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SIGNALITE ANNOUNCES SUBSTANTIAL
PRICE REDUCTION IN SURGE ARRESTORS

Price reductions as high as 50% have been announced by
Signalite for quantity purchases of Uni-Imp® surge arresters
effective November 1, 1971

In addition to lower prices Signalite has also added a new
quantity category - 100 to 199 pieces. The price changes affect
the UBD and UGT model series as follows:

7

Model 1-9 10-99 100-199 200-499
was $16.00 was $16.00

uBD $25.00 $19.00 | NOWS10.00 | NOWS 7.00
was $21.00 was $21.00'

UGT $30.00 $25.00 | NOWS14.00 | NOWS 9.00

These changes cover six Uni-Imp models with ratings from
550 volts to 20 KV. For specifications of the Uni-Imp arresters
write for Signalite’s new catalog described on page 431.

The price reductions have resulted from the excellent rate
of acceptance cf these products by manufacturers of electronic
equipment which, in turn, has enabled Signalite to realize
substantial savings in production costs.

( . o Yours free . . . for telling us how you use or would like
2 Q) to use neon glow lamps and spark gaps.

You can get a free Signalite Owl Eye Nite Lite simply by sending
us an application for neon glow lamps or spark gaps, a problem or
solution on their use. Each reader will receive the Nite Lite whether
or not his letter is used in the Application News. In addition, we
welcome longer articles for feature treatment which we will also place
in a leading technical magazine in your name.
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GUIDE TO HIGH ENERGY DEVICES FOR
SWITCHING AND CIRCUIT PROTECTION

By* Michael I. Distefano
Signalite Division
General Instrument Corp.

High energy devices, sometimes called “spark gaps” or “surge
arrestors” are highly useful circuit components with relatively obscure
documentation. In order to remedy this situation and to provide all
those who can utilize these devices with sufficient information to make
intelligent judgements about them, the following information on char-
acteristics and applications has been compiled.

There is quite a variety of devices which fall within the category
of “spark gaps.” The spark plug in your car is a spark gap using air as
the dielectric. The carbon block type of surge arrestor, familiar in
electric utility and telephone applications, also uses air as a dielectric.
In this discussion we shall confine ourselves to the gas-filled type of
device which contains two or more electrodes sealed in a chamber filled
with various gas mixtures, the gas-filled gap shown in Figure 1. Because

Figure 1

Typical spark gap configurations.



of its unique characteristics this type of device has two basic applica-
tions in electronic and electrical circuitry: as a protective device to
prevent damage to circuits and components against sudden voltage
overloads, and as a high energy voltage sensitive switch. This latter
application leads to many specific uses for transfer of energy which
will be discussed later

SPARK GAP OPERATION

Before detailing specific uses for these devices a brief word on how
they operate is in order. Spark gaps are cold-cathode discharge devices
which operate as high energy, short duration, low loss switches. Normal
operation is in the arc mode with tube drops (operating voltage during
current conduction) in the order of tens of volts for currents in hundreds
to thousands of amperes. They present a near infinite impedance to a
circuit while unfired and a near short when fired. The tube drop is a
dynamic inverse function of current.

Operation of the spark gap occurs when the voltage applied is
sufficient to ionize the gas in the envelope permitting a discharge from
one electrode to the other. The degree of ionization is a direct function
of the current through the gap during operation. Since the amount of
current available is proportional to the source impedance, the “turn-off”
of the gap is dependent upon the source impedance. Deionization re-
quires a finite amount of time and is dependent upon the current level
of the previous pulse, i.e., the higher the current, the longer the turn-off
time. In a situation where voltage is reapplied quickly, such reapplica-
tion may find the gap not fully deionized and the gap would break down
at a lower voltage level. If the source impedance is low enough to
maintain conduction through the gap, provision must be made for
circuit interruption before excessive energy is dissipated in the gap,
ultimately destroying the unit. Spark gaps are typically designed for
short term operation and should not normally be used on long duty
cycle applications.

A term that is often heard in descriptions of spark gaps is “impulse
ratio.” This is the ratio between the voltage at which a gap fires in the
presence of a steep wavefront (rapid pulse) and the voltage at which
the gap fires on a slowly rising DC voltage. A ratio of unity (1:1) means
that the device will trip at its rated breakdown voltage regardless of
the rate of rise of the wavefront of the transient. (Note: Breakdown
voltage, firing voltage and trip voltage are synominous terms referring
to the point at which the gap begins to conduct and are used inter-
changeably throughout this discussion.) Impulse ratios greater than
1:1 define the amount of overshoot the gap will permit before tripping
when the wavefront is very steep. See Figure 2.

