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PREFACE

‘This report describes the Division 6 Standard Test
Equipment, composed of Whirlwind Units, Burroughs Pulse
Control Equipment, Plug-In Units (vacuum tube), and
Digital Equipment Corp. Building Blocks (transistorized).

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 panéls to very extensive setdps
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. |

Division 6 Test Equipment Committee
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Report R-215 Section 0
STANDARD TEST EQUIPMENT
INTRODUCTION
DEFINITION

The term "standard test equipment® is applled to any
unit which has been approved by the Test Equzpment Commlttee
for quantlty purchase or productlon° _ .

Standard test equipment may be one of four types:
Whirlwind units, Burroughs units, plug-in units, and Digital
Equipment Corp° Building Blocks., Whirlwind and plug-in units
are assembled in either the Laboratory's shop or in the shop
of a contractor, Burrcughs units are built by the Burroughs
Adding Machine Co., and its subsidiary the Control Instrument
Co., Inc., and the Digital Equipment Corp. builds the DEC
Building Blocks.,

TYPICAL USES OF STANDARD TEST EQUIPMENT:

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

LABORATORY POWER SUPPLY:

Most laboratory work benches are equipped with
centrally mounted power box which supplies the fOIIOW1ng
voltageso

DC Voltages

Positive Negative AC Filament‘Voltages
10 (Lexington only)
90 =15 '

120 (Barta Bldg° only) =30 ' 6.3

150 =150

250 | - -300



~Section O

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 '
voltages 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
correspondingly marked., The drawing reproduced below,

which specifies the voltages at the twelve terminals, is
attached to the conduit under each box.

i | ”'i°”T i
i

O
B o o o
*évl '

[

=150V -15V
=30V =300V

* Except Barta Building, where Pin 5 carries +120V,
** The -450V supply is disconnected,

Heinemann circuit breakers capable of SW1tch1ng 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 51x bench power boxes,

Benches are Supplled with 115V 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 whlch is.
connected to the AC power box.
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_ . When racks of vacuum-tube equipment are used, power
should be supplied through the rack power-control unit
described in Section 6, below., . =~ =

The DEC plug=in_units differ from the others in that
they do not use the central lab power supply. The special
DEC power supply is described in Section 30, below, along
with the rest of this line of equipment,

SPECTFICATION SHEETS:

) A photograph of each unit is followed by its general
description and specifications, including circuitry,
controls, and power requirements, The last item on the
sheet lists all the pertinent references on the unit for
those who may be interested.

Immediately following the specification sheet is an
A-size reduction of the unit's circuit schematic.

Similar units have been put in the same section,
Whirlwind units always preceding Burroughs® units, Names
conform to standard Laboratory nomenclature., The type v
numbers appear with the Burroughs® units, The letter "W
following a Burroughs-type number indicates that the unit
so labeled is built according to Division 6 specifications
and requires the voltages listed above., However, several
hundred Burroughs® units were delivered before the letter
"W* was added to the type number. Test equipment built
by Burroughs for other users than Division 6, Lincoln
Laboratory, 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, specification sheets
will be prepared and distributed to holders of this book.

Division 6 Test Equipment Committee
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Sect. 3

PULSE STANDARDIZER

General Description

The pulse standardizer is used to convert positive pulses of
different amplitudes and shapes to standard 0.l-psec half-sine-wave
pulses whose amplitude and shape are independent of the imput amplitude
and shape. It is used to provide standard pulses for test equipment,
computer components, and for making measurements on baslic circuits.

The unit is constructed in duplicate on a single panel and chassis.

Specifications

Dimensions: U4-1/2 x 5-1/2 x 19 inches.

Circuits: 5687/2 tuffer amplifier
5687/2 inverter

6AGT
6aa7

Imput (each unit):

Output (each unit):

RLC peaker
buffer amplifier

2 parallel Jjacks.

Input pulse must be positive, but
amplitude may vary from 12 v min. to
50 v max. Resolution time: 0.45 psec.

Standard O.l-j.sec pulse. Polarity
reversible., Amplitude range 12 to

35 volts, controlled by potentiometer
in final buffer. Bus-driver crystal
rectifier in output.
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Lot g (through each unit): 0.1 psec
Power Reguirements (both units):

Voltages ‘ : ‘ ‘ M

‘ Yo Sig.. 1l-mc pu.lbse
. %250 v d.c. 1.75 ma 25 ma
4150 v d.c. . 105.0 ma 175 ma
6.2 v a.c. Y4 amp LY amp

Circuit Schematic: C-33001
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MULTIVIERATOR FREQUENCY DIVIDER

‘Genera.l Description

The unit is a pulse generator covering a range from = .
1200 ke to €0 cps and which may be synchronized with any frequency ' '
“equal to or greater than the output frequency. Two output pulses
are provided: one a standard O.l-\sec pulse, the other a high- - -
impedance negative pulse used to trigger a synchroscope. oo

Specifications
Dimensions: 5 1/4% x 6 x 19 inches, for ra.ck-'mountin’g'.

Circuits: 2 input pulse amplifiers (each 1/2 5687).
‘High-freq. mltivibrator (5687).

. Low-freq. multivibrator (2051).

' o Pulse generator for 0.l<lsec pulses (1/2 5687).
Delay multivibrator (5687). '
Output amplifier for O.l<isec pulses (GAGT). -
Output amplifier for high-impedance pulses ‘

{1/2 5een). | ‘

. Input to Dividers: Input pulses - positive, 0.1 usec or longer. -
\ : Pulse amplitude - 15 v min, ’ ‘ ‘
- PRF - 60 cps to approx. 5 mc.
‘Multivibrator ranges overlap between 2.5-3 kec.

-
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Input to Lock-in Delay: For synchronized delay, pos-
itive pulses may dbe fed to
this input. These are am-
plified and fed to the delay
mltivibrator.

Standard Pulse Output: O.l-lsec half-sine-wave pulses,

' _ ’ polarity reversible; amplitude
adjustable up to 25 v when
output feeds a 93-ohm terminated
line.

Output Pulse (Neg. High Impedance): 0.2-{isec leading
edge, amplitude adjustable up
to 100 volts. Will drive an
unterminated 93-olm line of rea-
sonable length. Occurs at the
end of a delay interval variable
from 5 to 100 usec.

Power Requirements: +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 amp

References

Engineering Note: I-281
Circuit Schematic: D-33285
Photographs F-1301
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. - Sect. 5

Burroughs®
PULSE COUNTER TYPE = 1750B

General Description

This unit is a pulse counter with a counting rate -- pushbutton
to 500 KC. It has both a manual and electronic reset. Each count is
represented visually by means of a peon indicator as well as elec-
tronically in the form of a DC signal. A pulse is generated at the
count corresponding to the position of the scale switch (1-10). This
pulse may be connected to the reset input clearing the counter every
time it counts up to the scale number.

Specifications:
Dimensions: Panel 3 1/2 in. x 19 in., depth 10 in.
Inputss Count iﬂput 0.1l usec pbsitive half sinewave
15-30 volts
Reset input 0.1 usec positive half sinewave
15-30 volts
Reset time: 10 usec .
Outputs: Pulse 0.1 usec half sinewave +30 volts (adjustable)
' D.C. =90 V from target on which beam is formed
=60 V from the other nine targets
Sequence gater can be used with this unit to
convert stated values to standard Burroughs'
level, zero or =15 volts. '
-Controls: Manual reset pushbutton

Scale factor switch:



Power:

.ﬁmquggamns

- References:

4250 VDC
+150 VDC
=15 VDC

=150 VDC
-300 VDC

6.3 VAC

2 5689
1 5963

1 TAKT
1 6cLé

-23,Mo

16 ma.
'6:ma-o
39 ma.
14 ma,

3085‘amps

6700
QA2
0B2
'0A3

e

Circuit Schematic D-85478
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8ect. 5

' ‘Burroughs'
SEQUENCE GATER TYPE 1950

General Description:

This unit accepts DC levels from the target outputs of the
Pulse Counter, Type 1750B, and converts them to the standard DC voltage
used in the Burroughs Pulse control line (zero and -15 volts) v

Specifications:
Dimensions: 5 1/2 in.-x 19 in., depth 10 in.
Inputs: ~ Frequency: Pushbutton to 500 KC
- DC levels - .
Gate on: =90 VDC
Gate off: -60 VDC
:Number of Inputs: 10
Outputs: . Number of outputs. 10
‘ DC levels
Unloaded

Gate on: O volts (ground)
‘Gate off: ~-30 volts A
Loaded with 1800 ohms and 100 .mmf
Gate on: O volts (ground)

Gate off: ~15 volts .
Transient responsge
Unloaded ‘
Rise time 0.2 usec.
Fall time O.4 usec
Loaded with 1800 ohms and 100 mmf
Rise time 0.k usec
Fall time 0.8 usec



| Sect. 5
Circuits 5 5687's used as voltage amplifiers
Power Consumption: =150 voe 160 ma

References: Circuit ,Schema.ﬁc B-80501
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Sect., 5

LOW=SPEED 26 Couniter, Mod, II

General Description

The loww=speed 26 counter, Mod, II; is a compact, flexible devaice
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 produge an end carry after any desired count up to 6li. A single-pulse out=
put for each preset input pulse may be obtained after any given count by
switching in a special circuit between 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, A&ny carry thereafter from the fifth unit will
keep the sixth unit cleared, producing no further outputs until the unit is
again preset.

Specifications

Dimensions: Panel, 5-1/2 x 19 inches
Depth 9 inches
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Sect. 6

RACK POWER CONTROL UNIT -

: Modal 2)

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 properly, it prevents .
local short circuits or overloads from tripping the main circuit
breakers, thereby dllowing other racks to continue drawing power. In
addition, the equipment has & 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 from bench power box through
a l2-pin male Jones pluge.
115-v, 60-cycle input through a flush motor plug.

Output (rear chassis): Standard d-c voltages (central power
supply) to 4 female 12-pin Jones plugs.
6.3 v a=c (40 amp} from 2 filament transformers (primaries
tapped)., Output from one through the 4 Jones plugs; out-
put from the second (with center taps) brought out to 2
terminal strips.
4 115-v a~c outlets on top rear of chassis,




N Fage 2

Avxilisry Powers Filement Power Pemel (Sset. 2) may be plugged
into the 1Ll5-v a-¢ outlet marked "AUX. FIL" if additional
filament power is needed.

