














































































































































































































To avoid unnecessary concern over minor measurement anomalies, three behavioral phenomena 
of metal oxide varistors should be noted. First, it is normal for the peak varistor voltage measured 
with ac current to be about 2% to 5% higher than the dc value, as illustrated by Figure 7.3. This 
"'ac-dc difference" 'is to be expected, since the one-quarter cycle period of a 60 Hz wave is much 
less than the 20ms minimum settling time required for dc readout. 
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FIGURE 7.3: AC AND-DC CHARACTE.RISTIC CURVES 

Second, it is normal for the varistor voltage to increasetslightly when first subjected to elec­
trical current, as shown in Figure 7.4 This might be ,considered a "break-in" stabilization of the 
varistor characteristics. During normal measurement the voltage shift typically is less than I %. This 
voltage shift is of little consequence for most measurement pUrPoses but might be noticeable when 
viewing a DVM as in the test method of Figure 7.1. The visual DVM observation should be made 
shortly after power is applied, with measurement to not more than three significant figures. 
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�F�I�~�U�R�E� 7.4: (V130LA10) VARISTOR VOLTAGE FOR THE INITIAL CYCLES OF 60 HZ 
OPERATION AT A PEAK CURRENT OF 1.0 mA 

Third, it is normal for the varistor voltage-current characteristic to become slightlyasymmet­
rical in polarity under application of dc electrical stress over time. The varistor voltage will increase 
in the same direction as the polarity of stress, while it will be constant or will decrease in the 
opposite polarity. This effect will be most noticeable for a varistor that has been subjected to uni­
polar pulse stresses or accelerated de life tests. Therefore, to obtain consistent results during 
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unipolar pulse or operating life tests, it is essential to provide a polarity identification for the test 
specimens. However, for initial readout purposes, this effect usually is insignificant. 

7.3.2 Maximum Clamping Voltage, V c 

As discussed in Chapter 3, the clamping voltage of a varistor is best defined in terms of the 
current impulse impressed on the varistor, rather than in terms of applied voltage. Two typical cur­
rent impulses that may be used to define the varistor clamping voltage are the 8 / 20ILs and the 
10 / 1000ILS pulses. Figure 7.5 shows typical varistor test waveforms for these two impulses. 

The clamping voltage of a given model varistor at a defined current is related by a factor of the 
varistor voltage. Therefore, a test of the nominal varistor voltage against specifications may be suffi­
cient to provide reasonable assurance that the maximum clamping voltage specification is also satis­
fied. When it is necessary to perform the V c test, special surge generators are required. For shorter 
impulses than 8 / 20ILS, precautions must be observed to avoid an erroneous "overshoot" in the 
measurement of the clamping voltage. Section 7.6 gives general information on surge generators; 
a brief description of the' 'overshoot" effect follows. 
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FIGURE 7.5; TYPICAL CLAMPING VOLTAGE TEST WAVEFORMS 
IGE-MOV®II VARISTOR TYPE V130LA10A) 

The GE-MOV®II Varistor specification sheets show the V-I characteristic of the devices on the 
basis of maximum voltage appearing across the device during a current pulse of 8 / 20ILs. If current 
impulses of equal magnitude but faster rise are applied to the varistor, higher voltages will appear across 
the device. These higher voltages, described as "overshoot," are partially the result of an intrinsic 
increase in the varistor voltage, but mostly of the inductive effect of the unavoidable lead length. 
Therefore, as some applications may require current impulses of shorter rise time than the conventional 
8ILs, careful attention is required to recognize the contribution of the voltage associated with lead 
inductance.' 

The varistor voltage, because of its nonlinearity, increases only slightly as the current ampli­
tude of the impulse increases. The voltage from the lead inductance is strictly Ilnear and therefore 
becomes large as high current amplitudes with steep fronts are applied. For that reason, it is imprac­
tical to specify clamping voltages achieved by lead-mounted devices with current impulses having 
rise times shorter than 0.5 p'S, unless circuit geometry is very accurately controlled and described. 
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FIGURE 7.6: EFFECT OF LEAD LENGTH ON "OVERSHOOT" 

To illustrate the effect of lead length on the "overshoot," two measurement arrangements 
were used. As shown in Figures 7.6a and 7.6b, respectively, 0.5 cm2 and 22 cm2 of area were en­
closed by the leads of the varistor and of the voltage probe. 

