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A Precision Delayed-Pulse Generator
For Measuring and Generating Short Time Intervals

ELAYED-PULSE generators, i.e., genera-

tors that produce a pulse at a known and
selectable time following a trigger signal, give
the laboratory and production engineer an ex-
cellent tool with which to measure and estab-
lish accurate time intervals in the microsecond
to millisecond region. Checking radar, loran,
DME and Tacan system range calibration,
measuring resolution of fast circuits, measur-
ing or simulating fast gates, and measuring de-
lays in circuits and devices are typical of the
measuring situations where such a generator
is applicable.

The new digital delay generator shown in
Fig. | provides an initial time zero reference
pulse and two positionable pulses (Fig. 2), all
of which are accurately known in time with
respect to an external trigger pulse. The two
positionable pulses and thus the two time in-

tervals formed by the three pulses are each
separately adjustable by calibrated panel con-
trols over a range from 1 to 10,000 microsec-
onds from time zero in digital steps of 1 micro-
second and with continuous interpolation be-
tween steps. The pulses have less than =0.01
microsecond jitter, and their time of occurrence
is accurate within 0.1 microsecond =0.001 .
of the selected delay. Three plug-in type output
circuits have also been designed to provide the
pulses with optimum characteristics for a given
application.

The generator is particularly distinguished
by the fact that it is a direct slave to the external
trigger, which can have a random rate, but at
the same time generates selectable delays di-
rectly from a crystal-controlled oscillator. The
instrument can also trigger from an internal
rate circuit over a 10 ¢ps to 10 ke range.

Fig. 1. New -hp- Model 218A Digital Delay Generator
produces wutput pulses after digitally adjustable precision
tntervals of up to 10,0000 microseconds on command of
external signal to simplify calibrating and testing systems
where time interval or delay time is important. Instru-
‘ ment can also count and produce outputs after any de-
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sired number of external frequency cycles up to 10,000,
Three plug-in type output units described in text make
output available in various forms,

Fig. 2. (Above). Basic time-plan of Delay Generator
operation. Also see Fig, 6 which shows various forms in
which outputs are available.
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Fig. 3.

CRYSTAL-OSCILLATOR-

DERIVED DELAY

The basic approach in the design of
the instrument has been to take advan-
tage of the present-day sophistication
of digital techniques to gate-out from
an internal crystal-controlled oscillator
the particular oscillator pulse that
forms the prescribed delay interval. Fig.
3 shows the circuit arrangement in
elemental form. An external or internal
signal turns on the crystal oscillator
whose output is counted by a specially-
developed dual preset counter until the
first number preset on the panel con-
lmis is reached. The counter then opens

a preset gate, allowing the gated-out
pul.w to trigger an mtcrpol.ltwn multi-
vibrator. The oscillator continues until

Fig, 5.

Vaveform of combined pulsed
oscillator and ringer. Pulse width bas been
kept narvow (short delay) to show start-
ing and stopping detail,

the second preset count has been
reached and a second pulse gated out
to a second multivibrator. By means of
an arrangement described later, the pre-
set counter gates out in each case the
oscillator pulse that occurs between 1
and 2 microseconds before the ends of
the prescribed delays. Those pulses then
trigger the interpolation multivibra-
tors which are arranged to have pulse
widths that are continuously adjustable
from about 1 to 2 microseconds and
whose trailing edges thus coincide with
the prescribed delays. At the end of
the longer delay interval a reset circuit,
not indicated in Fig. 3, turns off the
oscillator and resets the counter to pre-
pare the circuits for another trigger at

Basic cirenit arrangement of Digital Delay Generator.

GATE

Fig. 4. Block diagram of pulsed crystal oscillator. Rfﬂger is pulsed

coincident with oscillator to insu~e accurate {mnmug of first
few cy icles of nscillation where small starting transients may exist.

the input terminal. Until the reset cir-
cuit operates, a lockout circuit prevents
any external triggers from re-starting
the cycle.

