35 volts. 

Power ReQ.uirements: 

Refe~8l1ces 
./ 

~150 volts d-c 
... 15 vo1tad-c 

603 volts a"",, 

Circui t Schematic' ]3..50412' 
Ingineering Bo te . -:m-434 
Photograph F-1553 

003'ma 
0.:6 lila (surge) 
3.·6 amps 
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GRADED BY: DATE: THIS IS A GRADED DR..wI~G or 
HIGHEST GRAO£ A~OYEO BELOW: 

--_ ............ _ ....... GRADE I fOR RHERENCE ONLY 
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~ fi DR.A.M.G.G·c6·Sf 



Sect. 14 

GATE PANEL 

General Description .. 

The gate pB.D8l con~istsof three independent, gate tubes and 
. associated bu.f'f'er amplifiers. The No. 3 grid of each gat&- tube is 

cOlmected to paired jacks on the front panel so that externally generated 
gates'oan be utilized.' The No. 19r1ds also have paired input jacks fbr 
pulses to b,e gated. The polarity and amplitude of the output pulse can. 
1?e selected by panel controls. ' 

, The gate panel was designed to. provide auxiliary ~te-tube 
circuits tor the register panel (a-c or d-o). In applications where 
steady-state gate ~ses are used. the gates can be obtained from the 
gate and delay unit. 

Specifications 

Oonstructicn: Panel and chassis for standard rack mounting. 

Dimensions: 

Oircuits: 

InpUt: 

5.% ,51 % 19'incbes. 

3 1Arr gat~ tubes. , 
3 1AD1 buffer amplifiers. 

External gates 
paired input jacks to the No.3 grid of eaoh '7AK1. 
O.l-microtarad coupling condenser extends lower 

, repetition frequenoy range of gate. \ 
Switoh for selecting input from-a,-c or d-c register 
panel. 
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Page 2 

Pulses 1;0 be gate4 , 
paired input jaoks to No.1 grid of/ gate tube. 
Input pulse must be positive. ' 

Input Amplitudes: , " 
lIille 14' v, (to .... obtain speoified output amplitude 
range) max~' 35 v. 

outpUt: Gated ~Bes ' 
Eaoh'ga;e tube has a single output jaok. 
Polarit,y reversible. ' , 
Amplitudeoontrol in oathode of 7AD?, 6 to 23 wlts. 

Jlinimum. Delay: (all seotions) 0.00 .. eo. 

Resolution Time: (all seotioD8) 0.38 .,.eo. 

Power Requirements (all seotions). 

Voltages 

Referenoes' 

+250 v 
+150 v 
+ 90 T 
-15 v 
8.S'va-o 

Ourrent with 
no siGDal 

1.2111& 
1.5 ma 
0.5 JII& 
o 

4.2 amp 

Circuit Soh8matiol 0-82496 
lDStruotion Booklet. Report i-1Sl 

Ourrent with 
1-Il10 olook pulses ' 

11.0 ma 
6.1 ma. 
8.3 u' 
2.2 ma 
4.2 amp 
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Sect. 14 

:Burroughs' 
GATE TtT.BIIl PANEL -

(Type 1201 A or AW) 

General Description 

This unit consists of two independent sections mounted on one 
panel. Each section consists of a 7AK7 gate tube followed by a pulse 
standardizer which puts out O.l-~sec pulses. 

Specifications 

Constrllction: 

Dimensions: 

Panel and chassis 

3-1/2 x 19 inches 
Depth 10 inche8 

Circuit (each section)z 

Controls: 

)--- I 

7JX7 Gate Tube 
6AG7 Peeker 
6&.G7 Pulse Amplifier 

Ou.tpu.t pulse amplitude may be varied from 
10 to 32 volts;' polarity may be reversed. 



IDe: '0.. 1 .. srid.~· Pulse to bepte4, .is ooupled. 
. to. Bo.· 1 sricl of p~. tube throush a . 

ca~:1tor eat cl"f8~clamp circUit coaectecl 
to -15 volts q Xilput.pulle must be. positive 
0.1 ~ec lOnlj V1th'ua.mpl1tude of at least 
13 vqlts. . 

Bo. 3 grid:. n-c lewl mUst be at more than 
.. i5volts to ~lel the pte tube ott; at 
ground to hold it oD 0 . 

POWerBequ1~ente: 
. <t250 'VOlts dcc 60 ma 

.;.150 ~1.~1· i ... · 70 .. 
+120 volts d=e .30 ,ms. 
+90 "mIts d=e .... . 20 mao 

,,-15 volts elmO "if. ,',", 7 ma 
;6.3 volts acoO '. '·"4.2 am.ps 

Circuit SChematic; G ... 50lB.14 
Bn81neeringl'lote E..Ja.31f, 
Photograph P-1555 
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General Description 

:Bu.rroughs I 
CRYSTAL GATE PANEL 
(Type 1202 A or AW) 

· / . 

Sect. 15 

Two identical units oc~py one 1-3/4-inch panel, each having 
five inputs and one output. They are meant to be operated from d-c 
coupled gates which run between two voltage levels, the lower of which 
should be -15 or more, and the upper of which should be zero or positive. 
The output assumes a voltage equal to the most neg~ti'Ve i~put; it will 
be zero or positive only if all the inputs are zero o~'~9J':tti;Ve. 

The output of a :Burroughs' Flip-F.J.op, a 1)..C Register Panel, 
or' a ~rroughs I Gate and; Delqed~lse Generator may be connected directly 
to this inPut. However, a Whirlwind Gate and DelayUilit may ~ be con
nected directl,' to this jack, since the d-c level of the ou~t of the 
Whirlwind Gate and Delay Unit is about +30 volts. The only way in which 
this unit may be used with the Whirlwind Gate and Del.ay Unit is if the 
gate duty cycle is greater than 0.05. Oonneotions would be made as shown 
below. 

GATE 
AND 

DELAY 
UNIT 

GATE 
OUTPUT 

GATE 
TUBE 
GRID 
#3 GATE· PANEL 



"Ih$ time CO!l.stut of the QDupl1DC capa.c1toran4 arell1at181loe 01'15,000 ohml 
.. :. should. be at le ... t f1v •. tbael the II&1:!IIlI1ID lnte:Nal betWHllpt.lp 

SEecl:ti@at1oali 

CoDllltrmriio!Lg Paul aud ohall8b 

10 3/4 %19 lnchsi 
Depth 2 inchil8 

Power a.~1rament8g 
+250 wlta d..c: 1 _ 

for each e8ClU,OI. . 

Reference. 

Clr~lt Sehemat1c ~5041l 
lIlDgineering Note' .. i.;.434 
Photograph . F ... 1556 
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Sect. 16 

THE GATE AlID DELAY UNIT 

General Description 

. The purpose of the gate and delay unit. is to provide a 
test equipment bull ding block whioh oan supply a gate pulse, a 
delayed pulse, or b~th, to external test bloCks or co~lete systems. 

Speoifications 

Dimensions: length - 19 ·inohes 
width - 5 1/2 inches 
d~th - 6 1/4 inohes 

Cir~its (duplioate seotions): 6AxS trigger tube. 
1/2 5687 delay multivlbrator. 
6L6 cathode follower. 

l~t (each seotion): 

Out~t (each seotion): 

61.6 R-L-C -pealter. 
61.6 buffer amplifier 

O.l~sec half-sine-wave positive 
pulses of at least 20 volts amplitude. 

Unolipped gate: 
Ampli~de +40 volts. 
Rise time 0.2 ~seo. 
Fall time 0.1 ~seo. 

..... 



'\ 
\ ' 

Clipped gate -
Rise time 0.3 ~sec. 
Fall time 0.1 ~sec. 

Page 2 

Qate length continuously variable :from 
0.5 ~sec to 2500 ~secin :four overlapping 

. ! ranges. 

Delayed (output) pulse: 
O.l~seo half-sine-wave pulse across a 93-ohm 
impedance. 
Pulse amplitude is continnously variable from 
o to approximately 40 volts. . 
Polarity reversible. 
'Delay time equal to gate length. 

Resolution Time: For coarse delay setting o:f 10 ~sec: 
50 ~sec: 

450 ~sec: 
2500 ~sec: 

Power Requ1remen~s: 

,Voltages 

+250 v d.c. 
+150 v d.a. 
-150 v d.c. 

6.3 v a.c. 

(both sect ions) 

OIlrrents 
No Sig. ~kc Signal 

115 me. 110 rna. 
220 rna. 195 lila 

8.5 ma 8.5 ma 
7.55 amp 7·55 amp 

1 ~sec. 
2 J..Lsec. 

10 \.Lsec. 
70 \.Leec. 

Voltage Re~lation: The voltages of the multivibrator are 
filtered sufficiently to allow operation 
wi tll an unreguJ.ated po\,ler supply which 
is reasonably stable. 

References 

Any low-frequency variations, of the 
order of 5 cps, in the power supply 
will change the delay time of the unit. 

Engineer~ Note: 1-121 
Circu.it Schematic: . D-37148 
Photograph: l!'-679 
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GATE AND DELAY UNIT 
Model :2 

Secto 16 

This unit differs from Modell only in its tube complement8 

6AK5 Trigger Tube 

5687 MUltivibrator 

6v6 Cathode Follower 

5681 Pulse Generator 

6AG1 Output pulse Amplifier 

Reference 

Circuit Schemat~c D=33105 
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l3u.rroughs I 
GATE AND DELAYED-PULSE GE!-.TEBATOR 

(Type 1301 ~or :aw) 

General Description 

Sect. 16 

This unit consists .ofa gate generator de.signed to be triggered 
by O.l-llsec pulses~ The gate output is d-c coupled, swings between 

. approximately -20 and +5 volts, and may be varied from 1 to 80,000 ~sec 
in length in five overlapping ranges. The gate output impedance is less 
than 1000 ohms, and the rise time less than 1/41-18ec... A O."l4.1oec positive 
or negative pulse is generated at the· end of the gate, so that it is in 
effect the input pulse delayed by the length of the gate. 

Specifications 

Construction: 

DiJ:1ensions: 

Controls: 

Panel and chassis 

3-1/2 x 19 inches 
Depth 10 inches 

Coarse delay 
Fine delay 
Output pulse amplitude 
Output pulse polarity 



. -. 

Xnpll:h (Two jacks. in parallel) 

Positive O.l-lJ.aec pulses having a m1n:lmum amplitud® @f ablQ,ut 
13 volta. 

Pu.lsEl Outpu,tz The ,ou.tpu.tamplitude is variable from 10 t@ 32 volts ~".d 
polarU7 i8 reveraib18 •. 

Del& MV Oiltpu.t: lltlr1n@; the delay inte:t"\fal thtlf output 1~ app:rox1mat~=-
17+15 volta. Du.r1ng standb7 it is approximately -20 
volta. Mse' time when driving 10qJJJ.f b leBI t:ban 0,,1 
ileec. 

Ooarse Delal $ett iy 
1 
2 

..... ~. 

1/2 5681 'rigger tube 
5687 Multivibra1io:r 

Dalay Range (IlBe~l 

1-22 
10 ... 2;0 
90..,2000 
850-17~OOO 

9000-00~COO 

1/2 5687 PSaker and cathode follover 
'5687 Pulse standardize*' 

6Nl1' OIl.tPut amplifier 
val50 V.01tage regulator for +25~ 

Power Requirements: 

+250 volts d-c 
+150 volts d-c 
... 90 vol ts d-c 
= 1; volts d.-c 
.... ,30 vol t8 d-c ( 
=300 volts d ... c. 
6.3 volts a-c 

60ma 
18 ma 
40 ma 
lma 

30 rna 
0.; me. 