4500 v may be fed into the wnit 's;hmvgh the Jonesmplug
inmrt or & uhf coaxial jack (@m)o .

-2 amp for d-c mltages

1.5 emp for 115 v a=-¢

80 emp for 6.3 v a-e

(80 amp additional with Fil. Power I’anel)

Fusing (front panel):

%1) DG _Voltages - 34G fuses up to 2 amp.
2) 115v a-c- - bAG fuses, 15 amp, on both sides of lime.

Controls (front penel):

Togele Switch for a-c input, A-C LINE.

3§ FIL, SWITCH, toggle switeh conmtrolling primery power
to both £i1, transformers and to 115-v a-¢ outlet,
AUX, FiL. :

(4) Gurrent-surge suppres@@r Timemdelay relay, energized
by d-e master switch, cuts oub sewies resistors in
4250 end +150 lines. Optimum delsy - & seconds.

%1% Multi-eontact D-C MASTER SWITCH.

m@i@a‘b@m ( frout panel) s

A-C line - Drake 60N Red Jewel A\,

Fil. - Drake 60N Green Jewel
D¢ (all)- HE5L neon lamps exsept -15 v, =30 v which use
incendesecent lemps.

References

Engineering Note E-118
Cireuit Schematie D-39647
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Burroughs' Sect. 6
RACK POWER TONTROL
(Type 7202 AW, Models I & I1)

General Description ~

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-¢ voltages.
In Model I, the ON button immediately connects the d-c voltages. In Model II,
the ON button immediately comnects all the d-c voltages except +150 volts and
#250 volts where it leaves series resistors for a perioed of approximately &
seconds, In either Model I or Model II, failure of any fuse disconnects all
the d-c¢ voltages.,

Specifications

Dimensions: 7 x 19 inches, depth 9 inches

Input (at rear of chassis): apply Laboratory 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-
trol. The female, 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.




Sect, 6

Maximum Loads: 2 amp for d-c voltages
5 amp for 115-v AC
50 amp for 6.3-v AC

Fusess - d-c voltages -- Grasshopper 2 amp
115-v AC -- Fusetron FNM 5 :

Reference

Circuit Schematic D=526L42 {Model II)
D~55393 (Model I)
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Sect. 6

RACK POWER-INDICATOR PANEL

General Description

This unit is an indicator of Laboratory voltages. When 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: 1-3/L4 x 19 inches, depth L inches
Lamps: NE 51 across all d=c voltages except =15 and =30
No L9 across =15 and =30 volts
References

Circuit Schematic: B=52739



‘ - . -
! - : . '
> . . " ! 1+
PN >
~ ~ 153 21 - - e . : . .
o - bl T : j : . R ] .
: S Y 2 |6 B 12 |10 e 14 2] - ' IR 2 1o e le 14 o :
12 PN LN W P2 B e e e e =Nl = ST e |
. N ] - : N o PIN S :
_JONES ° I R 'uzo’:gs o) o . K o 0. o - LZONES A
‘PLue e : er | : ‘T3.car : J ‘ SocKET |
e Lo ot | | mog o g o, | 2R rRRl
: sz ozl 3 g | *is 11 ~ T | ~ |
Li- & o bl'.:q 6.3V . f . “
SY R+ + o+
R8 " . N
L.ME6 ) 2700
N > 2W - .
- A ——
S NES%)M&;C?-J:N .
; , © NOTE: : s o a l
UNLESS OTHERWISE - SPECDFIED ) o
WIRE SIZE SHALL BE® Lo A
o : DitawinG o
. 7 \ 2 "novro SELOW
Bl S . : . GRADE -} +0R REFERINCF ONLY
. ) N . CbNN{Eé'i;l : [ S ’ ; N} 9 : GRADE 1 PRELIMINARY DESIGN
. o) ¢ ONS . - : : . ! ? 1023~ .,,‘..:
S P i ) FOR ‘SPARE ' . & 10 23 52 GRADE l!l mm ."-.
- o2l o) INDICATOR LIGHT , - —T—
: . K B : : © - DRAWING REFERENCES: 2 e _E MASSACHUSETI' S INSTITUTE OF TECHNOLOGY
. i . . i . ASSEMBLY+D-52767 23Y= . DIGITAL COMPUTER LABORATORY . ::
! . TEL " . o ] S 2. PARTS. L‘ST; PL’52.767 {\? % E DEPT. OF ‘ELECTRICAL ENGINEERING—D. I, C. PROJECT NO 6889
2 TERMINAL - ' . ’ ' HNE - CIRCUIT SCHEMATIC -
JONES STRIP : : : . : N
140-2 NHR RACK POWER INDICATOR PANEL
Y - : MNH R IDR S 10-9-52 .
' =& 2739
. (] . ol el <] & | ENGYC" '4'5Zcx 1o -1 =53 | APPD. & B-5
TP PP R TP 7|5 /73? R s ] 10 f21fST ;

KE g.-u'_ll:z"& P A . e




FILAMENT POWER PANEL Sect. 7
(Models 1, 2, & 3)

General Description

This unit is used to supply auxiliary filament power when the amount
from the rack power-control unit is inadequate for test setups. It consists
of two LO-amp filament transformers mounted on the rear of a panel, Models 1
and 2 have no indicator lamp, fuse, or switch, Model 1 has eight center-tapped
secondaries; Model 2 has four center-tapped secondaries. Model 3 has indicator
lamp, fuse, 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/L4 x 19 inches.

Transformers: Two LO-amp, 6,3-v a-c filament transformers. Each
transformer of Model 1 has four center-tapped 10-amp
secondaries; those of models 2 and 3 have two center-
tapped 20-amp secondaries.




'iSe¢€;"7

115<v AC primary power'from AUX, FIL, outlét on rack
power-=control unit, controlled by filament switch.

:

Output: Secondaries with center taps brought to Jones terminal
strips on rear of panel, May be used in parallel to
obtain more than 20 amp on one line.

" References
Circuit Schematic 3-38759 (Model 1)

B=)j0127 (Model 2)
Engineering Note E=117 (Model 1)



M

e

SFP-39759 , .
63V, J0A L3V, JoA L3IV | 10A 4.3V I0A ASVI IOA mv | 19A 63V | |0A 8.3V | J0A
< 1 e 1 L e | T | [ | [ ez 1 I en 1
e ! = - )
D S S S O G QR G G G ii@iii I I
99 9 ¢ ?
[} .
3 [
.- Qi
i |
nl_.. DS
A =
( : |
! , |
1 : ‘ ia
¥ ! o R |
— 1 ! | i
! g | :
| N | .
:: | | % .
— f } ;
| |
#18 — g ] I % :
& Lony — t ° 'i
TYREX Corp NE 3FF f_,_l “EeTE T
HUBBEL, LUG
#7584 SERVOMECHANISMS LABORATORY OF TH

15 v b0~
INPUT

MASSACHUSETIS INSTITUTE OF TECHNOLOGY
DIVISION OF mousrmn& COOPERATION PROJKCT N». / 345

FILAMENT POWER F- L]

SCALE: o~

|=~ fihy 4/2b6 /48

Wiz

cK. “app.

“ALBAMENE'® O, 1901 KAK €O, N.V.X
RES. 8.8, AT, OFT.




8-A0L27-1

8.3V, 20 6.3V, 20d €.3V,200. 6.3V, 204
: - ~ r - ~ } ——
i c. C.T. . JONES STRIP C.T. C.T. JONES &TRIP
{ ) l ' J
§ (? @) O @) ) 42-C o C C (? o O 142-4
i !
o
E 1’4 it
s @
I. ! L
33 s
N o 9 <
e Gt I
- I 3 b K {
00 :'2{ 00 |
: 00 v SIS CuTe ] uTc
. — . |
Ry L BTG ¢ C8764
| DR fOgog - :
| . i
| o, : i _;
Lo e £ ; :
7 , /
' ‘ Hie WH
++ 10 WH-BR
' b— 3% 16 TYREX
HUBBELL : .
PLLIG ) ! BERVOMECHAKIBMS LABORATORY OF TH
DTS ‘ o MASSACHUSE“"’T@ INSTITUTE OF TECHNOLOGV
DIVISICN OF INDUSTRIAL CCOPIZRATION FROJECT HO. G345

L CIRCUIT SCHEMATIC,
FILAMENT-POWER PARNEL, MODEL 2

scaLr: lnn M.M. 9-23-48
B-40i27-1

i . ENG. oK. -1 APP, - o= !
L - AR

;;n:a:l,:e-:zm R&G €O, B VB QL




Sect o‘ 9

Burroughs!
FLIP-FLOP
(Type 1103 A or AW)

General Description

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
tube panels, crystal gate panels, and similar loads up to 100 mmf with I/h-

usec rise time

"ONE" and "ZERO" inputs may pass through an input transformer or
through a gate tube. In order that a pulse pass either of the Read-In gate
tubes their G3 input must be zero or positive. If a terminator is put 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-lsec
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 usec apart. Two
indicator lights show the position of the flip-flop,

Specifications
Construction:  Panel and chassis
Dimensions: 3-1/2 x 19 inches

Depth 10 inches
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Sect, 11

Burroughs!
MULTIVIBRATOR PULSE GENERATOR
(Type 1001 B or BW)

8-50418
OR PULSE GENERATOR

General Description

This unit generates either positive or negative O.l-lisec pulses
at frequencies continuously variable from 15 to 650,000 cvcles per second,
in five overlapping bands.

A symmetrical maltivibrator 1s used to control the frequency,

but there is no provision for synchronizing it with an external higher-
frequency signal.

Specifications

Construction: Panel and chassis

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

Circuit: 5687 Multivibrator
- ' 5687 Pulse Standardizer
6AG7 Buffer Amplifier



Sect. 11

Output: The pulse output jack provides standard
S O.l-psec half-gine-wave pulses of reversible
polarity at amplitudes from 10 to 32 volts
not affected by changes in frequency.

Power Requirements: H

+250 volts d-c 8 ma
4150 volts d-c 57 ma
+90 volts d-¢ 50 ma

15 volts d-c 1 ma

6.3 volts a=c 2.5 amp

References .