The design approach used has the
advantage that the delay period begins
on command of an external signal and
vet is generated by a crystal-controlled
oscillator. This contrasts with arrange-
ments wherein an oscillator can be oper-
ated continuously and wherein the
generated delay is not time-locked to
the external trigger.

PULSED CRYSTAL OSCILLATOR

To achieve a precision delay that is
time-locked to an external trigger, it
has been necessary to develop a special
pulsed crystal oscillator that has con-
stant starting phase in addition to con-
stant starting amplitude. Special coun-
ter circuits capable of multiple presets
have also been developed.

Basically, the pulsed crystal oscilla-
tor is a mult-stage circuit (Fig. 4)
which also has a negative feedback loop
controlled by a gate. During the time
when no delay is being generated, the
gate holds the negative feedback path
in operation, thus preventing oscilla-
tion.

When an external trigger is received
at the instrument input, it is amplified
and applied as a command pulse to the
oscillator gate. The gate then disables
the negative feedback loop and simul-
tancously applies a voltage step to the
network containing the quartz crystal.
This network is arranged as a bridge so
that the voltage step is suppressed to a
large extent at the bridge outpur, yet
the crystal itself becomes excited by
that component of the step that coin-
cides with the crystal’s frequency. The
arrangement thus provides a phase lock
between the voltage step and the start
of crystal vibration.
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Although the reason for pl.n.m the
crystal in a balanced bridge is to sup-
press at the bridge output the initial
voltage step that excites the crystal, it
is difhicult to maintain perfect balance
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Fig. 6. Time, polarity and waveform
characteristics of various outputs from
the three plug-in output wnits.



for the bridge network. This fact may
cause a small component from the volt-
age step to appear at the bridge outrput
and this component will be at the same
frequency as the crystal output. Fur-
ther, depending on the nature of bridge
Lan.il.iIl\'c. this component may be out
of phase with the crystal outpur so that
a substantial phase error would appear
to exist. There is danger, therefore, that
the first few cvcles of oscillation might
contamn \1]1‘![.||1li.1[ l‘l].l"k‘ error.
To counteract this situation, a
circuit is operated coincidentally nilh

nger

the oscillator. The t'iJ'll'.u.'r consists of a
LC tank tuned to the 1-meg

cillator frequency.

1&.\L|L' 05-
The ringer is oper-
ated by applying to it the same com-
mand pulse that operates the oscillator
Conditions are

gate. arranged so that

the rimger is ‘alllltfi\t'ti into dL‘L'.I.\'iﬂ_L‘.
oscillation at the same time and in pre-
cisely the same p]nw as the crystal os-
output is then
added to the oscillator output to pro-
duce a pulsed train of 1-megacycle os-
cillations that have constant starting
phase and relatively constant amplitude
(Fig. 5 ). The requirement for phase ac-
this
strated by noting that to maintain 0.1

cillation. The ringer

curacy in train can be demon-
microsecond delay accuracy the phase
10,000 \'_\(]L‘\ of oscilla-

within at least +36

at the \.‘I‘I.d of
tion must l"'_‘

OSCILLATOR SHUT-DOWN

At the end of the longer of the two
delay periods prescribed by the settings
of [}N.! p,mr] controls, the oscillator is

turned oft by Jppl}'ln:_: o lhc iJrid\.;L' a
voltage step that is so phased as to op-
pose almost exactly the vibration of the
quartz crystal. This step causes a can-
cellation in a fraction of a \.‘_\'L'h- of most
of the energy in the crystal. At the
same time the negative feedback path
in the oscillator is closed so that re-
maining crystal energy is quickly coun-
teracted. The arrangement is such that
after
is capable of being again ]."Ul‘\k‘\l on.

about 20 microseconds the crystal

PARALLEL-DRIVE DUAL-P
COUNTER CIRCUITS

A second major requirement for the

RESET

circuitry of an instrument in which the
output of the crystal oscillator forms
directly the gcm‘l‘,\lud
stantial speed of operation for the pre-
set counters. Basically, the requirement
is that the counters must operate in a
fraction of the |1L‘rind of the oscillator.

