NANOSECOND PULSES:
techniques & applications

By DONALD E. LANCASTER

Some important uses for these
ultra-short pulses are in the fields

of electro-optics, measurements,

and circuit analysis.

NANOSECOXND (10 7 sccond) is but the briefest in-

stant—one billionth of a sccond or the time it takes

licht to travel aomere TLS inches. Inlact. there are
nore nanoscconds in a second than there are seeonds in thirty
vears., The techmignes for electronically generating nanosec-
ond-wide pulses are as hizarre as the pnlses are short. One
method prrposely exceeds the hreakdown rating of a transis-
tor. A second method nses special diodes whose recovery times
are made quite Tong. Tor a thivd, the spark gap is removed
from a dnsty shell, polished np a bit with modern techniques,
and given an important and presenthy unbeatable place in
stute-of-the-art electronices.

The resulting pulses have now opened up many important
new  clectronic applications, partienlarly in electro-optics,
measirements. and circuit analvsis, Other important areas are
in the fields of radar and microwave stndies, transmission-line
testing, and for use as clectronic shtters,

Applications

An injection diode laser consists ol a p-n semiconductor
jnnction that emits coherent Tight when it is polsed with a
short, high-current impulse. Operation often takes place at
supercool temperatnes with ciission normally heing in the
near-infrared region. Nanosecond teclmiques are called upon
to provide the required power pnlses. These Tasers are of
vadne in film-exposure tests. high-fregnencey communications,
and optical-response testing.

Light modnlators nsually consist of a capacitor with a trans-
parent dielectric of KPP or some similar material. As the ap-
plied voltage is varied. the plane of polarization of the cell
changes. By combining ane of these with a polarizing filter, an
clectricallv variable diaphiragm resnlts in which the brightness
(actually the attenvation) of the transmitted light is a func-
tion of the applied voltage. I an electro-optic modulator is
powered by a nanosecond pulse. a shntter open for one nano-
sceond results. This is of tremendons importance in high-
speed photography.

Typical modulator nuits are called “Pockels cells.” These
have a capacitance ol around 1000 picofarads and reqgnire
several hnmdred volts to operate properlv. To charge a
1000-pf. capacitor to 100 volts in 0.1 nanosecond requires
1000 amperes of covrent. This is why there is such a demand
for extremely highi-cirvent nanosecond pnlses. Actually. the
modulator itselt dissipates very little power and only reqgnires
the extrente emrrents to charge or discharge its own capaci-
tance duving the tirm-on and tnr-olfl transitions.
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Other forms of clectro-optic modnlators are heginning to
denrand more and more from the nanosecond sources. Typical
applications are extrente handwidth  commumications links
nsing cav. lasers and other simitar Taboratory devices.

There are some rather elaborate mathematical prools it
can demonstrate that the response ol any linear network to
anmy arbitrary input signal can be exacth determined i the
impulse response is knowie An impulse is defined as o palse
of zero width. infinite wmplitnde, and nnity arca. Obvionsly,
these do not exist in the veal world. but for imany applications,
the nanosecond pualses form an excellent approximation. By
pulsing a network with a nanoscecond pnlse, its impnlsive re-
sponse may he measured. Then, by nsing a mathematic tech-
nique called “convolntion,” the response of the network to an
arbitrary input may be precisely determined. This is a very
important new circuit-unalvsis tool.

A ess elezant and more practical application of impnlsive
testing is fime-domain reflectometry. Tt is important in vl
and microwave work, particularly for measuring and evalnat -
ing transmission lines and other distributed networks. As an
example, an unknown transmission line could be conmected to
a generator that produces a step input with a nanosecond rise
time and the other end of the cable could be terminated in a
known impedance. The voltage at the input to the cable is
then monitored Dy a sampling oscilloscope. The time it will
take the first reflection to return will equal twice the clectrical
lenath of the cable. The amnplitude and polarity of the retirn
will indicate the charvacteristic impedance of the cable, and
the vate the returns diminish tells the attennation of the cable.
Amy o noise will indicate cable fanlts and discontinnities: the
time delay between discontinnities and the input will show
the exact location of the tault.