. Circuit Schematic C-50416
- Engineering Note E-L3k
~ Photograph . F-1552 -
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Sect. 12

VARIABLE-FREQUENCY CLOCK-PULSE GENERATOR

(Model 2)

-

_General Descriptién

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 impedence level with frequencies variable from 0,2 to 4,9
megacycles, o

Specifications
Construction: Panel and chassis for standard rack mounting..
Dimensions: % x 55 x 19 inches.
Circuits: 6SN7 cathode-coupled oscillator,
6AGT7 inverter, :
6L6 R-L-C peaker.
6L6 buffer amplifier,
Output: ’ Ocl~-psec half-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. Calibra-
tion chart on front panel.




Page

Frequenoy Stability: 20 parts in 1,800,000, -

Power Requirements: (standard laboratory power supply)

+250 v, 130 ma (maximum)
=150 v, 1,3 ma
6.3 v a=c, 3,05 amp

References

Cirouit Schematic:  B=39735-1
Instruction Booklet: Report R-144
Specification of Components: PL 39735
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Sect, 12

. Burroughs'
HIGH~FREQUENCY PULSE GENERATOR
(Type 1002 AW)

General Description

This unit generates O,l-psec pulses at frequencies contiuuously
variable from 0.2 megacycle to L.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: Panel and chassis

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

Controls: Coarse frequency
Fine frequency
Output pulse amplitude
Output pulse polarity

Frequency Range:

Coarse Frequency Setting Approximate Range
1 200=150 ke
2 L30=970 ke
3 0.93=2.1 me

—~—-

2-1; .5 mc
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Cutputs The pulse output jack provides pulses from a transformer-
~ coupled output circuit designed to match the characteris-

tiec 93-o0hm impedance of coaxial cable. The output pulse
polarity is reversible by means of a three=position ,
switch. With the switch in the "ZEROY position the output
Jjack is disconnected from the output circuit. The out- .
put amplitude can be varied from 10 to 32 volts and is
affected by frequency changes only in the ranges above-
2 megaeycleso

.‘I'he duration of the pulses varies with the -frequenciy _
from a width of 0.14 pusec at the lowest frequency to
0.08 usec at the highest frequency

Gircuits 6SN7 Oscillator
6AG7 Shaper
GAGT7 Peaker
 6BF5 Output emplifier

Power Requirements:

+ 250 volts d-¢ 47 ma
+ 90 volts d-c 36 ma
= 15 volts d-c 0.5 ma
¢ 6.3 volts a-c 3.1 amp

References

Circuis Schematic. (-52058
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Sect. 12

Burroughs’
10 MC PULSE GENERATOR = TYPE 1050 W

PE 1050W
MC py| s GENERATOR

- General Description

This unit produces half sinewave variable-width voltage pulses at
frequencies continuously varisble from 1.6 to 10.%4 megacycles in four
overlapping bands. Power supply unmit, type 9802 (3 1/2 in. panel) can
be used to power this generator.

Specifications:

Dimensions: 3 1/2 in. x 19 in., depth 10 in.

Qutput Signal: Amplitude adjustable from 1 volt to 30 volts.
' Polarity -- Positive or negative
Pulse width (5 available) 30, 40, 50, 60 & 7O
millimicroseconds tolerance #10%

Controls: Band frequency
Fine frequency
OQutput pulse amplitude
Pulse width control
Output pulse polarity

Power Requirements: Voltage Max Current
+250 VDC 250 MA
+150 VDC 4O MA

=15 VDC =7 MA
6.3 VAC k.34 amps
Circuits 1 5787 oscillator

2 6360 pulse shapers
1 5894 output buffer

References: Circuit Schematic C-8547T
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Section 12

Burroughs®
POWER SUPPLY
(Type 9802A)

General Descriptions

This is a power supply designed specifically for use
with the Burroughs? Type 1750 BW clock=-pulse generator,
Comparison of the capabilities of this supply with the
requirements of other Burroughts? units will show that this
supply can be used to power some other units also.

Specificationss

Dimensions: 3-1/2 in, x 19 in,, depth 10 in,

Inputs: 110 volts, 60 cycles a.c,

Qutputs: - +250 vdc 350 ma,
+150 vdc 55 ma,

=15 vdc =10 ma,
6.3 vac 4,3 amp

Controls: Filament power switch,
Plate power switch,

Circuit: 3 full wave semiconductor rectifiers,
Grasshopper fuses are used in the dc
outputs so that blowing of any fuse
will dump the plate supply voltage.

Power: 110 volts ac,

‘References: Circuit échematic #A-85852
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Sect. 13

Burroughs!
GAS TUBE PULSE GENERATOR
(Type 1003 A or AW)

General Description

This unit generates O.l-lLtsec positive pulses. Pulses may be
generated in three different ways: (1) by push 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 1l.2-lisec duration, and of at least 20 volts
amplitude. For the second mode of operation, these pulses are fed in
the "syne 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.

Specifications

Construction: Panel and chassis

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

Circuit: 2D21 Trigger Tube
2D21 Pulse Generator



Controls:

_ Sect. 13

The circuit is so designed that,onlylonp_pulse' ,'i-
18 generated for each push-button depression.,

A selector switch with "Random® and "Synchronized®
positions permits generation of an output pulse by
depressing the push button in "Random” position or in

' "Synchronized® position provided a sync pulse is re-
ceived at the sync input jack during the time the

"~ puttop is depressed.

The output pulse is fired four

Msec after the positive rise of the sync pulse.

The output pulse amplitude may be varied from

0 to 35 volte.

Power Requ irementss ,
+150 volts d-c

\ =15 volts d-¢
5 6.3 volts a-c

References
Circuit Schematic B~50412
Engineering Note ~-E=43Y4
Photograph F-1553

0.3 ma
0.6 ma (surge)
3.6 amps
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GATE PANEL

General Description

The gate panel consists of three independent gate tubes and
~associated buffer amplifiers. The No, 3 grid of each gate tube is
connected to paired jacks on the front panel so that externally generated
gates can be utilized., The No. 1 grids also have paired input jacks for
pulses to be gated., The polarity and amplitude of the output pulse can
be selected by panel comtrols.

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

Specifications

Construction: Panel and chassis for standard rack mounting.

Dimemsions: 5 x 5% x 19 inches,
Circuits: 3 TAK7 gate tubes,

'3 TAD7 buffer amplifiers.

External gates ‘ ‘
Paired input jacks to the No. 3 grid of each 7AK7.
O.l-microfarad coupling condenser extends lower

repetition frequency range of gate.
Switch for selecting input from a-c or d-c register
panel,

;
.g;



Pulses to be gated

Page 2

Paired input jacks to No. 1 grid of gate tube,

Input pulse must be positive,

Input Amplitudes:

renge) max, 35 v,

| Ohtgut:  Gated zté_lses "
o ach gate tube has a single outuut Jack.

Polarity reversible,

¥Yin, 14 v, (to~ obtain specified output amplitude

Amplitude control in cathode of 7AD7, 6 to 23 volts,

Minimum Delay- (all sections) 0.0G Mseo,

. Resolution Time: (all sections) 0,33 usec.

Power Requirements (all sections):

‘Voltages

+250 v
+150 v
+ 90 v
-15 v
6.3 v a-c

Referemea

Cirouit Sohemtios |
Instruction Booklet:

Current with

no sgﬁml

l.2 m
1.5 ma
0.5 ma
0o
4,2 amp

C-32496

~ Report R-151

Current with
l-mo clock pulses

17.0 ma
6.1 ma
863 ma-
202 ma
4.2 amp
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Sect. 14

Burroughs !
GATE TUEE PANEL ©
(Type 1201 A or AW)

TYPE 1204 vy L B-50814
GATE T

General Description

This unit consisfs of two independent sections mounted on one
panel. Each section consists of a TAK7 gate tube followed by a pulse
standardizer which puts out 0O.l-lisec pulses.

- Specifications
‘ Constructions Panel and chassis
Dimensions: 3-1/2 x 19 inches

Depth 10 inches

Circuit (each séction)z

7AK7 Gate Tube
6AG7 Peaker
6AG7 Pulse Amplifier

Controls: Outpﬁt_pulse,amplitude may be varied from
10 to 32 volts; polarity may be reversed.



Input:

Seet. 1k

No. 1 grid: Pulse to be gated is coupled

to No. 1 grid of gate tube through a
capacitor and crystal clamp circuit connected
to -15 volts. Imput pulse must be positive
0.1 psec long, with'an amplitude of at least
13 volts.

Fo. 3 grid: D-C level must be at more than
=15 volts to hold the gate tube of’f ;s at
gromd t0 bhold it om.

Power Requirements:

4250 volts d-¢ 60 ma
4150 volts d-¢ 0 ma
4120 volts d-e¢ 30 ma
490 volts d=¢ = . 20 ma
=15 volts d=¢c .. . T ma
6.3 volts a-c 4.2 amps

References -

Cireuit Schematic C-S0bik
Engineering Note E-h3h
Photograph F-1555
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Sect. 15

Burroughs!
CRYSTAL GATE PANEL
. ' (Type 1202 A or AW)

CRYSTAL GATE PANEL A-5041}

General Description

Two identical units occupy one 1-3/Y-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 negative input; it will
be zero or positive only if all the inputs are zero oggpgﬁitxve.

The output of a Burroughs' Flip-Flop, a D-C Register Panel,
or a Burroughs' Gate and Delayed-Pulse Generator may be connected directly
to this input. However, a Whirlwind Gate and Delay Unit may not be con-
nected directly to this Jack, since the d-c level of the output 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 Delay Unit is if the
gate duty cycle is greater than 0.05. Connections would be made as shown
below. : ‘

GATE eaTE|  cRysTAL
DEL AY OUTPUT SRID1
UNIT S| GaATE PaNEL




Secto 15

. The time constant of the coupling capacitor and a resistanse of 15,000 ohms
. should be at least five times the maximum inferval Detwesen gates, :

@eciﬁ@aﬁonﬁ _
~ Comstructions  Panel and chassis =
Dimensionss 1=3/4% x 19 inches

- Depth 2 1n@h@s

Power R@g;irementss ' .

+250 volts dwc 1 ma
for sach sestien

References

Cirenit Sehematic A-50411
Engineering Note B-l34
Photegraph F-1556
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Sect. 16

THE GATE AND DELAY UNIT

" Genersel Description

' The purpose of the gate and delay unit is to provide a
test equipment building block which can supply a gate pulse, a
delayed pulse, or 'bqth, to external test blocks or complete systems.