The corresponding voltage measurements are shown· in the oscillograms of Figures 7.6c and 
7.6d.With a slow current front of 8J.(s, there is little difference in the voltages occurring with a 
small or large loop area, even with a peak current of 2.7 kA. With the steep front of 0.5 J.(S, the peak 
voltage recorded with the large loop is nearly twice the voltage of the small loop. (Note on Figure 
7.6d that at the current peak, Ldi/dt = 0, and the two voltage readings are equal; before the peak, 
L di/dt is positive, and after, it is negative.) 

Hence; when making measurements as well as when designing a circuit for a protection scheme', 
it is essential to be alert to the effects of lead length (or more accurately of loop area) for connect­
ing the varisto~. This is especially important when the currents are in excess of a few amperes with 
rise times of less than I J.(S. . 

With reasonable care in maintaining short leads, as shown in Figure 7.6a, it is possible to des­
cribe the "overshoot" effect as an increase in clamping voltage relative to the value observed with 
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FIGURE 7.7: TYPICAL "OVERSHOOT" OF LEAD·MOUNTED VARISTOR WITH STEEP CURRENT IMPULSES 

a 8 / 20",s impulse. 'Figure 7.7 shows a family of curves indicating the effect between 8 and 0.5",s 
rise times, at current peaks ranging from 20 to 2000A. Any increase in the lead length, or area 
enclo~ed by the leads, would produce an increase in the voltage appearing across the varistor termi­
nals - that is, the voltage applied to the protected load. 

7.3.3 DC Standby Current, ID 

This current is measured with a voltage equal to the rated continuous dc voltage, V m(dc) , 
applied across the varistor. The circuit Of Figure 7.1 is applicable where current sensing resistor'R2 
has a value of 1000 n. The test method is to set the voltaJ;?;e supply, E I, to the specified value with 
switch Sl closed and S2 in the V. position. ThenS2'is placed in position I and S3 in position, ID • Sl 
is then opened, the test device is inserted in the test socket, and Sl is closed. The DVM reading 
must be converted into current. For example, if a maximum standby current of 200J,LA is specified, , 
the maximum acceptable DVM reading would be 0.200V. 

The measurement of dc standby current can be sensitive to the device behavioral phenomena 
of "break-in" stabilization and polarization of the V-I characteristics, as described in Section 7.3.1. 
If the device under test has prior unipolar electrical history, polarity indicators should be observed 
and test values interpreted accordingly. 

The value of dc standby current also can be sensitive to ambient temperature. This is unlike 
varistor characteristics measured at currents of lmA or greater, which are relatively insensitive to 
ambient temperatures. With VM(dc) around 85% of VN , Figure 7.8 shows the typical dc standby 
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current of a model Vl30LAIOA varistor in the order of 10 or 20~A at room temperature. In in­
creases to about 80tLA at 85°C, the maximum operating temperature without derating . 

.7.3.4 Capacitance 

Since the bulk region ofa GE-MOV®II Varistor acts as a dielectric, the device has a capacitance 
that depends directly on its area and varies inversely with its thickness. Therefore, the capacitance of a 
GE-MOV®II Varistor is a function of its voltage and energy ratings. The voltage rating is determined by 
device thickness, and the energy rating is directly proportional to volume. . 

GE-MOV®II Varistor capacitance can be measured through use of a conventional capacitance 
bridge and is found to vary with frequency, as shown in Figure 7.9. Typically, capacitance 
measurements are made at 1 MHz. Dissipation factor alSQ is frequency-dependent, as shown in Figure 
7.10. . 
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. When measured with a dc bias, the capacitance and dissipation factor show little change until the 
bias approaches or exceeds the V N value. Furthermore, the capacitance change caused by an applied 
voltage. (either dc or ac) may persist when the voltage is removed, with the capacitance gradually 
returning to the prebias value. Because of this phenomenon, it is important that the electrical history of a 
GE-MOV®II Varistor be known when measuring capacitance. 
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7.3.5 Miscellaneous Characteristics 

A number of characteristic measurements can be derived from the basic measurements already 
described, including the nonlinear exponent (alpha), static resistance, dynamic impedance, and voltage 
clamping ratio. These characteristics are derived characteristics in the sense that they are found by 
computation per the defining equations given in Chapter 3. The data, however, may be obtained by 
measurement methods similar to those already given for nominal varistor voltage and maximum 
clamping voltage. These miscellaneous characteristics may be useful in some cases to enable 
comparison of GE-MOV®II Varistors with other types of nonlinear devices, such as those based on 
silicon carbide, selenium rectifier, or zener diode technologies. 