Impulse ratio is of critical importance to the designer who is using
a gap to protect sensitive components. The impulse ratio of some gaps
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In a conventional gas-filled spark gap (top), the trip voltage increases as the
ramp rate of the transient pulse increases. Extremely fast pulses may damage or
destroy components or circuitry because of the high firing level of the conven-
tional gap. With a gap that has a 1:1 impulse ratio (bottom) no variation in
the trip voltage is experienced regardless of the rate of rise of the transient pulse.

can be as high as 10:1. Such a poor impulse ratio could easily permit
destruction of the circuit or component it is supposed to protect since
harmful spikes with steep wavefronts can by-pass the gap before it can
operate. If the gap is chosen on the basis of its high impulse ratio,
transients with slow wavefronts will cause the gap to trip prematurely
at lower voltages causing unnecessary shut-down of the circuit. Ob-
viously, the closer the impulse ratio is to unity (as shown in Figure 2),
the more reliable will be the protection.

)‘



CIRCUIT AND COMPONENT PROTECTION

Transients are found in most circuitry and are generated by a
variety of causes. External transients may be induced by power surges,
switching, lightning strikes, and other causes. Internal transients arise
from switching of inductive loads, component failures, arcing, and other
phenomena. Unfortunately, because of the indeterminate nature it is
difficult to predict the magnitude, wavefront characteristics or fre-
quency of occurrence. Although it is difficult, if not impossible, to
prevent all voltage surges, some form of protection is generally a good
practice and is in certain cases mandatory

A simple example of using a gap to protect an expensive component,
in this case a capacitor, is shown in Figure 3. An overvoltage on the
line is sensed by the spark gap which fires and shunts the surge before
it reaches destructive levels.

o ¢ ————————-

—1_ (CAPACITOR OR OTHER
—— SENSITIVE COMPONENT)

o — -

Figure 3:

Basic circuit for using a spark gap to protect a component against overvoltage.

A power line application using a spark gap to protect the distribu-
tion transformer and the load components is shown in Figure 4. A
spurious transient pulse voltage may be caused by any of several
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Figure 4:

Typical application of spark gap to protect circuit and components against
spurious incoming pulse voltages.
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reasons, such as lightning discharges, a short circuit in an inductive
load, induced voltages from external transmitters or line transients
from the primary circuit.

Another approach to protecting the circuit or components from
transients on an AC line is pictured in Figure 5. If the transient has
sufficient energy to ionize the protective gap to a point where the gap’s
sustaining voltage is less than the applied line voltage, the follow-on
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Figure 5:

Transient suppression on line voltage using a two-element spark gap. A second
gap (§G2) may be added as shown for additional protection.

current, whose magnitude depends on the source impedance, will con-
tinue to flow. Passage of this “short circuit” current will drop the
voltage actoss the relay coil below its drop-out value and the relay will
interrupt the supply to the load and the spark gap. Manual or auto-
matic reset and zero crossing switches can be added.

Figure 6 illustrates spark gap protection of a modulator circuit.
The gap is mounted across a radar pulse transformer secondary that
has a normal repetitive pulse voltage applied across it. A magnetron
misfire causes a buildup of voltage across the pulse transformer sec-
ondary which could become many times the normal level. This spurious
voltage causes the gap to discharge and conduct the transformer current
through it. As soon as the transient condition has passed (that is, the
magnetron starts firing again), the normal magnetron current flow is
restored.

ENERGY TRANSFER SWITCHES

The gas filled spark gap is, by virtue of its nature of operation, a
short duration, high energy switch. It is capable of handling high peak

TO LOAD
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Figure 6:

Spark gap protection of RF modulator circuit.

power loads in the megawatt range for short durations. As such it has
a variety of applications in transferring pulses in such applications as
exploding bridge wires, triggering flash tubes, capacitive discharge
ignition systems, etc.

A typical circuit for using a spark gap to trigger a flash tube is
illustrated in Figure 7 Voltage from the DC source is stored in the
capacitor and, when the trip voltage of the spark gap is reached, is
released through the transformer to trigger the flash tube. When the

FLASH
TUBE
bc I = =
SOURCE }— T
5 KV
@ I
Figure 7:

Typical circuit for triggering a flash tube using a two-element spark gap.

charge on the capacitor is decreased below the sustaining level of the
gap, it extinguishes and the capacitor again begins to charge, providing
a relaxation oscillator operation for the next discharge to fire the
flash tube.