Specifications

Dimensions: 1length - 19 inches
T width - 5 1/2 inches
depth = 6 1/% inches

Circuits (duplicate sections): BGAKS trigger tube.

1/2 5687 delay mltivibrator.
6 cathode followers

6L6 R=~L-C peaker.

€L6 buffer amplifier

Imput (each section): O.l-itsec half-sine-wave positive
~ pulses of at least 20 volts amplitude.

Output (each section): Unclipped gate: J
Amplitude +10 volts.
Rise time 0.2 Usec.
Fall time 0.l {sec.




Page 2

Clipped gate -
Rise time 0.3 usec.
Fall time 0.1 Hsec.
Gate length continuously variable from
0.5 Uusec to 2500 usec in four overlapping

ranges.

Delayed (output) p'u.lse'
O.l-sec half-sine-wave pulse across a 93-ohm
impedance.
Pulse amplitude is contimlously variable fronm
0 to approximately 40 volts.
Polarity reversible,
Delay time equal to gate length.

Resolution Time: For coarse delay setting of 10 Wsec: 1 Usec.

Power Requirements:

50 usec: 2 WUsec.
450 psec: 10 Wsec.
2500 usec: 70 Usece

(both sections)

‘Voltages Currents
Yo Sig. I-kc Signal
+250 v d.c. 115 ma 110 ma
+150 v d.z. 220 ma 195 ma
"150 v d.c. 8.5 ma 805 ma
6.3 v a.c. 7.55 amp 7.55 amp

Voltage Regulation:

References

The voltages of the mltivibrator are
filtered sufficiently to allow operation
with an unregulated power supply which
is reasonably stable.

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

Bngineering Note: E-121
Circuit Schematiec: D-371L8

Photograph:

P-679
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Sect, 16

GATE AND DELAY UNIT
Model 2

This unit differs from Model 1 only in its tube complement:s
6AKS Trigger Tube
5687 Multivibrator
6V6 Cathode Follower
5687 Pulse Generator

6AG7 Output pulse Amplifier

Reference

Circuit Schematic D=3310%5
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Sect, 16

Burroughs?
GATE AND DELAYED-PULSE GENERATOR
(Type 1301 B or BW)

General Description

This unit consists of a gate generator designed to be triggered
by O.l-psec pulses. The gate output is d-c coupled, swings between
- approximately =20 and +5 volte, and may be varied from 1 to 80,000 Lsec
in length in five overlapping ranges. The gate output impedance is less
than 1000 ohms, and the rise time less than 1/U psec. & O.l-Msec 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
Constructions Panel and chassis
Dimensions: 3-1/2 x 19 inches
Depth 10 inches
Controls: Coarse delay

Fine delay
Cutput pulse amplitude
Output pulse polarity



Seet. 16

Inputs {Two Jacks in'paraliél)'

?ositive O 1nusec pulses having & minimm ampli%ma@ of about
13 volts. ‘ . SR

Pulse Outpud: The output amplitude ig variazble from 10 t@ 32 velte and
polarity is reversible.

D@iay MY Ou%puts" During the delay interval the @utpu% is approximete~
ly +15 volts. During standby it is approximately =20
volts. Rise time when driving 100U is less them 0.1

usecs ‘
Coarse DelaxﬁSetting . Delay Range (usec)
i S 12
| 2 ” 10=-250
e 7 E S 90-2000
5 . ‘ 850=17,000
5 900020, 400

Cireait; 1/2 5687 Trigger tube
‘? ' ' 5687 Multivibrator
1/2 5687 Peaker and cathode follower
5687 Pulse standardized
6ABT Output amplifier
VR150 Vbltage regulatar for #@5@?

Power Requirements'

+250 volts d-c 60 ma
+150 volts d-c 18 ma
+ 90 volts d-c 40 ma
= 15 volts d-c 1 ma
= 30 volts d-c 30 ma
=300 volts d-e 0.5 ma

6.3 volts a-c 3.35 aup

References

Circuit Schematic D-50441
Engineering Note E-U3l
Photograph - F=1557
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Sect. . 17

DELAY LINE PANEL

General Description

. The delay line panel is used to delay 0.1-microsecénd T
pulses, in steps of 0.1 microsecond, up to a maximum of 1 microsecond.
External terminals are provided for adding extra delay lines.

Specifications

Dimensions: U4 1/2 x 5 1/2 x 19 inches.

Delay: 9 delay lines, each 0.1 [secs
Inherent delay of unit 0.1 MUsec.
Terminals on rear of chassis for additional delay
linese.

Circuits: 6AGT input buffer amplifier.
9 delay lines, each 0.1 Wsec 1100 ohms, can
be switched in series.
1/2 5687 buffer amplifier.
1/2 5687 inverter.
G7 R-L-C peaker.
GAGT output buffer amplifier.

-~



- Page

Input: Positive O.l-isec half-sine-wave pulse.
_ Minimam pulse amplitude 8 volts.
Resolution time of equipment 0.45 Usec.

Qutput: O.l-ilsec pulses, polarity reversible,
amplitude variable up to 36 volts with a
15=-volt input pulse. Output circuit is
transformer coupled to mateh 93 ohms.

Power Requirements:

Yoltages Currents
- Yo Sig. I-mc input
- 15 v d.c. . 28 ma 25 ma
+120 v d.c. 11 na 11 ma
+150 v d.c. 46 ma 62 ma
+250 v d.c. 9 ma 29 ma
6.3 v a.c. 2.85 amp 2.85 amp
References
Photographi  F-689

Circuit Schematic: D-40307
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Sect.17

Burroughs'!
DELAY LINE PANEL
(Type 1302 A or AW)

: - ; TYPE 13028 Teagas
FINE DELAY . DELAY LINE PANE
o B :

General Description

This unit delays 0O.l-lsec pulses by means of a tapped delay
line in 0.05-lisec steps from 0.1 to 1.9 psec. It is designed to receive
O.l-isec pulses with a minimum amplitude of 13 volts. The output pulse
polarity is reversible and its amplitude may be varied from 10 to 32 volts.

Specifications
Construction: Panel and chassis
Dimensions: 3-1/2 x 19 inches
Depth 10 inches
Circuit: 6AGT Input amplifier

6AGT Amplifier

6AGT7 Inverter

GAGT Peaker

GAG7 Buffer amplifier



P.direr Regirements:

+250 volts d-c 69 ma

+150 volts d-c 112 ma

*120 volde d-c 20 ma
- = 15 volts d-¢ 12 ma

6.3 volts a~c 3.25 amps

References

Gircuit Schematic cagouigai" -
Engineering Note B- 34 ;
Photograph = F-1558
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-Sect. 17

THREE CHANNEL DELAY PANEL

General Description

This unit contains 3 identical pulse delay circuits; each consist-
ing of a delay line (whose length may be chosen by the user to be
between 0.1 and 2.0 usec) with an input and an output buffer amplifier.
A veriety of suitable delay lines are available at test equipment

headquarters.

- Specifications:

‘Dimensions:

~ Inputss

Outputs:

Controls:

Circuits

Power:

References:

'3 1/2 x 19, depth 10 1/2 in,

Positive O.l-usec. Pulses 15 to 40 volts in
amplitude up to 4 mec; onme input for each chennel.

Positive 0.l-usec pulses variable in amplitude
between 5 and 30 volts up to 2 mc (gain becomes
less at higher prf); one output for each channel.

‘One. gain control for each channel.

3 6145 input buffer amplifiers
3 6145 output buffer amplifiers

4250 vde 30 ma/mc/channei% at 30 volt input

-15 vdc 0.6 ma/mc/channel) (and output
93-ohm loads.

6.3 vac 3.6 amps

Circuit Schematic C-56378
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Sect. 18

Furroughs!
0.1=USEC DELAY
(Type 1303 AW)

D
1303 EL"WAY

General Description

This unit prov1aes a fixed delay of 0.1 psec, with a signal
attenuation of less than 5%, The balanced system network has an impedeance
of 93 ohms and permits either jack to be used as input or output. The
unit can resolve QO.l-ltsec pulses having a period of 0.3 Hsec.

Specifications
Construction: Metal box with mounting flange
Dimensions: U.1/2 x 3 x 1-3/U4 inches overall, including

a 3-1/2 x 1 inch mounting flange

Power Requirements: None

References

Circuit Schematic A~52057
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Sect. 19

Burroughs !
CHANNEL SELECTOR
(Type 1401 4A)

General Description

This unit accepts a O.l-lisec pulse at its input, standardizes it,
and feeds it to four buffer emplifiers which drive four output jacks. BEach
output has its own gain control and 3-position selection switch. The
center position of the switch (ZERO) discomnects the jack from the output
circuit; the two outside positions reverse the polarity of the output

pulse. The inherent delay is 0.08 lsec, and resolution time is less than
0.5 Usec,

Specifications
Construction: Panel and chassis
Dimensions: 3-1/2 x 19 inches
Depth 10 inches
Circuit: 6AG7 Inverter

6AG7 Peaker
BAG7 Buffer Amplifier
4 - GAGT's Output Amplifiers

Power Requirements:

+250 volts d-c 120 ma
+150 volts d-c U4 ma
+120 volts d-c 15 ma

- 15 volts d-c 5.8 ma
6.3 volts a-c 4.55 amps



Sect, 19
References _ ‘
Circuit Schematic C-50L15

Engineering Note E-L3lL
Photograph F=1559
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Sect. 19

Burroughs!
GATED CHANNEL SELECTOR
(Type 1402 aW)

General Description

The first stage of the Gated Channel Selector is a reau-in gate
tube which will pass O.l-isec pulses at its #1 grid input (Gl) only when
a gating voltage is applied ‘simltaneously to its #3 grid input (G3).
After this initial stage the operation is as described for Channel Selector
Type 1401 A.