:3-35 amp 

Iiefel:"en@16tB "t, 

= ====-

Ob'Cld t Schematic 
Engineering Note 
Photograph 

D-50441 
1-434 
F-l557 
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NOTES: DRAWING R£FERENC~S:' 
I. UNL£SS OTHERWISE SPECIFIEO: 

A. RICSISTO~S ARE. IN OHMS,iw~'tIO%. 
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C. VIOEO CONNIi!:CTORS ARE JAN UG-62S/U. 
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TY~E IN3........ . 

., IF' TI IS A SU/ltIii!OUGHS TYPE ri22 A CRysrAI
~ RESI3TOte SHOULD BE ADDED TO THE 
SECDNDAlltY.,AS FOLLOWS: 

~JII : 

I. eURROUGIotS EQUIPMENT: 
PULSE. OELAY~TrPE:.I:SOlaw 
Cwe.No.C-IO&69c. 

L LNroiIICOIO LABELS: A-60Sa7 

""J",,4JI..;1IDIIIt_IOCF 
H'; .. tn ;UDE VPIiCYEI' '~LC"': 

GRADE I' FOJt REfERENCE ONL~ 

. GRADE. tl PREllhll~AIW OESIaN 

)63... . ... iM"-Jit. GRADE II[ rtNAI. D~GH -

MASSACHUS£rTS INSTIYU1E OF TECHNOLOGY 

DID'T.0I'~==,~~_6BP 
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·S PIN 
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DRAWING REFERENCI!:Sr' 
. I. BURROUGHS EQUIP .... ENT' 
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" ~_~ _~. GRADE I fOR REFERENCE OM.~ 

. _.. . __ .... _ .... GRADE. U I'fI'EUMII\IARY DESl3N 

~63 ...... (-:I$"~S::' GRADE III FINAl DE5lGN -

MASSACHUSETTS lNSTltU"tE OF TECHNOLOGY 

DD'T. 0I':=~=='~"i:'~ _Gse 
CIRCUIT SCHEtJlATICa 

GATE DELA.YED-PULSE GENERATOR 1~lew 
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GRADE I FOR REfERENCE ONLY 
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Seet •. 17 

DELAY LINE PANEL 

General Description 

The de1~ line panel is used to delay O.l-microsecond 
pulses, in steps of 0.1 microsecond, up to a maximum -of 1 microsecond. 
External. terminaJ.s are provided for addl,ng extra delay lines. 

Specifications 

Dimensions: 4 1/2 x 5 1/2 x 19 inches. 

Del8l: 9 delay lines, each 0.1 ~sec. 

Circuits: 

Inherent delay of unit 0.1 ~sec. 
Terminals on rear of chassis for additional delay 
lines. 

6AG7 input buffer amplifier. 
9 delay lines, each 0.1 ~sec 1100 ohms, can 
be switched in series. 
1/2 5687 buffer amplifier. 
1/2 5687 inverter. 
bLG7 R~-C peaker. 
6AG7 output buffer amplifier. 



In21t: 

Ou.tpa.t: 

Page 2 

Positive O.l~secbalf-sine-wave ~lse. 
Minimum ~se amplitude 8 volts. 
Resolution time of equipment 0.45 \.Lsec. 

O.l-lJ.sec pulses, polarity reversible, 
ampli tude variable up to 36 volts with a 
l5-volt'i~t pulse. Output circuit is 
transformer coupled to match 93 ohms. 

Power Requirements: 

Voltages 

- 15 T d.c. 
+120 v d.c. 
+150 vd.c. 
+250 v d.c. 

Ou.rrents 
No Sig. I-me inpu.t 

28 ma 25 ma 
11 ma 11 ma. 
46 ma 62 ma 
9ma 29ma 

6.3 v a.c. 2.85 amp 2.85 amp 

References 

Photograph: l!'-6s9 
Circui t Schematic: »-40307 
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General Description 

l3u.rroughs t 

DELAY LIm) PANEL 
(Type 1302 A or AW) 

Sect .17 

This unit delays O.l~sec pulses by means of a tapped delay 
line in 0.05-1.Lsec steps from 0.1 to 1.9 jJ.sec. It is designed to receive 
O.l~sec pulses with a minimum amplitade of 13 volts. The output pulse 
polarity is reversible and its amplitude may be varied from 10 to 32 volts. 

Specifications 

Construction: 

Dimensions: 

Circuit: 

Panel and chassis 

3-1/2 x 19 inches 
Depth 10 inches 

6A.G7 Input amplifier 
6A.G7 Amplifier 
6A.G7 Inverter 
6A.G7 Pea.k:er 
6A.G7 Euffer amplifier 



Power Reg.uirementst 

~_f6r®n((';l~ 

+250 volta d ... e 
+150 volts d ... c 
+120 volts a.=((';l 
= 1; vol tIS d=@ 
603 volta a-c 

Cir>eu1t S~hemat1c 
Engineering Note 
Ph6to~aph 

69 ma 
112 me, 
20m 
12 m 

3.25 amps 

Seeto11 
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Secto 17 

THREE CHANNEL DELAy 'PANEL 

General· Descriptien 

This unit centains 3 identical pulse de).,ay circui:ts, each censist
ing ef a, delay line . (whose length may be chesen by the user to. be 
between 001 and 200 usee) with an input, and an eutput buffer e.nq>lifiero 
A variety of suitable delay lines are available at test equipment 
headquarters 0 ' 

. Specificatiens: 

. Dimensiens: 

. Inputs: 

Outputs: 

Centrels:· 

Circuit: 

Pewer: 

References: 

.3 1/2 x 19, depth 10 1/2 ino 

Pesitive .001-useco Pulses. 15 to. 40 velts in 
anw1i tude up to. 4 me J ene input fer each channel. 

Positive Ool-usec pulses variable in anw1itude 
between 5· and. 30 velts up te2 me (gain becomes 
less at higher prf')" ene eutput for each channel. 

one ga.i:c centrol for each channel 0 

3 6145 input buffer ~lifiers 
36145 eutput buffer ~lifiers 

+250 vdc 30 ma/mc/cbannel~ {at, 30 velt input 
-15 vdc 006 ma/me/channelJ{and eutput 

93 -ehm loads 0 

6';3 :vac3.6&I1i>s 

Circuit S.chematic C-56378 
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General Description 

Jlu.rrougha I 
o .l-\J..SEC DELAY 
(Type 1303 AW) 

Sect. 18 

This unit provides a fixed delay of 0.1 ~sec, with a signal 
attenuation of less than 5%. The balanced system network has an in~edance 
of 93 ohms and permits either jack to be used as input or output. The 
unit can resolve O.l-1J..sec pulses having a period of 0.3 ~sec. 

Specifications 

References 

Construction: 

Dimensions: 

Metal box with mounting flange 

4-1/2 x 3 x 1-3/4 inches overall, including 
a 3-1/2 x 1 inch mounting flange 

Power Re~irements: None 

Circuit Schematic ~52057 
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General Description 

:Burroughs f 
CHANNEL SELECTOR 

(Type 1401 A) 

Sect. 19 

This unit accepts a,O.l-~sec pulse at its input, standardizes it, 
and feeds it to four buffer amplifiers which drive four output jacks. Each 
output has its own gain control and 3-position selection switch. The 
center position of the sm tch (ZERO) disconnects the jack from the output 
circuit; the two outside positions reverse the polarity of the output 
pulse. The inherent delay is 0.08 ~sec, and resolution time is less than 
0.5 Ileec. 

Specifications 

Construction: Panel and chassis 

Dimensions: 3-1/2 x 19 inches 
Depth 10 inches 

Circui t: 6AG7 Inverter 
6AG7 Peaker 
6AG7 Buffer Amplifier 

4 - 6AG7's Output Amplifiers 

Power Requirements: 

+250 volts d-c 
+150 volts d-c 
+120 volts d-c 
- 15 volts d-c 

6.3 volts a-c 

120 rna 
44 rna 
15 rna 

5.8 ma 
4.55 amps 



References 

Circuit Schematic 0 ... ,041, 
Engine~ring Note E-434 
Photo~aph F-1559 

Secto 19 
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General Description 

:Burroughs I 
GATED CHANNEL SELECTOR 

(Type ll.!o2 AW) 

Sect. 19 

The first stage of the Gated Channel Selector is a read-in gate 
tube which will pass O.l~sec pulses at its 11 grid input (Gl) only when 
a gating voltage is applied -simultaneously to its *3 grid input (0-3).' 
After this initial stage the operation is as described fpr Channel Selector 
Type 1401 A. 

Specifi cation-s 

Construction: 

Dimensions: 

Panel and chassis 

3-1/2 x 19 inches 
Depth 10 inches 

Circuit: 7AX7 Gate Tu.be· 
6AG7 Peaker 
6AG7 :Buffer Amplifier 

l~_ 6A.G7's Output AmPlifier 

-" -

, .. ", ' 



Pcwe~ Requir@ment~g 

+250 vol ,t~ d=l1:l 
+150 volts d=()l 
+120 volts d""e 
+ go vol ts a.=@ 
= 15 volts d=c 
=150 volts d .... " 

603 volts a.=e 

120 rum 
44 m 
15 ma. 

2 F.a 

5,,8 :rna 

4055 ~' 
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General Desoription 

Burroughs' 
PULSE GATER 

(Type 1501 A or AW) 

Seot. 20 

The pulse gater consists of a gate generator and a gate tube circuit 
mounted on one 3-1/2-inoh panel. Either seotion may be used independently 
of the other. 

The gate may be varied from 0.3 to 5000 ~seo in four overlapping 
ranges, is d-o coupled to its output jack, and swings from -30 volts in 
stand-by to 0 volts during the gate. Although the gate generator has 
neither the stability nor the low output impedance of the Gate and Delayed
Pulse Generator (Type 1302 AW), it is adequate for generating chains of 
pulses when connected to the gate tube circuit. The gate tube circuit is 
identical with those described for the Gate Tube Panel (Type 1201 AW). 

Specifications 

Oonstruction: 

Dimensions: 

Panel and chassis 

3-1/2 x 19 inches 
Depth 10 inches 



Circm.1ta 
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';"150 volts d-c 

603 volts a-c 
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15 ma 
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305 I!a 
2Oms. 

3 .. 55 amps 

.S6Cto 20 
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General Description 

:B-Ilrroughs I 
CRYSTAL MIXER ~OX 

(Type 1601 A or A\1) 

Sect. 21 

. 
:i 

The crJstal mixer box has four input jaoks whioh feed a oommon 
output through crystal diodes. It is designed for mixing positive pulses. 
The unit can resolve O.l-~sec pulses having periods of 0.5 ~sec when the 
load is no greater than 50 mmf. 

Specifications 

Construction: Independent box not mounted 

Dimensions: 2-1/2 x 2-1/2 x 1 inch overall 

Power Re!,!uirements: None 

References 

Circuit Schematic ~50413 
Engineering Note E-4)4 
Photograph 1-1561 
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General Description 

Burroughs' 
REMOTE nIDIOATOR 

(Type 8201 AW) 

Sect. 22 

This unit is designed to provide a centralized remote monitoring 
point for FF's. The position of each FF can be visually determined by 
observing whether the lamp connected to it is on or off. 

Twelve NE5l neon lamps are mounted on the panel. Either one o~ 
two lamps may be used per FF at operator's choice. A switch permits 
selection of either +90 or +250 volts. +90 is used with Flip-Flop (1103 A) 
when lights are being driven by the flip-flop; +250 is used when lights 
are being driven by the D-O coupled Register Panel. 

Specifications 

Construction: 

Dimensions: 

References 

Panel and chassis 

l-3/~ x 19 inches 
Depth 9 inches 

Oircuit Schematic ~52056 
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General Description 
/1 

PLUG-IN UNITS 
and 

PLUQ..Llf.UNIT MOUNTING .PANEL 

. PLUG. IN UNITS 

Sect. 26 . 

