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Figure 1-1. Type 1394 High-Rate Pulse Generator.

SPECIFICATIONS

Type 1394-A

PULSE REPETITION FREQUENCY

Internally Generated: 1.0 Mc/s to 100 Me/s, six ranges in 1-2, 2-5,
5-10 sequence. Continuous coverage, +5Y, of setting. Jitter,
0.1 ns, peak.

Externally Controlled: dec to 100 Mc/s. 0.4 to 4.0V, p-to-p, amplitude
range plus 10 to 1 attenuator, 1 W max. 50 £, choice of + slope,
and trigger level from -2 to 4+2 V.

SYNCHRONIZING-PULSE CHARACTERISTICS

Voltage: Ac coupled. 0 to 4 V in calibrated l4-volt steps. Plus or
minus polarity.

Duty Ratio: Limited only by rise-plus-fall time.

Overshoot: 129, typically. Droop: Less than 109,

GENERAL

Power Required: 100 to 125/200 to 250 V; 50 to 400¢/s; 20 W.
Accessories Supplied: TYyrPE CAP-22 Power Cord; spare fuses.

MECHANICAL DATA: Rack-Bench Cabinet.

D?ﬁcripﬁun: Bipolar pairs, leading edge of positive pulse is riat Width | Height Depth* Net Wit | Ship Wi
reference. : . T
Duration: 4 ns. Amplitude: 250 mV, p-to-p, into 50 €. in Jmm | in_fmm| in_pmm I b kg | Wb .le’cg

Bench 19 |485 |3'%6 [100 [16% [425PR1% |10 [ 34 [15

Delay (between sync pulse and leading edge of output pulse): 0 to 99 nsin
3%2 | 89|14 [370 1%z 10 | 34 |15

1-ns steps, +2.59, + 1-ns accuracy. No restriction on ratio Rack 19 |485
delay/period. Jitter, less than 0.1 ns, peak.
Residual Delay: 35 ns, typically.

*Behind panel.

Catalog Number Description
OUTPUT-PULSE CHARACTERISTICS (all specifications apply to 50-{} load) 1394-9801 Type 1394-A High-Rate Pulse Generator,
Duration: 4 to 99 ns in 1-ns steps, +2.59; 4 1-ns accuracy. Jitter, Bench Model
less than 0.1 ns, peak. 1394-9811 Type 1394-A High-Rate Pulse Genernrur,
Rise and Fall Times: 2.0 ns +209%,. Rack Model

Accessories Supplied: Type CAP-22 Power
Cord, coaxial patch cord.

Mounting: Rack-Bench Cabinet.

Dimensions: Bench, width 19, height 2%,
depth 1634 inches (485, 54, 425 mm); rack
w1dth 19, height 215, depth behind panel

Type 1394-P|

(All specifications apply with 50-Q load)
BASE-LINE VOLTAGE
Amplitude: Base line continuously adjustable

from —2to + 2 V.

Accuracy: Krror less than =100 mV (without
pulse) 100 mV with pulses whose duty ratio
18 less than 9097.

Polarity: Positive (negative pulse) or negative
(positive pulse) base line can be controlled.
DISTORTION (infroduced in pulse-generator out-
put)

Rise-Time Deterioration:
Droop Increase: <29,
GENERAL

Power Required: 100 to 125/200 to 250 V;
50 to 400 c/s, 4.5 watts.

General Radio Experimenter: Vol. 40, No. 7, July 1966.
U. S. Patent No. 2,548,457

<0.2 ns.

1414 111(:]3&5 (485, 54, 370 mm), over-all.
Net Weight: 1214 |b (‘b keg).
Shipping Weight: 17 |b (8 kg).

Catalog
Number Description
1394.9611 Type 1394-P1 Pulse-Offset Control,
Bench Model
1394-9621 Type 1394-P1 Pulse-Offset Conirol,
Rack Model



SECTION 1

INTRODUCTION

INTRODUCTION

1.1 GENERAL DESCRIPTION.

The Type 1394 High Rate Pulse Generator (Fig-
ure 1-1) is capable of producing fast-transition (2=
nanosecond) pulses of up to 4 volts amplitude into 50
ohms at a repetition rate as high as 100 megacycles
per second. The repetition rate may be controlled by
the instrument’s internal oscillator or may be deter-
mined by an external 0.4~ to 40-volt signal. The TRIG-
GER LEVEL and SLOPE controls allow the operator to
select the point on the external waveform at which the
pulse will be triggered. Timing circuits employing the
stable delay properties of coaxial cable afford precisely
controlled pulse duration (4 to 99 nanoseconds) and
pulse delay (20 to 119 nanoseconds) with no duty-cycle
limitation. In addition to the main pulses,the Type 1394
produces synchronizing pulses to facilitate use of an

oscilloscope with the instrument. For a detailed des-
cription of the controls and connectors on the Type

1394, refer to paragraph 1.2. An accessory instrument,
the Type 1394-P1 Pulse-Offset Control, can be used to

control the dc level of the otherwise ac coupled output
of the High Rate Pulse Generator, The pulse generator
is available in two models, a rack model, and a bench
model, The pulse generator and the offset control are
available together as the Type 1394-7Z High Rate Pulse
Generator. The combination is available in either rack
or bench configuration.

1.2 CONTROLS AND CONNECTORS.

The controls and connectors in the Type 1394-A
and Type 1394-P1 are shown in Figure 1-2and describ-
ed in Table 1-1,
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Ref. No.

~Table 1-1 —

Figure 1-2.

Controls and connectors for

Type 1394-A (top) and Type
1394-P1 (bottom).

CONTROLS AND CONNECTORS ON THE TYPE 1394-A HIGH-RATE PULSE GENERATOR
AND ON THE TYPE 1394-P1 PULSE-OFFSET CONTROL

Name

POWER

Input Selector

SENSITIVITY

TRIGGER LEVEL

EXT PRF INPUT

PRF RANGE

PULSE REP FREQ

Description

Toggle switch

3-position
rotary switch

2-position
rotary switch

Continuous
rotary control

GR874 coaxial
connector

6 -position
rotary switch

Continuous
rotary switch

Function

Disconnects both sides of line from power trans-
former when in OFF position.

Determines whether pulse repetition frequency
(PRF) is to be set by the instrument’s internal
oscillator or by an external signal.Determines
whether pulse is triggered by positive- or negative-
going (EXT + or EXT-) portion of signal.

Inserts a 10-to-1 attenuator before the input am-
plifier when in the %2-20 V-position (for input

“signals of 4-40 V p-p). Should be in #0.2-2.0 V

position for signals of 4 V p-p or less.

Determines at what voltage level of the input sig-
nal a pulse will be triggered.

For application of external trigger signal to the
pulse generator, Presents a dc-coupled 50-{2load.
Outer connector grounded via chassis and third

wire of power cord,

Determines frequency of signal produced by in-
ternal oscillator for triggering pulses (when Input

Selector (2) set to INT).

Determines, with PRF RANGE switch (6), the fre-
quency of the internal oscillator and so the output
PRF (Input Selector on INT)., Has three calibrated
scales, each corresponding to two ranges on the

PRF RANGE switch (6).
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22

23
24

Name

POLARITY

AMPLITUDE

PULSE DURATION

PULSE OUTPUT

SYNC OUTPUT

PULS.

L4

DELAY

Power plug
(Not shown)

EXT PRF INPUT
SYNC OUTPUT
PULSE OUTPUT
(Not shown)

POWER

PULSE POLARITY
INPUT

BASE LINE VOLTAGE

OUTPUT

Power Plug

LINE

INPUT
OUTPUT

INTRODUCTION

Table 1-1 (Cont)

Description
2 -position
rotary switch

9-position
rotary switch

8 toggle
switches

GR874 coaxial
connector

GR874 coaxial
connector

8 toggle
switches

3 -terminal
male connector

11/16"
holes cut in
back panel

Toggle switch

Toggle switch

GR874 coaxial
connector (re-

located)

Continuous
rotary control

GR874 coaxial
connector

3 -terminal
male connector

Slide switch

1 1/16" hole
cut in panel

Function

Determines polarity of OUTPUT pulses,

inserts 50-2 attenuation pads in series with out-
put for output amplitude of 0 to 4 Vin 1/2 V steps.
In 0 Vposition, OUTPUT connector is disconnected
from generator andterminated in a 50-Qresistor.

Switches connect calibrated delay lines additively

to determine pulse duration, (Refer to paragraph
4.4 for details.)

Presents ac-coupled output signal of up to 4 Vinto
50 {2, Outer connector grounded via chassis and
third wire of power cord,

Presents 250-mV (behind 50£2) bipolar synchroni-
zing pulses. The positive-going part of the pulse
occurs at a variable time ( 20nSEC + PULSE DE -

LAY setting) before the output pulse.

Switches connect calibrated delay lines additively
to determine delay between leading edge of SYNC
OUTPUT pulse and OUTPUT pulse, Delay = 20
nSEC + PULSE DELAY switch settings.

For application of external ac power via the 3 ~wire
power cord supplied., Third wire connects chassis
to ground,

For relocation of front panel connectors. Assoc-
iated with each are four tapped (4-40) holes and
one pop-out cover,

Disconnects both sides of line from power trans-
former when in OFF position,

Determines polarity of OUTPUT pulses.

For application of pulses from the PULSE OUT -
PUT (11) terminal of the Type 1394,

Determines the voltage level from which output
pulses rise or fall (PUSLE POLARITY set 4+ or -).