Specifications

Construction: Panel and chassis

Dimensions: 3-1/2 x 19 inches
Depth 10 inches ,
Circuit: = TJAK7 Gate Tube '
6AG7 Peaker

GAGT Buffer Amplifier
4 - BAGT's Output Amplifier
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PowervR@qur@antsa S S e
4250 volts d- 120 ma

+150 volts d-¢ UY ma
+120 volts d-¢ 15 ma
+ 30 volts d-e 2 ma,

= 15 volts d-c 5.8 ma
=150 volts d-e
6.3 volts a-c 4,55 amp-

References

Circuit Schematic G=52059W
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Sect., 20

Burroughs’?
PULSE GATER
(Type 1501 A or AW)

General Descrivtion

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

The gate may be varied from 0.3 to 5000 usec in four overlapping
ranges, is d-c 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
Construction: Panel and chassis
Dimensions: 3-1/2 x 19 inches

Depth 10 inches



' .Sﬁﬁta 20

Circuits  12AV7 Multivibrator
TAKT Qate Tubs
G4BT Pasker

GAGT Buffer Amplifier

Power Regtiii‘emantns‘g _
: - +250 wolts d-¢ 30 ma

+150 volte d-¢ 35 wa
+120 volts d-c 15 ma
+ 90 wolts d=g 10 ma
= 15 volts d-¢ 3.5 ma
=150 volts G-c 20 ma

6.3 volts a-c 3.55 aupe

Referencosi

Circuit Schematic G-50418
Engineering Note  B-43l4
Photograph F=1560
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Sect. 21

Burroughs!
CRYSTAL MIXER BOX
(Type 1501 A or AW)

General Description

The crystal mixer box has four input jacks which feed a common
output through crystal diodes. It is designed for mixing positive pulses.
The unit can resolve 0.l-Usec pulses having periods of 0.5 Lsec when the
load 1s no greater than 50 mmf.

Specifications
Construction: Independent box not mounted
Dimensions: 2-1/2 x 2-1/2 x 1 inch overall

Power Requirements: None

References

Circuit Schematic A-50413
Engineering Note B-L3U
Photograph F-1561
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. , _ Sect. 22

Burroughs!
REMOTE INDICATOR
(Type 8201 AW)

General Description

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 NES1 neon lamps are mounted on the panel. Either one or
two lamps mey 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-C coupled Register Panel.

Specifications

Construction: Panel and chassis

Dimensions: 1-3/% x 19 inches
Depth 9 inches

References

Circuit Schematic A~52056

P aiaer]
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Sect. 26

PLUG-IN UNITS
and
PLUG-IN-UNIT MOUNTING PANEL

PLUG=-IN UNITS

General Description

This Section presents descriptions, data, and circuit schematics of
plug=-in=-type test equipment. Plug=-in units contain the essential elements of
the larger units of test equipment presented in other sections of this Report.
Units of this type are intended for semipermanent systems of test equipment in
which pulse standardizers and adjustments of amplitude and polarity are not
needed, Blank chassis are available for the construction of nonstandard pluge
in units,

Specifications

Construction: Plug-in chassis

Dimensions: 3-3/L4 x 1=5/8 inches
i Depth 9=1/l inches



 Sect. 26
?LUG%INNUNIT ﬁﬁUNmING PANEL

General Description A

The mounting panel contains eight Zhnpln connectors which gupport pl&ﬁu
in units° The follawmng voltages are wired to these commectors: 6 3 AC; =15,
=150, ground, +90, and +250, On the face of the panel are 32 BNC comnectors.

On bhe top surface, at the back of the panel, is a phenollo strip w1th 70 lugs
on which a passive network can be assembled

BN

Specifications

Construetions Twcvpi¢¢e$;éf sheet metal held togethef by the
eight connectors and a Jones plug

Dimensions: 8-1/2 x 19 inches
Depth li inches
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Sect. 26
Plug=In . .

GATE-TUBE UNIT, MOD II
(GT-GT)

General Description

o - This unit consists of two independent gate-tube-circuits mounted on a

single plug=in chassis, VI, the read=-out gate tube, has a transformer output to
provide positive or negative pulses for the transfer of information from a flip-
fiop into a bus or other low-impedance load. V2, the read-in gate tube, uses
capacitive coupling 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

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

Outputs - With the suppressor at 0 volts, VI gives positive or
negative pulses of about 7 volts into a 100=chm line; V2
gives pulses of about 12=v amplitude into the grid of a
flip-flop tube, More output will be realized if the
suppresser is held positive with respect to ground,

Power Requirementss

Voltage Current to One Tube

+250=v DC : approx. 0.2 ma plus 6 ma per mc of prf
+ 90-v DC ’ approx. 5 ma per mc of prf

= 15-v DC approx, =1 ma per mc of prf

603=’V AC lo6 anmp

References

Circuit Schematic:. C-50950
Engineering Notes: E-104
E-1LL
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Sect, 26

Plug-In
DUAL BUFFER AMPLIFIER, MOD II
(BA-BA)

General Description

This unit comprises two identical, independent, point=to=point
amplifiers mounted on one standard plug-in chassis, 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
S=v droop in a series of pulses at 2 mc. Each amplifier provides transformer
output and therefore provides positive or negative pulses depending upon which
output terminal is grounded. DNonstandard pulses of sufficient amplitude will
be amplifiedand partially reshaped to approximate a standard pulse out.

Specifications
Input: Positive pulses of 15-v to 30-v amplitude.
Qutputs Positive or negative pulses of 15~v to 35-v amplitude into

100 ohms, Any input pulses exceeding 30 volts will over=
drive the amplifier to give a slightly distorted pulse
out with about 35=v major amplitude.

Power Requirements:

Voltage Current to One Tube
+250=v DC approx, 2.4 ma plus 30 ma per mc of prf
= 15=v DC approx., =2 ma per mc of prf

693“v AC loa amp

References

Circuit Schematic: C=50826
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Sect. 26
- Plug=In

GATE-BUFFER AMPLIFIER, MOD II
(Gr-BA)

General Description

This unit consists of a buffer amplifier fed from a gate-tube circuit,
The gate is controlled by a d-c voltage level, such as a flip-flop output. When
openy, the gate passes pulses to the buffer ampllfler which insures output pulses
of good shape and amplitude at a 100=ohm impedance level. A separate input is
provided to the buffer amplifier so that it may be used independently. The
entire circuit may be driven without pulse droop at prf's up to 2 me; from 1 mc
to 2 me it is usable but increasingly prf sensitive with about 5-v droop at 2 mc,
The transformer output provides positive or negatlve pulses depending upon which
output terminal is grounded,

Specifications

Input: Positive standard pulses of 15=v to 30-v amplitude; d-c
levels of 0 volts to turn the gate tube "on" and =15 volts
to turn it "off,;" or gate pulses of the same amplitude.

Qutputs Positive or"negative pulses of 17=v to 35-v amplitude at a
100-ohm level,

Power Requirements:

Voltage . _ Current
+250=v DC approx. 2,6 ma plus 30 ma per mc of prf'
+ 90=v DC : approx. 5 ma per mc of prf
= 15=v DC approx. =2 ma per mc of prf
6.3-v AC 1.4 amp

References

Circuit Schematic: (C=50827
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' . Sect, 26
Plug-In
D-C FLIP-FLOP
(FF)

General Description

The circuit of this plug-in Flip-Flop is essentially the same as
that of the Burroughs Flip-Flop, Type 1103 AW (see Sect. 9, above), without
the trigger amplifier and two read-in gate tubes, The unit is intended to
drive gate tubes, crystal gates, and similar loads. It is set or cleared by
negative pulses 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., Trigger-
ing can be achieved reliably at prf's of up to about L me,

Specifications

Input: Negative pulses of over 6-v amplitude for "set" or "clear";
positive or negative pulses of over 6-v amplitude for
complement," In either case; ripple or overshoot should
be less than.3 volts.

Output: The "one" and "zero" outputs yield either of two d-c
levels intended to be applied to a high-impedance load
which may consist of the grids of 1 to 3 gate tubes.
The two levels are O and =18 volts, Rise and fall trig-

' ger time are approximately 0.2 psec,

Other butputs provide two d-c voltage levels to control
neon indicator lights, to control plug=-in switch units,
and to operate typewriter equipment,

Power Requirements:

+90-v DC 0,7 ma
«=150-7 DG 30 ma
6,3-v AC 1.2 ma

References

Engineering Notes E=-168
-~ E-k93
Circuit Schematic  C=-50825 -
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Sect, 27

SCOPE COUPLING UNIT
(Models I & II)

General Description

The scope coupling unit is used to couple signals directly to the
vertical-deflection plates of the Tektronix 514D scope. Because of the
scope amplifier's pass-band limits, this unit is used to best advantage in
observing fast rise-time pulses such as #he standard O.l-pysec 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 Model II since it provides less capacitive loading,

Specifications

Dimensions: U x L x 2-1/L inches.

Circuit: Vertical-positioning-control coupling circuit.
Input: The input on both models may be direct-coupled

since there are internal series capacitors, - Models

I and IT 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 3/8-inch

BNC connector, Signals lower than 1 or 2 volts

cannot be observed with either model.



Quiputs

Contraols

Sects 27

The outpu’t goes directly te the plates of the CRT through
vertical-deflecticn-glale banana plugs on the side of the
scope, Two banana Jacks permit a voltmeter to be plugged
in, A v

The control knob changes- the level of the trace on the scope,
Signal amplitude is measured by turning the conirol to its
extreme CCW positlion and applying a signal, The sweep is
then lifted (by use of the control) to the observed position
of the top of the signal on the scope face, A voltmeter
plugged into the banana Jacks indicates the amplitude qf

the 81gnal

Power Requlrements:.

Refereﬁces

- +250=volts DC 1 ma

+#150=volts DC =] ma

Circuit Schematic A=52350"
Memorandum M-160L
Photograph F-1821
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Sect, 28

" Whirlwind ‘ ’ Burroughs
CORE DRIVER,MOD,V identical to c CURRENT-PULSE GENERATOR (NEGATIVE)
CORE DRIVER,MOD,VI identical to 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 pulsesy both
are from a ground level,

Specifications

Dimensions: 5=1/L x 5 x 19 inches.,

Circuits: Monobistable multivibrator (59659, -
’ Amplifier (1/2, 5687).
Cathode follower (1/2, 5687).
Current amplifier (L, 6CD6's).

Input: Standard O,l-usec pulses, négative, 13-30 volts
(Jl-set or Jl-set and J2=-clear).