tlcl‘l_\ 15 \Llh-

Since the oscillator operates at 1 mega-
cvcle, this requirement demands that
the counters operate and open the preset
gate 1in a fraction of a microsecond. If
serial-entry
counters were to be used, the operati
time of
would add to that of its L'tll11[1;!l1il)l'l‘\ S0
that individual decade operating times
would have to be very fast indeed. Al-
ternatively, serial-entry counters could
be reset to the complement of the de-
sired delay, but this arrangement has
the disadvantage that only one preset
count can 1‘&' Uhi.ll”\k{ “l[]] one set I'!

conventional cascaded or

-

cach of the (four) decades

counters.

OTHER MEASUREMENTS WI'I'I'I THE DEMYED-PI.II.SE GEIIERA'I'OR

Besides being designed to produce output
pulses ofter a selectable number of cycles
from its own internal precision oscillator, the
delayed-pulse generator can alternatively
count and operate from external periodic or
aperiodic frequencies lying anywhere be-
tween 10 cycles and 1 megacycle. The in-
strument thus becomes voluable in meos-
urements where other time bases may be
used. In computers with internal clocks, for
example, the delay generator can count any
number of clock pulses up to 10,000 to per-
mit looking at a desired section of the com-
puter memory or ot other delayed opero-
tions within the computer.

Using the Dual-Pulse output unit, the in-
strument can be used to synthesize pulse-
code groups such as those used in some navi-
gotional systems. The output of the genero-
tor is of sufficient amplitude to modulate
signal generators so that these groups can
be obtained in r-f form if desired.

The instrument is also convenient for use
os o precision go-no-go gage for such meas-
urements os calibrating delay lines, especi-
ally those of long delay. In such weork the
Dual-Pulse or the Pulse-Duration output units
can be used to generate o pulse whose width
is equal to the time tolerance on the delay

Oscillogram showing stmplicity of scope pres-
entation obtainable when Delay Genevator and
Pulse Duration Unit are used to establish a viswal
go-no-go gage for vapid tests on delay devices,
Hlustration shows a delay line whose delay is
within tolevance as marked by rectangular pulse.
Sweep time iy | psec, cm but delay preceding
steeep start can be any amount up to 10,000

JECK,
line and whose delay is equal to the line's
minimum acceptable delay. If this pulse is
applied to one input of a dual-trace oscillo-
scope and the delay line output to the other,
alternate scope sweeps will directly show
whether the line output is within tolerance.
A single-trace oscilloscope can also be used
by employing the delay generator pulse to
intensity-modulate an appropriate section of
the trace and noting whether the line out-
put falls within the brightened section. Either
of these arrangements enables non-technical
persannel to moke precision delay measure-
ments on a rapid, production basis.
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(h)

Fig. 7. (a) Oscillogram showing typi-
cal quality of output pulses from Model
2198 Dual Pulse Unit (1 psec/cm sweep).
Pulses can each be obtained from separate
oultpuls or from common ontput as
shown. Polarity, width, amplitude and
spacing of pulses from 2198 output unit
are individually adjustable as indicated
by (b)),

To meet this problem in a more ad-
vantageous manner, a method has been
developed for parallel entry into a set
of counters. This method gives an op-
time for four decade units that
is the same as for one. The resulting
counter has the additional advantage
that it is theoretically capable of being
many different counts, al-
though in this instrument it is used as
a dual preser counter (gives an output
at each of two preset counts). The in-
strument is thus provided with two sets

erating

preset to

of preset controls, but these operate in
conjunction with only one set of four

l.ic\.' a L]L"&.

INTERPOLATION MULTIVIERATOR

The proper pulse from the crystal os-
cillator could be gated directly to the
output system to establish the desired
delay to a resolution of 1 microsecond,
but stll higher
a one-shot multivibrator to
form the last 1 microsecond or so of the
prescribed delay. The time constant in
the multivibrator is adjusted by a con-
tinuously-variable panel control cali-
brated in 0.1-microsecond increments
between 0 and 1. The control thus in-
terpolates the desired delay to an over-

'c\nh]liljn 1s .lL‘iH::\'L'd

i!\ using

Fig. 8.