7.4 VARISTOR RATING ASSURANCE TESTS 

7.4.1 Continuous RatedRMS and DC Voltage [Vm(ac) and Vm(dc)] 

These are established· on the basis of operating life tests conducted at the maximum rated 
voltage for the product model. These tests usually are conducted at the maximum rated ambient 
operating temperature, or higher, so as to accelerate device aging. Some test results are given in 
Chapter 8. Unless otherwise specified, end-of-lifetime is defined as a degradation failure equivalent 
to a V N shift in excess of ± 10% of the initial value. At this point the device is still continuing to 
function. However, the varistor will no longer meet the original specifications. 
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FIGURE 7.11: SIMPLIFIED OPERATING LIFE TEST CIRCUIT 

A typical operating life test circuit is shown in Figure 7.11. If the varistor is intended prin­
cipally for a dc voltage application, then the ac power source should be changed to dc. It is desirable 
to fuse the varistors individually so testing is not interrupted on other devices if a fuse should 
blow. The voltage sources should be regulated to an accuracy of ±2% and the test chamber 
temperature should be regulated to within ±3°C. The chamber should contain an air circulation fan 
to assure a uniform temperature throughout its interior. The varistors should receive an initial 
readout of characteristics at room ambient temperature - i.e., 25 ±3°C. They should then be 
removed from the chamber for subsequent readout at 168,500, and 1000 hours. A minimum of 20 
minutes should be allowed before readout to ensure that the devices have cooled off to the room' 
ambient temperature~ 

7.4.2 Transient Peak Current, Energy, Pulse Rating, and Power Dissipation Ratings 

Special surge generator equipment is required for testing. Data on commercially available 
equipment is given in Table 7.3, and. an example test circuit is described in Section 7.6. Since 
high energy must be stored at high voltages to perform these tests, especially on larger sizes'of 
GE-MOV®II Varistors, the equipment is necessarily expensive and must be operated using adequate 
safety precautions. 
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The peak current rating, Itm , of GE-MOV®Il Varistors is based on an 8 / 20JLs test impulse 
waveshape. The specifications include a maximum single value in the ratings table. A' pulse rating 
graph defines the peak current rating for longer impulse duration as well, such as for a 10 / 1000JLs 
wave. A family of curves defines the rated number of impulses with a given impulse duration and peak 
current. 

Energy rating, Wtm , is defined for a 10 /1000JLs current impulse test wave. This waveshape has 
been chosen as being the best standard wave for tests where impulse energy, rather than peak current, is 
of application concern. A direct determination of energy requires thatthe user integrate over time the 
product of instantaneous voltage and current. Such integration is cumbersome to perform, and the 
integration feature is not generally available in surge generation equipment. 

However, peak voltage and current are readily measured with available equipment. Therefore, the 
energy rating can be tested indirectly by applying the rated peak impulse current of a 10 / 1000""s 
waveshape to the test specimen. Then, the energy dissipated in the va,ristor can be estimated from the 
known pulse waveshape. For a 10 / 1000JLs waveshape the approximate energy is given by the 
expression E = 1.4 Vel 7. See Chapter 4 for a discussion of energy dissipation for various waveshapes. 

For example, a model V130LAlO varistor has a single pulse rating for a 10 / IOOOJLs impulse 
waveshape of about 75A peak, and a maximum clamping voltage at 75A of about 360V. Thus, the 
computation of estimated energy dissipation is 38J. 

The transient power dissipation rating, Ptam' is defined as the maximum average power of test 
impulses occurring at a specified periodic rate. It is computed as the estimated energy dissipation 
divided by the test pulse period. Therefore, varistors can be tested against this rating by applying two or 
more impulses at rated current with a specified period between pulses. For example, a model 
V130LAlOA varistor has a pulse rating of two 10 / 1000JLs test impulses with a peak current of about 
65 A. The estimated energy dissipation per pulse computed as per the preceding example is about 30J. 
If a period of 50s is allowed after the first test pulse, the estimated average power dissipation can be 
computed as about 0.6W, which is the specification rating. It should be noted that GE-MOV®II Varis­
tors are not rated for continuous operation with high-level transients applied. The transient power 
dissipation rating is based on a finite number of pulses, and the pulse rating of the varistor must be 
observed. See Figure 7.12 

10A/div. 
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a 
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FIGURE 7.12: SURGE TEST WAVEFORMS 
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Table 7.1 outlines a suggested program of testing to verify varistor transient and pulse ratings with a 
minimum of expensive, time-consuming testing. New specimens should be used for each test level and 
failure judged according to the specification criteria. 