The circuit shown in Figure 8 is actually a test circuit for generating
a high energy transient to evaluate another spark gap (SG2), although
it could also be used to provide a pulse in a 440 volt line for other
purposes as well. Spark gap SG1 is used to apply a 1000 ampere short
duration transient pulse to ionize the gap under test (SG2) to a point
where the maintaining voltage across SG1 is less than the voltage
across capacitor C1. This allows the energy from C1 to be dissipated
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Figure &:

In this circuit spark gap SG1 functions as an energy transfer switch and gap SG2
functions as a transient suppressor. If desired, gap SG1 could be replaced by
a triggered gap and the transient generator would then be replaced by a trigger
transformer.

across SG2 producing a current pulse of approximately 100 amperes
peak and 8 milliseconds base width. The purpose of this test is to
simulate a half-cycle follow on current from a 60 Hz source with 100
ampere peak value.

TRIGGERED SPARK GAPS

The three-element triggered spark gap is a circuit component which
permits high levels of stored energy to be switched in fractions of a
micro-second. These high levels of stored energy can be switched on
command by low energy control pulses. Triggered gaps require no
standby power, are relatively small in size and are extremely rugged
for severe environmental requirements.

As with the two-element spark gap, the triggered gap presents a
near infinite impedance to the circuit before ionization. Trigger energy
can be provided by a trigger transformer, capacitor discharge, or some
similar means. When the trigger voltage reaches the breakdown po-
tential, a low energy discharge takes place between the trigger and

o N

MEG OHM
POWER - _— RESISTOR§ FLASH
SOURCE | TRIGGER TUBE
GENERATOR
, - -
Figure 9:

Triggered spark gap used to fire flash tube.



adjacent electrode. This causes the high energy main discharge to take
place.

A variation on the circuit for triggering flash tubes discussed above
is shown in Figure 9. Firing of the spark gap is controlled by the trigger
generator which then permits discharging of the capacitor to activate
the flash tube.
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Figure 10:

“Crowbar” circuit for fast protection against overcurrent surges.

Depicted in Figure 10 is a crowbar circuit for extremely fast
protection of the circuit from overcurrent. An arc fault occuring in the
load causes excessive current to be drawn from the supply capacitor.
The stored energy in this capacitor would destroy the grids in the load
if allowed to dissipate there. Transformer T1 senses this overcurrent
and provides a trigger pulse to the fast acting triggered gap which
then “crowbars” the remaining energy in the capacitor and prevents
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Figure 11

Typical Marx Generator using three-element (TSG1) and two-element (TSG2)
spark gaps.
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destruction of the load. At the same time fuses or circuit breakers in
the supply primary circuits are activated, thus removing all power The
two-element gap shown in this circuit acts as a regulator to prevent
spurious firing of the triggered gap.

The circuit for a Marx Generator is illustrated in Figure 11. In
operation all capacitors are charged in parallel. After switch S1 is 3
opened a low level pulse is applied to the trigger electrode in the )
triggered gap SG1 from the trigger supply. When this gap fires the
voltage at point A is doubled providing an overvoltage pulse to the
two-element gap SG2 which then fires. Voltage at point B then is
tripled.

CONCLUSION

In recent years considerable progress has been made in the design
and production of spark gaps to the point where they can be used far
more widely than previously. Overall dimensions have been reduced.
Uni-Imp gaps are now available with unity impulse ratios which operate
in “zero” reaction time. Trip voltage ratings for the Uni-Imp start at
550 volts and go as high as 30 KV  Another series of gaps, the Comm-
Gaps , ideal for protection of telecommunications lines and solid state
circuitry, start at 75 volts and go up to 1000 volts. Not all gaps have
the same characteristics, however, and it is recommended that Signalite
be contacted if there is any question on the application. , Q)

YOUR GLOW LAMP APPLICATION FORUM

It is Signalite’s policy to publish letters based on their intrinsic inferest only.
We do not necessarily agree with all comments and suggested uses and will upon
occasion wait for your reaction before taking editorial space for ours.

DETECTING TRANSMITTER RF LEAKS

Gentlemen

How about an RF Sniffer? This would be a device about the size
of a fountain pen with a linecord and an AC plug coming out the back
of it. In the front end would be the sniffer

The sniffer circuit would be as follows.