I 100-picosecond (100 - 10-'% see.) risctimes ave avail-
able. discontinuities onlv: LLIS” apart can be resolved and
separately evaluated. Large-scale models may be nsed to re-
solve smaller prototype distances.

The nanosccond pulses are now finding their way into
radar. Ina normal pulse radar, a one-nanosecond pnlse conld,
in theory, give a one-foot resolution at close vange. " his shonld
prove inmportant in applications such as highway safety radans,
and measnring devices for high temperature, fast woving, ra-
dioactive. or otherwise untonchable objects,

Another new application is harmonic generation. Nanoscee-
ond pulses invariably Tiave a very high harmonic content, By
filtering the desired harmonic, any nmltiple of an inpnt fre-
(quencey may be obtained. With this technigne, frequency mml-
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tiplication of very high orders is possible. The efficiency is the
same as it would be with conventional varactor multipliers,
but far fewer stages are normally required. Similar techniques
may be utilized to generate test pulses that are only a few
cveles long at microwave frequencies.

Conventional Techniques

All the conventional techniques for generating short, high-
power pulses are pretty much device-limited to pulses longer
than ten nanoseconds. The gas-tube modulator is often used
for radar work, but, at best, ionization times of 10 to 40 nano-
seconds are available, and the tube simply will not turn on in
one nanosecond. Vacuum tubes, in turn, are limited by their
poor “on” impedance, their stray capacitances, and their in-
ability to provide a low impedance for negative-going input
signals. Some u.h.f. lighthouse and pencil-triode tubes are
nseful for amplifving nanosecond pulses already generated,
but they are largely incapable of generating these pulses by
themselves.

Conventional solid-state devices are also limited by present-
day technology. The best of power transistors require 20 to 50
nanoseconds to switch any large amounts of power. Lower
level logic circuitry can work with 10-nanosecond risetimes
but only with limited power capabilitv. Unsaturated logic
techniques using u.h.f. transistors now break the nanosecond
barrier, but only at very low power levels and supply voltages.
The same is true of tunnel diode pulse circuits.

We can arbitrarily draw a line somewhere around 5 nano-
seconds. Slower risetimes and wider pulses are obtained by
conventional techniques. Faster or narrow pulses require the
use of special nanosecond techniques.

Avalanche Transistors

The avalanche turn-on of a transistor is extremely fast and
not current dependent. Efficient, powerful nanosecond pulses
are easily generated in this manner. Fig. 1A shows the char-
acteristics of a typical diffused silicon transistor. Notice the
ditterence between the breakdown voltages for the zero base-
current curve as compared with the other curves. The circuit
in Fig. 1B uses this difference to advantage. The circuit is
biased to point “A” on the curve of Fig. 1A by the high-volt-
age collector supply and resistor R1. R1 also charges C1 to
the saine voltage as point “A” after the power is applied.

If the base of Q1 is now pulsed with any reasonably fast
waveform, the transistor goes into avalanche conduction and
assumes a very low impedance state. (The mechanism is the
same as in the four-layer diode or SCR.) As long as C1 can
supply current through the transistor to the load Ry, the tran-
sistor remains in the “on” state. When C1 is nearly discharged,
the transistor turns “off,” c¢.g. returns to a non-conducting
state. R1 is always made large enough so that it cannot hold
the transistor avalanched and after turn-off R1 recharges C1
slowly, rebiasing the transistor to point “A” to await a new in-
put trigger pulse.

The avalanche current forms an output pulse across Ry..
Typical risetimes of one nanosecond are easily achieved. The
pulse width is determined by the value of C1 and R,.. During
the avalanche time, the transistor dissipation is extremely
high, but the long duty cvcle between pulses averages out the

total dissipation to a value within the transistor’s rating.

If a flat-topped output pulse is needed, the capacitor may
be replaced by an open-circuited transmission line. This is
shown in Fig. 1C. The transmission line will provide a con-
stant avalanche current for a time equal to its electrical length.
This is around 1.6 nanoseconds per foot for most coax. Now
the output is a rectangular pulse equal to the electrical length
of the cable and has a steep rise, a flat top, and an abrupt fall
time.