TABLE 7.1 

TESTING OF TRANSIENT CURRENT, ENERGY, 

PULSE RATING, AND POWER DISSIPATION RATINGS 

TEST PARAMETER 
NO. PULSES@ RATED CURRENT TEST 

(ALTERNATING POLARITY) WAVESHAPE (}ls) 

Maximum Peak Current 
1 

8/20 
(same polarity as readout) 

Pulse/Energy Rating, Power 
2 10/ 1000 Dissipation 

Pulse Rating 10 8/20 

Pulse Rating 100 8/20 

7.4.3 Continuous Power Dissipation 

MINIMUM PULSE 
PERIOD (5) 

NA 

50 

25 

12 

Since GE-MOV®II Varistors are used primarily for transient suppression purposes, their power 
dissipation rating has been defined and tested under transient impulse conditions. If the devices are to be 
applied as threshold sensors or coarse voltage regulators in low power circuits, then a dissipation test 
under continuous power is more appropriate. This continuous power test will aid the user in determining 
if the device is suitable for his specific application. 

A circuit for continuous power dissipation testing is shown in Figure 7.13. The dc power 
supply voltage should be set to a value of approximately twice the nominal varistor voltage of the 
product model under test. In that case, nearly constant power dissipation is maintained in the varistor. 
Since the circuit transfers nearly equal power to the series resistor and varistor-under-test, the series 
resistor value is simply chosen to achieve the test design value of power dissipation. In Figure 7.13 a 
nearly constant power dissipation of about O.6W is obtained. 

400 V DC _ 
± 2% -

FIGURE 7.13: CONSTANT POWER LIFE TEST CIRCUIT 
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7.5 MECHANICAL AND ENVIRONMENTAL lESTING OF VARISTORS 

7.5.1 Introduction 

Many tests have been devised to check the reliability of electronic components when subjected 
to mechanical and environmental stresses. Although individual equipment makers may specify their· 
own tests on component purchase documents, these tests are often based on an equivalent MIL-STD 
specification. Therefore, it is convenient to summarize these tests in MIL-STD terms. Since the 
ratings ofGE-MOV®I1 Varistors may vary with product series and model, the test conditions and limits 
should be as specified on the applicable detail specification. 

GE-MOV®I1 Varistors are available in a high reliability series. This series incorporates most 
standard mechanical and environmental tests, including 100 % pre-screening and 100 % process 
conditioning. Details are provided in Chapter 9. 

7.5.2 UL Recognition Tests 

GE-MOV®I1 Varistors have been tested by Underwriters Laboratories, Inc. (UL) and have been 
recognized as across-the-line components, varistor type, UL E56529. GE-MOV®I1 Varistors are also 
recognized as suppressor components to UL STDl449 per UL File E75961. The tests were designed by 
UL and included discharge (withstand of charged capacitor dump), expUlsion (of complete materials), 
life, extended life, and flammability (UL492) tests. . 
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7.6 EQUIPMENT FOR VARISTOR ELECTRICAL TESTING 

7.6.1 Introduction 

Most tests of GE-MOV®II Varistors can be performed with relatively simple circuits and 
inexpensive equipment on the laboratory bench. However, large users with versatile automatic test 
systems available may find it more economical to program these systems for the low-current varistor 
tests. As noted previously, medium or high-current impulse testing will require specialized test 
equipment. Table 7.3 is a partial listing of available test equipment and systems that can be used for 
varistor testing. It is intended as a guide only to illustrate the generic type of equipment offered 
commercially. 

7.6.2 Impulse Generators 

A convenient method of generating current or voltage surges consists of slowly storing energy 
in a capacitor network and abruptly discharging it into the test varistor. Possible energy storage 
elements that can be used for this purpose include lines (lumped or distributed) and simple capaci­
tors, depending on the waveshape desired for the test. Figure 7.14 shows a simplified schematic for 
the basic elements of an impulse generator. 

"T L R2 OSCILLOSCOPE 

VARISTOR 
vO 

RI UNDER COM 
TEST I 

R3 

fIGURE 7.14: SIMPLIFIED CIRCUIT OF SURGE IMPULSE GENERATOR 

The circuit is representative of the type used to generate exponentially decaying waves. The 
voltage supply, El, is used to charge the energy storage capacitor, C, to the specified open-circuit 
voltage when switch Sl is closed. When switch S2 (an ignitron or a triggen~d gap) is closed, the 
capacitor, C, discharges through the waveshaping elements of the circuit into the suppressor device 
under test. With capacitances in the order of 1 tlF to IOtlF and charging voltages of lOkV to 20kV, 
the typical 8 / 20ILS or 10 / IOOOILS impulses can be obtained by suitable adjustment to the wave shaping 
components L, RI , and Rz, according to conventional surge generator design. 2,3,4,5 

7.6.3 Measurement Instrumentation 

Transient measurements include two aspects of varistor application: (I) detection of tran­
sients to determine the need for protection, and (2) laboratory measurements to evaluate varistor 
performance. Transient detection can be limited to recording the occurrence of transient overvolt­
ages ina particular system or involve comprehensive measurements of all the parameters which can 
be identified. Simple detection can be performed with peak-indicating or peak-recording instru­
ments, either commercial or custom-made. Table 7.4 gives a partial listing of such instruments. 