This level is accuratelyindicated by the dial cali-
brations when the Typel394 -P1OUTPUT loadis 502,

Presents 4-V, p-p, output pulses behind 50 {2 with
a dc offset of £2,0V, depending on setting of BASE -
LINE VOLTAGE control (19).

For application of external ac power via the 3 -wire
power cord supplied. (Thirdwire connects chassis
to ground.)

Connects power transformer for operation from
either 100 to 125-V or 200 to 250~V line.

For relocation of panel connectors, Associated
with hole are 4 tapped (4-40) holes and one pop-
out cover,
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1.3 ACCESSORIES SUPPLIED.

trol are listed in Table 1-3. The Type 1394-Z rack or
bench model, consists of the rack or bench models of

The accessories supplied with the Type 1394-A the Type 1394 and the Type 1394-P1. The bench model
High Rate Pulse Cenerator are listed in Table 1-2, has, in addition, a set of hardware for stack mounting
Those supplied with the Type 1394 -P1 Pulse -Offset Con- the two instruments. This set appears in Table 1-4,

Table 1-2

ACCESSORIES SUPPLIED WITH THE TYPE 13%94-A
HIGH-RATE PULSE GENERATOR

Quantity

1
1
4

Description Part No.

Instruction book 1394 -0100

Power cord,

3-wire, Type CAP-22  4200-9622

Fuses, 0.25-A for 115-V operation 5330-0700
(2) or 0,125-A for 230-V operation 5300-04350

For bench model:
End-frame set 5310-9624

1

For rack model:
Rack-support set 7863 -9624

1

Table 1-3

ACCESSORIES SUPPLIED WITH THE TYPE 13%4-P1
PULSE-OFFSET CONTROL

Quantity

VN S WS S -

Description Part No.
Instruction book 1394 -0100
Power cord, 3-wire, Type CAP-22  4200-9622
Patch cord, GR874 to GR874 0874 -4220
Fuse, 1/16-A | 5330-0300

For bench model:
End-frame set 5310-9614

1

For rack model:
Screw, Type 10-32 7270-6210

4

Quantity

¥ SO NN N N

Table 1-4

STACK MOUNTING HARDWARE FOR THE
TYPE 1394-Z, BENCH MODEL

Description Part No.
Spacers, 15/32" high 7660-2015
Screws, 10-31 x 7/8" 7080-2900
Lockwashers, No, 10 8040 -2400
Nuts, No, 10 5810-3300



1.4 ACCESSORIES AVAILABLE.

The input and output impedances of both the Type
1394 High Rate Pulse Generator and the Type 1394-P1
Pulse~Offset Control are 50 €©. The high frequencies
and fast rise times of the signals produced by these
instruments necessitate the use of shielded cables and
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1.5 APPLICATIONS.

The High Rate Pulse Generator will find applica-
tion wherever high~repetition~rate pulses are required.

874-R34

874~R33
874-Q9

874~R20A

874-R20LA

874-R22A

8§74-R22LA

874-QBJA
874-QBJL

874-QCJA
874-QCJ L

874-QHJA
874-QLJA
874-QLT]J
874-QMD]

874-QMD] L

874-QNJA
874-QNJL

874-QSC]

874-QSCJL

874-QTN]

874-QTN]JL

874-QU]J
874-QUJ L

INTRODUCTION

matched impedances. For these reasons, the GR374
connectors and cables are recommended for use with
the Type 1394 and Type 1394-Pl. GR874 connectors
have a characteristic impedance of 50 £ and are mech-
anically sexless, i.e., any two, although identical, can
be plugged together. A list of GR374 connectors and
patch cords is presented in Table 1-5.

Table 1-5
GR874 PATCH CORDS AND CONNECTORS

Coaxial patch cord, double plug to GR874, 36"’ long 0874-9692

Coaxial patch cord, two plugs to GR874, 36" long 0874-9690
Adaptor, double plug to GR874 0874-9874
Coaxial patch cord, low-loss 0874-9680
Coaxial patch cord, low~loss cable, locking connectors 0874-9681
Coaxial patch cord, general-purpose cable 0874-9682

Coaxial patch cord, general-purpose cable,
locking connectors 0874-9683

Adaptor, GR874 to Type BNC 0874-9700
Locking adaptor, GR874 to Type BNC 0874-9701
Adaptor, GR874 to Type C 0874-9702
Locking adaptor, GR874 to Type C 0874-9703
Adaptor, GR874 to Type HN 0874~9704
Adaptor, GR874 to Type LC | 0874-9706
Adaptor, GR874 to Type LT 0874-9708
Adaptor, GR874 to Type Microdot 0874-9720
Locking adaptor, GR874 to Type Microdot 0874-9721
Adaptor, GR874 to Type N 0874-9710
Locking adaptor, GR874 to Type N 0874-9711
Adaptor, GR874 to Type 5C 0874-9712
Locking adaptor, GR874 to Type SC 0874-9713
Adaptor, GR874 to Type TNC 0874-9716
Locking adaptor, GR874 to Type TNC 0874-9717
Adaptor, GR874 t» Typc UHF 0874-9718
Locking adaptor, GR874 to Type UHF 0874-9719

1394, The continuous pulse train method tests every
high-rep~rate characteristic, e.g., resolution, that the

burst method checks plus two that it cannot test — power
dissipation and self-biasing. Testing a circuit contin-

It is designed for testing systems that use high-speed uously will show the effects of temperature rise due to

digital circuitry, for example, computers, data-trans-

power dissipation, and the effects of self-biasing under

mission systems, radar systems, and nuclear instru~ actual operating conditions,
mentation. In such cases, the pulse generator is used With the Type 1394-P1 Pulse-Offset Control the
primarily to simulate signals from equipment not yet Type 1394 can be used to make continuous threshold-

designed or otherwise unavailable in order to examine

level tests of Schmitt circuits and other level detectors.

the succeeding circuitry. Most of these applications The High Rate Pulse Generator can also be used

involve high-speed switching, consequently, testing re-
quires a pulse generator whose pulse transitions are at
least as fast as the switching speed of the tested device.

To test digital circuits such as flip-~flops, gates,
and pulse amplifiers, two different methods can be
employed: testing with pulse bursts or testing with a
continuous pulse train such as that produced by the Type

for component testing. The output characteristics of
pulse transformers, for example, can be measured using
the pulse generator as a signal source. The 1394-A/P1
combination is an excellent signal source for testing
integrated circuits. In this application the calibrated
controls allow quick identification of the maximum fre-
quency of operation, minimum pulse width, etc.



TYPE 1394 HIGH-RATE PULSE GENERATOR
Ly

SECTION 2

INSTALLATION

2.1 LOCATION.

The Type 1394 and the Type 1394=-P1 will operate
in any location where ambient temperature is between
0°C (32° F) and 50°C (122° F). The instrument speci-
fications still apply when the openings in the top and
bottom of the case are blocked.

2.2 DIMENSIONS.

The dimensions of the Type 1394 are shown in
Figure 2-1. Those of the Type 1394-P1 are shown in

Figure 2-2,

2.3 MOUNTING.

2.3.1 BENCH/RACK CONVERSION.

The Type 1394 High Rate Pulse Generator and the
Type 1394-P1 Pulse-Offset Control are supplied in two
models, bench~mount and rack-mount. Either model of
the Type 1394 can be converted to the other by the in-
stallation of a simple conversion set (Table 2-1). The
rack mounted Type 1394-P1 can be converted to the
bench mounted model with a conversion set (Table 2-1),
and, since the rack model is just the instrument itself,
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Figure 2-1. Dimensions of the Type 1394-A High-Rate Pulse Generator.
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INSTALL ATION

Table 2-1
CONVERSION SETS

Mode!l Use

Type 1394 For bench mounting and
(bench) stack mounting

Type 1394 For rack mounting in a
(rack) standard 19-inch relay
Type 1394 -Pl For rack mounting in a
(rack) standard 19-inch relay
Type 1394-7Z For rack mounting in a
(rack) standard 19-inch relay

held in the rack by 4 front panel screws, no conversion
Set 1S necessary.

2.3.2 BENCH MOUNTING (Figure 2-3).

The benchmodel of the Type 1394 oxr Type 1394-P1
normally rests on four rubber feet on top of a bench
or shelf, Holes areprovided in each end frame, however,
to allow it to be mounted permanently over or under a
bench or shelf.

Either the chassis or the cabinet of the bench
model can be withdrawn independently. To remove the

chassis and leave the cabinet mounted, loosen the two
(four for the Type 1394-Pl) panel screws (B) and the

two shipping screws (F), and slide the instrument for -

ward out of the cabinet. To remove the cabinet and
leave the chassis mounted, remove the eight clamps
and screws (C) and the shipping screws (F) and pull the
cabinet back off the chassis from the rear of the in=-
strument.

END FRAMES -

C

CLAMP AND SCREW &

{4 ON EACH SIDE, HOLD
CABINET TO END FRAMES)

PANEL SCREWS

(2 ON FRONT PANELl, HOLD
CHASSIS TO END FRAMES)

MOUNTING HOLES

(4 ON EACH FRAME , FOR STACK MOUNTING

OR PERMANENT BENCH MOUNTING) 1153-5

Figure 2-3. Bench mounting the Type 1394-A.