Most diffused silicon transistors can operate in avalanche
mode. The 2N706 is an inexpensive transistor that will pro-
duce a one nanosecond rise and fall time with 20 volts of out-
put into a 30-ohm load, giving a peak pulse power of 8 watts.
To stay within the 300-milliwatt rating of the device, a duty
cvele of 24:1 or less must be adhered to. In the interest of
safety margins, 100:1 is a more realistic figure. If the pulse
width is 10 nanoseconds (as would be the case with a six-
foot length of coax used as a delay cable), the maximum per-
missible repetition rate would be once each microsecond, or
one megacvcle. The width of the pulse is determined by the
delay or width cable, and can range from 1 to 300 nanosec-
onds. “Trombone” adjustable-length transmission lines can
give continuous adjustment of pulse width.

Special avalanche transistors which have been optimized
for avalanche operation are also available. Cost ranges from
$10 to $40 each. Using these special transistors, 500-watt,
2-nanosecond-wide pulses can be easily produced across very
low impedance loads.

It is very important to keep the leads extremely short on all
nanosecond circuits as the lead inductance can interfere
scriously with the fast risetimes. Because of this, strip-line
and other v.h.f. techniques are generally used for this type of
circuit.

The avalanche technique is presently limited to risetimes
of 1 nanosecond or more and pulse powers of less than half
a kilowatt, but it has advantages of moderatelv low cost and
simplicity: combined with low jitter and high repetition rate.

Step-Recovery Diodes

A new class of diodes imakes possible the fastest pulses and
waveforms available today, but is currently limited to pulses
less than 30 volts in amplitude and pulse powers well under
100 watts. Pulse widths as short as 50 picoscconds (1ay nano-
second) are obtainable using these devices.

Any semiconductor diode has a storage time based on the
finite mobilities of carriers in the semiconductor material. If
the forward bias on a diode is suddenly reversed, the diode
will continue conducting for a storage (reverse recovery)
time determined by the diode itself and the amount of for-
ward current that was present before the turn-off. In normal
high-speed diodes, it is highly desirable to rednce the storage
time to as low a value as possible. In a step-recovery diode,
the opposite is the case. The storage time is made quite long,
but the diode is designed so that the diode ceases conduction
very abruptly at the end of the storage time, producing a turn-
off waveform that is extremely steep. This abrupt cessation is
called the transition time. Presently available diodes have
transition times as short as 50 picoseconds.

Fig. 2A shows the important differences between an ordi-

Fig. 1. (A) Avalanche biasing. (Bl C1 produces fost- nsmg current pulse. (C) Transmission line prcdu:es re:lnngulnr pulse.
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Fig. 2. (A} Recovery-time plots show difference between step-recovery and ordinary diodes. (B) Leading-edge sharp-
ening. (C) Trailing-edge sharpening. (D} Rectangular-pulse generation. (E) High-frequency pulse-train generation.

mary and a step-recovery diode as the two are abruptly re-
verse-biased, while Fig, 28 shows how a step-recovery diode
iy be nsed to steepen the front of wwaveform having a poor
risetime. tn the absence of wirinput, the diode is normally con-
dicting some forward curvent, and since it is shunting the out-
put, no inpnt signal will appear at the ontpnt.

Aninput with w risetime of o few nanoseconds (nsually
agcenerated by conventional transistor cirenitry) attempts to
tirn oft the diode, prodncing a step way eform at the ontpul
with a risetime of Tess than @ nanosecond.

Varving the torvward enreent of the diode will, in turn, varn
the storage time anvwhere from 1 to 300 nanoscconds. The
risetime of the mpnt wavelornn is immaterial as long as the
step-recovery diode is adjusted to have a storage time long
enongh to wllow the mpnt to assimme a stable value,

g, 2C shows the opposite cirenit. Tlere a step-recovery
diode in series with the autpnt is used to steepen the end of
awavelorm with a poor fall time. Again the diode s normallhy
condncting heavily, but the inpnt signal now appears simul-
tanconsly at the ontput and tries to stop condnction through
the step-recovery diode, The diode continues condneting for
the storage time and abrupthy ceases condnction, this time
remocing the mput signal from the output terminals.