Oscillogram showing typical
quality of pulses from 90-obm ontput of

219C Pulse Duration unit (0.1 psec/cm
sweep). Pulse is available at either po-
larity and of duration T, te T, or

T to [ i
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Fig. 9. Panel views of Model 2194
Trigger Unit, 2198 Dual Pulse Unit, and
219C Pulse Duration Unit, respectively.

all resolution of 0.1 microsecond, The
multivibrator is designed with very low
jitter commensurate with the overall
performance of the instrument.

As used in the circuit, the interpola-
rion multivibrators have a minimum
duration of about 1 microsecond and
the interpolation control adjusts the
duration between about 1 and 2 micro-
seconds. To avoid an error of 1 micro-
second in the generated delay owing to
this minimum 1 microsecond duration,
the preset counters are arranged to
count the pulse that comes from the
oscillator at time zero, the beginning of
the delay interval. When the counter
reaches the preset number, then, the
delay is about 1 microsecond short of
the prescribed delay and this shorrage
is filled in by the minimum duration of
the multivibrator pulse.

STARTING TIME

In a delay generator that, in effect,
offers resolution to 0.1 microsecond, it
is obviously of importance to know to
better than 0.1 microsecond at what
moment the delay interval begins. Such
a specification unavoidably involves the
nature of the external trigger pulse and
it is desirable, of course, that the rise
time of the external trigger be faster
than 0.1 microsecond whenever pos-
sible. With an input trigger of 0.0§
microsecond or faster rise time and of
2 volts minimum amplitude, the gener-
ated delay begins 0.25 microsecond
=0.05 microsecond following the trig-
ger. Start of the delay period is marked
by the pulse T, so that operation is un-
ambiguous when slower input triggers
or sine waves are used.

OUTPUT UNITS

Any one of the output units com-
pletes the generator as an operating
instrument. The simplest of the units
provides two triggers, the first of which
can occur at T, or T as desired and the
second at Tau. Both pulses have a peak
amplitude of 50 volts open circuit and
are provided from a 50-ohm source at
positive polarity with a rise time of 0.1
microsecond and a width of approxi-
mately 2 microseconds.

The second output unit is designed to
enable the polarity, amplitude, and du-
ration of any two of the three pulses
to be selected to suit the application.
The unit contains two §0-ohm pulse
generators with two sets of controls for
adjusting pulse width from 0.2 to §
microseconds and pulse amplitude from
0 to 50 volts open circuit at either
polarity. The two outputs are available
separately or can be connected in com-
mon by a panel switch. In common
operation the source impedance remains
at 50 ohms. Rise time of the pulses is
approximately 0.06 microsecond, while
decay time is somewhat longer. Among
other uses, this unit makes the instru-
ment into a precision double-pulse gen-
erator. Typical pulse shape is illustrated
in Fig. 7.

The third output unit produces a
pulse which is ¢qual to one or the other
of the generated intervals, Thus, the
pulse either begins at Ty, and ends at T,
or begins at T; and ends at Ta. The unit
thus enables both delay and duration
to be digitally controlled. The pulse is
simultaneously available at both posi-
tive and negative polarity. In addition,
two types of output circuits are pro-
vided. One output supplies from 0 to 18
volts open circuit from a 90-ohm source
with a rise time of 0.03 microsecond,
while the second provides a non-adjust-
able pulse value of 100 volts open cir-
cuit from a 500-ohm source. Shape of
the pulses provided by the 90-ohm out-
put is illustrated in Fig. 8.