2.3.3 STACK MOUNTING (Figure 2-4).

The pulse generator, bench model, can be per-
manently assembled with another rack/bench instrument,
such as the Type 1394~P1l, bench model. This assembly
is performed as follows:

a. Place the pulse generator above or below the
other instrument as desired.

Conversion Set

7863 -9624 rack support set, con-
verts bench model to rack model

5310-9624 end frame set, con-
verts rack model to bench model

5310-9614 end frame set, con-
verts rack model to bench model

5310 -9624 and 35310 -9614 end
frame sets plus stack mounting
hardware (see Table 1-3), con-
verts rack model to bench model

B

C PANEL SCREWS

( 2 ON FRONT PANEL, HOLD

CLAMP AND SCREW CHASSIS TO RACK FRAME)

(4 ON EACH SIDE,HOLD CABINET
TQ END FRAME)

1I0-32X1" SCREW AND NUT

(2 ON EACH END FRAME, HOLD

END FRAMES TOGETHER ) Figure 2-4. Stack mounting.

b, Place spacers between the end frames, insert
10-32 screws (D) through the end frames and spacers,
install lock washers and nuts, and tighten.

This type of mounting permitsthe chassis of each
instrument to be withdrawn independently. To remove
the chassis, loosen the two (or four) panel screws (B),
remove the two shipping screws (F), and slide the in-
strument forward out of the cabinet.

2.3.4 RACK MOUNTING (Figure 2-5),

To install the pulse generator in a relay rack,
proceed as follows:

a. Attach each support bracket to the rack with
two 10-32 binder-head screws (E). Use the inside holes
on the brackets. Face the bracket lips in.

b. Slide the instrument onto the brackets as far
as it will go.

c. Insert the two panel screws with attached
washers (B) through the frontpanel and supportbrackets
and screw then into the rack.

d. At the rear of the instrument remove the two
10-32 binder-head shipping screws that hold the cabinet
to the chassis. These are used only for shipment and
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SUPPORT BRACKETS —
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KNURLED SCREWS

(2 ON EACH SUPPORT BRACKET

B

HOLD SUPPORTS TO CABINET) o PANEL SCREWS
0 ( 2 ON FRONT PANEL,HOLD
c CHASSIS TO RACK FRAME )

RACK SCREWS

{2 ON EACH SUPPORT BRACKET,
HOLD SUPPORTS TO RACK)

f
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SHIPPING SCREWS
Figure 2-5. Rack mounting the Type 1394-A.

1153-3

may be discarded. Two of the four 10-32 knurled screws
(G) can be used to secure the cabinet to the chassis, if
necessary, for subsequent reshipments.

e. Insert the four knurled screws (G) through the
slots inthe rear of the support brackets and screwthem
into the cabinet.

This type of mounting permits either the cabinet
or the chassis to be withdrawn independently. To re-
move the chassis and leave the cabinet mounted, loosen
the four panel screws (B) and slide the instrument for-
ward out of the rack. To remove the cabinet and leave
the chassis mounted, remove the four knurled screws
(G) and pull the cabinet back off the chassis from the
rear of the rack. "

To install the Pulse-Offset Control in a relay
rack proceed as follows:

a, Remove the two end frames, if attached, re-
taining the four panel screws.

b. Attach the instrument to the rack using the
four panel screws removed in step a.

This type of mounting permits the cabinet to be
withdrawn while the chassis remains in the relay rack.
To do this, remove the two shipping screws holding the
cabinet to the chassis at the rear of the instrument, and
slide the cabinet back off the chassis from the rear of
the rack.

2.4 INTERCONNECTIONS.

The three GR874 coaxial connectors on the front
panel of the Type 1394 may be relocated at the rear of
the instrument for convenient, semi-permanent inter-
connection of input or output from the back of one in-
strument to another. This will prove handy in relay-
rack installations and in the permanent attachment of
the Type 1394-P1 Pulse-Offset Control to the pulse
generator. To perform the relocation:

a. Remove the instrument from its cover by
removing the two Phillips screws on the back and slid-
ing the cover off,

b. Remove the connector to be moved from the
front panel by unscrewing the four small Phillips screws
around it.

c. Snap the gray cover plate out of the appropriate
labelled space on the back of the instrument, insert the
connector, and fasten it in with the four small screws
taken from the front panel.

d. Snap the cover plate into the vacated space on
the front panel and replace the cover on the instrument.

The two connectors on the front panel of the Type
1394-P1 Pulse-Offset Control can be relocated in the
rear of the instrument in the same way as can those of
the pulse generator. Figure 2-6 shows the interconnec-
tions of the rack mounted Type 1394 and 1394-P1 with
the connectors relocated in this manner,

PUL%E SYNC EXY
OUTPUT PRF

’% [ ]

> I
| 4 139417

Figure 2-6. Rear panel view of the Type 1394-A
and Type 1394-P1 rack mounted.

2.5 CONNECTION TO POWER SOURCE.
2.5.1 THE HIGH RATE PULSE GENERATOR.

Connect the Type 1394 to a source of power as
indicated by the legend at the power-input socket at the
rear of the instrument, using the three-wire power cord

provided. The third wire grounds the instrument frame
and thereby the outer conductor of the coaxial connec-

tors. While normally supplied for 115-volt operation,
the power transformer can be reconnected for 220- and
230-volt service (see schematic diagram, Figure 5-0).
When changing connections, be sure to replace line
fuses with those for the new input voltage (refer to the
Parts List), Measures shouldbe taken so that the legend
indicates the new voltage, New name-plates may be
ordered from General Radio (Type 5590-0500 for 115
volts, Type 5590-1688 for 220 volts,and Type 5590-1664
for 230 volts).

2,5.2 THE PULSE~OFFSET CONTROL.

Set the slide switch near the power input plug at
the rear of the Type 1394-Pl to indicate the ac voltage
of the power source employed (this switch automatically
connects the transformer wiring for the indicated volt-
age input). Connect the instrument to the power source
with the three-wire cord provided. The third wire
grounds the instrument frame and outer part of coaxial
connectors.



SECTION 3

OPERATING PROCEDURE

OPERATING PROCEDURE

3.1 THE TYPE 1394 HIGH-RATE PULSE GENERATOR.

INPUT

1, Flip the POWER switch to the “on” position

(up). The pilot lamp should light.
2. For externally generated pulse repetition fre-

quency (PRF):
a. Set the SENSITIVITY switch to the ex-

pected input signal-level range.,

b. Set the Input Selector switch to EXT +
SL.OPE or EXT - SLOPE, depending on which part of the
input waveform is to trigger the output pulse.

c. Set the TRIGGER LEVEL control to O.

d. Connect the external signal source to
the PRF INPUT connector of the pulse generator via a
shielded cable. The minimum input voltage for proper
operation is 0.4 volts, peak~-to-peak. The input imped-
ance of the Type 1394 is 50 2. Power input should not
exceed 1/4 watt.

e. Adjust the TRIGGER LEVEL control to
trigger the pulses at the desired point on the input sig-
nal while monitoring the signals with an oscilloscope,
if necessary.

3. For internally generated pulse repetition fre-

quency (PRF):

a. Set the Input Selector switch to INT.

b. Setthe PRF RANGE switch to thedesired
frequency range.

c. Adjust the PULSE REP FREQ dial for
the exact output frequency required. Use the scale
marked 2.0-5.0 MC (the outer calibration marks) for
RANGE settings of 2-5 MC and 20-30 MC; use the scale
marked 5.0-10.0 MC (the calibration marks inside the
line) for RANGE settings of 5-10 MC and 50-100 MC;
use the scale marked1.0-2.0 MC (the calibration marks
inside the line and the innermost numbers) for RANGE
settings of 1-2 MC and 10-20 MC.

OUTPUT

1. Set the POLARITY switch to the polarity de-
sired for the output pulses.

2. Flip all the PULSE DURATIONtoggle switches
to the 0 (down) position.
Then flip up as many switches as required for the dur-
ation of the output pulses. For example, if a 77 milli-
second pulse duration is required, flip up each of the
switches labelled 40, 20, 10, 4, 2, and 1. The brevity
of extremely short pulses is limited to 4 ns by the
transition times of the pulse generator output stage,
which are about 2 ns.
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Take care not to set the pulse duration at a value
greater than the period T of the pulse (1/PRF): otherwise,
the output pulse duration will not correspond to the set
value. For example, if the duration of pulses having
a repetition rate of 40 MHz (T = 25 ns) is set to 30 ns,
an output signal with a pulse duration of around 21 ns
results, and the apparent polarity of the pulses is re-
versed (see Figure 3-1).

Duration =30 ns
Period = 26 ns
1V/div
5 ns/div

Duration = 30 ns
Period = 34 ns
1V/div
5 ns/div

Figure 3-1. The result of setting the PRF so that the per-
iod (1/PRF) is shorter than the setting of the PULSE DUR-
ATION switches.

(top) Positive (POLARITY set +) output pulse with period
(26 ns) 4 ns less than duration (30 ns).

(bottom) Positive (POLARITY set ) output pulse with period
(34 ns) 4 ns greater than duration (30 ns).

3. Adjust the AMPLITUDE control for the desired
output voltage, Peak output amplitude (in volts) will
correspond with the indicated setting of the control when
the output signal is applied to a 50-% load.