Where rectingnlar pulses are desired. Figs, 2B and 2C niany
be combined, as in i 2D 1Tere the first step-recovery diode
steepens the risetime and the second steepens the fall time,
leaving a rectingnlar polse carved out of the middle of the
mpnt wavelorn, Varving the conrent throngh the fivst diode
varies the time delay hetween the inpnt pulse and the start ol
the output pnlse. The anrent throngh the second diode con
brols the widtle ot the pulse.

e, 215 shows vet another technigue. Here a high-fre-
quencey sine wave is foed to a step-recovery diode that has a
storage time of one-fonth the period ol the input wave. The
diode prodnces an abrmipt Girv-oft midway in each negative
half evele. An ontput filter is added which passes only the
steep transition wnd rejects the Tundamental sine wave and
the d.c. component. This prodoces a train of ontpat pulses
with extremely fast risctimes and a very high repetition rate.
Repetition rates ol 100 veaacy cles are possible, combined
with 30 to 100 picosceond risctimes.

These components e somewhat expensive, ranging lrom
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alow of SI15 toa high of several hundred dollars for the more
exolic Lvpes. Strip- line and other low-indnctance pill pack-
ages that minimize the wmonnt of circnit indnetance as minch
as possible are now readily available.

Spark-Gap Nanopulser

The spark cap may seem  crude electronic component, but
caretully designed imodels can produce wavefornns with nano-
second risetimes and peak currents ol scoeral thousand am-
peres, combimed with peak voltages of several Kilowatts, The
price paid for such extreme power is w very low dinty evele.
Nomally, only a few pulses per second are possible. Turther,
theve is gnite a bit ot pulse-to-pulse jitter, and synehronization
requires aninput that already (Condined on page G 1)

Fig. 3. (A) Spark-gap circuit (B) waveforms, (C) configuration.
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Enjoy the “music-only” programs
now available on the FM broadcast
band from coast to coast.

®* NO COMMERCIALS °
* NO

INTERRUPTIONS o

1t's easy! Just plug Music Associated’s Sub
Carrier Detector into multiplex jack of your
FM tuner or easily wire into discriminator.
Tune through your FM dial and hear programs

of continuous. commercial-free music you are
now missing. The Detector, self-powered and
with electronic mute for quieting between
selections. permits reception of popular back }
ground music programs no longer sent by wire [
bt transmitted as hidden programs on the
FM broadcast band from coast to coast. Use
with any FM tuner. Size: 5%2” x 6”.
weight approx. 7 Ibs

KIT $4950

{with nre-tuned coils,

wirzp $7 500
COVER $4.95 EXTRA

Shipping

no aligniment necessary)

W ite to

MUSIC ASSOCIATED

65 Glenwaod Road, Upper Montclair, New Jeisey

Phone: (20! 1.744.3387

CIRCLE NO. 100 ON READER SERVICE CARD

“Hot-Shot”

18 IjIere

Winegard’s new all-band (UHF, VHF,
FM) antenna that sells for less than
the most popular indoor models

I1ot-Shot Gives Y our Customers Beautiful Ghost-
Free Outdoor erformance On All Bands

Iot-Shot Deiivers Life-Like Color, Brilliant
Black and White, Full-Tone FAI Sound

Flot-Shot Wil Boost Your All-Band Antenna
Sales and Profits

‘‘Hot-Shot’" is the all new, sensibly priced, high
performance, all-hand antenna designed spe-
cifically for metropolitan and suburban instal-
lations. It not only gives your customers the
superior performance of an outdoor antenna,
but also lets them receive all the broadcast
hands (UHF. VHF, and FM). For about one
dollar less than indoor antennas, you can
deliver all the performance and versatility of
“*Hot-Shot". Installs ea51ly on roof or in attic

. you work with just one downlead. Only
%8 80 list. Ask your distributor or write for
Fact-Finder §241 today.