Laboratory instruments and field detection with comprehensive instrumentation can involve 
substantial investment, primarily associated with oscilloscopes, cameras, and calibrated sensors. A 
detailed discussion of these systems is beyond the scope of this manual; rather, the major oscillo­
scope manufacturers should be consulted, as well as the available literature. 
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TABLE 7.3 - AVAILABLE EQUIPMENT FOR VARISTOR TESTING* . 

TYPE & MANUFACTURER 

High Voltage Test Systems 
E. Haefely and Co., Ltd. 
Basel, Switzerland 
U.S. pistributor: 
Rhode & Schwarz Sales Inc. 
14 Gloria Lane 
Fairfield, NJ 07006 

Storage Curve Tracer , 

Tektronix, Inc. 
P.O. Box 500 
Beaverton, OR 97005 
315-455c6661 

Auto Capacitance Bridge 
General Radio 
300 Baker Ave. 
Concord, MA 01742 
617-369-4400 

Varistor Test System 
Mastech, Inc. 
478 E.Brighton Ave. 
Syracuse, NY 13210 
315-478-3133 

Semiconductor Test Systems 
Teradyne, Inc. 
183 Essex St. 
Boston, MA 02111 
201-334-9470 

Pulse Generator 
Cober Electronics, Inc. 
7 Gleason Ave. 
Stamford, CT 06902 
703-327-0003 

Surge Generator & Monitor 
KeyTek Instrument 
220 Grove St. 
Box 109 
Waltham, MA 02154 
617-272-5170 

Pulse Generator 
Velonex ' 
Varian Div. 
560 Robert Ave. 
Santa Clara, CA 95050 
408-727-7370 

*Inclusion of any manufacturer in this listing does not 
cOIistitute an endorsement nor does exclusion imply 
any judgment upon same. 

MODEL FEATURES 

P12/P6R Voltage Surges: 1.2/50,0.51700, 101700, 
7CL-6/P6T 1001700, 0.51100kHz and NEMP up to 
P351CP70 35kV 

CP360 Current Surges: 8/20,20/60, 101l0OOjts up i 
CP1500 t050kA 

5771177 AC & dc tests up to 1600V peak, with safety 
(Also can interlock, storage display mode 
use 576) 

1687 1 MHz test frequency, 3 measurementsl sec, 
.01 % accuracy, digital display, 
programmable control, IEEE testing. 

222F 0-2000V, up to lOrnA dc, 100 rnA pulse, 
342 digital readout, front panel programming 

O-lOOkVat lOA. Frontpanel programming. 
IEEE Standard 4888 

T57 0-1200V, up to lOrnA, computer operated, 
or line printer output, multiple test stations, 

Z27 data analysis software, tape cartridge 

605P 2.2kV, 20kW peak power, pulses 0.3jts -
lOms, variable PRF or can amplify 
external input 

System 6kV, up to 5000A, further expandable, 
1000, selectable waveshapes (8 I 20, 10 I 1000, 

including etc.), measures & displays peak V & I 
Model 424 across test device. 
Model 711 Peale biased differential high voltage probe. 

IEEE testing. 

360 2.5kV, lOA, pulses, up to 300jts wide, 
variable PRF, variable rise-fall available, 
plug-ins for higher peak I 
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TABLE 7.4 - AVAILABLE TRANSIENT DETECTION EQUIPMENT* 

MANUFACTURER MODEL FEATURES 

Storage Oscilloscopes: 
Tektronix 466 100MHz, 3000 divl J.LS speed, portable 
P.O. Box 500 7834 Multimode storage, 400MHz, 5500 
Beaverton, OR 97005 div/J.Ls 

Peak Recording Instruments: 
Micro-Instrument Memory 20MHz, records, displays voltage levels up 

Voltmeter t02kV 
Model 5203 

Bermar Memory Displays peak voltage, > 0.5J.Ls pulses up to 
Box 1043 Voltmeter 8kV 
Nashua, NH 03061 MVM-I08 
603-888-1300 

Dranetz Model 606 Prints out peak voltages, > 0.5J.Ls duration 
2285 So. Clinton Ave. pulse 
So. Plainfield, NJ 07080 
201-287-3680 