4. Connect the OUTPUT connector of the pulse
generator to the input of the device under test via a
shielded cable. For best results, the impedance pre=
sented by the device should be 50 €. Optimum cable
length will be 3 feet or more. If unwanted reflections
occur at the pulse generator output, a change of cable
length may be advisable. If the output of the pulse gen-
erator is applied to a device whose input impedance
does not match the 50-ohm source impedance of the

10

generator, the reflections caused by the mismatch im=
pedance will be progressively reduced as the attenuation
is increased. The pulse output of the Type 1394 is
transformer-coupled, so the output signal it produces
has no dc component, and the pulses have less than
10% rampoff, If the duration or prf (thatis, the duty
ratio) changes, the baseline voltage changes.

SYNC OUTPUT
1. Connect the SYNC OUTPUT connector of the

pulse generator to the sync input of an oscilloscope or
to the input of a counter, etc. vVia a shielded cable. A
typical sync pulse is shown in Figure 3-2.

2. Flip all the PULSE DELAY toggle switches to
0 (down). Flip up as many switches as needed to add
up to the desired delay between the leading edge (posi-
tive-going part) of the SYNC OUTPUT pulse and the
start of the pulse at the PULSE OUTPUT connector.
For example, if the required delay is 93 ns, flip up one
each of the switched marked 40, 10, 2, and 1, and the
two switches marked 20.

Output pulse @ 2V/div
Delay =0

SYNC pulse @ 50mV/div
Sweep =20 ns/div

Duration = 20 ns

Figure 3-2. Output of Type 1394 at 7 Mc/s.

3.2 THE TYPE 1394-P1 PULSE-OFFSET CONTROL.

1. Flip the POWER switch to the “on” position
(up). The pilot lamp should light. '

2. Set the POLARITY switch to the polarity in-
dicated by the POLARITY switch on the pulse generator.

3. Connect the OUTPUT connector of the pulse
generator to the INPUT connector of the Type 1394-P1
using the patch cord provided.

4. Set the BASE LINE VOLTAGE control to the
desired base line voltage (the voltage from which the
positive pulses rise and the negative pulses fall). When
the AMPLITUDE control of the pulse generator is set
to 4 and the BASE LINE VOLTAGE control of the Type
1394-P1 is set to 1, for example, the pulses of the OUT-
PUT of the Type 1394-P1 will start from +1.0 V, rise
to +5.0 V, and fall back to +1.0 V.

5. Connect the OUTPUT connector of the Type
1394-P1 to the input of the device under test via a

shielded cable.
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SECTION 4

PRINCIPLES OF OPERATION

4.1 GENERAL. The positive~ and negative-going spikes appear at the
SYNC OUTPUT connector and serve as a reference for
the time delay generated in the delay=-cable unit. The
bipolar pulse pairs are delayed in the delay-cable unit
by integer steps from 1 to 99 ns.

Figure 4-1 is a simplified block diagram of the
Type 1394 High Rate Pulse Generator. The complete
schematic diagrams of all component sections are 1n
Section 5, The pulse repetition rate of the instrument
is obtained from an internal oscillator or from an ex-
ternal signal source. In either case, the signal is formed
by the input circuits into bipolar pulse pairs, such as
that in Figure 3-2. The leading edge of the positive part

The high-frequency content of the trigger signals
is attenuated in passing through the delay cable unit
and is regenerated by a tunnel=-diode pulse-regeneration

) : circuit.
of the pulse corresponds either to the zero crossing of
the internal oscillator or to the selected trigger point Pulse duration is established by routing the delayed
on the external waveform, positive= and negative-going trigger directly through

M
SLOPE LEVEL ———?_) SYNC

OUTPUT
R )T

PRF N, INPUT

OSCILLATOR CIRCUITS __/\f- J\T

I
PULSE
@ LAY
1—‘ PULSE DL REGENERATION -
EXT SENSITIVITY CABLE UNIT CIRCUITS
PRFS}

V RISE TRIGGER -V_ I '

CIRCUITS
BISTABLE J L
QUTPUT PULSE ATTENUATOR
FALL TRIGGER
|

GENERATOR i
)
,! ‘®\ __/\/_ CIRCUITS \

PULSE DURATION ¥
CABLE UNIT ,

{ —
\®\ OUTPUT
PULSE AMPLITUDE

PULSE DURATION  POLARITY (3577

Figure 4-1. Simplified block diagram of the Type 1394-A High Rate Pulse Generator.
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one signal path and through a delay-cableunit in anothexr
signal path. The direct and delayed trigger signals are
then fed to separate regeneration and clipping circuits.

The POLARITY switch determines whether the
direct trigger signal is applied to the rise pulse regen-
eration and clipping circuit or to the fall pulse circuit.
If, for example, the POLARITY switch is set to +, the
direct trigger is applied to the rise circuit and the
delayed trigger to the fall circuit. The output from
each regeneration circuit is a negative-going spike,
one spike being delayed from the other by the delay
introduced by the PULSE DURATION cable unit. These
signals are applied to a bistable output amplifier which
generates the output pulse, the duration of which is
determined by the delay between spikes.

If the earlier-occuring signal comes from the
rise regeneration-and-clipping circuit, the output rises
from its quiescent voltage level bya positive increment
and returns to this quiescent value when the delayed
pulse from the fall circuit is applied. If the earlier
signal comes from the fall regeneration and clipping
circuit, the output first drops by a negative increment
and then returns to its quiescent level on reception of a
pulse from the rise circuit. Figure 4-2 shows the
relative position in time of the various signals through-
out the pulse generator,

The equivalent circuit of the output amplifier and
attenuator is shown in Figure 4-3. This circuit can be
considered an 80-mA current source shunted by a 60-pH
inductance. Since the pulse is transmitted via 5S0-ohm
coaxial line, it is desirable to terminate in a 50-ohm
load in order to prevent reflections.

The AMPLITUDE switch inserts 50-ohm atten-
uation pads, which cause the output impedance to approach
50 ohms as the amplitude is decreased.

4.2 THE PRF OSCILLATOR AND AUTOMATIC
GAIN CONTROL CIRCUIT.

The prf generator of the Type 1394 is an L-C
feedback oscillator, the simplified circuit for which
appears in Figure 4~4. 'The frequency of oscillation is
the resonant frequency of the tank circuit, which con-
sists of an inductor switched in by the PRF RANGE
switch and a variable capacitor, the PRF control. The

PRF OSC

i) $ —
]
50-80
I=80mA @ E AT TENUATOR
1
— é

1354-5]

Figure 4.3. Equivalent circuit of the output amplifier
and attenuvator.

PRF RANGE

PRF
OSCILLATOR
~  QUTPUT

INPUT TO
AGC CIRCUIT

CONSTANT CURRENT
(O TO 2mA)

DETERMINED BY
AGC CIRCUIT

Figure 4-4, Basic PRF oscillator circuit.
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input for the pulse generator istaken from the collector
of Q102, while input for the automatic gain control (AGC)
circuit is taken from the emitter of Q102. The AGC
circuit controls the amount of current flowing through

the feedback amplifier Q101 of the oscillator circuit,
which sets the amplitude of the square-wave current-

drive to the L-C circuit, and hence the amplitude of the
oscillation. A large sinusoidal voltage swing at the base
of transistor Ql01 causes the current-source current
to switch between Q101 and diode CR102, thus producing
square-wave collector-current excitation of the tuned
circuit, which tunes out all sinusoidal voltage com-
ponents except the fundamental. This component is
amplified by Q102 and applied through phase-inverting
transformer T101 to the base of Q101 to complete the
regenerative loop.

SINE WAVE

PRF {SYNC) L ——J—‘_—

PULSES

SET PULSES ——J——_—J—_—L
RESET PULSES —-——1—-———;—_‘—

oureur puse—— L L [ L

BE S SN

12

Figure 4-2.

ldealized waveforms of the

Type 1394-A,

{334/




The AGC circuit (see Figure 4-5) is a differential
amplifier, one input of which is a fixed dc voltage; the
other input is the rectified output of the oscillator.
When the oscillator amplitude is excessive, this input
voltage exceeds the dc reference, and the current through

the amplifier shifts from Q103 to Q104. A reduced
current through QlOl results, and the amplitude of
oscillation is cut., If the oscillator output amplitude is
too low, this process is reversed, and increased gain
of Q101 results.

TO OSCILLATOR
(EMITTER QICH) =

PRINCIPLES OF OPERATION

impedance of 50 ohms at all frequencies. When the
switch is set to INTERNAL, the prf signal generated by
the internal oscillator is applied directly to the balanced
amplifier.

4,3.2 THE BALANCED AMPLIFIER AND BISTABLE
TUNNEL DIODE,

Transistors Q201 and Q202,shown in the simpli-
fied schematic diagram of Figure 4-7, form a very

Figure 4-5. The automatic gain control circuit.

Q103 Q104 FILTER  RECTIFIER
REFERENCE , o —_—A
TO VOLTAGE — REINPUT
SET BY RIl| ‘
Q102)

L

4.3 THE INPUT SELECTOR SWITCH AND CIRCUITS.

4.3.1 THE INPUT SELECTOR SWITCH.

Figure 4~6 is a simplified diagram of the various
switches and controls associated with the input of the
pulse generator. The input selector switch, in the posi-
tion shown (+ SLOPE), applies the external frequency-
determining signal toone side of a balanced or differential
amplifier and a dc reference voltage to the other side.
The external prf signal is applied either directly or
through a 50-ohm times =10 attenuator, depending on
the setting of the SENSITIVITY switch. When the input
selector switch is set to =SLOPE, the dc reference
switches sides also.