This Section presents descriptions, data, and circuit schematics or 
plug-in-type test equipment. Plug-L~ units contain the essential elements ot 
the la.rger units ot test equipment presented in other sections or this Report. 
Units or this type are intended ror semipermanent systems ot test equipment in 
which pulse standardizers and a.djustments ot amplitude and polarity are not 
needed. Blank chassis are available ror the construction or nonstandard plug
in units. 

Specifications, 

Construction: Plug-in chassis 

Dimensions: 3-3/4 x 1-5/8 inches 
Depth 9-1/4 inches . 



.~ ... 

.. Secto 26 

General Description .. ". ~. 

'l'he mou.~ting panel conta.1ns eight 24-p1n connectors whi~h support plu.g'" 
in units o The fol1owingvoltag€ls arewiredtQthese C0Ill1€lc:\iors:6!!.;3 .. A,,q~ .... 15.\1 
=150&gl"9tmd.»+90J) end 1"250.. On the face c.~:? the panel are 32 BNG cannectorso 
On ·the top surface, at the back of the panel, is a phenolic strip with 70 lugs 
on 'i'miol) a passj;ve net't-1ork can .be p.ssembled o 

Dimensions: 

Two pi¢.cesof sheet metal held together by the 
eight connectors and a Jones plug 

8-1/2 x 19 inches 
Depth 4 inches 
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Plug-In . 
GATE-TUBE UNIT, MOD II . 

(GT-GT) 

Secto 26 

General Description 

This unit consists of two independent gate-tube··circuits mounted on a 
single plug-in chassis 0 VI, the read-out gate tube, has a transformer output to 
provide positive or negative pulses for the transfer of information from a flip
flop into a bus or other low-impedance loado V.2.3 the read~in gate tube, uses 
capacitive coupl~g to provide only negative pulses for the transfer of informa
tion into a flip-flop or other high-impedance load. Prf sensitivity of the latter 
circuit is negligible up to about 2 mc. 

Specifications 

Positive standard pulses of 15-v to 30-v amplitude; d-c 
levels of 0 volts or positive to turn the gate "on", ... 15 
volts or more negative to turn the gate "offo" . 

Output: . With the suppressor at 0 volts, VI gives positive or 
negative pulses of about 7 volts into alOO-ohm line; V2 
gives pulses of about 12-v amplitude into the grid of a 
flip-flop tubeo More output will be realized if the 
suppre~ is held positive with respect to groundo 

References 

Power Requirements: 

Voltage 

+250-v DC 
+ 90-v DC 
;.. 15-v DC' 
.. 60 3-v AC 

Circuit Schematic: 
Engineering Notes: 

C-50950 
E-104 
E-l44 

Current to One Tube 

approxo OQ2 ma plus 6 rna per mc of prf 
approxo 5 rna per mc of prf 
approxo -1 ma per mc of prr 
1,,6 amp 
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Plug~In 
DUAL BUFFER AMPLIFIER, MOD II 

(BA-BA) 

Secto 26 

General Description 

This unit comprises two identical, independent, point-to-point 
amplifiers mounted on one standard plug-in chassis o Each amplifier can be 
driven without pulse droop by standard pulses at prf's up to 1 mc; from 1 mc 
to 2 mc~ the amplifier is usable but increasingly prf sensitive with about 
5=v droop in a series of pulses at 2 mc o Each amplifier provides transformer 
output and therefore provides positive or negative pulses depending upon which 
output terminal is grounded. Nonstandard pulses of sufficient amplitude will 
be amplifiedandpartially reshaped to approximate a standard pulse out .. 

Specifications 

llefe!:,ences 

Inpu"t!: 

Output~ 

Positive pulses of l5-v to 30-v amplitude. 

Positive or negative pulses of l5-v to 35~v amplitude into 
100 ohms~ Any input pulses exceeding 30 volts will over= 
drive the amplifier to give a slightly distor'bed pulse 
out with about 35-v major amplitude. 

Power Requirements: 

Voltage 

-+250-v DC 
.. l,-v DC 
603-v AC 

Circuit Schematic: 0-$0826 

Current to One Tube 

approx. 204 rna plus 30 rna per me of prf 
approx. -2 rna permc of prr 
) ... 2 amp 
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General Description 

Plug-In 
GATE-BUFFER AMPLIFIER, MOD II 

(GT-BA) 

Secto 26 

This unit consists of a buffer amplifier fed from a gate-tube circuito 
The gate is controlled by a d-c voltage level, such as a flip-flop outputo 'VJhen 
open, the gate passes pulses to the buffer amplifier which insures output pulses 
of good shape and amplitude at a lOO-ohm impedance level 0 A separate-input is 
provided to the buffer amplifier so that it may be used independentlyo The 
entire circuit may be driven without pulse droop at prf's up to 2 mc; from 1 mc 
to 2 mc it is usable but increasingly prf sensitive with about 5-v droop at 2 mC B 

The transformer output provides positive or negative pulses depending upon which 
output terminal is groundedo 

Specifications 

References 

OUtput: 

Positive standard pulses of 15-v to 30-v a~plitudej d-c 
levels of 0 volts to turn the gate tube "onn and -15 volts 
to turn it "off," or gate pulses of the same-amplitudeo 

Positive or negative pulses of 17-v to 35-v amplitude at a 
100-ohm level o 

Power Requirements: 

Voltage 

+250-v DC 
... 90 ... v DC 
... 15 ... v DC 
603-v AC 

Circuit Schematic: c-50827-

Current 

approxo 20 6 ma plus 30 rna per mc of prf 
approxo 5 rna per me of prr 
approxo -2 ma per me of prr 
1.4 amp 
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Plug-In . 
D-C FLIP-FLOP 

(FF) 

Sect. 26 

General Description 

. The circuit of this . plug-in Flip-Flop is essent:iall:y the scune .as 
that. of t,heBurroughs Flip-Flop, Type 1103 4W (see Sect, •. 9, above), without 
the trigger amplifi~r aJ1d two read.;.,:in ga"j:.e tubes" The unit is inten.dedto··· 
drive gate tubes, crystal gates, and similar loads. "It ;i.sset or cleared by 
negatiye pulsl3s applied to the "one" or "zero" control grids, respectively; 
it is triggered by negative pulses applied simultaneously to .the control grids 
of both sides or by positive pulses applied to the. common· cathode 0 Trigger
ing can be achieved reliably at prf1s of up to about 4 mc o 

,§£ecifications 

References 

Input: 

Output: 

N:egative pulses of over 6-v amplitude for ttset"or "clear"; 
positive or negative pulses of over 6-vamplitudefor 
iicomplement"tt In ~i~her case, ripple or overshoot should 
be less than.3 voltso 

The Itoneu .. and uzero" outputs yield either of two d-c 
levels intended to be a.pplied to a high-impedance load 
which may consist of the grids of I to 3 gate tubeso .. 
The two level13 al:'e 0 anc,i -18 yolts. Rise and fall trig-

, ger time are approximately 0 0 2 ~seco 

Other outputs provide two d-c voltage levels to control 
neon indicator lights, to control plug-in switch units, ~., 

and to operate ty}1ewriter equipment. 

Power Requirements: 

·+·90-v DC 
-150~v DC 
6,,3-v AC 

Engineering Notea E-168 
E-493 

Circuit Schematic 0 .. 50825 
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General Desc~iption 

SCOPE COUPLING UNIT 
(Models I & II) 

Sect. 27 

The scope coupling unit is used to couple signals directly to the 
vertic al":'de flection plates of the Tektronix 514D scope. Bec.ause of the 
scope amplifier's pass-band limits, this unit is used to best advantage in 
observing fast rise-time pulses such as the standard O.l-Ilsec pulse. It 
is also used to check on the presence of high-frequency parasitic oscilla
tions. While both models are the same except for input (see below), Model 
I is preferable to Hodel II since it provides less capacitive loading. 

Dimensions: 4 x 4 x 2-1/4 inches. 

Vertical-positioning-control coupling circuit. 

The input on both models may be direct-coupled 
since there are internal series capacitors •. Models 
I and II differ only in the mechanical arrangement 
of the input, which in Model I is through a pair of 
short clip leads while Model II uses a 318-inch 
BNC connector. Signals lower than 1 or 2 volts 
cannot be observed with either model. 



Refer.ences 

output: 

Control~ 

Sect .. 27 

The output goes directly :1;.0 the. plates of the CRT through 
vertical=deflecticI1=platebanana, plugs: on 'lJh€ side of the 
scope o 'fwo banana jacks pelmit a voltmeter to be plugged 
ino ' 

The control knob changes' the level of the trace on the scopeo 
Signal amplitude is measured by turning the cont,!'ol to :tts 
extreme caw position and applying a signalo The sweep is 
then lifted (by use of the c;ontrol) to the observed position 
of the top of the signal on the scope face. A voltmeter 
plugged into the banana jacks indicates theaD~litude of 
thes;gnal o 

Power Requirements~ 

, +2.50 ... vol ts DC 
1-1.50 ... vol ts DC 

Circuit Schematic A-.52350 

lma 
-1 rna' 

Memorandum M-1604 
Photograph F-1821 

. ,. '. 
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Whirlwind 

""" 
',' . 

" Sect. 28 

CORE DRIVER,MOD.V identical to 
CORE DRIVER,MOD.VI identical to 

Burroughs 
CURRENT-PULSE GENERATOR (NEGATIVE) 
CURRENT-PULSE GENERATOR (POSITIVE) 

General Description 

The Model V and Model VI core drivers deliver rectangular-wave cur
rent pulses of variable amplitude, rise time, and duration. These units were 
designed principally to test cores and drive core setups. Model V supplies 
negative-going pulses, whereas Model VI supplies positive-going pulses, both 
are from a ground level. 

Specifications 

Dimensions: 

Circuits: 

Input: 

5-1/4 x 5 x 19 inches. 

Monobistable multivibrator (5965). 
Amplifier. (1/2"* 5687). 
Cathode follower (1/2, 5687). 
Current amplifier (4, 6CD6's). 

Standard O.l-~sec pulses, negative, 13-30 volts 
(Jl-set or Jl-set and J2-clear). 



Output: 

Duty Factor: 

Resolution Time: 

Secto 28 

Shape -- rectangular. 
Amplitude -- variable from 0 to greater 

than 10 6 amp" 
Regulation and back voltage -- back voltage 

may be up to. 100 volts. For 
1>!od" V ~ this causes a drop in 
current of approximately 10%; 
for Mod" VI, a drop of ap
proximately 70%. 

Rise time --less than 0.15 ~sec and 0,,2 
to 100 ~sec in two overlapping 
ranges" 

DUration -- 1-40 ~ec in two overlapping 
ranges (monostable); 0,,6-40 
(bistable) " 

Limited bymultivibrator to no~ore than: 
40% in monostable 
75% in bistable 

Limited by dissipation.in output tubes ·to no 
more than:· 

20% at 2.0..;"amp output 
25% at 1.6-amp output 
40% at leO-amp output 
50% at 0.8-amp output 
75% at 0.53-amp output 

O..5,~s~c at tnaximum ... output amplitude. 
(May be complemented in "bistable" from 12 .. 5 

kilocycles. to 2 megacJicles connecting Jl and 
J2 together.) 

Power Requirements: 

Voltage 

+150-v DC 
-150-v DC 
.. 300-vDC 
6,,3-v AC 

References 

Circuit Schematics C-52l70 
C-52643 

Engineering Note E-523 

Model V 

0,,03-2,,03 amp 
0 0 04 amp 

10.6 amp 

Model VI 

0.03-2 .. 03 amp 
0.04 amp 

10,,6 amp 
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Sect. 29 

6 CHA.mmL PUISE AMPLIFIER MOD I 

General Description 

This unitcQnsists of 6 identical p~e auq>lifiers" eacho~ which 
accep1B an input pulse at any de level and generates an output pUlse 0 

The shield of the input and output (co-ax c;:onnectorslare gJ"ounded~ 

Specifications: 

Dimensions: 

Inputs: 

OUtputs: 

. Controls: 

, Circuit: 

Power: 

References: 

3 1/2 in. x 19 in." depth 10 1/2 in. 