KeyTek 424 Surge Displays peak voltages, > 0.5J.Ls duration 
Box 109 Generator & 
Waltham, MA 02154 Monitor 
617-272-5170 

Industronic Zap Trap Measures peak voltages, > 2J.Ls duration 
115 Pleasant St. 
Mellas, MA 02054 
617-376-8146 

Trott TR745A Detects 0.3J.Ls pulses, up to 3000V 
9020 Wehrle Dr. 
Clarence, NY 14031 
413-634-8500 

7.7 TEST WAVES AND STANDARDS 

The varistor test procedures described in this chapter have been established to ensure con­
formity with applicable standards,6 as well as to reflect the electromagnetic environment of actual 
circuits 7 which need transient protection. Chapter I presented an overview of the transient environ­
ment; some additional background is presented in this section concerning generally accepted 
assumptions about this environment. 

7. 7.1 Test Waves 

A number of test waves have been proposed, to be applied to various electronic "black boxes," 
in order to demonstrate capability of survival or unimpeded performance in the environment. Table 
7.5 is a partial listing of these test waves presented to illustrate the variety of proposals rather than 
to be an exhaustive listing. . 
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TABLE 7.5 - PARTIAL LISTING O,F EXISTING OR PROPOSED TEST WAVES 

DESCRIPTION TYPICAL 
ORIGIN WAVESHAPES AMPLITUDE APPLICATION 

ANSI,IEC. • 1.2/50p, Specified voltage Power apparatus 

• 8.0 I 20p,s Specified Current 

IEEE Std. 472 • 1.2SMHz repetitive 2.5kV Peak Low-voltage ac circuits and 
Guide for Surge Withstand at 60Hz control lines in substation 
Capability (SWC) • 61J.S decay to 50% equipment· 

• lS0n source 
impedance 

ANSI/IEEE Std. C62.41-1980 • .5p,s - 100kHz Dependent on Low-voltage ac circuits and 
Guide on Surge Voltage in • 1.2 I 50p,s voltage location signal lines . 
Low Voltage ac Power Circuits • 8 I 20t-is current 

Ground Fault • O.SJiS rise 3kVand6kV High impedance circuit of 
Interrupters • 100kHz ring ground fault interrupters. 

• 2nd peak ~ 60% first 

• son source 
impedance 

IEEE Std. 465.1 Three requirements: 
Test Specifications for Gas • 10 I 1000p,s current 50 to SOOA Telephone protectors 
Tube Surge Protective Devices • 81 20p,s current 5 to 20kA 

• Linear voltage ramp 
of 100, 500, 
5000, 10,000 
V / JiS until spark-
over 

FCC Docket 19528 • Metallic Communications 
- 10 I 560p,s 800VPeak equipment 
- 100A short-cir-

cuit current 

• Longitudinal 
- 10 I 160p,s lS00VPeak 
- 200A short-cir-

cuit current 

FCC Section 68.302 • 2/1Op,s 2S00VPeak Line-powered communica-
Title 47, Telecommunications - 1000 A short- tion equipment 

circuit capability 

Rural Electrification Admims- • 10/ 1000p,s voltage 3a of Protector Telephone electronics 
tration Spec. PE-60 • 1 OOV I p,s rise level 

Nuclear Electromagnetic • Rectangular pulse 0.1 to 1000A Evaluation of components 
Pulse (NEMP) 3 nsio lOps 

• Damped sinewave 
10 1 to 103 Hz 

1.0 to 100A 

NASA Space Shuttle • DalJlped sinewave Eoc - SOV Space Shuttle electronics 
, 125 kHz Isc - lOA 

• Unidirectional Eoc - SOV 
- 21 100p,s Isc - lOA 
- 3001 600p,s Eoc -O.5V 

Isc - SA 

MIL-STD-704 • Envelope specified, 600V Peak. Military aircraft power 
max. duration 
SOps 
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A proposal also has been made to promote a transient control level conceptS whereby a few 
selected test waves could be chosen by common agreement between users and manufacturers. The 
intent being that standard test waves would establish certain performance criteria for electronic 
circuits, without resorting to a multiplicity of test waves, each attempting to simulate a particular 
environment. 

7. 7. 2 Source Impedance 

The effective impedance of the circuit which introduces the transient is an extremely im­
portant parameter in designing a protective scheme. Impedance determines the energy and current­
handling requirements of the protective device. 