The external signal, for proper impedance match-
ing, is applied to a 50-ohm input on either side of the
amplifier. It is not desirable that the dc reference be
applied across 50 ohms, however, so a blocking cap-
acitor C is added to the 50~-ohm terminating resistor
on either side. An RL branch having a time constant
equal to that of the RC combination is shunted across
it. These two branches then have an equivalent input

(FROM EMITTER

/IS -10

sensitive balanced or difference amplifier. A very
small potential difference (less than a volt) between the
two inputs will cause the output current to shift com-
pletely from one transistor to the other. Thus an input
signal of almost any shape, when applied to one side of
the amplifier, will produce a square-wave output signal,
the initial transition of which can be precisely control-
led by varying the referencevoltage applied to the other
side. The output signal is transformed into a rapid-
transition pulse by tunnel diode CR201 included in the
collector circuit of Q202. Each time the current through
the balanced amplifier shifts from one transistor to the
other, the resulting voltage change causes the tunnel
diode to snap rapidly from one of its two stable voltage
states to the other, This action is similar to that il-

lustrated in Figure 4-9,

4,3.3 THE OTHER AMPLIFIERS.

Differentiating amplifier Q203 is an ordinary
common-emitter amplifier with a clipping-line collector
load formed by a shorted length of 50-ohm coaxial cable.
It amplifies the rapidly rising and falling pulse produced
by the tunnel diode and, since its collector load is a
short clipping line, converts this signal to a bipolar

+ INPUT DIFFERENTIAL

AMPLIFIER

R TO PULSE

~ SHAPING

T C o CIRCUITS
SENSITIVITY PRF SOurRce] | T 20V

——t . =
.- . - -~ ~, |DC REFERENCE
(_E\ — 1 [ /7

/ 20V

= TRIGGER
LEVEL

/
Figure 4-6. Simplified schematic dia-

gram of the input switches and controls.

[7394-77]
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Figure 4-7. The balanced amplifier and
bistable tunnel diode.

TO REFERENCE
VOLTAGE SET

BY TRIGGER ~ Iy
LEVEL CONTROL

pulse pair, a particularly useful pulse shape since its
dc component does not change with frequency — or more
precisely, with duty ratio. The bipolar pulse pair 1is
then applied to the inputs of two amplifiers, each of
which consists of two cascaded common-emitter tran-
sistor amplifiers. Q206 and Q207 amplify the pulse for
the SYNC OUTPUT: Q204 and Q205 prepare the pulse
for its trip through the pulse delay cable unmit.

4.4 THE PULSE-DELAY AND PULSE-
REGENERATION CIRCUITS.

The amplified pulse appearing at the collector of
Q205 is sent through a number of coaxial cables (zero
to eight, depending on the setting of the PULSE DELAY
switches), which delay the pulse by an amount of time
which is both stable and accurate. This type of pulse
delay circuit, being composed of passive elements,
imposes no duty-ratio or recovery-time restrictions
on the signal.

The pulse may be somewhat attenuated afterpass-
ing through the delay cables, so it is amplified by Q203
and regenerated before being sent to the next stage of
the pulse generator. The pulse regeneration circuit
shown in simplified form in Figure 4-8,consists of a
bistable tunnel diode, CR202, a differentiating amplifier,
Q209, and an emitter follower, Q210, CR202Z operates
in the same manner as CR201; that is, it is set into its
high-voltage state by the positive spike of the bipolar
pulse received from the collector of Q203 and appear-

+ +

CLIPPING
LINE

R

P

INPUT

VIDEO
AMP

OUTPUT
CR202

= = [(1394-4]

Figure 4-8. The pulse regeneration circuit.
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ing across resistor R,and reset into its low voltage
state by the negative spike (see Figure 4-9). When the
input voltage reaches El, a current just exceeding I

(the peak diode current) in R causes the diode to switc

from A to B. When the input voltage reaches E2, the
current falls to Iy (the “valley current” of the tunnel
diode) and the diode switches from C to D.

The square wave produced by CR202 is differen-
tiated by the amplifier circuit which follows it and which
operates in the same manner as the differentiating am-
plifier circuit of Q203. Emitter follower Q210 is used
to drive two output cables with identical pulse signals
via a hybrid transformer that prevents reflections in
one output cable from entering the other cable. One
signal is sent to the pulse duration unit and the other to
the POLARITY switch,S901B. .

The pulse duration unit consists of a set of delay
cables which is exactly similar to the set of cables in
the pulse delay unit. Thus the output of the pulse dura-
tion unit is a somewhat attenuated bipolar pulse which
arrives at the POLARITY switch a precisely determined
amount of time after the signal from the first pulse
regeneration circuit.

4.5 THE RISE AND FALL PULSE GENERATION
CIRCUIT.

If the output pulses of the Type 1394 are to be
positive-going, the undelayed pulse from the first re-
generation circuit is sent to the rise-pulse generator,
and the delayed pulse is sent to thefall-pulse generator.
This routing is accomplished by the POLARITY switch,
S901B. If negative-going pulses are required, this
switch is changed from + to -, and the earlier pulses
are sent to the fall-pulse generator.

The two pulse generation circuits are exactly
similar except for one output capacitor. They consist
of a two-stage amplifier; a pulse-regeneration circuit,
consisting of a tunnel diode followed by a differentiating
amplifier and a single-stage pulse amplifier; and a
pulse-clipping circuit, consisting of a transistor and
two diodes. The pulse-regeneration circuit is similar
to that following the pulse delay cable unit. The clipping
circuitis a common=-emitter amplifier, Q305 (or Q305F),
with a rectifier diode, CR302 (or CR302F) in the emitter
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for stable biasing, and a Zener diode CR303 (or CR303F)
in the output line to keep the collector voltage level
independent of frequency. The amplifier is normally
biased into cutoff,so that only the positive tips of the
input signal are amplified to produce fast negative out-
put pulses.

4.6 THE OUTPUT CIRCUITS.

| The output amplifier stages of the pulse genera-
tor are shown in simplified form in Figure 4-10. These
stages are a bistable tunnel diode CR401l, a balanced
two=-stage amplifier and a push-pull output amplifier.
CR401 works in the same way as the other bi-
stable tunnel diodes in the pulse generator, except that
instead of being switched from stateto state by opposite-

Figure 4-10. Simplified schematic diagram
of the output stage.

SET

N

RESET

N
b b (D
v

\ 2 _ R3
$R4E0]

Figure 4-9. Typical switching action of a tunnel diode.

polarity pulses applied to one end of the diode, it is
triggered by negative pulses applied to first one end and
then the other. The bias current for CR401 (about 8 mA)
is supplied through Rl by the positive 20-volt power
supply. The voltage change produced by CR401 must
be nearly symmetric between the bases of Q401 and
Q402, so a second bias current is applied through R2
and the bypassed R3to shift the tunnel diode’s quiescent
voltages such that this is the case.

The output of CR401 is applied across the inputs
of the balanced amplifier consisting of Q401 and Q402,
which form a “long-tailed pair,” and of Q403 and Q404,
which form a balanced common-base amplifier. This
second amplifier, due to its low input impedance, helps
to minimize the high-frequency loss caused by the col-
lector -base capacitance of Q401 and Q402.

OUTPUT
‘$_‘L
—
T404 ll } -1 BALANCED ~TO-UNBALANCED
TRANSFORMER
T403 ll } 2:1 BALANCED-TO-BALANCED
TRANSFORMER

-g |
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s
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The push-pull output amplifier consists of two
transistors, Q406 and Q407, each of which conducts a
maximum of 40 mA, so that the input into each side of
the output transformer is 40 mA for a total single-
ended output of 80 mA. The output load of this circuit
is 50 ohms; therefore, the maximum output voltage is
4 volts. The output voltage can be varied from this
value down to zerovolts by switching in the appropriate
attenuator with the AMPLITUDE switch.

4.7 THE POWER SUPPLY.

The power supply is comprised of a full-wave
rectifier, a filtering capacitor, and a current regulator,
which consists of a Zener diode, CR505, and transistor
Q901, followed by two filter capacitors. Since the loads
upon the plus and minus 20-V supplies are constant,a
constant-current regulator is used to produce stable
voltage levels. The current regulator is adjusted by
the setting of R502 so that, when the normal load current
is being drawn, the output voltages are +20 volts and
~-20 volts.

4.8 THE TYPE 1394-P1 PULSE-OFFSET CONTROL.

The Type 1394-P1 Pulse-Offset Control consists
of a peak-voltage detector, a reference-voltage genera-
tor, and a high-gain control amplifier which inserts a
dc component in the pulse output of the Type 1394 High
Rate Pulse Generator,such that the baseline of the pulse
is regulated to be equal to the reference voltage.

The peak=-voltage detector circuit is shown in Fig-
ure 4-11, Capacitor C104 is charged with a voltage
proportional to the positive peak value of the pulse
minus the voltage drop across CR105. Since this drop
is not constant, but proportional to temperature,a volt=-
age equalto the drop is supplied by CR107 in conjunction
with R119 R120 and the reference-voltage supply.
Since the voltage drops across the diodes havethe same
temperature dependance, they always cancel. Cl03

charges to the negative peakpotential, and diodes CR104

and CR106 correspond in function to CR105 and CR107.