Positive 001 - usec pulses 15 to 40 volts 
in auq>li tude" up to 5 me. 

Positive 0.1 - usec pulses 15 to 50 volts 
in amplitude (depends on input amplitude" prf" 
and load) up to 5 me. Gain be.co~s poorer above 
1 meo "', 

An on-off switch fOJ;" each of the 6 outputs • 

7Ar7 pulse amplifier 

+250vdc 10 ma/me/ channel 
+90 vdc '0.5 ma/mc/ channel 
-15 vdc lma/mel channel 
6.3 vac 408 auq>s 

Circuit·Schematic C-58285 
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6 ClrA:fmEL PVI$E" AltWLIFIER MOD II 

General, ,Description 

This, unit cOJls:Jrsts of 6 identice,.l pulse" ~l1fiersJl each of which 
acceptsan bput pul"e at, any' de leve~and 'ge:tlCi!:r:.1:~a.n(j)u~put pulse at 
ade level of zero Qr -15 volts~The shield, oft~iriput (co-axconnec-

'to:r;"s) ,(n and,,2) whi,ch may be at any dc level fire bypassCi!dto ground 
through: a capacitor; the shield of tIle outputJatck (J3) is brought out 
to J4. ' J5 is-15 volts; the output may be placed at",adc level of -15 
by ajUJlq)er between J4 and J50 This unit was designeli to match pulse 
t~,st equipment to t~e'x:o,-l eo~uter, where pulselinetia, are, at, a level 
of' -15 voltso ", " " 

Specifications: 

Dimensions: . 

Inputs: 

OUtputs: ' 

,Controls: 

Circuit: 

, References:: 

,3 1/2 in. x 19 in., depth 10 1/2 in. 
~ . . . 

Positive 001 ... usec pulses 15 to 40 volts in 
," am,pl~:tude, '.'W to 5mc~' ' 

Positive 001 -:"usec pulses 15 to 50 volts tii 
aDu?litude (~epends on jJjput ~litude, prfJ) and 
lo~) up to:5meo ,Gain pe.~o~s poorer 'above 1 
me. ' DC,leve;L of output pUlse may be ,modifie,d 
from the frontplS.T,l~lo ' "" 

,An on~off, switch fo:r: each of the 6 outputs. 

6 7AJ.q pulse" a,pl1fiers 

+?50 vdc 
~' vdc 
-15 vdc 
603 vac ' 

10','1MI;/m!!-/ 'eSarmEtJ.~.,." 
0.5 'ul1J1C l "channel 

"l_/me I channel 
4.,8,~8 

'.' '"'~. 

Circuit Schematic C,:,,58678 
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DIGITAL EQUIPMENT CORPORATION 

BUILDING BLOCKS 

I. Introduction To DEC BUILDING BLOCKS 

Section 30 
Page 1 

DEC Building Blocks are a coordinated set of packaged basic 
digital circuits. They are primarily planned to be assembled in 
te~orary or semi-permanent systems for laboratory and production 
testing. They are designed so as to take full advantage of the 
characteristics of transistor circuitry. 

Test pattern generation l checking, counting, shifting, adding 
and general logic and memory functions are id.eally performed. by 
DEC Building Blocks. DEC Building Blocks are fast in operation l 

small in size,easy to use, and. consume little power. 

In most systems the blocks will operate at 5 megapulses per 
second. The signals are readily adapted to other t~es of digital 
circuits. To prevent accidental electrical damage, the units have 
been designed so that terminals may be grounded without harm to 
the unit. 

These units are completely enclosed in rug;ed aluminum cases 
(approximately 6-1/2 x 4-1/2 x 1-3/4) so that they will withstand 
the rough handling received by laboratory eqUipment. Nine such 
units can be mounted. in a 5-174 x 19 inch rack mounting panel. The 
standard DEC power supplies also mount directly in a 19 inch rack. 
Small numbers of the building block units can be conveniently used 
right on a lab bench. The power comes in the rear of each unit and 
the signal terminals are graphic diagramed on the front pnnel. 
Logical connections are made with patch cords which have miniature 
stacking banana connectors. 



, II. Logical Operations with DEC BU~LDING BLOCKS. 

Section 30 
Page 2 

. In,~EC Building Blo~ks logical operations are performed by 
'combinat'ions of saturable transistor inverters. The user can 
consider these as simple switches.that are either open or closed. 
In the gtaphic symbology used in DEC Building Blocks,' a negative 
level on A, the input or base of figure 1 will hShort" the output 
x to ground while a ground level in will open the gate and the 
output will be'-3 volts. ' 

x 

,A--...... 
'--..... ---' 

FIG.l 
If two transistors are connected in series as in Figure 2, 

both A.and B need to be negative to "Short" the output to ground, 
thus an "and" gate is formed for negative levels or an "or" gate 
for ground levels. .~ 

.----x 
B--_4��. 

A----.. 
'--....tt-"'"' 

FIG .. 2. 
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• Y' 

It'two ormoretransistora are connected in Par8.uel as in 
" Figure· 3,. ~y one" will short the output to ground and an -or- , 

gate is f.otmedtor negative si~8J.s. or an -$nd-gatefor pOSitive. 
signals.' More cOJJQ;)lexlogical functions are generated by series" 
parallel combinations. '.' ., , " 

X" 

, .. , "'---r'I' G' . "!» . .,,~_.. r... • \;J 

" . 
-:-'--"--~'~::'''-----.:'' ;: ' 

. , ........ "" .•. -.. -'''.-~-.. -~ ....... ~ .. " ..... " ........ -".'' ..... ,~ , .. ".~' ., .. ~ ... ~" , .... "-' .... _ .. _ ...... ,, . ,' .. _ .. ' .. _.' ........... _ .... -... ""-"",,, ..... "'" ~,,,~,, " ..... ~--., ...... .. 
, '. -,.,;.. , 1"3' 

• '_ .;t.. " "", • I 

.'J..~' = sa"O.uN,.D" "'" -' - . 

-' ' ... : ....;.;..- ~COLL'ECTOI\ 

W~,...~· '13AS,:E~-:-~..:~-~~'.' , 

......... ---- ~-M,IT.TER .",. 

---.- -= LEVEL 

.. = p.l;n:.Se:' 
,"----.,...,-:...---.. , ....... , --_ .... " ..... _-.-. ~-~;--..:...~"- .. ·-.. .:-... " ... I"':'·~ .. ·····" : ..... --:- .. _, .... \.''' ............. r .. _.'-._ ...... _.~v .. , ~",""'" .. ' •. " .... """ .... ,,\ . ..;~ ... "., .,,, ". ,,' .. ,,-..... - ... , .. "--.~ ........ ,--
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The DEC flip-flops are set by ·shorting" the appropriate 
input to ground with a pulsed transistor as in Figure 4. If the 
ground is'replaced by another gate or a network of gates the 
flip-flop is, only set if there is, a "shorted" path through the 
network to ground. Pulses are used only in the gate nearest the 
flip-flop. ' ., 

F,rG. 4 
The output stages of the flip-flop are low impedance in

verters aIld can be included as part of logic net works. For 
example information can be shifted from one flip-flop to another 
by using just the 2 gates included with each flip-flop connected 
as in Figure 5. 

L--------I4:r--------- SHI F T 

.- FIG. 5 
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LQgica19pe~at~ons are>U~t$lly pei-torinedb).'c~~irie;tionsOt' 
D.C. gates ~..Pp.1s~s .are norlially used to read the results ipto 
·flip-flops.' ThetermdnaL,labeled'P above the center of the flip
fldpw111de.11vel"B,.. sta,ndard 2.5 volt .nega.tive .s ignal , every time 
the flip-flop coiiIplemeilt input terminal is pulsed. This signal 
is very useMinbinary counter applications. . 
. . :' p 

o 

'FtG"'~' ,. . ... ~ ... 
. A simp;1,e counter is illu"trat~ditr F:L~e 7. The pulee' . 
from 3ack roflA will complement thenex~. flip-i'lopwhenA, 
holds a 1'1" • When a i'llp..;tl~ li 'iJ:i':the· "1 ":stll.te the ttl- oUtput 
is at -3*-u4 .. ~~. "0" 1S~f r-~t1n~.i·,· ...;., . : 

, .. , 

. .... 
". 

..,' '): r,:"., 

<.::' ". 
'. '<'. j. 

. , 

·.: .. ..,,,i .•.• ',.i ....... ,'., .• ", .•. , 

:. ', . 
. ti 

PULSE TO 
COUNTE. 



Section 30 
Page 6 

In DEC Building Blocks the standard levels are ground and 
-3 volts (-3 to -305 volts measured)o The pulses are -2.5 volts 
(from ground) in amplitude and no more thaD 70 millimicroseconds 
in duration. No more thaD three D.C. gates are put in series in
cluding the flip-flop output amplifier transistor when it. is used. 
A pulsed gate can be used as a fourth gate in a series chain. 

The catalog of transistor connections gives several examples 
of useful logical connectionso* 

III. Marginal Checking of DEC BUILDmG BLOCKS 

Facility for marginal checking has been included in the DEC 
Building Blocks so that deteriorating components may be located 
before failure and3 perhaps more significantly, to pinpoint noise 
or poor layout that is not serious enough to cause failure but that 
would limit the reliability of the systemo 

Marginal checking is accomplished by varying the + 10 volt 
supplies 0 This supply develops the bias on the inverters and3 in 
genera13 if it is increased3 low gain transistors will be made to 
faiL If it is decreased 3 it will allow any noise to cause failure 0 

There are two + 10 volt power terminals (+,lOa and + lOb) on 
ea.ch unit 0 Normally they are both set at + 10 volt but d.uring 
marginal checking they are varied Dne at a time to detect failure 
points 0 In the standard DEC power supply + lOa and + lOb are 
connected to two variable voltage supplies so that marginal checking 
is convenient at any time. If marginal checking is not required l 

+ lOa and + lOb may both be connected to the same power supply 0 

*See Catalog on the following pa.geso 
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CONNECTION 
I---~--.....,.....j-------... -------.--.-.... ---------f 

') 

1 ~ 
A --- .... .¥.-... OUTPUT 

I---~---l,-------.-.---. .-----I--~~--___I 

~ OUTPUT 
2 

2 

2 

3 

3 

3 

3 

3 

1 

2 

2 

2 

2 

3 

3 

3 

A= • AND B = 7" A = ::=- OR B=. 
A . 1--. FROM 
B ~ (FF OUTPUT) 

A=. AND B=-. A= '"7' OR B=-:::=- A _ ... ~ OUTPUT 

B~~ 

A= • OR B= • 

A= • AND B=. 

AND C =-=-

(A=. OR B=.' 

AND C=-=-

A=. AND B=. 

AND C=. 

'A ~~OUTPUT A= --==- & B =- -;:-
B 1 

.,.. 

A= -:::=- OR B=-:::=-:C .. L OUTPUT 

OR c=. 3 
(A=C;C AND B=C;C, : --«f~ OUTPUT 

OR C =. C li' 

A= -=- OR B= ~ A =f'" .. ' . OUTPUT 

OR C= -=- B 
C 

(A=. AND B::..' (A= o:::=-OR B=~' cAs L OUTPUT 

OR C= • AND C= -===- ~ 

A=. OR B= • 

OR C= • 
A= 7 AND B~ 7 A_ L OUTPUT 

AND c=-:: ~ ~ 

CATALOG OF TRANSISTOR 'CONNECTIONS 

TABLE I LEVEL OUTPUTS 
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NO, OF NO. OF LOGIC FOR PULSE. .. 
INPUT TRAN-
LEVELS SISTORS TO BE PASSED CONNECTION 

1 1 . A:= -::- PULSE __ ..cb0.UTPUl =:r ... , 
A 

1 2 A= • PUlSE~OUTPUT 

.... 