Historically, the approach to transient withstand capability was to apply a voltage wave to 
a device and to ascertain that no breakdown occurred. Typically, the device offered high imped­
ance to the impulse, so that no significant current would flow (unless breakdown occurred), and the 
source impedance was unimportant. But if a transient suppressor is applied, especially a suppressor 
of the energy-absorbing type, the transient energy is then shared by the suppressor and the rest of 
the circuit, which can be described as the "source." 

As in the case of waveshapes, various proposals have been made for standardizing source im-
pedances. The following list summarizes the various proposals intended for ac power lines: 

1. The Surge Withstand Capability (SWC) standard specified alSO n source. 

2. The Ground Fault (UL-GFCl) standard is son source. ll 

3. The Transient Control Level (TCL) proposals of Martzloff et al? include a 50 n resistor 
in parallel with a 50 JlH inductor. 

4. The installation category concept of ANSI/IEEE Standard C62.41-1980 implies a range of 
impedances from 1 to 500 as the location goes from outside to inside. 

5. The FCC regulation for line-connected telecommunication equipment implies a 2.50 source 
impedance. However, the requirement of the FCC is aimed at ensuring a permanent 
"burning" of a dielectric puncture and does not necessarily imply that the actual source 
impedance in the real circuits is 2.50. 

6. There is no agreement among the above proposals on a specific source impedance. 
Examining the numbers closer, one can observe that there is a variance between 2.5 ohms to 
about 50 ohms. Going back to ANSI/IEEE Standard C62.41-1980 - by using the OCV (open 
circuit voltage) and SCI (short circuit current) for the different location categories, one can 
calculate a source impedance. 

Any practical power circuit will always have some finite impedance due to the resistance and 
inductance of the power line and distribution transformer. Figure 7.15 shows representations of the 
impedance between line and ground on typical 120 V and 220 V systems in residential systems. 

The impedance of industrial or commercial systems generally. supplied bv underground en­
trances, or a separate substation of relatively large kVA rating, tends to be low, and the injection 
of any lightning transients occurs at a remote point. This results in lower transient peaks than those 
that can be expected in residential circuits, but the energy involved may be, in fact, greater. There­
fore, transient suppressors intended for industrial use should have greater energy-handling capability 
than the suppressors recommended for line-cord-powered appliances. 

Clearly, the industry standards have not been able to agree on a single value of the source 
impedance, for several reasons. When a transient suppressor is being selected for a particular 
application, there is a need for engineering judgment based on a knowledge of the function, and the 
capability of the device. 
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CATEGORY A RING WAVE 
CATEGORY B RING WAVE 

CATEGORY B IMPULSE 
CATEGORY C IMPULSE 

6kV / 200A = 300 
6kV / 500A = 120 
6kV / 3kA = 20 

lOkV / lOkA = 10 

FIGURE 7.15: SOURCE IMPEDANCE AT DIFFERENT LOCATION CATEGORIES 
IN LOW VOLTAGE AC SYSTEMS (TO 600VI. 
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.@}UID~ ® 
VARISTOR RELIABILITY 

8.1 INTRODUCTION 

The GE-MOV®II Varistor is a rugged, reliable voltage transient suppressor designed to improve the 
reliability of electronic systems. Proper system design with the GE-MOV®II Varistor, as detailed in other 
parts of this manual, will clamp transient voltages to a level compatible with long-life of the electronic 
system. To assure GE-MOV®II Varistor reliability, General Electric performs extensive process and quality 
control monitoring. This is accomplished via a combination of 100%, periodic, and lot testing. Both 
parametric and reliability characteristics are controlled in this manner. 

Every year, over 1.7 million device hours of maximum rating and accelerated reliability test data is 
accumulated. In addition, a continuous product improvement research program is in effect to provide the 
user with an optimal product. As a result of these programs, extensive reliability data and reliability 
prediction models have been generated. 

Two types of GE-MOV®II Varistors are being manufactured at present; a "line voltage" type (above 100V 
RMS) and a "low voltage" type (below 100V RMS). Reliability evaluation has been conducted on both 
types under the conditions summarized below: 

Test Condition Stress 
Voltage ........................... aC'Bias 

dc Power 
Temperature ..................... 100°C 

12SoC 
14SoC 

Energy . . . '. . . . . . . . . . . . . . . . . . . . . . Pulse 

Storage ........................ 12SoC 

Humidity ................... .40oC, 95% RH 

Mechanical .................... Solderability 
Terminal Strength 

Shock 
Vibration 

As improved products, processes, and test procedures evolve, the applicability of past data to 
reliability assessment changes. Thus, the data presented in this chapter represents a "snapshot in 
time" Of data applicable to the GE-MOV®II Varistors being manufactured now and for the anticipated 
future. The test data has been generated at very high stress levels, at or beyond maximum ratings, to confirm 
the product's ability to meet these ratings and to obtain the most information in the shortest time period. 
Results of ac voltage and dc power bias tests have allowed the generation of models which provide expected 
life as a function of stress. 