The first stage of the control amplifier (Figure
3-12) is a differential amplifier consisting of Q10lA
and Q101B, which are packaged in the same case for
thermal stability. One of the outputs from the peak-
voltage detector is applied via the PULSE POLARITY

REFERENCE

VOLTAGE ~ : "‘

FROM PEAK ;

VOLTAGE \y /o2

DETECTOR i rrERENTIAL
AMPLIFIER

DROP
+
'y

OV - TO DIFFERENTIAL
PULSE SIGNAL AMPLIFIER

Figure 4-11. The peak voltage detector circuit
of the Type 1394-P1.

+ REF

1394-21

switch to one side of the differential input, and the ref-
erence voltage generated by two Zener diodes across
the dc power supply (Figure 5-19) is applied tothe other
side of the input. The differential amplifier produces
a voltage which is proportional to the difference between
the reference voltage set by the BASE LINE VOLTAGE
control (R106, Figure 5-19) and the positive or negative
offset detected by the peak-voltage detector circuit.’

The difference voltage is inverted and amplified
by the complimentary pair of dc amplifiers, Q102 and
Q103, and applied to the bases of output transistors,
Q104 and Q105, another PNP-NPN pair. The dc output
voltage is taken from the emitters of Q104 and Q105
through chokes L101, L102, and L103.

To illustrate the operation of the Type 1394-P1
with a specific example: suppose the pulse generator 1s
producing 50-nanosecond negative pulses with a PRF of
10 megacycles per second and an amplitude of 4 volts,
peak, and negative pulses with a zero base line are
required, The pulses are applied to the INPU'l con-
nector of the Type 1394-P1, the PULSE POLARITY switch
is set to -, and the BASE LINE VOLTAGE dial is set to
Zexro.

The amplifier output feeds enough current into
the input-output cable to produce the required voltage
offset (-2 V in this case). When the proper output is
obtained, the peak-voltage detector produces a signal
which almost exactly equals the reference voltage (0 V
in this case). The very small difference between these
two voltages, the error signal, is applied to the ampli-
fier input and is sufficient to maintain the required out-
put. Thus the circuits form a control-circuit or sexvo-
loop which automatically inserts enough offset to make
the peak-voltage equal the reference voltage.

INPUT

(‘ Qi04

el ——

QI05

oo

oUTPUT

Figure 4-12. Simplified schematic diagram of the Type 1394-P1 control amplifier circuit.
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SECTION 5

SERVICE AND MAINTENANCE

SERVICE AND MAINTENANCE

5.1 WARRANTY.

We warrantthat eachnew instrument manufactured
and sold by us is free from defects in material and
workmanship and that, properly used, it will perform
in full accordance with applicable specifications for a
period of two years after original shipment. Any in-
strument or component that is found within the two-=
year period not to meet these standards, after exam -
ination by our factory, Sales Engineering Office, or
authorized repair agencypersonnel, will be repairedor,
at our option, replaced without charge, except for tubes
and batteries that have given normal service,

5.2 SERVICE.

The two-year warranty stated above attests the
quality of materials and workmanship in our products.
When difficulties do occur, our service engineers will
assist in any way possible, If the difficulty cannot be
eliminated by the use of the following service instruc-
tions, please write or phone our Service -Department
(see rear cover), giving full information of the trouble
and of steps taken to remedy it. Be sure to mention the
serial and type number of the instrument.

Before returning an instrument to General Radio
for service, please write to our Service Department or
nearest Sales Engineering Office, requesting a Returned
Material Tag. Use of this tag will ensure proper han-
dling and identification. For instruments not covered
by the warranty, a purchase order should be forwarded
to avoid unnecessary delay.

5.3 ACCESS TO COMPONENTS.

To remove the dust cover from the instrument,
remove the two shipping screws on the rear of the
instrument and, holding the front panel with one hand,
slide the cover back and off.

5.4 MAINTENANCE.

No routine maintenance of this instrument is
necessary.

5.5 CALIBRATION.

The bias levels of the tunnel diodes in the rise
and fall pulse generator boards (CR301 and CR301F)
must be adjusted so that the pulses produced by these
two sets of circuits occur simultaneously when the
PULSE DURATION switches are all set to zero. The

procedure for doing this is as follows:

a. With the instrument turned off, disconnect the
center conductor of the WH-GY cable from AT307 and
the center conductor of the WH-BL cable from AT307F.

b. Short out CR301 and CR301F with clip leads.

c. Turn on the Type 1394 and, using a 20,000-8/
V volt-ohmeter, set the voltage at the junction of R312
and R313 to 1.0 volt dc by adjusting R311.

d. Similarly adjust R311F.

e. Remove the clip leads.

f. Set the controls of the Type 1394 as follows:

17
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&

TYPE 874 -R20A CABLE SHORT
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: AT 308

(308F)

TYPE 874-Q2 CLIP LEAD
ADAPTOR

mput Selector . « . «i <o INT
PREBANGE - «civ vs i 25 -MC
PREE dial. . v o v v snavs s 5 (5 Mc/s)
PLIESE DURATION ...« . 0
PUESBEDEEAY -~ . & . ... 0
POLARILEY . o5 ol s v =+

g. Set the controls of a dual-trace sampling
oscilloscope, such as the Tektronix Model 564 with a
Type 3T-77 and a Type 3576 Plug-In Unit, to operate as
follows:

Mode dual trace
Sweep speed . 10 ns/div
Vertical sensitivity (both channels). . . 200mV/div

iiiiiiiiiiiiiiiiiiiiii

lllllllll

h. Using two special cables suchas the one shown
in Figure 5-la, view the signals produced by the Type
1394 at terminal AT307 and terminal AT307F.

i. Set each pulse to 0.6 volts, peak-to-peak, by
adjusting R324 and R324F.

j. Set the sweep speed of the oscilloscope to
1 ns/div. '

k. The separation between the pulses should be
less than 0.25 ns. Now set the POLARITY switch of the
Type 1394 to -. The separation between pulses should
still be less than 0.25 ns (see Figure 5-1b). Ideally,
there should be no separation between the pulses. The
best practical adjustment, however, will be such that
one pulse leads a bit at one POLARITY setting, and lags
by the same amount of time at the other POLARITY set-
ting. The adjustment is made by trimming resistors

R311 and R311F, which adjust tunnel diode bias and are,

therefore,capable of changing pulse timing.

1. If the pulse separation is greater than 0.25 ns,
adjust R311 to correct about half of the timing error,
then adjust R311F to make the final correction. Both
potentiometers are adjusted in this way so that the bias
current in both tunnel diodes will stay as close to the
initial static current as possible.

m. If adjustments of R311 and R311F were nec-
essary, with the instrument off, short out CR30l and
CR301F with clip leads,as in step b, and, with the instru-
ment back on, measure the voltage at the junction of
R312 and R313 (and the junction of R312F and R313F).
This voltage should be between 0.8 and 1.2 volts dc.
(If this is not the case, first check the +20-V supply,
then suspect the tunnel diode involved.)

n. Reconnect the cable unsoldered in step a.

Figure 5-1b. Waveform
obtained in calibration of

the Type 1394.
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5.6 TROUBLE-SHOOTING THE TYPE 1394.

5.6.1 VISUAL CHECK.

If the High Rate Pulse Generator does not operate
properly when connected to a source of power as indi-
cated on the tag over the power input connector and ad-
justed to produce pulses according to Section 3 of this
book, perform the following visual checks to locate any
immediately obvious failures:

a. Look for any sign of damaged components,
such as broken resistors, burned capacitors, and the like.

b. Look for loose conductors, e.g., Screws, bits
of solder, that may have fallen into the instrument.

c. Look for broken cables. Sometimes a broken
wire is held in place by its insulation, so that it is nec-
essary to apply a slight pulling pressure to the wire to
find a break. Perform this test on the wires on the
anchor terminals.

5.6.2 USING THE TEST TABLES.

If there are no visually obvious faults, yet the
instrument does not operate properly, the following
Test Tables can be used to determine the source of the
difficulty. Use Table 5-1 to localize the fault, then refer
to the indicated sections of Table 5-2 through 5-6 in
Section 5.9 to isolate the malfunction. When using these
Tables first in sequence perform only the tests indica-
ted by a star (k). When a fault is found, perform the
remaining tests for that section of the iInstrument, staxrt-
ing with the first test in the section and referring to the
pertinent paragraphs in Section 4 and to the schematic
diagrams and etched-board layouts accompanying the
tables in Section 5.9. Figures 5-2 and 5-3 will be help-
ful in locating components and test points.

All voltages are measured with nominal line
voltage (115, 220, or 230 volts) applied to the instrument,
and with the POWER on. The metal instrument frame
is at ground potential. The abbreviation AT indicates
an anchor terminal on an etched-circuit board.

Measurements are made with a standard 20-k§/
volt multimeter or vacuum-tube instrument unless noted.
To observe waveforms, a sampling oscilloscope is nec-
essary. Use of a probe with 10-M£ resistance and 4-pF
(or less) capacitance with a X 10 attenuator is rec-
ommended. Be careful to avoid short-circuits to ground
on measurements between two points which are not at
ground potential.