. dOUTPUT 
2 2 A =.ANO B = -:: ,PULSE" , . ' ... 

A .. 
, B' . 

PULSE ~OUTPUT 
2 3 A = • AND B::., 

A ' 
I 'B , , , .' 

PIl.SE ~UTPUT 
2 3 A= • OR B=. A '. 

B . 

g:oUTPUT 

3 3 A= • AND B=. AND C= ==-
. PUlSE A .'. ' . 

. B ' . 
C . . 

PIl.SE :9UTPUT 

3 ,3 (A=.OR B=.) AND C=-===-
A -, 
B . 
C . 

_.-e:-OUTPUT 
PULSE . I 

3 4 (A= • AND B=.) OR C = • A--«=P ~~. 
~P 

..,. 

3 4 A=. OR B=. OR C=. 
PULSE:~UTPUT 

B ' 
C 

\ 
.,.. 

CATALOG· OF TRANSISTOR CONNECTIONS 

TABLE 2 PULSE 'OUTPUTS 

.'. 
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)~ tOt 
I NSTRUCT IONS 

':'3 v' . fffi: NEClATlVE VOL'l'AGEBOURCE 

. mvER'l'ERBABE '9 c? \ 
, .. ' LOAD ~SISTOR 

INVER'l'ER COLLECTOR~ ....... ___ ~iINVER'l'ER EMl'1"1'ER 

--
INVERTER 

101 

The basic circuit used in doing logical operations with DEC Building Block Test Equipment is thetransis~r 
inverter. A PNP transis.tor is the main element of the inverter. In the notatioI') of DEC for the inverter, the base 
1s at the side of the rectangle, the emitter is at the bottom and the collector is at the top. 

The Inverter 10,1 package contains six identical transistor inverters' and four identical load resistors which 
are diode clamped at -3v. ' 

The inverter acts like a switch, 1. e. when the base is negative with respect to the emitter a "simple SWitch" 
between the emitter and collector is closed thus allowing current to flow. When the base is at the same or positive 
potential with respect to the emitter, there is n.:> emitter to collector. current. 

The transistor inverter is used as either a Level Gate or a Pulse Gate. The load resistors can be used with 
Level Gates. When the inverters are used as Pulse Gates, the utiit beinq pulsed replaces the load resistor. Pulses 
are applied only to the base of an inverter. See Section 30 I p,ages 7 \ and ,8. ,'. , . 

The delay through' a transistor depends on' the capacitive loading and under typical conditions is approxi- ' 
mately 20 millimicroseconds. Since each transistor is an amplifier, Level Gate Logic can be cascaded (collector 
to '!;lase) an indefinite number of stages without lOsing signal amplitude. The signal delays must be taken into con
sideration when a large number of stages are cascaded. 

Not more than three transistors .~im be placed in series for Level Gate Logic, i. e. emitter to collector. 
When a Flip Flop 201 drives an emitter ,. the built in output inverter amplifier of the Flip Flop must be counted as 
one of the three transistors. A fourth transistor can be used in series as a Pulse Gate, 

The output (collector) 9f a Level Gate can drive (lUour bases of transistor inverters and (2) one emit.terof a 
Level Gate or any number of emitters of Pulse dates providing only one is pulsed at a tiine. The output (collector) 
of a Pulse Gate can drive one iz?put to a pulsed unit. ' . , 

. '. Both polarities oflogic can be utilized to make negative "or" s, negative "and" s, positive "or" s andposiUve 
"and" s. ' 

'rhe built in Pulse Gate inputs to the Flip Flop 201, Delay 301 Pulse Amplifier 601 and Tube Pulser 650 are 
all similiar to the inverters contained in Inverter Model 101. The built in inverter output amplifier of the Flip Flop 
201 and Diode 110 are also similia.r t9 the inverters contained in Inverter 10;1:. . 

The maximum power requirements of the Inverter 10\package are: ' 

CIRCUIT SCHEMATIC: 8-80563 

-3 volts 
,·15 volts 
+10 volts 

34 milliamperes 
40 milliamperes 

0.1 milliamperes 
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INSTRUCTIONS 

. - NEGATIVE VOLTAGE SOURCE 

. aqe sourcefor-3v. 

nm:RTER BASE \,,-oe:p cPo ... 
LOAD RESISTOR 

mvERTER COLLECT07
11 ~~ V- mvERTER EMITTER 
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INVERTER 

102-

Thebasic circuit used ,in doinq loqical operations with DEC Buildinq Block Test Equipment is the transistol 
inverter. A PNP transistor is the main element of the inverter. In the notation of DEC for the inverter, the basE 
is at the side of· the rectanqle, the emitter is at the bottom and the collector is at the top. 

The Inverter 102 package contains six identical transistor inveFters and four identical load resistors whicl 
aJ:'e ~ode clamped at ~3v. . 

The inverter acts like a switch, 1. e. when the base is neqative with respect to the emitter a "simple SW1~' 
between the emitter and collector is closed thus allowing current to flow. When the base is at the same or POSitiVE 
potential with respect to the emitter j there is no emitter to collector current. 

The transistor inverter is used as either a Level Gate or a Pulse Gate. The load resistors can be used witl 
Level Gates. When the inverters are used as Pulse Gates, the unit beinq pulsed replaces the load resistor. Pulse~ 
. are applied only to the base of an inverter. See Section 30 I p'ages 7 and 8 • 

The delay through a transistor depends on the capacitive loading and under typical conditions is approxi· 
mately 20 millimicroseconds. Since each transistor is an amplifier, Level Gate Logic can be cascaded (collecto] 
to base) an indefinite number of stages without lOSing signal amplitude. The signal delays must be taken into con· 
sideration when a, large number of stages are cascaded. . 

Not more than three transistor;:; can be placed in series for Level Gate Loqic, 1. e. emitter to collector, 
When a Flip Flop 201 drives an emitter, the built in output inverter amplifier of the Flip Flop must be counted a: 
one of the three transistors. A fourlh transistor can be used in series ~a Pulse Gate. 

The output (collector) ¢ a Level Gate can drive (1) four bases of trarisistor inverters and (2) one emitter of i 

Level Gate or any number of emitters of ,Pulse Gates providing only one is puised at a time. The output (collector 
of a Pulse Gate can drive one input to a pulsed unit. 

Bothpo1ariti.p.s oflo gicc an be utilized to make negf!,tive "or" s, negative "and" s, positive "or" s and positivI 
"and" s. 

The built in Pulse Gate'inputs to the Flip Flop 201, Delay 301 Pulse Amplifier 601 and Tube Pulser 650 ar' 
all similiar to the inverters contained in Inverter Model 102. The built in inverter output amplifier of the Flip Flo: 
201 and Diode 110 are also similiar to the inverters contained in Inverter 102. , 

The maximum power requirements of the Inverter 10.2 package are: 

-3 volts 
-15 volts 
no. volts. 

CIRCUIT SCHEMATIC: 8-87305 

34 milliamperes 
40 milliamperes 

o.. 1 milliamperes 
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0 .........--15V 
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BUILDING 
BLOCKS 

SECTION 30 

INVERTER BABE '.cp cP-

" 

l~ lOS' 
INSTRUCTIONS' 

NEGATIVE VOLTAGE SOURCE 

aqe source for -3v. 

LOAD RESISTOR " /~cp. , 
INVERTER COLLECTOR -...L. I J ~ 

~ Joe ""INVERTER ElVIITTER 
'::t:--. 

INVERTER 
103 

The basic circuit used in doing logical operations with DEC Building Block Test Equipment is the transistor 
inverter. A PNP transistor is the main element of the inverter. In the notation of DEC for the inverter, the base 
is at the side,of the rectangle, the emitter is at the bottom and the collector is at the top. 

The Inverter 103 package contains six identical transistor inverters and four identical load resistors which 
are diode clamped at -3v. ' 

The inverter acts like aswitch, i.e. when the base is negative with respect to the emitter a "simple switch 
between the emitter and collector is'closed thus allowing current to flow. When the base is at the same or positive 
potential with respect to the emitter, there is no emitter to collector current. 

The transistor inverter is used as either a Level Gate or a Pulse Gate. The load resistors can be used with 
Level Gates. When the inverters are used as Pulse Gates, the unit beinq pulsed replaces the load resistor'. Pulses 
are applied only to the base of an inverter. See' Section 30~ p!ages', 7 and 8. 

The delay through a transistor depends on the capacitive loading and under typical conditions is approxi
mately 20 mill~icroseconds. Since each transistor is an ampl:liier, Level Gate Logic can be cascaded (collector 
to base) an indefinite number of stages without losing signal amplitude. The signal delays must be taken into con
sideration when a large number of stages are cascaded. 

, Not more than three transistors can be placed in series for Level Gate Logic, i. e. emitter to collect.or. 
When a :Flip Flop 201'drives an emitter,' the built in output inverter amplifier of the Flip Flop must be counted as 
One of the three transi~tors. A fourth transistor can be used in series as a Pulse Gate. 

Tli.eoutput(colle~tor)9faLevel Gate can drive (1) four bases of transistor inverters and (2) one emitter of a 
'LevelGateoranynumberof emitters of Pulse Gates pl;'Qvlding only one is pulsed at a time." The output (collector) 
of a Pulse Gate can drive one input to a pulsed unit. 

• ',J , 

BothpOla1'itip.s oflogic canbe'utilized to make ne'gaUve "or" s, negative "and" s, positive "or" s and positive 
"and" s. ' , " 

The built in Pulse Gate inputs to the Flip Flop 201, Delay 301 Pulse Amplifier 601 and Tube Pulser 650 are 
all similiar to the inverters contained in Inverter Model 103. The built in inverter output amplifier of the Flip Flop 
201 and Diode 110 are also similiar to the inverters contained in Inverter 103. 

The maximum power requirements of the Inverter 103 package are: 

-3 volts 
-15 volts 
+10 volts 

CIRCUIT SCHEMATIC: 8- 87656 

34 milliamperes 
40 milliamperes 

0.1 milliamperes 
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BUILDING 
BLOCKS 

SECT ION 30 
. t)tode tlO 

INSTRUCTIONS 

JNVERTER COLLECTOR 

Bee!nverter lOa !nstruct1onShe.et 

The inverter is like those included 
in Model 102 Inverter except that tlle 
base is permanently tied to the diode 
gate. 

lNVERTER EMITTER. 

See Inverter 102 InstructionSheet. 

NEGATIVE VOLTAGE SOURCE 

The dot srmbo1 represents a. vo1t
a.ge source for -Sv. 

_--- LOAD RESISTOR 

_--- GROUND TERMINAL 

H+-------. LEVEL INPUT TERMINALS 

The s1x diode Jnput terminals ar~ 
for:usewith1eve1 signals such as tho:: 
from the outputs from flip-flops, in;;
verters, delays. otherDC signals that 
switch between ground and -3v can also 
be used. 

The Diode Model 110 packaqe contains two 6 input diode "or" gates for negative levels each with an inverter 
amplifier. The uSeHs reminded tbatan "or" circuit for negative signals is by definition·and "and" circuit for pos
itive signals. SJnceallDEC flip-flops have both polarities available and·convenient inve:r.:ters are available for all 
other loq.l.cal Signals, the Diode Mode1110 can be :used for either 'land" or "or" type of loq.l.c. 