Sect, 28

Qutput: Shape == rectangular;
itude -= variable from o greater
Amplitud iable f 0t t
than 106 a:mpo

Regulation and back voltage -- back voltage
may be up to 100 volts. For
Mod., 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 psec and 0,2
to 1.0 psec in two overlapping

, : , ranges, _ '

Duration =-- 1=40 psec in two overlapping
ranges (monostable); 0,6-LO
(bistable), ’

Duty Factors Limited by multivibrator to no more thang

' L0% 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
LO% at 1.0-amp output
50% at 0.8~amp output
75% at 0,53-amp output

Resolution Time: 0,5.pusec at maximum-output amplitude.

(May be complemented in "bistable" from 12,5
kilocycles. to 2 megacycles connecting J1 and
J2 together.)

Power Requirements:

Voltage Model V Model VI
+150-v DC 0,03-2,03 amp
=150=v DC 0.03=2,03 amp 0.0 amp
«300=v DC 0,0l amp

6.3-v AC 10,6 amp 10.6 amp

References

Circuit Schematics C=52170
. _ C-52643
Engineering Note E=523
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Sect. 29

6 CEANNEL PULSE AMPLIFIER MOD I

General Description

Thié unit consists of 6 identical pulse amplifiers s each of which
acceptsan input pulse at any dc level and generates an output pulseo
The shield of the input and output (co-a.x connectors) are grounded.

Specifications:
Dimensions: 3 1/2 in. x 19 in., depth 10 1/2 in.
Inputs: Positive 0.1l - usec pulses 15 to 40 volts
' in amplitude, up to 5 mc.
Outputs: Positive 0.1 - usec pulses 15 to 50 volts
in amplitude (depends on input amplitude, prf,
and load) up to 5 mc. Gain becomes poorer above
1l me. o ’
- Controlss An on-off switch for each of the 6 outputs.
~ Circuit: TAKT pulse amplifier
Power: 4250 vdc 10 me/me/ channel

+90 vdc 0.5 ma/me/ chamel
-15 vdc 1 ma/me/ chamnel
6.3 vac 4.8 amps :

Referencess: Circuit Schematic C-58285
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Sect. 29

6 CHANNEL PULSE AMPLIFIER MOD II

General ;D_escription

This unit consists of 6 identical pulse amplifiers, each of which

- acceptsan input pulse at any dc leveJ, and generatesan output pulse at

a dc level of zero or -15 volts. The shield of the input {co-ax connec-
~tors) (J1 end 2) which may be at any dc level #re bypassed to ground
through a capacitor; the shield of the output jack (J3) is brought out
to Jh. J5 is =15 volts; the output may be placed at a dc level of =15
by a jumper between J4 and J5. This unit was designed to match pulse
test equipment to the XD-l computer, where pulse lines are at a level
of =15 volts.

vSpecifica.tions: v
Dimensions: '3 1/2 in. x 19 in., depth 10 1/2 in.
Iﬁgut' 3 Positive Ool ~usec pulses 15 to 40 volts in
e _amplitude, up to 5 me.
Outputs: Positive 0.1 -usec pu.lses 15 to 50 volts im
' amplitude (depends on input amplitude, prf, and
load) up to 5 mc. Gain becomes poorer sbove 1
mc, DC level of output pulse may be modified
from the front pa.nelo
Controls: | An on-off switch for each of the 6 outputs.
Circuits 6 TAKT pulse amplifiers
Powers +250 vdc 10. ma:/me»/ chanpel ...

490 vde 0.5 ma/me/ channel
, =15 vde =1 ma/mc/ channel
6 3 vac h,B_:a,‘zgpg

_ References g Circuit Schematic C-58678
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DIGITAL EQUIPMENT CORPORATION

BUILDING BLOCKS

Introduction To DEC BUILDING BLOCKS

DEC Building Blocks are a coordinated set of packaged basic
digital circuits. They are primerily planned to be aessembled in
temporary 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, checking, counting, shifting, adding
and general logic and memory functions are ldeally performed by
DEC Building Blocks. DEC Building Blocks are fast in operation,
small in size, easy to use, and consume little power.

In most systems the blocks will operate at 5 megapulses per
second. The signels are readily adapted to other types of digital
circuits. To prevent accldental electrical damage, the units have
been degsigned so that terminals may be grounded without harm to
the unit.

These units are completely enclosed in rugged sluminum 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-l/h x 19 inch rack mounting panel. The
standard DEC power supplies also mount directly in a 19 inch rack.
Small numbers of the buillding 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 panel.
Logical connections are made with pﬂtch cords which have miniature
stacking banana connectors.
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'II- Logical Operations with DEC BUILDING BLOCKS

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

A—ef A ]

FI1G. 1

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. .

FiIG. 2
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o \

If two or more transistors are connected in parallel as 1n

- Figure 3, any one will short the _output to ground and an “or®

gate is formed for negative signals or an "and" gate for positive

signals. More complex logical functions are generated by series
parallel cmﬂﬁnations.

o

FiG. 3
- ‘_)_}3 COLLECTOR _____. = LEVEL
N _BKSE:::»” : L
= GECQQND ' hEMlTTER "-—-—’ = PD['.SE
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The DEC flip-flops are set by "shorting” the appropriate
input to ground with a pulsed transistor as ip 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 thg gate nearest the

flip-flop. . ? Q

0
- FlG. 4
The output stages of the flip-flop are low impedance in-
verters and can be included as part of logic net works. For

example information can be shifted from onme flip-flop to another
by using Jjust the 2 gates included with each flip-flop connected

as in Figure 5.

SHIFT
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[

Logical operations are usually performed by combinations of

D.C. gates. Pulses are normally used to read the results into

 flip-flops. : The terminal labeled P above the center of the flip-

flop will deliver & standard 2. 5 volt negative.signal every time
the flip-flop complement input terminal is pulsed. This signal
is very useful in binary counter applications. :

F!G 6

_ A simple counter is illustrated in Figure 7 The pulee
from Jack P of #A will complement the pext flip-flop when A
holds & "1". When & flip-flop is in the "l" state the "1Y outpnt
is at -3 and the 0" is ap ground. ; ., :

PULSE TO
COUNTE
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In DEC Building Blocks the standard levels are ground and
-3 volts (-3 to -3.5 volts measured). The pulses are -2.5 volts
(from ground) in amplitude and no more than 70 millimicroseconds
in duration. No more than 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 tremsistor connections gives several examples
of useful logical connections.¥*

Marginal Checking of DEC BUILDING BLOCKS

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

Merginal checking is accomplished by varying the + 10 volt
supplies. This supply develops the bias on the inverters and, in
general, if it is increased, low gain transistors will be made to
fail. If it is decreased;, it will allow any noise to cause failure.

There are two + 10 volt power terminals (+ 10a and + 10b) on
each unit., Normally they are both set at + 10 violt but during
marginal checking they are varied vne at a time to detect failure
points. In the standard DEC power supply + 1l0a and + 10b are
connected to two variable voltage supplies so that marginal checking
is convenient at any time. If marginal checking is not required,

+ 102 and + 10b may both be connected to the same power supply..

¥See Catalog on the following pages.
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NO. OF | NO. OF
INPUT | TRAN- LOGIC
LEVELS | SISTORS | ror == AT OUTPUT |FOR @ AT OUTPUT CONNECTION
1 1 A: ® A= E g
A - ﬂé,f—*ompm
‘ 3 OUTPUT
2 1 A=® AND B==| A= =OR B=#® o
A - FROM
B ——Y (FF QUTPUT)
2 2 A=® AND B=® | A== OR B==| ***i_‘ OUTPUT
B —p
[
2 2 | A=@ORB:= ® | A== & B=T|, a5 VU
B — e
=+
3 2 A= ® AND B=® | A== OR B==| 4 __ E—* ourpur
B —ep
ANDC = = OR C= ® c ——
3 2 (A= ® OR B=®) |(A== AND B==)| A ouTPuT
AND C= = ORC=®
c ;
3 3 A=® AND B=® | A==O0R B==]A ouTPUT
AND C=® OR C== g
3 3 | (A=@ AND B=®) (A= =OR B=T) |, _ o ouTPUT
OR C= @ AND C== | € ;Djb
3 3 A=® OR B=@® | A== AND B== %
DB==1a _ = ourPur
OR C= ® AND C= = %'——':D:b

CATALOG OF TRANSISTOR 'CONNECTIONS

TABLE |

LEVEL OUTPUTS

30
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NO. OF | NO. OF — .
NS | oo ngmm o © CONNECTION
LEVELS | SISTORS BE PASSED ( |
1 1 A= = PULSE — OUTPUT
| .
1 2 A= ®  PULSE 9‘_””"
2 2 A=®AND B =T
2 3 A= ®AND B=@
2 3 A=® OR B=@ A
o . B -
OUTPUT
| | - PuLse -
3 3 | A=®AND B=® AND C== o
. p
3 3 (A=O0R B=@) ANDC=7F
PULSE _f_,.f-ourpm
3 4 |(A=e AND B=®) ORC=® Aep 1
]
B T
puLsE ——cfp OUTTT
= o= A-ech
3 4 A=® OR B=@OR C=® s A8
| B L

CATALOG OF TRANSISTOR CONNECTIONS
TABLE 2 PULSE OUTPUTS
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d BUII.DING o |  uverter 101
BLOCKS | ~© INSTRUCTIONS
| | | - v""——-—- ».NE‘GATIVE VOLTAGE SOURCﬁ

INVERTERB’Z E\.qu db‘
/ o

INVERTER COLLECTOR’

LOAD RESISTOR

/INVERTER EMITTER

INVERTER
101

The basic circuit used in doing logical operations with DEC Building Block Test Equipment is the transistor -
inverter. A PNP transistoris the main element of the inverter. In the notation of DEC for the 1nverter, the base
is at the side of the rectangle, the emitter is at the bottom and the collector is at the top.

The Inverter 101 package contains six identical transistor inverters and four identical load resistors which
are diode clamped at -3v.