Besides the above-described outputs,
a trigger is also available at T,, T,, or
T. from a main panel terminal,

DELAYED TRIGGERING OF OSCILLOSCOPES

The generator can also be used with
an electronically-rearmable single-
sweep oscilloscope such as the -hp-
Model 150A to permit jitter-free ex-
amination of the individual pulses in
trains that themselves have jitter, Ele-
ments of this arrangement are described
in Vol. 7, No. 8 of this publication,

—Don Brodervick, Dexter Hartke,
and Marvin Willrodt
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SPECIFICATIONS
-bp-
MODEL 218A
DIGITAL DELAY GENERATOR

Time Interval Range: (To to Ti and Ti to T:l 1
te 10,000 microseconds, accuracy -+ 0.1
usee, +0.001% of time interval selected.

Digital Adjustment: 1 te 10,000 microseconds
in 1 psec steps.

Interpolation: Ceonti ly odjustable con-
trol adds 0 te 1 microsecond to digital
setting.

Input Trigger: Internal—10 cps to 10 ke in 3
decade ranges,

External—0 to 10 kc. Positive or neaative
pulses 2 to 40 volts peak rise time of 0.05
usec or less. Sine woves from 10 c¢ps 1o 10
g

Delay between external input trigger end
Tiis 0.25 usec, +0.05 jsec.

Jitter: 0.02 usec or less.

Recovery Time: 50 usec or 10% of selected
interval, whichever is larger.

Sync Output: 50 volt positive pulse, rise time

0.1 usec from 50 ohm source. Available ot

To, T1, or T: as selected by a switch,

Mc Output; When counting internal 1 me

crystal oscillator, pulses from crystal os-

cillater are available from front panel con-
necter for duration of longer time interval.

2 volts fram 500 ohm source.

External Counfing: External sinuscidal fre-
quencies between 10 cps and 1 me or ex-
ternal pulses below 1 me can be counted in
ploce of internal standard; 5 volts peok
minimum required ocross nominal 1 meg-
ohm input Z.

Power: 115230 volts + 10%, 50 to 60 cps.
525 watts,

Weight: Net 75 |bs.

Dimensions: 14" high, 19" wide, 24" deep.
Depth behind panal 2134,

Price: -hp- Model 218A Digital Delay Genera-
tor, Rack Mount $2,000.00 f.o.b. Palo
Alte, California. Requires -hp- 219A B C
series plug-in unit.

MODEL 219A
DUAL TRIGGER UNIT
(When plugged in Model 218A)

Output: Two trigger Ises, A and B, 50
volts, 0.1 ,ase:grisep‘;ime from 50 ohm
source,

Timing: Trigger A ot Tu or Ty as selected by o
switch, Trigger B at T

Polarity: Pasitive.

Power: Supplied by 218A,

Weight: Net 10 Ibs.

Price: -hp- Medel 219A Duol Trigger Unit
$100.00 f.o.b. Palo Alto, Californio.

MODEL 2198
DUAL PULSE UNIT
(When plugged in Model 2184)
Qutput: Two pulses, pulse A and pulse B.
Timing: Pulse A—At Ti or Ti os selected by o
switch,
Pulse B—At Tz
Amplitude: Individually adjustable, 0 10 50
volts peak, positive or negotive palarity,
available sep ly or from ¢ jacks,
Output Impedunce: 50 ohms, for both sepa-
rate or common connection.
Width: Individually odjustable 0.2 to 5 usec.
Rise Time: 0.06 usec.
Power: Supplied by 218A.
Weight: Net 15 lhs,
Price: -hp- Model 2198 Dual Pulse Unit
.00 f.o.b. Palo Alto, California,

MODEL 219C
DIGITAL PULSE-DURATION UNIT
(When plugged into Model 218A)

Output: Starts at Ty ends at Ti, or starts at
T: ends at T: os selected by o switch

Polarity: Positive and negative pulses avail-
able simultanecusly.

Amplitude: Adijustable, 0 to 18 wvolts peak
into an open circuit from $0 chms source
impedance or 100 volt peak inte cn open
circuit from ohm source impedance.

Rise and Decay Time: 0.03 usec for 90 ohm
output.

Power: Supplied by 21BA.

Weight: Net 15 lbs.

Price: -hp- Model 219C Digital Pulse-Duration
Unit 8350.00 f.a b Pala Alto, Califernia,
Data subject to change without notice.