ANTENNA

Winegard Co. systems

3000 Kirkwood ¢ Burlington, lowa
CIRCLE NO. 89 ON READER SERVICE CARD
64

is checked by turning the chroma con-
trol slowly connterclockwise. The color
should become pale and finally disap-
pear. Since sone receivers are equipped
with an antomatic chroma-control cir-
cuit. the rate of fading will depend upon
ihe model under test. Most receivers will
hold color svie jnst before the color dis-
appears, as evidenced by diagonal rim-
ning of the colors. Both of these condi-
tions indicate normal operation of the
color syne cirenits. I, however, a slight
reduaction  of the  chiroma amplitude
canses the color to fall out of lock,
ndicates that the color svnchronization
abilitv: of the receiver mav be inade-
quale.

The ten hars of color in the pattern
can he checked to sce that thev “fit™ in
the proper position. The colors shonld
not lap over the blank spaces hetween
the bars. ITmproper fit mav be caused
by incorrect delav in the video amplifier
or by incorrect aligninent of the band-
pass amplifier. Normal receiver over-
scan may hide some of the bars of the
pattern. These can be seen by reduncing
the raster width. Overscan adjnstment
of the set can be checked and adjusted
by nsing the crosshateh pattern. Service
notes for color receivers nsually specify
a recommended amonnt of overscan at
the left and right and a different amount
of overscan at the top and bottom. The
recommended overscan varies in differ-
ent receiver models. Because the Model
1245 provides a fixed number of 10
vertical and T4 horizontal lines, it is
casy to jndge the wmonnt of overscan.
The crosshatelr pattern also permits ac-
curate checks of the horizontal and verti-
cal linearity in hoth  black-and-white
and color receivers. Convergence adjuslt-
ments are made using dots, crosshatch,
or vertical or horizontal lines,

This color generator measures only
2 x 817 x SR, weighs onlv 3 ponnds,

and sells for $134.93.

Grand Transformers ‘‘Insta-Test”
Dielectric Strength Tester

Forcopy of mannfacturer's brochure,
circle No. 151 on Reader Serviee Card.

ATTERNED after a prototvpe
model that has heen nsed in quality
control for nearly ten vears. a dielectric
breakdown checker called the “lusta-
Test™ dielectric strenath tester is being
marketed by Grand Transformers, Inc.
The unit gives both an andio and visual
response to a breakdown of windings
used in coils, motors, transformers, cte.
Six test a.c. voltages mav he selected,
ranging from 730 volts to 3000 volts.
The nnit operates from the a.c. line with
fused protection.
Two high-voltage probes permit a
quick check across anv winding. At the
potential breakdewn point, a buizzer will
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soomd and a red Tleakage” lamp will
light up if the part or circuit is defective.
A check is made by increasing the ap-
plied voltage in steps until breakdown
ocenrs,

Safety features of the unit include a
gromnded line cord, fused primary cir-
enit, molded high-voltage lead plugs,
and safety test prods—all to rednce shock
hazard.

The tester gives hreakdown tests to
UL, CSA, and NEMA standards, which
are usually at twice the operating volt-
age plos 1000 volts,

The mit is availahle from the mann-
tactnrer at just nnder $75. A

Nanosecond Pulses
(Continued from page 39)

has a steep wavelront and a large ampli-
tnde. Nevertheless, no other technique
today can approach the extreme power
pulses ohtained in nanosecond times hut
the spark gap.

FFig. ;3 shows the details. The cireuit is
essentially a relaxation oscillation. Resis-
tors R1 and R2 charge capacitor C1 from
a high-voltage source until the charge on
C1 reaches the arc-over potential of the
spark gap. The holding voltage of an are
is snbstantially less than the arc-over po-
tential, and C1 will thus discharge itself
into the load. When the charge on C1 is
finally too low to snstain the are, the con-
dnction abruptly ceases and R1 and R2
once again start slowly charging C1 for
a new cvele,

The pulser mayv be svnchronized by «
trigger pulse that arrives just belove dis-
charge would normally occur. By a care-
ful design, the inductance of the dis-
charge circuit is held to an absolute
minimum, permitting extreme risetimes
and crrents. To insure proper wave-
forms. the load resistance must be very
low. By plating imd the use of controlled
atimosphere, the effects of burning, ag-
ing. and oxidation may be minimized.

A rectangular pulse is produced by
using a transmission line instead of a cu-
pacitor, just as in FFig. 1C. This time, the
transmission line must have an extremely
low impedance and is designed as an in-
tegral part of the gap itself. A
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