The inverter actslike a switch, i.e. when the base is negative with respect to the emitter a "simple switch"
between the emitter and collector isclosed 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 invertersareusedas Pulse Gates, the unit being pulsed replaces the load resistor. Pulses
are applied only to the base of an inverter. See Section 30l ‘pages 7iand 8.,

The delay through a transistor depends on the capacitive loading and under typical conditions is approxi-
mately 20 millimicroseconds. Sinceeachtransistoris an amplifier, Level Gate Logic can be cascaded (collector
to base) anindefinite number of stages without losing signal amplitude. The signal delays must be taken into con-
sideration when a 1a.rge number of stages are cascaded. '

Not more than three transistors can be placed in series for Level Gate Logie, 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 trans1stor can be used in series as a Pulse Gate,

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

Level Gate or any number of emitters of Pulse Gates providing only one is pulsed at a time. The output (collector)
of a Pulse Gate can drive one 1nput toa pulsed unit, ,

- Bothpolarities of logic canbe utilized to make negative "or" s, negative "and" s, positive "or" s and positive
and" s ‘ : o -

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 101 The bullt in inverter output ampliﬂer of the Flip Flop
201 and Diode 110 are also similidr to the inverters contained in Inverter 101,

The maximum power requirements of the Inverter 10'11 package are:

;-3 volts 34 milliamperes
-15 volts 40 milliamperes

+10 volts 0.1 milliamperes

CIRCUIT SCHEMATIC:B~80563
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e BLOCKS | v .INSTRUCUONS

~————— NEGATIVE VOLTAGE SOURCE

The dot symbol represents a volt
age source for ~3v.,

INVERTER BASE

"ecp o

INVERTER COLLECTOR/ iE \
'@ INVERTER EMITTER

INVERTER
102

The basic circult used in doing ‘logical operations with DEC Building Block Test Eqﬁipment is the transisto:z
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.

LOAD RESISTOR

The Inverter 102 package contains six identical transistor inverters and four identical load resistors whict
are diode clamped at -3v.

The inverter actslike a switch, i.e. when the base is negative with respect to the emitter a "simple swi_'
between the emitter and collector isclosed thus allowing current to flow. When the base is at the same or positive
potentlal 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 witt
Level Gates. When the invertersare usedas Pulse Gates, the unit being pulsed replaces the load resistor. Pulses
are applied only to the base of an inverter. See Section 30 pages 7 and 8.

The delay through a transistor depends on the capacitive loading and under typical conditions is approxi-
mately 20 millimicroseconds. Sinceeach transistoris an amplifier, Level Gate Logic can be cascaded (collecto
to base) anindefinite 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 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 fourth transistor can be used in series as a Pulse Gate.

 The output (collector) of a Level Gate can drive (1) four bases of trarisistor inverters and (2) one emitter of :
Level Gate or any number of emitters of Pulse Gates providing only one is pulsed at a time. The output (collector
of a Pulse Gate can drive one input to a pulsed unit.

Both polarities of logic canbe utilized to make negative "or" s, negative "and" s, positive "or" s and positivi
"andll 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 102 package are:

-3 volts 34 milliamperes

-15 volts 40 milliamperes
+10 volts . 0.1 milliamperes

CIRCUIT ‘SCHEMATIC : B-87305
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BU“.D'NG SECTION 30 Jwvernter 103
BLOCKS | o INSTRUCTIONS'}

——— NEGATIVE VOLTAGE SOURCE

The dot symbol represents a volt

o ‘ ' age source for -3v.
INVERTER BASE \.db 4

| LOAD RESISTOR
INVERTER COLLECTOR/q%:I : ; \

% % INVERTER EMITTER
e S

INVERTER
103

The bésic 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 actslike a switch, 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 invertersareusedas Pulse Gates, the unit being pulsed replaces the load resistor. Pulses
are applied only to the base of an inverter. See Section 30, pages, 7 and 8.

"The delay through a transistor depends on the capacitive loading and under typical conditions is approxi-
mately 20 millimicroseconds. Sinceéach transistor is an amplifier, 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 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(colleétor) of aLevel Gate can drive (1) four bases of transistor inverters and (2) one emitter of a
- Level Gate or any number of emitters of Pulse Gates providing only one is pulsed at a time. The output (collector)
of a Pulse Gate can drive one input to a pulsed unit, - .

Both ﬁolarit*os of logic canbeutilized to make negative "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 34 milliamperes
-15 volts 40 milliamperes
- +10 volts 0.1 milliamperes

CIRCUIT SCHEMATIC: B-87656
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BUILDING seeTloN 30 - Desde 110

BLOCKS _ - INSTRUCTIONS
INVERTER COLLECTOR ' NEGATIVE VOLTAGE SOURCE
See Inverter 102 Instruction Sheet v The dot symbol represents & volt-

age source for -3v,

INVERTER e tij- 'Eb

The inverter is like those included ‘ ;
in Model 102 Inverter except that the £ e GROUND TERMINAL
base 1s permanently tied to the diode -
gate. Pto
f-pi—a
r— e LEVEL INPUT TERMINALS
el The six diode input terminals are
B - for usewithlevel signals such as tho!
' _ DIODE from the outputs from flip-flops, in="
INVERTER EMITTER 1o ' verters, delays. OtherDC signals that
switch between ground and -3v can also

SeeInverter 102 Instruction Sheet. be used.

The Diode Model 110 package contains two 6 Input dlode "or" gates for negative levels each with an inverter
amplifier. Theuserisreminded thatan"or" circuit for negative signals is by definition and "and" circuit for pos-
itive signals. SinceallDEC flip-flops have both polarities available and convenient inverters are available for all
other logica.l signals, the Diode Model 110 can be used for elther "and" or "or" type of logic.

TheDiodeunit is for use only with levels. When it is desired to read the logical result from a diode unit into
a flip-flop, pulse delay, or any other unit requiring a pulse input, the emitter of the Diode inverter is grounded .
and the co].lectoris connected to the emitter of an Inverter used as a pulse gate. If the logical polarity is incorrect
for this.type connection, the collector of the Diode inverter is connected to the load resistor and to the base of a
transistér intverter whose collector is connected to the emitter of a pulse gate.

The power requirements of the Diode 110 are:

-3 volts 34 milliamperes
-15 volts 20 milliamperes
+10 volts 2.2 milllamperes

CIRCUIT SCHEMATIC : B-80565
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SECT. 30

BUILDING
BLOCKS

INDICATOR

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

ZERO OUTPUT TERMINAL

When FF is in a "one' state, this
terminal will be at ground level,
When FF is in a''zero' state, this
terminal will be at ~-3v nominal voltage,
'This terminal can drive (1) ten bases of .
transistor gates and (2) two emitters of -
Level Gates or any number of emitters
of Pulse. Gates providing only one is
pulsed at a time,

ZERO INPUT TERMINAL

. The zero input terminal is pulsed.
whenever it.is desired to place the FF
in a 'zero'" -state, The signal driving.
this terminal must comé from the col- . °
lector of a transistor gate, Each logi-
cal source of pulses must have its own
transistor gate, Collectors of the tran-
sistor gates are tied in parallel when
used in this mode,.

4

FLIP—FLOP
201

INVERTERS

See Inverter 102 Instruction
Sheet. Normally the inverters on

Pleg Flop 207

INSTRUCTIONS

wpn PﬁLSE

The complement vvi'riput,“terniinal is

tr ansformer coupled to the '"P"Pulse ter-

minal so that when the complement input
to the FF is pulsed, a 'standard -2, 5v,
70 millimicrosecond pulse capable of
driving one transistor base will appear
on this .terminal, '

ONE OUTPUT TERMINAL

When FF is in'a "one" state, this

.‘terminal will be at -3v nomiunal voltage.

When FF is in a "zero'" state, this
terminal will be at ground level, This
terminal can drive (1) ten bases of trans-
istor gates and (2) two emitters of Level
Gates or.any number of emitters of Fulse
Gates providing only one is pulsed at a
time,

ONE INPUT TERMINAL B
Similar to zero input terminal,

COMPLEMENT INPUT TERMINAL

Every time the complement input
terminal is pulsed, the FF will go to the
opposite state from what it held before
the pulse, Input to this terminal must
come from the collector of a transistor
gate. Each logical source of pulses must
have its own transistor gate. Collectors
of the transistor gates are tied in paral-
lel when used in this mode, Successive
complement pulses must be at least 200
millimicroseconds apart for reliable op-

this model are used as Pulse Gates, eration,

C Y .

The Flip-Flop Model 201 is basically a four transistor static flip~flop with built-in output amplifiers, ins+" "
dicator, source of counting carry pulses (P Pulse), complement input and two transistor gates, It has: sufw«"
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, sothat .
its output terminal can be sensed at the same instant that the input terminal is being pulsed. :

The output voitage swing is diode clampevd at -3v, to provide a constant output voltage independent of
loading within the above specifications, o .

The power requirements of the Flip-Flop 20l are:

=3 volts 20 milliamperes
-15 volts 84 milliamperes
+10 volts 3 milliamperes

CIRCUIT SCHEMATIC: B-80564
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SECTION 30

BUILDING | Detay 301
BLOCKS | - INSTRUCTIONS

EXTERNAL PULSE GATE TERMINAL. LEVEL OUTPUT TERMINAL

Additional pulse gate collectors can - When the input is pulsed, the level’
be connected to this terminal to accomp- \ output at this terminal goes from ground -
1ish pulse mixing. to -3 volts for the duration of the delay.

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

Standa.;f pulses are applied to ﬂﬂS\ a level gate or any number of emitters of

input terminal, pulse gates providing only one is pulsed at

ULSE GATE EMITTER a time.

» Gating levels can be applied to this

. PULSE OUTPUT TERMINATL
terminal, See Inverter 103 Instruction

At the end of the negative level 1nter-

Sheet and - Section 30i, pages 7 and 8. , ~ A 15 lC val (above), & standard DEC pulse 18 pro-
duced at this terminal, ' This output will
GROUND TERMINAL drive 10 pulse gates. Outputimpedance 1s
‘ / . 22 ohms. * (see footnote.)
EXTERNAL CAPACITOR TERMINAL ; SCALE SELECTION TERMINAL
Longer delays than listed in table _ ‘ ‘ ~Capacitors are connected to this
may be accomplished by connecting addi- point (A internally connected as shown) to
tionsl external capacitance between this - DELAY obtain delay intervals listed below:
point and the scale selection terminal. 301
POTENTIOMETER CAPACITOR MIN. DELAY|MAX, DELAY]
—_ ‘ A 0.2 2.5
The potentiometer provides continu- ) B 2.2 34,
ous control over the length of the delay in- : c 32. . 550,
tervals. (delays in microseconds)

The Delay Model 301 package contains a monostable multivibrator circuit (one shot) and a pulse gate. The
unit servesa dual purpose: 1.) to delay a standard pulse, and 2.) to produce a negative gating signal (a negative
level for a predetermined interval). See typical waveforms below.