R
NE S )
ll/i40L v —_— Idr €UV
R

R would be high enough to just fire the bulb.

With the bulb just barely lit, when it is put in an RF field, it will
glow blue or purple. This is used for locating RF leaks around door
edges and seams of transmitter cabinets and along cables.
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This circuit is nothing new, but putting it in a handy container
would eliminate a lot of problems caused by bare leads, etc, caused
by hastily constructed “sniffers”.

Thank you,

George R. Keller
WCBS-TV (Transmitter)
New York, N Y.

Ed Note If the RF field is strong enough, there may be no need for

the AC supply
XD

The information furnished in Signalite Application News is believed to be accurate
and reliable. However, no responsibility is assumed for its use, nor for any infringe-
ments of patent or other rights of third parties which may result from its use. No
license is granted by implication or otherwise under any patent or patent rights of
Signalite .

CATALOG ON A new, fully-illustrated catalog
ARC DISCHARGE describing the complete line of
DEVICES OFFERED Signalitegas-filled arc discharge

devices applicable as circuit
components, circuit protectors,
& high current transfer switch-
es is now available from Sig-
nalite. The 8-Page publication
contains specifications and de-
sign features of the Uni-Imp
(zero reaction time) surge ar-
restors, subminiature low-volt-
age surge arresters, two-elec-
trode spark gaps and triggered
spark gaps.

The new brochure details application considerations such
as life expectancy circuit insertion values, test data, and
physical characteristics of each type of device in separate sec-
tions. Model and operating range data is compiled in quick-
reference chart form to facilitate component selection. Detailed
mechanical drawings giving dimensions and wire lead layout
are also included.

The Signalite Arc Discharge Devices catalogs are pre-
punched to fit into a standard 8% x11” loose leaf 3-ring binder.
For individual copies of the catalog, contact Signalite, 1933
Heck Avenue, Neptune, New Jersey 07753.
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Drop Us A Line

If you have an interesting application of neon glow lamps or spark gaps
in your circuitry . or a problem concerning the use of these components,
drop us a note telling about it. Interesting letters will be published in a
future issue of the Application News - and we will send you an Owl Eye
Nite Lite for your interest.

Applications which in the opinion of Signalite have significant interest will
also be brought to the attention of the editors of leading technical publica-
tions for consideration as articles and featurettes. If you would like help
in preparing your material for publication, just send us the facts and data;
we will put it in the correct form for publication. Your by-line and company
credit will be given with your permission.

For immediate technical application or circuit design assistance,
you may contact Signalite directly at:

TWX: 201-775-2255 TEL. 201-775-2490

® 6060
For information about Signalite neon glow lamps, spark gaps, and other gas discharge
products for circuit component and/or indicator applications, for specifications on Signalite
components, or for general information about Signalite and its products, call us at any of

the following telephone numbers:

Scottsdale, Arizona
Los Altos, Calif.
Glendale, Calif.
Denver, Colorado
Atlanta, Ga.
Chicago, Illinois
Fort Wayne, Indiana
Kokomo, Indiana
Indianapolis, Indiana
Louisville, Kentucky
Baltimore, Maryland
Newton, Mass.
Grand Rapids, Mich.
St. Joseph, Mich
Southfield, Mich.
Minneapolis, Minn.
St. Louis, Missouri
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(602) 947-4297
(415) 948-7771
(213) 247-6190
(303) 388-4391
(404) 758-7496
(312) 593-0200
(219) 432-5591
(317) 453-6868
(317) 359-9283
(502) 893-7303
(301) 484-3647
(617) 444-8130
(616) 451-8901
(616) 983-7337
(313) 358-2020
(612) 854-4270
(314) 872-3183

Kansas City, Missouri
Albuquerque, N. Mex.
Neptune, New Jersey
Rochester, New York
Charlotte, N.C.
Cincinnati, Ohio
Cleveland, Ohio
Dayton, Ohio
Lafayette Hill, Pa.
Pittsburgh, Pa.
Bristol, Tenn.

Dallas, Texas
Houston, Texas
Seattle, Washington
Waukesha, Wisc.

Scarborough, Ont. Can.

(816) 763-3634
(505) 255-1638
(201) 775-2490
(716) 586-2030
(704) 375-8958
(513) 521-2290
(216) 333-2585
(513) 298-9546
(215) 825-3177
(412) 242-0100
(615) 968-4195
(214) 528-6286
(713) 468-0232
(206) 782-1600
(414) 786-6330
(416) 751-5980
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