'. . .. ~ .... 
TheDiodeunit is for :use only with levels. When it is desired to read the logical result from a diode unit into 

a flip-flop, l-'ulse delay, or any other unit requiring a pulse input, the emitter of th~ DiQde inverter is grounded 
and the collector is connecte~ to the emitter of an fnw!.ter :used .as a ~U1se gate. If the loW-cal polarity is incorrect 
fpr this.~type connection, the collector of the Diode inverter is connected to the·load resistor and to the base of a 
transistor 1rlverter whose collector is connected to th~ emitter of a pulse gate. 

The power requirements of the Diode 110 are: 

-3 volts 
-15 volts 
+10 volts 

CIRCUIT SCHEMATIC: B - 80565 

34 milliamperes 
20 mnl1amperes 
2.2 ml111amperes 
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BUILDING 
BLOCKS 

INDICATOR 

When. FF is in a "onE''' state, the, 
indicator bulb will be on, 

ZERO OUTPUT TERMINAL, 

When FF is in Ii. "one" state, this 
terminal wiU be at ground level. 

When FF is in a "zero" state~ this 
terminal will ~e at -3", nominal voltage. 

,'This terminal can drive (1) ten bases of 
transistor' gates and (Z)two emitters of ' 
Level Gates or any number of 'emitters 
of Pulse, Gates providing only one is 
~ulsed at a time, 

SECT. 30 

?Uft ?~2()1 
INSTRUCTIONS 

liP" PULSE 

Theccimplement'rO:put:'terrriinal is 
tr ansformer coupled to:> ~he,:"'P"Pulse ter
minal so that ;When the'cornplementinput 
to the FF i.s' pulsed, a"standard -Z.5v, 
70 millitnicrosecond pulse capable of 
driving one tl;'ansistor base will appear 
on th~s ,terminal. 

ONE OUTPUT TERMINAL 

When,FFis ina "one" state, thiS 
'terminal will be at, -3v nomi~al voltage. 

When FF is in a "zero" state, this 
terminal will be at ~r()und level. This 
terminal can drive (1) ten bases of trans
istor gates and (z) two emitters of Level 
Oates orafty number of emitters of Pulse 
Gates proViding only one is pulsed at a 
time" 

~ 
_~, ONE INPUT TERMINAL 

ZE~O INPUT TERMINAL -_----- ~ Similar to zero input terminal. 

whenever His desired to place the,FF, " 
The zero input terminal is pulsed" ~ , ¥ ' 

in a "zero"state. The signal driving, ' 
this terminal must come from the col- COMPLEME,NT INPUT TERMINAL 
lector of a transistor gate, Each logi- Every time the complement input 
cal source of pulses must have its own. terminal is pulsed, the FF will go to the 
transistor gate, Collectors of the tran- oppo!'ite state from what it held before 
sistor gates are tied in parallel when the pulse, Input to this terminal must 
used in this mode. ,FLIP-FLOP come from the collector of a transistor 

INVERTERS 

See Inverter' 10Z Instruction 
Sheet, Normally the inverters on 
this m'odel 'are used as Pulse Gates, 

201 gate. Each logical source of pulses must 
have its own transistor gate, Collector's 
of the 'transistor gates ar.e tied in ,paral
lel when used in this mode. Successive 
complement pulses must be, at lE'ast ZOO 
millimiCi'oseconds apart for reliable op
eration, • 

The Flip-Flop Model ZOI is basically a four transistor static flip-flop with buitt-in output amplifiers, io.;,;.
dicator, source of counting carry pulses (p Pulse), complement input and two transistor gates, It has' su£~,"~ 
ficient built-in gating to be used as one digit of a shift register, or one digit of a binary counter, " It';can also,", 
be used for all general type logical operations. It has a built;'in delay of about 90 millimicroseconds,:::s'O,tli'a,(, 
its output terminalcailbe sensed at ,the same instant that the input terminal is being pulsed., 

The output voltage swing is diode clamped at -3v, to provide a constant output voltage indepenlient of 
loading within the above specifications. 

The power requirements ot the Flip-Flop ZOl are': 

-3 volts 
-lSvolts 
+10 volts 

CIRCUIT SCHEMATIC: 8-80564 

20 milliamperes 
84 milliamperes 

3 milliamperes 



TOl.ERANCES HOT OTHERWISE SPECIFIED 

8-80564 O£CINA!.. :t .005 FRACTIONAl. t: 1/'" ANGULAR :t~, 

DIMENSIONS ENCLOSED 

470 

COMP! EMFNT 

.ll:l.E..I.lI '0" IN "I" OUT 

r--------+-------+~------------+_----_1~--+_---------t--------_+----~------~r_--_r--------r_--------------------O+I~A 
~---~------+_--~~-------4__.------4_---_+-----~--+_----1_------~-----~+106 

1000 

~---.~4_~--4_--._~~--+_--+_--------r-r-~~~~~--~~_t--~------_t----~~~r_------~GNO 

1500 
GE327 
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IIOTES: 

I. WILE5S om£R~/15E SPcClI'IED: 
A. P€SI5TOP5 ARE IN CJf!//5 
t? CAPAC/raP, <'1 II) j.ffCP:JFAPADS 

C, CAPAC/TOP.'S ~ 1 IN MIOfOMICROFARAJ:)S 
D. DIODES AR E -r l-G 
EO TRANSISTORS )l.RE 2N393 

GRADE I FOR REFERENCE ONLY 

GRADE II PRELIMINARY DESIGN !---,--------------------,,-----,---1 
.. GRADE III FINAL DESIGN 

ITEM MAfERIAL" DESCRIPTION aIT. 

LiNCOLN LABORATORY OIV. 6 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
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BUILDING 
BLOCKS 

SECTION 30 

1:>d4f sot, 
INSTRUCTIONS 

EXTERNAL PULSE GATE TERMINAL' LEVEL OUTPUTTERMlNAL . . .. 

A. ddlHcinal .. pulSe qat~ co .. ueotors oan· /....... When the in. p. u.t. is pW.' sed. 'th9 .. ·le .. v. ,ef 
. be conn!9cted. to this termml3l to acaomp- .' '. . . output at. this ter~inal goes from gro1.U).d . 
Usb pUlse mixinq. 'i.' to -3 volts for the duration of the delay 0 

. . PULSE GATE BASE"~ This level output can drive (1) 8 bases of 
. transistor inverters and (2) one emitter of 

.Standard pUlses are applied to th. is .' \a' level qa' te or any nuzttber of emitters of 
input tefxnlnal. . .I. . pUlse qatesprovidinq only one is pUlsed at 

. PULSE GATE EMITTER '. ':' a time. 

.' Gatinq levels can be applied to thiS/j' ~ PULSE OUIPPT TERMJNAL . 
terminal. See Inverter 103 Instruction w. . . , 
Sheet and', Section 30' pages 7.and a. ' . . .Attheendoftheneqa. tive level in. t.e1" .... , 

I, , A laIc val (above), a standard DEC pulse is pro-
. duced at this terminal. . This output will 

. GROUND, TERMINAL drive 10 pUlse qates. Output1mpedance lei 
, ~, 22 ohms. * (see footnote.) 

, EXTERNAL CAPACITORTERMINAL..............-... SCALE SELECTION TERMINAL 

Longer delays than listed in table 0' - Capacitors Bre connected to this 
may be accomplished by connecting' addi-. '. . point (A internally connected as shown) to 
tional external capacitance betw. ee.n th .. is. . , DE. LAY obtain delay intervals listed below: 
point and the scale selection termi1lal.. .. 301 

POTENTIOMETER 

The potentiometer provides continu
ous control over the lenqth of the delay in
tervals. 

hAPACrrOR 
A 
B 
C 

MIN. DELAY MAX. DELAY 
0.2 2.5 
2.2 34. 

32. 550 .. 
(delays in microseconds) 

The Delay Model 301 package contains'a monostable multivibrator circuit (one shot) and a pulseqate. The 
unlt serves a dual purpose: 1.) to delays. standard pulse, and 2.) to produce a neqative qating siqnal (aneqative 
level for a predetermined interval). ~ee typical waveforms below. 

Typical output vs. Input Waveforms of Delay 301. 

o v. '\ 
V 

'0 v. 

ov. , 

• I. 
I 

" - -
~ 

100 milliInicrosecond s 
0.1 microseconds 

Standard -2.5 volt DEC pUlse. INPUT 
(at pulse qate baSe) 

Continuously variable ~3v. delay LEVEL OUTPUT 

Standard -2. 5 volt delayed pulse PULSE OUTPUT 

'. Lonqterm variations in the se1ectedde1ay time will not be greater than 10%. For accurate and stable delays, 
the recovery time (from end of one de1ay until beginning of next delay) should be of the same magnitude as the delay • 

. The power requirements of the Delay 301 are: 

-3 volts 
~15 volts 
+10 volts 

12 milliamperes 
80 milliamperes' 

0.,5 milliamperes 

*OUtput iInpedance is defined as the terminating- resistance which will halve the open circuit output voltaqe. 
. . 

CIRCUIT SCHEMATIC: B-87306' 
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EI 0 
-/5'1. 

-3Y. 
Ez 

0 
GND. 
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E4 0 
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GRADED BY: DATE: ITEM I 

NOTES: 
I. UNLESS OTHERWISE SPECIFIED LINCOLN LABORATORY DIV. 6 

A. RESISTORS ARE IN OHMS. 
B. CAPACITOR~t IN MFD, '71 

IN MMF'D. 
C. DIODES ARE Ti - G 
O. TRANSISTORS ARE 2.N393. 
E. 05 SELE'CTED TO HAVE 

<15'V PUNCH THRU. 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
LEXINGTON 73. MASS. 
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NOTES: 
I. UNLE.SS OTHERWISE SPE.CIFIED 

A. ~ESISTORS ARE IN OHMS 
B. CAPACITORS ARE <1 IN MFD, 

>:1. IN MMFD 
C. DIODES ARE Ti- G 
O. TeANSISTOR.'5 ARE .2.NS9S 
E. Q.3 SHALL BE SELECTED 

TO HAVE >TI-lAN ISV PUNCH 
·THfCU. 

._._ ................ _._. ______ ._ GRADE I FOR REFERENCE ONLY 

t 
ITEM I 

__ ..... __ ........ _ ...... _. GRADE U PRElIMINARY DESIGN 

_...... .. .............. . ........ GRADE III FINAL DESIGN 
GRADED BY: DATE: 

1 T 
MATERIAL- DESCRIPTION I PART NO. I QTY. 
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SECTION 30 
BUILDING 
BLOCKS "'ttUt~· lifO 

INSTRUCTIONS 

•.. PULSEGENEAATOR INPUT TERMINAL .. OUTPUT TERMINAL 

.. When the input voltaqe goes more. neqa_\.. /. . The output of the Pulse Generator is a 
t.ive.th. ,an. -2 .• 5. v ... Olt.S af. ter. h. av:l.n. q b. e.en.m.ore.· .." bEC Standard Pulse (.,.2.5 volts, 70.m1ll1" 
positive than -1. 0 volts" a DEC Standard microsecond). The minimtim time between 
Pulse is produced. at the output. The input .. . . pulses is .limlted to 1 microsecond •.... This 
is a D;C. cOnnection; tijus eliniinatinq fall ...f"'_-.AI-e pulsesource can drive 10.units of load (10 
time as acharaateristic of the incominq DElC .Pulse Gateibases)~ 
slrJri8.l. Ihputimpedluice is 3000 oWns. l:n~' ~ ..t~ 

. put signal should stay between linlits of ":' _ '. 
+10 volts and-lOvolte. •. . , GROUND TERoMI::NAL 

.• ·~PusH BUTTONSlGNAL 

. ~. .... . Can be . connected to Pulse Generato:!:' 
'. . Input Te:t'fti.1nfil for Manual operation. 

. . 