Typical Output vs. Input Waveforms of Delay 301,

~ \ . Standard -2.5 volt DEC pulse, INPUT
ov (at pulse gate base)
oV, \ V Continuously variable -3v, delay LEVEL OUTPUT
ov. o ‘ 1 \_ Standard -2.5 volt delayed pulse PULSE OUTPUT

’ ‘ 100 millimicroseconds
0.1 microseconds

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

‘The power requirements of the Delay 301 are:

-3. volts 12 milliamperes
-156 volts ‘ 80 milliamperes-
+10 volts 0.-5 milliamperes

*QOutput impedance is deﬁned as the terminating resistance which will halve the open circuit output voltage .

CIRCUIT SCHEMATIC: B-87306
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SECTION30
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SECTION 30

BLOCKS . | Pelse Gewenam 410

INSTRUCTIONS
PULSE GENERATOR INPUT TERMINAL : -~ ,OUTPUT TERMINAL
" When the input voltage goes more nega- / ~ Theoutputof the Pulse Generator is a
tive than -2. § volts after having been more b DEC Standard Pulse (-2.5 volts, 70 milli-
positive than -1.0 volts, a DEC Standard microsecond), The minimum time between
Pulse is produced at the output. The input , . pulses is limited to 1 microsecond. This
isa D:C. connection; thus eliminating fall o-[::}. pulse source can drive 10 units of load (10
time as a characteristic of the incoming DEC Pulse Gatelbases).
_signal, Inputimpedarceis 3000 ohms, In-- 1 l.

put signal should stay between limits of L _\ | |
+10 volts and -10 volts. : ~GROUND TERMINAL

[} \ : )
. PUSH BUTTON SIGNAL

Can be connected to Pulse Generator
Input Terniinal for Manual operation,

_PULSE : '
GENERATOR PUSH BUTTON ;,
© 410 Each time the button is firmly depress-

ed, a Push Button Signal which meets the
Pulse Generator input requirements is gen-
erated by an integrating circuit.

The Pulse Generator Model 410 is basically a Schmitt circuit 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 to go above -1.0 volt
before the next pulse can be generated. It 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 requirements of thé Pulse Generator 410 are:

-3 volts 0 milliamperes
~15 volts 40 milliamperes
+10 volts 0.2 milliamperes

CIRCUIT SCHEMATIC: B-87308
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SECTION 30

Yl BUILDING

c;‘; ,BLOCKS 601

PULSE GATE BASE ~ )PULSE QUTPUT TERMINAL
The input pulse must be negative and : _ ~ "ADEC Standard Pulse (-2.5 volts, 70 :
have a minimum amplitude of -2.0 volts ‘ millimicroseconds) is produced at this ter-.

© and a maximum amplitude of -5.0 volts and minal, everytime the signal on the Pulse }
- should approach the general rise and fall : ;. Gate Base meets the input requirement, It
time characteristics of DEC Standard is delayed from the input pulse by less than
Pulses, Input pulses of less than -0.5
volts will not generate an output pulse.

- Bases).

GROUND TERMINAL

Gating levels can be applied to this !— . This s a al

= gener purpose mverter
ferminal. If no gating is used, this ter- ~ similiar to those in Model 103, It is nor-
minal mustbe grounded. See Inverter PULSE maliyused here for making multiple level
Instruction Sheet. , inpuf gates for the pulse input. For details,

) ge ,
AMPLIFIER see instruction sheet for Model 103.
601

The Pulse Amplifier Model 601 is intended for use in standardizing DEC Pulses in amplitude and width. It has
two inverters for gating the inputincluded in the unit, one of which is permanently connected to the Pulse Amplifier .-
The output is used on the input Pulse Gate Bases of units such as the Delay 301, Flip Flop 201, Tube Pulser 650,

20 millimicroseconds. This pulse cen .
drive 16 units of Load (16 DEO Pulse Gate‘ o

or Pulse Amplifier 601, It is useful as a register driver for clearing, resetting or shifting a group of flip ﬂops o

simultaneously,

The power requirements of the Pulse Amplifier 601 are:

-3 volts 0 milliamperes
-15 volts - 40 milliamperes

+10 volts 0.5 milliamperes

CIRCUIT SCHEMATIC: B-80566
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Sl BUILDING |

PULSE GATE BASE

The mput pulse must be negative and’

; have 4 minimum amplitude of -2,0 volts

“and a maximum amplitude of -5.0 volts and

- . should approach the general rise and fall

* . time- charaecteristics of DEC Standard

 Pulses. Input pulses of less than 0, 5 volts

- willnot generate an output pulse., The up-
. per pulse repetition frequency of this unit
- 1s 1 megacycle. ‘ : , o

: PULSE GA'I‘E Em;f ER.” _
ke Ge.tinq 1evels can be applied to this
termingl, If gating is notused, this ter-
. ‘minsl must be grou.nded. See Inverter 103 L
: ‘tmetruction Sheet. AT :

SECTION 30

e

‘Me P 65
. INSTRUCTIONS

NEGATIVE PULSE oUTPUT

A negative 16 volt, 0. 1 micros ‘
- pulse 1s produced at this. terminal eve
time the signal on the Pulse Gate Base.
meets the input requjrement. ‘When ‘it is’
" desired to use this negative pulse, the Post -,
_ ti:ire Pulse Output termi.na.l must be ground-g
ed, , S

POSITIVE PULSE O

A positive 15 volt, 0.1 microsecohdg
-pulse is produced at tius terminal every-
 time the signal on the Pulse Gate Base
 meets the input requirement, ‘When itis
desired to use this positive pulse, the Neq‘-‘
ative Pulse Output terminel mustbe qround- :
ed. o '

’ 'GROUN’D,TERMI[\TAL, |

TUBE

© \DwemTER | )
* PULSER  This is a general purpose prees ”rte 3
similar to those in Model 1083, ' It {8 nor- -

650
‘ mally used here for meking multiple level
input qates for the pulse input. For. deta.ils o

" see mstruction sheet for Model 103. S

, 'I'he Tube Pulser Model 850 contains a power a.mpliﬂer and two: mverters for gating the mput, one of whic is
permanently connected to the Tube Pulser. - Itisuseful inproviding signal compatibility between DEC Sta.ndard Pulses
- andother types of digital circuits requiring la:rger signals, such as vacuum tube circults, Eit.her negetive or pos ;
‘ tive pulses are avaﬂable.‘ P ‘

.The powar requirements a.re"

-3 volts

-16 volts -
+10 volts

 CIRCUIT SCHEMATIC: B-87309

0 miliiamperes
17 milliamperes
- 0.2 milliamperes
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SECTION 30

SOOING |  Lewet Amptifler 666
_BLOCKS _ - INSTRUCTIONS

LEVEL OUTPUT TERMINAL

When the input base is at -3 volts and
the input emitter is at ground, the output
willbe at ground. When the input base is
at ground, the output will be at -15 volts.
regardless of the state of the input emit-
ter.

Output hnpedance of this unit is 1500
ohms, Unloaded rise and fall times are
approximately 20 millimicroseconds and
60 millimicroseconds respectively. Delay
is approximately 40 millimicroseconds.
When output s loaded with 47 mmf, thefall
time becomes 130 mﬂlimicroseconds.

LEVEL GATE BASE

v Standard DEC Levels {ground and -3
volts) are applied to this terminal from
outputs such as Flip-Flop 201, Inverter
103 whenused as a Level Gate, Delay 301,
(Level Output), -Diode 110, See Inverter '
1083 Instruction Sheet. '

LEVEL GATE EMITTER/ E#
Same as above. This terminal must '

be at ground level if the Level Gate Base 1
1s to have any effect. -

ROUND TERMINAL

LEVEL
AMPLIFIER .
666 INVERTER.

This 4s a general purpose inverter
similar to those in Model 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 anamplifier for converting 3 volt digital signals (0 to -3 volts) to 15 volt

digital signals (O to -15 volts). Ithastwo invertersfor gating the input, one of which is permanently connected to the

~ Level Amplifier. Itisuseful inproviding signal compatibility between DEC Standard Pulses and other types of digital
circuits requiring larger signals, such as vacuum tube circuits.

The power requi.rements are:

-3 volts 0 milliamperes
-15 volts 10 milliamperes
+10 volts 0.02 milliamperes

CIRCUIT SCHEMATIC: B-87310
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DEC Section 30  Power Supply 720,721
_ ‘ Instruqtions

The power supply geénerates all voltages needed to
operate the DEC building blocks. The capacity of the supply
varies with serial and type number as below:

Model No. Serial No. V_(volts) I (amps)

720 1-535 +10 0.09
‘ -3 0.8

-15 3.0

720 536 and up +10 0.09
°3 008

-15 4.5

721 all +10 0.09
"’3 102

"15 405

Circuit Schematic of Type 720: B-873l11
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SECTION 30

BUILDING | | - Relay 800
BLOCKS ~ INSTRUCTIONS

' RELAY COMMON CONTACT (J2) - o

This is the pole of a single pole double When the input level is at grotnd (or abt-v
throw relaywhich has contacts rated at 2 am- sent), a closed path exists between this ter-
peres. ' 0— ' minal and J2.

. v * """. o
LEVEL INPUT TERMINAL, ‘ _ ELAY NORMALILY OPEN CONTACT (J3

The input to this terminal is a DEC Stand- ' When the input levelisat-3volts, a closed

ard Level (ground or -3volts), This input rep- , path exists between this terminal a.nd Ta. .

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
8ot

The Relay 801 package contains a relay driver amplifier and a single pole double throw relay. The purpose of
thisunit is to enable DEC Building Blocks circuitry to drive electromechanical units requiring power beyond the driv-
ing capabilities of reqular transistor circuitry. .

The Relay 801 maximum power requirements are:

-3 volts 0 milliamperes

-15 volts 19 milliamperes
+10 volts .02 milliamperes

CIRCUIT SCHEMATIC: B-87312
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Section 30

MOUNTING PANEL
901

Description:

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.