5.7 SERVICING THE PULSE-OFFSET CONTROL
TYPE 1394-P1.
Refer to paragraph 4.8 for an explanation of how
the pulse-offset control operates, Use Table 5-7 in
conjunction with the schematic diagram of Figure 5-19

to locate the source of any failure, Figures 5-17 and
5-18 will aid in the location of components and test points,
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Table 5-1

Symptom

PRELIMINARY DIAGNOSIS OF POSSIBLE ILLS

Possible Failure

Refer to Table

No output pulses and
no sync pulses

PR F source switch:
either position

INT Only
EXT Only

Output pulses present
but no sync pulses

Sync pulses present
but no output pulses

Output pulses present
but erratic

Pilot lamp fails to light

Blown fuse (Power Supply)
Defective lamp

Power Supply
Input circuit up to Q207

PRF oscillator, AGC circuit
Inadequate input signal or
improper setting of input controls
Defect in input switches, controls

Pulse Amplifier
(Q207)

Any pulse regeneration circuit
either trigger channel board

Pulse duration set longer than period
Power Supply

Output circuit board

Any preceding circuit group

5-2 (first star)

5=2 (fourth star)

5=2
523
S5-4
(Paragraph 3.1)

D=3
5-3 (first star)

5-3 (*#2), 5-5 (k#4), 5-6
5-5

(Paragraph 3.1)

D=2

5=H

Start with 5-3 and perform
starred tests until trouble
is localized,

S90IA =
S904
S90IB AR
T404 s

OUTPUE

CIRCUIT
BOARD

Q403
COLLECTOR 7

R4I1S5—

Q406. Q407
EMITTERS

Q407 BASE
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R408
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% OUTPUT SUPPLY

dddddd
o

N A R s

POWER RS02

. =C

rRise 120V \ R324
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GENERATOR BOARD

Output present but Power Supply =2
output voltage levels Output circuit board g
unstable
TPIOI RIII clol PRF OSCILLATOR  SIOl
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-l e L DR

e o [ Rt

—

—20V

Figure 5-2. Top interior view of the Type 1394-A.
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Figure 5-3. Bottom interior view of the Type 1394-A.

5.8 MINIMUM PERFORMANCE SPECIFICATIONS FOR
THE TYPE 1394-A.

5.8.1 TEST EQUIPMENT REQUIRED,

1 — Source of metered (in watts) ac power, The
Type WoOMT3W Metered Variac is recommended.,

1 — Volt-ohmmeter, (VOM) with at least 39 ac-
curacy of resistance measurement,

1 — Cathode-ray oscilloscope (CRO) capable of
dual-trace sampling operation, The Tektronix Type
561 or Type 564 Oscilloscope break, with a Type 3576
and a Type 3T77 Plug-In Unit and a Type P6032 Probe
is recommended.

1 — Source of 1 to 100 Mc/s, 0.2 to 2,0-V, signal,
The Type 1215 Unit Oscillator, with a Type 1201 or Type
1203 Unit Regulated Power Supply, and a Type 1310 Os-
cillator are recommended. (‘This will leave a gap in the
frequency range from 2 to 50 Mc/s, but this is not a
critical testing range.) :

2 —20-dB attenuators., The Type 874-G20 Fixed
Attenuator is recommended,

1 — Adaptor, GR874 to BNC connector, The Type
874-QBPA Adaptor is recommended,

1 — Adaptor, GR874 to binding posts. The Type
874-Q2 Adaptor is recommended,

20

1 — Tee connector, The Type 874-T Tee is rec-
ommended.,

1 — Frequency meter capable of measuring pulse
frequency (PRF) at rates of 0 to 100 Mc/s, Any one of
the following combinations is recommended:

(a) The Type 1153 Digital Frequency Meter
with the Type 1156 Digital Scaler

(b) The Type 1130 Digital Time and Fre-
quency Meter with the Type 1156 Digital Scaler

(c) The Type 1150-BH Digital Frequency
Meter with two Type 1156 Digital Scalers.,

2.8.2 PRELIMINARY NOTES.

Throughout these specification tests the following
control settings will be referred to as NORMAL.:

SENSEERVIRN: = o0 e e s o B2V
Input Setector SWiteH - . .o v 5o o« INT
TRIGGER LEVEL control . ... . Center
PRE RANGE S®tch -, . .o o i, 2-5 MC
PRE-@Ial oo o e 5 MC
DURATION switches . . . .6 o ou 0
PDEEAY syitches ... ... . i sl
POLARITY Bwitch:, . . o oo i . +
AMPLITUDE switeh: - . ... ..o o 4



After each test, return all controls to NORMAL unless
specified, Whenever the PULSE OUTPUT is to be ob-
served on the oscilloscope, use a 20-dB pad in series
with the oscilloscope input. Unless otherwise stated,
all measurements concerning the leading or trailing
edge of a pulse will be made at the half-amplitude point,

NOTE

The tolerances to be applied to the test results
in the following paragraph are based on per -
formance characteristics of the Type 1394
exclusively. It may be necessary in some
cases to adjust the tolerances to allow for the
accuracy and resolution limits of the test
equipment used, in particular, those of the
CRO.

5.8.3 POWER REQUIRED.

Connect the Type 1394 to a source of ac powervia
the Metered Variac, Set the voltage to 115 V, rms,
Power input should be 20 W £15%.

5.8,4 SYNC OUTPUT,
a. Set the controls of the CRO as follows:

Time/div ..... 20 ns
mV/div ......50
Sync ,.......internal, positive

b, Set the Type 1394 controls to NORMAL and

connect its SYNC OUTPUT to the CRO vertical input,
The peak height of the SYNC OUTPUT pulse is typically
250 mV, and the individual pulses of the pair should be
4 ns (+1, -1,5) wide, If the peak amplitude of the whole
pulse is less than 150 mV, the instrument is not func-
tioning properly, |

c. Set the PRF of the Type 1394 to 100 Mc/s and
the CRO controls as follows:

e ee oo 100
SYNC . .......internal, positive

d. The pulses should have the same character-
istics as described in b,

5.8.5 OUTPUT CIRCUIT CALIBRATION,

Set the DURATION switches to 4 ns and all the
other controls of the Type 1394 to NORMAL, Synchron-
ize the CRO to the SYNC OUTPUT of the Type 1394 using
a 20-dB pad in series with the CRO input.

Pulse Width., Observe the pulse width on the CRO to be
between 3.5 and 4.5 ns at the following settings:

POLARITY PRF
+ 1 MC
- 1 MC
+ 100 MC
- 100 MC
+ Slowly vary from 20 MC to 100 MC

Slowly vary from 20 MC to 100 MC

Amplitude, Set all the DURATION switches to the "on”

or up position (99 ns), All the other controls should be

in the NORMAL position, The output pulse amplitude as
seen on the CRO should be 4,0 V £5Y, peak, If nec-
essary, adjust R415 on the output circuit etched board
(see Figures 5-15, 5-16, and 5-2) to obtain this value,
Turn the AMPLITUDE control to 0, noting the pulse am-
plitude at eachposition to be within the following limits:

AMPLITUDE mV/div Division Amplitude
(Type 1394) CRO Limits Limits (V)
4.0 50 7.6 to 8.4 3.8 to 4,2
3.9 50 6.7 to 7.3 3.4 to 3.6
3.0 50 5.7 to 6.3 2.9 to 3.1
2.5 50 4.8 to 5,2 2.4 t0 2,6
2,0 50 3.8 to 4,2 1.9 to 2,1
1.5 20 7.2 to 7.8 1.45 to 1,55
1.0 20 4,8 to 5,2 0.95 to 1,05
0.5 10 4,8 to 5.2 0.48 to 0,52
0 10 <0.5 <50 mV

5.8.6 TRANSITION TIME AND OVERSHOOT.

Observe the OUTPUT pulse of the Type 1394 on
the CRO as above. Set the controls as follows:

Type 1394 DURATION ....... 90 ns
PRF . .00 eeeaee 10 MC
All other controls .. NORMAL

CRO Time/div . v e v v o o 20 ns
mV/div o e s v v e oo 100

a, Adjust the variable mV/div control on the CRO
for a vertical deflection of 5 major divisions (ignoring
overshoot)., Set the time/div to 1 ns,

b. Measure the rise time between the 10- and
90 -% points to be between 1,6 and 2.4 ns,

c. Set the POLARITY control to - and repeat b,

d. Set the CRO controls as follows:

Time/div . ... .20 ns
mV/div ......10 (Do notchange the var -
iable mV /div control.)

e. Each major vertical division is now 29 of the
total pulse amplitude, The overshoot, both positive and
negative, is typically 12%.

f. Set the POLARITY to + and repeat e,

2.8.7 RINGING, NOISE, AND DROOP,.

a, Leave the controls of the CRO as they were
in 5,8,6 f. Do not change the variable mV/div control.

b, Set the DURATION switches of the Type 1394
for 99-ns pulses and all the other controls to NORMAL,

c. Observe on the CRO that all noise on the flat
portion of the pulse is less than 5%, peak-to-peak, (2.5
divisions) within 30 ns after the positive and negative
transitions, No ringing or oscillations should exist,

d., Set the POLLARITY switch to - and repeat c.

e, Set the Type 1394 PRF to 1 MC and measure
the droop of the output pulse to be less than 8% (4.0
divisions),

f, Set the POLARITY to + and repeat e,

g, Set the CRO mV/div control back to the cali-

brated position.