. PULSE· ..... 
Or:"RATORPUSH BUTTON 

410 Each time the button is f1rmly depress-
ed, a Push Button Signal which meets the 
Pulse Generator input requirements iSqen
erated by an integratinqc1rcuit • 

. The Pulse G~nerator Model 410 is basically a Schmitt c1rcuit with built in protection against generation of mul
tiple pulses when the input signal is near -2.5 volts. This built in protection requires the input togo above -1. 0 volt 
beforethenextpulse cah be generated. 1t is used to provide signal compatibility betWeen DEC Standard Signals and 
other types which meet the input requirement above. It is used for manual control of digital test sets or for pro
viding synchronization with an external signal. 

The power requ1rements of the Pulse Generator 410 are: 

-3 volts 
-15 volts 
+10 volts 

CIRCUIT SCHEMATIC= B-87308 

o rriilliamperes 
40 milliamperes 

0.2 milliamperes 
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TOLERANCES NOT OTHERWl5E SPECIFIED 

·8-87308 D[CIMA.Lt;-.QOS FRACTIONAL t 1/_" ANGULAR t y.,o 

DIMENSIONS [NCLOSED THUS ~ FOR RtFERENCE ONLY 

0 515 ® J2 

J.1. J3 

~ 
J4 

.2.J2 J4.2.. 
J I - -

OJ5 

@ 
J5 

PULSE 
GENERATOR 

o @ 
410 ... 

NOTES: 

1. UNLESS OTHERWISE SPECIFIED: 
A RESISTORS ARE IN OHMS 

B CAPACITOR <1 IN MFD, 
>llN MMFD 

C TRANSISTORS ARE 2N393 

D Q 3 SELECTED TO HAVE 
<15 V PUNCH THRU. 

E4 E5 

0 " N i I 

£3 (G~D) 
0 -15 V 

EI 
330 -3V 

EZ 

GND 

J3 £3 

1.02 

+IOV(A) 

E4 

+IOV(B) 

E5 

0 

£ I (-ISV) 

- ...... -----------.-- --'--- GRADE I FOR REFERENCE ONLY I-c.--.--~--------------r---r__l 
____ . ____ --'_ GRADE II PRELIMINARY DES:GN 

__ . _____ ._ GRADE III fiNAL DESIGN 

GRADED BV: DATE: ITEM MATI:AfAL-D£SCRIPTIQH OTY_ 

ci LINCOLN LABORATORY DIV. 6 
~ MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

wL-_______ ~L~EX~IN:G:T~O:N~7~3~.~M~A5==S=. _______ _1 

~ PULSE GENERATOR 410CS (8-00026) 

z SeAL-E: 
u 

8-87308 w ... <D " 't " N 0 

'" w ... '" " 't." " ~ 
ENG. .. _ ..... __ .. _-_ .... -•..... _---

i i i i i i i i i I I I I I I I I I 



SECTION 30 
UILDING 

BLOCKS 

PULSE GATE BASE 

"'filM A~ 6fJI 
INSTRUCTIONS 

ADEC Standard PUlse (-2.5 volts, 70 
mUlimicroseconds) is produced at this ter
minal, everyiline the si9l1al on the PUlse 

The ·input pulse must be negative and . 
have a minimum amplitude of -2.0 volts 
andama.ximtimamplitude of -5.0 volts and 
shOuld approach the generaJ. rise and fall 
time oharacteristics of DEC Standard 
Pulses; Inputp"uses of lesstha.n -0.5 

. volts wUl .not· generate an outputpuise. 

I PULSE OUTPUT TERMlNAL 

is delayed from theinputpu1se'by iess than 
20 mUlimicroseconds. This pulse oan J.". drive,16un1ts of Load (16 DEO PlUse Gate ~ 
Gate Base meets the irtput requirement. It 

.,. " Bas.s). . . . .01 1 GROlrnP TERMINAL 

. PULSE GATE EMITTER ~INVERTER. 
'. Gating levels. can be applied to this f . This is a generalp\li'pose inverter 
term~. 11 no gating is used, this ter- simUia.r to those in Model 103 •. lUsna£> .. 
m:inal must be grounded. See Irtverter 103 PULSE mally-used here for inaking multiple level 
Irtstl'uction Sheet. input gates lor the pulse input. FOr detaus , 

AMPLIFIER see instructioh sheet for Model 103. 
601 

The Pulse Amplifier Model 601 is intended for lise in standardizillg DEC Pulses. ill amplitude and width. IUias 
two inverters for gatillgthe input included irtthe unit, one of which is perlrianenUy connected to the Pulse Amplifier •. 
The. output is Used on the input Pulse Gate Bases of units such as the belay 301, FlipFlop 201, Tube. Puiser 660, 
or Pulse Amplifier 601. It is useful as a register driver for clearing, resetting or shifting a. group of flip flops 
simultaneously. . . 

The power requirements of the Pulse Amplifier 601 are: 

-3 volts 
-15 volts 
+ 10 volts 

CIRCUIT SCHEMATIC: 8-80566 

o milliamperes 
40 milliamperes 

0.5 milliamperes 



8-80566 
I TOLERANCES HOT OTHERWISE SPECIFIED I 

DECIMAL.t: .005 FRACTIONAL:I: ./_4 ANGULAR t: y. .. 
_ .. _ .. _-_ .. . -.•.. -. --.. -.--•.. . ·· ....... 1 onlENSIONS ENCLOSED THUS I .000 I FOR REFERENCE ONL.T I 

~E4.:("'TOVA) 

> <.., ;:r:;n~ 
& S29 (2) 68,000 

JI 

"> 68,000_ 0 V.,..ISV 

"V 
J2. 1 EI~ 

L..'\Iv] 6JB 
E:3 (GND) V,....3V 

~ E2.if 330 J4 $[U 
o . 

J4 J3 3000 ,.;, 9Q 2. 
~ 9Q3 

> /GI-lD 

~~S 
821{-J 'C. '-.J 

,,>2.20 
E3if 

J7 
J9 ::;::;001 :::r-'02. /+IOV(A) 

J7 
~ 

~J8 _0~-~·~~· ~~ . IIE03 ('-? E4if 

J6 300~ ~ II" ~~T-2.002. 

~~ 'l QI 

, 

ESif 

V-- +IOV (6) 

PULSE 
'2.2. 

AMPLIFIER J5 82 4TQt ~~ 470f e 601 0 0 

r'" t2 2.00 ~2.2.0 
~~t (-ISV) 

NOTES: 
_ ... _ .......... ___ .. ___ .... _ ..... GRADE I FOR REFERENCE ONLY 

I. UNLESS OTHERWISE SPECIFIED: 
_ ......... __ .. _ ...... ____ ... GRADE II PRELIMINARY DESIGN 

I I I 
A. RESISTORS AR~ IN OHMS. 

_. __ ....... __ .......... _ .......... _ .. GRADE III FINAL DESIGN 

B. CAPACITORS <1 IN MFD, > t IN MMFD. GRADED BY: DATE: 'TDO I MAT£RIAt. - DESCRIPTION I PART NO. I OTY. 

C. DIODES ARE. Tl-G 
D. Q2 ? Q3 ARE SELECTE.D TO HAVE $ LINCOLN LABORATORY DIV. 6 

>THAN 15V PUNCH THRU. 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

E. TRANSISTORS ARE 2,N393. 
LEXINGTON 73. MASS. 

w 
~ 

([ CS, PULSE AMPLIFrER 601 :5 

I. . DIGITAL EQUIPMENT CORP. B-OOOO 4) 
- Iz SCALE: IDR'J.LOFGREN-J-29-5B , :u -

7JT !!! " " " ~ .., N _ '" 
'" '" " "!,, N - .; ENG. 1<= I.APPO.,,)-i~ -rr- 8-80566 

I i i j" i ~ " ....... .........•.• , , I I If I 
, Il' 'I' I I 1; .Q L I~ ~_-::; 



BlllLplNG 
."BL,Q,CKS, ' .. 

PULSE GATE BASE 
, ,. . .. , ...... ~&inputpUJse •. ~tmt beile9lltlrililld 

.··have.'a"iidriitrllJinampllfudeof .. 2.0 volts 
.' '8.ndan:uwI!l~amplit1:tde of -5.0 volts and 

sho1i1d approach the general .~1seand fall 
.t1In$ Cha:t'aeteristiesof DEC . Standard 

'. '. Ji>Ulses .• · IliP11tpUlses of less.than 0 •. 5 volts 
"'wiUnot qenerate· an outpUt·pulse. Theup

per pulse. repetition frequency of thi~ unit 
is' Ime9'8<cycle. 

SEC1ION30 

TUBE 
PULSER' 
'650'· 

:;-' ; 

. . . ... " .. , '", -.':::' :.' 

, NEG~TIVEP~E owpU"t .. , . ,", ;. 

POSITIVE .PULSE Q'irrPUT 

A poslUve15 volt, .O.l.mi~Q.~Ond" 
.. pulse is pr6ciucedtt thtEi t.erJ:ninateveit~> 
. time the Signal on thePUl.$e >aateBa:s~\ 

meel.9the .. , blput . requirement. "Wht.b.l($Ji; 
.. destre.d .. to us .. e this.' .'. '. p. oSitive puJ,se, .. th. e ...•.. Ne.·.,. rJi.i ..•.. 
~UvePul.se OUijlUttertn1ii:a1.mUstb,:9i'~~jiO·· 
ed. " .:: .... " " ..... 

'Thisls a qeneralpur~~~e~v.~*:\ 
simUar to those '.1Ii Model10$.· It].sflor;;; 
xnally··W!edhere ;for nialdnq Ih;il,t1p~Etl~V~~":, 
inpU.tgates for the puJ.seinput~Fo1" .. ~eta11B" 
see instructlon sheet for Mo.del.tO~~ . 'r; 

,',II;')' 
'I, 

'...,' , . '.;," '. , . ;:,~ . 

. " ", 
.'; ,',\" 'i", 

'.The Tube. Pulsar Model. 650contaJ.ns a power ax:D.p).ifier·and.·twoinverters forgatmqtheinput, ,oneolVlht:~:~ ... 
pernianenUy.connected to the Tube Pulser '. ltisu.sefu1inproVidinqsignalcoinpat1bUity betWeen .DEC .Stanc1ardPUlses.· 
andothertypesofcdigitalc1rcUitSrequi1"inqla.rqer .. si~s, .such as vaCuUIIl tube circuits. Either ne~Uveol'pi>.l.:,.·: 
live ptilsesare avaUable.· . . .. . . . ,:,:" 

. ',' . ' . , •..... , "\"1,,:;",' 

Thep~er rect,*errientsare: . ," ·c. 

. ,~' 

'CIRcOJrscH£MATIC:B"S7309 
" : ,. 

·.i8. volts 
-15 vblts 
+10 volts 

O· milliamperes 
17· milliamperes 

O. 2mUlla.m.peres 



TOLERANCES NOT OTHERWISE SPECIFIED 
DECIMAL:I:.oo5 FRACTIONAL:t: II.. ANGULAR t;y.~ 

DINENSIONS ENCLOSED -THUS -I .000-1 FOR REFi!:RENCE ONLY 

<7> 529 <7> 

-JI 

--

.~ 
,)2 

J3 
J2 .2.. 

J4 -=-
"3 

--J~5 
J7 

J7 

~;)8 
JtO 

TUBE 
J5 0PULSER0 

G50 

'MOTES: _ --
L UNLESS OTHERWISE 5PE.ClffED 

A. RESISTORS ARE 1).1 OHMS.--
B. CA.PACITOR <1 iN UFD, 

> i IN MMI=D. 
C. DIODES ARE T I-G. 
0: TRA!J5ISTORS ARE. 21-1393. 
E. Cb. c.. Q3 ARE SELEC.TED ro 

-H.WE "> 15 V PUNCH THRu. 