5.8.8 INTERNAL OSCILLATOR CALIBRATION.

Measure the PRF of the OQOUTPUT PULSE of the

Type 1394 using a Type 1156 Decade Scaler and a fre-
quency counter, The results of the measurement of
PRF should be within the following limits:

PRF RANGE
1-2

PRF dial  PRF (Mc/s) Limits

1.14 to 1.26
1,95 t0 1,05
1,33 to 1,47
1.52 to 1.68
1.90 to 2,10

2,85 to 3,15
1.90 to 2,10

2-5

2.37 to 2,63
2,32 to 3.68
3.80 to 4.20
4,75 to 5,25
5,70 to 6,30
4,75 to 5.25
6.65 to 7.35
7.60 to 8,40
8.55 to 9,45
9,50 to 10.50

11.40 to 12.60
9.50 to 10,50

13.30 to 14,70
15.20 to 16,80
19.00 to 21.00

28.5 to 3.15
19.0 to 21,0
23.75 to 26.25
33.25 to 36.75
38.0 to 42.0
47.5 to 52.5

57.0 to 63.0
66.5 to 73.5
76.0 to 84.0
835.5 to 94.5
3.0 to 105.0

COUNUMOO DR ON

5-10

10-20

20-50

DTLVUNOO SR ON

50-100

-

5.8.9 EXTERNAL OPERATION.

a. Set the SENSITIVITY switch of the Type 1394
to .2-2 V. Measure the resistance from the EXT PRF
INPUT center conductor to ground to be 50 € *£10%.

b. Repeat step a with the SENSITIVITY switch at
2-20 V,

c. Connect the output of the Type 1215, which is
to be replaced subsequently with the Type 1310, to the
EXT PRF INPUT of the Type 1394 using a 20-dB pad.
Monitor the input provided by the signal generator with
the VITVM (it will be necessary to use the tee connector
to do this).

d. Connect the INPUT of the Type 1156 Decade
Scaler, which is used in combination with a frequency
meter, to the PULSE OUTPUT of the Type 1394.

e. Set the DURATION switches of the Type 1394
for 4-ns pulses,

f. Note that the reading of the counter agrees
with the oscillator setting under the conditions of the
following table., The count must be stable,

5.8.10 RESIDUAL DELAY.

a. Set the DURATION switches of the Type 1394
for 20-ns pulses, and set ali other controls to NORMAL,
Set the CRO sweep speed to 5 ns/div and switch to in-
ternal synchronization (INT +). Apply the SYNC pulses
to the channel that is triggering the CRO.

b, Observe the Type 1394 SYNC OUTPUT on one
channel of the CRO and the PULSE OUTPUT on the other
channel (using the 20-dB pads),

c. Set the leading edge of the SYNC pulse to the
left edge of the graticule. The OUTPUT pulse will
occur 3o ns later, typically.

5.8.11 DURATION AND DELAY TESTS.

Connect the Type 1215 Unit Oscillator output to
the INPUT of the Type 1394 and, using a tee connector,
to the channel "A'" input of the CRO, Apply the output
of the Type 1394 to the input of the other CRO channel,
Synchronize the oscilloscope sweep with the Type 1394
SYNC OUTPUT pulses, Set the controls of the various
instruments as follows:

Type Input Selector Switch .., .. EXT-
1394 SENSITIVITY .........0.2-2V
DELAY .0ttt eeneoeos 0
DURATION .. 0t et v e aee 10 ns
All other controls .,.... NORMAL
Type  FREQUENCY ......... 100 Mc/s 10.1%
1215 Output level ,....... . .02V
CRO Synchronization ........External, positive
mV/div (channel A) .....5
mV/div (channel B) . ..... 100
Time/div ............ 10 ns

Horizontal magnification , , X 10
Mode . eveeeeeeseasssaDualtrace

Delay.,

a. Adjust the CRO horizontal position and delay
controls so that the leading edge of the Type 1394 output
pulse appears on the screen, Adjust the Type 1394
TRIGGER LEVEL and the Channel Ahorizontal position
control so that the half-amplitude point of the leading
edge of the Type 1394 pulse coincides with a convenient
point on a Type 1215 cycle;this point will henceforth be
referred to as point A,

Type 1215
Type 1394 Frequency  Type 1806 Type 1394 Type 1394
SENSITIVITY (Mc/s) Voltage (V)  TRIGGER LEVEL* POLARITY Remarks
0.2-2 100 1.4 -0,2 to 0.2 -
0.2"'2 100 1.4 -{,2 to 0.2 + Remove pad‘
2-20 100 1.4 -2.0 to 2.0 -
2~20 100 1.4 -2.0 to 2.0 +-
Type 1310
Frequency
(c/s) Remove the scale and place a
_ 50-£ resistor across the counter
0.2-2 500 k 1.4 -0.2 to 0.2 INPUT. Apply the PULSE OUT-
PUT to the counter.,
0.2-2 2k 1.4 -0.2 to 0.2 + DURATION and DELAY to 99 ns.

s, - " TN

*(-0.2 to 0.2) implies that the Type 1394 must operate somewhere within this range,

but not over the entire range.

¥*Set the counter to COUNT (vs FREQ) and see that it counts 2 pulses per second.
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b. Using the CRO delay control, move the pattern NOTE
to the left so that point A occurs at the left edge of the Durations are always measured to the half-
graticule. Note that the next Type 1215 cycle crosses amplitude points, When the pulse duration is
the horizontal center of the graticule at the right edge changed, the vertical portion of the Type 1394
of the graticule, Adjust the CRO horizontal gain, if pulse will shift, This must be compensated
necessary, to achieve this. for before the measurement is made.

c. Point A of the Type 1215 cycle is now the ref-
erence point, and all measurementg will be made with e. Set the Type 1215 frequency to 50.0 Mc/s and
respect to it. the Type 1394_ DUR{’-’&TION to 99 ns, |

f. Realign point A of the Delay Test, step a, using

d. Individually actuate the 1, 2, 4, 2 DELAY T
. : > . the TRIGGER LEVEL control of the Type 1394. The
switches of the Type 1394, noting that the pulse is de- duration of the pulse must now be within 3 ns of the

layed by the amount listed below: ninth Type 1215 peak (99 £3 ns).
g, Remove the Type 1215 signal from the CRO
Switch Delay Limits (ns) and the Type 1156 output from the Type 1394,
.2

; - 5.8.12 DUTY-CYCLE TESTS.

4 3to5 Observe the Type 1394 output pulse on the CRO,

92 1to 3 using a 20-dB pad. Synchronize the CRO with the Type

1394 SYNC OUTPUT. Set the controls as follows:

e. Similarly, actuate the 10, 20, 40, 20 DELAY Type 1394 DURATION .......50ns
switches, noting that the pulse is delayed by the proper All other controls .. NORMAL
number of Type 1215 pulses within the following toler - CRO Time/div .. ..o 1 ns
ance, Use the CRO delay control to move the complete Horizontal mult ..., . X 1

attern,
P Adjust the CRO controls so that the trailing edge of the
Switch  Type 1215 Pulses  Limits pulse can be seen. '

a. Increase the Type 1394 PRF until the leading

-
%8 ; Ii 2: edge of the next pulse can be seen on the raster, Slowly
40 4 £1 ne continue to increase the PRF noting that before "Failure"”
20 9 +1 1S (the pulses disappear) occurs, the pulses are within 5

ns of each other at the half amplitude points.

f. Actuate all of the DELAY switches simultane - - .
ously and note that the pulse is delayed by 99 +3 ns. 0.8.13 JITTER CHECK.
Set the controls of the CRO and Type 1394 as

Duration, follows:

a, Set the Type 1394 DELAY to 0 ns and the DUR - Lype 1594 E];)EEIFRATION errrnre éé Il?;C
ATION switches for 10-ns pulses, The pulse duration All other controls . . . NORMAL
as measured on the CRO must be 10 *1 ns, CRO Synchronization . . . . . Internal

b, Using the CRO delay control, set the trailing pc;sﬁit'iw;e- (Channel’A)
edge of the Type 1394 pulse to the left edge of the grati- mV/div . . 100
cule, Vertical position ... . Center

c. Individually actuate the 1, 2, 4, 2 DURATION
switches of the Type 1394, noting that the duration in-
creases as follows:

Observe the Type 1394 output pulse, As the CRO delay
control is turned from full CW to full CCW, the leading

edges of two pulses should be visible.

Duration a. Observe the first (CCW) leading edge. Adjust
switch Increase (ns) the CRO delay and dc offset controls so that the half-
1 0.25 to 2 amplitude point intersects the center of the graticule,

2 2 to 3 b, Set the CRO horizontal magnification to X 10,
4 3to 5 Using the CRO delay control, reposition the pulse so
) 72 to 3 that the leading edge again intersects the center of the

graticule,
c. Set the CRO mV/div to 10, Adjust the dc off-

d. Check the 20, 40, 20 DURATION switches as set control so that the leading edge again intersects the
you did the 10-ns switch in a, The following limits center, Note that the jitter is less than one major divi-

must be met: sion,

d. Turn the CRO delay control slowly CW until
the trailing .edge of the pulse is observed. The jitter

Switch @ Duration (ns 5
..__._.____..._(_.__) must be less than two divisions.

20 18.5 to 21.5 e, Continue turning the delay control CWuntil the
40 38 to 42 next leading edge is visible., The jitter must be less
20 18.5 to 21.5 than two divisions.

21
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SERVICE AND MAINTENANCE

1394-0750/3

Figure 5-5. Power supply

etched board assembly.

FOR 115V OPERATION CONNECT
S904, 3 TO 584 TP 6
F9018 F902 =0.25 AMP SLO BLO

FOR 220-230V OPERATION CONNECT

S904 5 TO 6
F9018 F902 =0.125 AMP SLO BLO

£EM

BasE

Figure 5-6. Power supply circuit diagram.

BOTTOM VIEW OF Q901
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