E4 (-dO VA) 

~8.000 .02 
0 -15V 

E I 
E3(GND) -3V 

,JB 
E2 

GND 
B2-0 

EB 
+IDV(A) .02 .02-

£4 
_ .,-IOV(B) 

0 

L--'----______ ---<l>--~ _________ ..... -____<l E I fl5y j 

________________________ GRADE I FOR REFERENCE ONLY 

______________ GRADE II -PREUMINARY DESIGN ~--.-----------------_,_---r___l 

______ GRADE III FINAL DESIGN 
GRADED BY: DATE: MATERIAL- DESCRIPnON QTY-

LINCOLN LABORATORY DlV. 6 

MASSACHUSETTS INSTITUTE OF TECH NOLOGY 
LEXINGTON 73. MASS. 

~~~---~---~~~~~~--~--------l 
;$ <l CIRCUIT SCHEMATIC TUBE. PUl.SER. G.50 

(DIGITAl. ;oQt:IP'.Il:.UT CDR?ORAIION; 0-(0055) 

I ~ SCALE: 

8-87309 



SECT'ION 30 

BUILDING 
BLO"CKS 

.' LEVEL GATE BASE 

Standard DEC Levels (ground" and -3 
".. volts) ar.e applied to this terminal from 

outputs such as Flip-Flop 201, Iriverter 
103 when used as a Level Gate, Delay 301, 
(Level Output), ,Diode 110 .. See Inverter 
103 Instruction Sheet. 

,leoetJ4Htptl!te't 666 
INSTRUCTIONS 

. ' 

. " .. " ,LEVEL OUTPUT TERMINAL . . 
.'. When the input base tsat -3 voltsa.tld ' 

. '" '. . wUl be at ground. Wl;1en ,the llip'l1tbaseis 
. at ground, the outptitwill beat ':10 volts. 

. . . .t ,regardless ofllie state of the input elllit- . 
. " '. . ":' tel'. ' , . 

. . ' '.' . Outpti.tiinpeda.tlce of this unit is 1600" 
'. '." ~. . . ohms. Unloaded rise and fail times are 

, .cp" approximately. 20 :rnUliniicrosecofidSlihd 
LEVEL GA'I'E EMITTER' . ' 60millim~cl'oSeoohqsrespeotively.D~la,y 

. . . . ' is approximately 40 mU1~1croseconds. 
Same as above. This terminal must '.1 When output is los,dedwlth 47 mmf, thefali 

be at ground level if the Level Gate BaSe ":' time becomes 130 m1111ln1croseconds.· 
is to have any effect. 

UVEL 
AMPLIFIER 

666 

GROUND TERMINAL 

This ·is a general purpose lliverter 
similar to those in Modei 103. It is nor
mallyusedhere for making multiple level 
input gates. For details, see instruction 
sheet for Model 103. 

. The Level Amplifier Model 666 contains an amplifier for converting 3 volt digital signals (0 to -3 volts) to 16 volt 
digital signals (0 to -15 volts). Ithas two inverters for gating the input, one of which is permanently connected to the 
Level Amplifier. It is useful in providing signal compatibility between DEC Standard PUlses and other types of digital 
circuits requiring larger signals, such as vacuum tube circuits. . 

, " 

The power requirements are: 

-3 volts 
-15 volts 
+10 volts 

CIRCU IT SCHEMATIC: B-87310 

o milliamperes 
10 milliamperes 

0.02 milliamperes 



~ I TOLD'~ MOT OTHEIlWISE SPECIFIED I 8-87310 .ECI ...... ~.DOS '''''CTIONAL.% -/... AHGUUU'" 

.. I DtKDISIOMS [)IQD:$,[,I) THUS 1.000 I FOR R£f'UENCE OMLY I 

\9 .. SZQ 0 r----~1-------------------------------·--·------1.---------OE5~ 

~"'" {~p,,- r' o ~ ~ V'-C5V 

EI if I,..-::JV 

~.~ 
J~5 

~T 
~Ja 

- L.:EVEL 
A"MPLIFIER 
~e· 666 ~ 

NOTES 

-;J6 .., 

J3 

_~ JI 

~~ 
~~o 

~~l 
;a.~o 

I_~ UNLESS OTHERWISE SPECIFIED 
A_ RESISTORS A.RE IN OHMS 
S_ CAPI'.CITOR <, IN MFD. 

:>1 IN MMFD 
C. TRANSISTORS. AR.E 21'(393. 

...---_----~_--------<_-----'-'---'-"--__o ~,3 

La I;rz- ~2if 
JT 

r.. ~ '-
JS 

;]4 

r:: ~ .'\... 

E ~ lY 
·~3StLH 
Ie '1. _ISOO 

. "-.IV' 

> 15;000 
> 

+ 
::j::;~ ~gy 

- o 

>rs;ooo 
? 

.. 
:... '!.a~ 
~v v v EI 

-
_________ GRADE I FOR REFERENCE ONLY 

________ GRADE II PRELIMINARY DESIGN I--~"T~~---"-'---------'--------r-I---'I'----I 
_____ ___ GRADE III FINAL DESIGN I 
GRADED BY; DATE; rrEM I ..... TanAL-O<SOftJ'nO.. I PMT NO. I QTY. 

UNCOLN LABORATORY DIY. 6 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

LEXINGTON 73.. MASS. 

~ ~ LEVEL AMPLIFIER 6GG C.S~ 
[(DIGITAL EQUIPMENT CORP. B-000:'-'5) 



DEC Section 30 Power Supply 720,721 
Instructions 

\ 

The power supply generat~s all voltages needed to 
operate the DEC building bloc'ks ~ The capac i ty of the supply 
varies with serial and. type number as below: 

Model No. Serial Noo 

·720 1-535 

·720 536 and up 

721 all 

v (volts) 

+10 
,-3 
-15 

+10 
-3 
-15 

+10 
-3 
-15 

Circui tSchematic of Type 720: B-87311 

I (amps) 

0 0 09 
0 0 8 
3.0. 

0.09 
0.8 
4.5 

0.09 
1.2 
4.5 



8-87311 
J TOU_ANCES NOT OTHERWISE 
. DECIIiAL i: .005 FRACTIONAL t I'M 

SPECIFIED -., I 
ANGULAR i:'/.o 

.~---....... ... _ ... ___ m_·_ ... · .. 1 DIMENSIONS ENCLOSED THUS I .oao I FOR REFERENCE ONLY 1 

IJII~ 
09 

-Jt - 10 V CA) 
vv + IOV cal 

'l oro 
GND -av -15V ... ,OVeA.) 

.- ::: +,000 ~270 
,- . 

II 

~ 
- ,sv r 7" -:a 

~ 

:3 

<f CONO 

I -. 
0,' ~ ~ ~ t D5 

8 '" 4 2 

>---< 

kl%'1? 
D 2. • 

, , , Of" i-IOV (B) ...: ...: 
~,CDOOO + ftJOOO 

~ 

03 ~ ~ J 
r . -r-2OV-r- 20V 
~D7 - -

............ 
D4 ~ ~ -~ ~1l8 

~]I:~ 
--11-

Oil 
-3V 

~ 
<> 10 
~20W 

-15Y 

LJII 
,I.. 

014 DI2 

-
________ GRADE I FOR REFERENCE ONLY 

NO-rES: 

___ • __ • __ GRADE II PREUMINARY DESIGN 

I T I __ ............... . __ ._ GRADE III FINAL DESIGN 

I. UIJLESS OTHERWISE. 5PECIFIEO GRADED BY: DATE: ' ITEM I MATEAIAL·DESCAIPTION I PART NO. 'I OTT. 

A. RESI5-rORS ARE IN OHMS. 
B. CAPACITORS .A.RE IN M1=OS. $ LINCOLN LABORATORY DIV. 6' 

C.DIODE5 01 THRu 048 e. 011 THRU 014 ARE - 341-A 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

05 THRU DARE - 305-A, > 
LEXINGTON 73. MASS. 

09 e.:. 010 ARE - 320-A. ~ 
" CIRCUIT SGHE'.M"'TlC PowER SUpp,-y MODEL 720 

(DIGITAL EQUi?ME~~7 coRPORATION 13-00040')-. z SCAL.E: ·ICR. 5. "'.R. 7/14,'531 u 

0 m CD f'o. ID " .. " .. - r 'l' 'I' 'I' i ~ 
ENG. -ICK. APPO . ... -/{ - '1 8-87311 .. Iii i T T i i T .. T , l' 'r ............... -.............. 

I I /! / }~:-;. 



SECTION 30 

'RrJM,IOI 
INStRUCTIONS 

. RELAY COMMON CONTACT (12). . .. . .. RElLAYNORM:ALL'1 CLdSltD comAclcl1) 
.. . This is the· pole of a. single pole dOUble"" / .. . When the input ievells at grotihd (orab .. 
throw relay which has contacts rated at 2 am-· ... sent), a closed path exists betvieen thlster ... 
peres. ~ • ~. minal and 12. 

. ---- . 

LEJlEL lNPJJTTERMINAL --'-""--D \jWLAYNORMALLY OPEN CONTACcr (~l ... 
The input to this terminB.l is a DEC Stand- . . Wheil the 1nputlevelis at .. 3 volts, a closed 

ardLevel (ground or .,.Svolts). This input rep- path exists betvieenth1S terttrltial and t2. 
resents the equivalentload of 1 inverter base. ' 
If other input signals are used, . they should 
stay between limits of +5 volts and -10 volts. 

RELAY 
801· 

The Relay 801 package contains a relay driver amplifier and a Single pole double throw relay. The pul'pose of 
this unit is to enable DEC Building Blocks circuitry to drive electromechanical units requiring power beyond the driv
ing capabiliUes of regular trarisislor circuitry. 

The Relay 801 maximum power requirements are: 

-S volts 
-15 volts 
+10 volts 

I 

CIRCUIT SCHEMATIC: 8-87312 

o . milliamperes 
19 milliamperes· 

.02 milliamperes 



8-87312 
DIKPSlDIIS EMctOS£iJ THUS· I .oDD f _ FOR atnR£JIC£ ONLY 

o 

NIJTES: 

r---"--'-------------~OE4 (+IOVA) 

68,000 

,-------e"-"-------QE" (G NO) 

82 

I L--l-""'--e.""";"-+---J\f'I./'v--o E I (-1:5 V ) 

JJ~3~~~----------~I~~-~1 ~r---,...---'---";I-~l 
L ___ J 

PB PW5D5 

J2 ..-:6 
o--e
~ 

~ ... J3 J~ U 

RELAY", 
e 801 'OJ 

I. UNLESS OTHERWISE SPECIFIED: 
A. j?E5/.5TtJRS ARE IN OHMS; 

0 .. 
0/ T I 

_______ GRADE I FOR REFERENCE ONLY 

_._. _. _. ___ GRADE II PRELIMINARY DESIGi' i--'--.---..:...-..:...-------------r---.---I 
_ .. _.___ _._ GRADE III ANAL DESIGN 

GRADED BY: DATE: 

UI r- oo " .. '" .. 0 ., .. T T T T T T T T T CD UI r- .. '" I I I I I I I 

i} 

ci .. T :r I u 

~ MATERIAt._DESCRI~ION QTT. 

LINCOLN LABORATORY OIV.6 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

LEXINGTON 73.· MASS. 

CIRC(lITSCHI:M/lTIC, REUjyt/NIT SOl 
(8-00005 DIGITAL EQUIPMENT CORPORATION) 

SCALE: 

ENG. 8-8731 2-...... _ ... _- •.....•. _ .... _ ..•.. __ .... _._ .... 



Description: 

MOUNTING -PANEL 
901 

Section 30 

The mounting panel is 5-3/16" x 8-5/8" and mounts in 
a standard 19" relay rack. It\will hold nine 
DEC Building Blocks and has all of the necessary 
plugs for bringing power to the units. Each 
voltage is filtered within the panel to prevent 
noise transients. 