8.2 AC BIAS RELIABILITY 

The majority of the applications for the GE-MOV®II Varistor are as transient suppressors on the ac1ine. 
The varistor is connected across the ac line voltage and biased with a constant amplitude sinusoidal voltage. 
If the varistor current increases with time, the power dissipation will also increase, with the ultimate 
possibility of thermal runaway and varistor failure. Because of this possibility, an extensive series 'of 
statistically designed tests have been performed to determine the reliability of the GE-MOV®II Varistor 
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, under ac bias combined with temperature stress. This test series contained over one million device hours of 
operation at temperatures up to 145°C. The average duration of testing ranges from 7000 hours at low stress 
to 495 hours at high stress. The results of this test have shown the GE-MOV®II Varistor to be an excellent fit 
to the Arrhenius model, i.e., the expected life is logarithmically related to the inverse of the absolute 
temperature (MTBF = eC + 10). The definition of failure is a·shift in VN exceeding ± 10%. Although the 
GE-MOV®II Varistor is still functioning normally after this magnitude of shift, devices at the lower extreme 
ofVN tolerance will begin to dissipate more power. As previously explained, this could ultimately lead to 
failure. This choice of failure definition, in combination with the lower stresses found in applications, 
should provide life estimates adequate for most design requirements. Figure 8.1 illustrates the Arrhenius 
model plot for the line voltage and the low voltage GE-MOV®II Varistor. 
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, This type of statistical model allows a prediction of the reliability level that can be expected 
at normal operating temperatures. The usual ambients are well below the temperature levels chosen 
for accelerated testing. For example, a Vl30LAIO operating at l30V ac in a 55°C environment 
has a mean life, from Figure 8.l(a), of about 10,000,000 hours (~ 1140 years!). Using the equation 
gives a more precise estimate of 9,152,824 hours (1045 years). Note that at lower bias voltage even 
longer mean life is expected. Although the Vl30LA and V68ZA type devices are specifically des­
cribed, the results are representative for all GE-MOV®II Varistors. Additional evidence of the , 
conservative ratings of the GE-MOV®II Varistor is the absence of systematic or repeated field failures 
in over seven years of product use. All field failures of the GE-MOV®II Varistor to date have been 
caused by misapplication or by exceeding the transient energy capability of the varistor. 

It is noted the mean life curves have a steep slope. This indicates a high activation energy. As 
operating temperature is decreased, the mean life increases rapidly. Also, as the voltage stress is 
lowered, life will increase as well. The maximum stress curve represents the worst-case condition 
-of a model at its lowest voltage limit operated at the maximum allowable rating. In usual practice, 
the median of a population of devices will operate closer to the 80% voltage stress curve. 

For some applications the circuit designer requires other stability information to assess the 
effects of time on circuit performance. Figures 8.2, 8.3, and 8.4 illustrat~ the stability of additional 
GE-MOV®II Varistor parameters when operated at maximum rated voltage and 100°C for 10,000 hours 
(:::=:: 1.15 years). The graphs indicate upper decile, median and lower decile response, furnishing useful 
design information on the stability of V N, standby power drain, and the nonlinear exponent (ex). 
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LONG TERMGE-MOV®II VARISTOR STABILITY 
AT HIGH TEMPERATURE AND MAXIMUM VOLTAGE 

SAMPLE SIZE n' 43 OPERATING LIFE: V' 130Vrmo AT TA' 10000C 

DEVICE TYPE: VI30LA 
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FIGURE 8.2: VOLTAGE STABILITY 
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FIGURE 8.3: NONLINEAR EXPONENT STABILITY 
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FIGURE 8.4: LEAKAGE STABILITY 
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8.3 DC BIAS RELIABILITY 

GE-MOV®JIVaristors are also applied across dc power lines where transient impulses may occur. 
This application is more frequent for the low voltage devices. The varistor is designed to have high 
reliability when the dc bias voltage is below V N where the current is on the order of microamperes and 
little average power is consumed. This operation is analogous to the ac bias condition. 

Varistors can operate reliably under power dissipation from intermittent transient pulses. 
Ratings are provided in the specifications for this type of service. Operation is not characterized for 
continuous power dissipation since transient applications generally do not require this capability. 
The stress under continuous power dissipation can be severe and its effects are· shown below for 
design guidance. 

8.3.1 DC Bias Voltage Tests 

The application of a con.stant dc voltage within device ratings to the GE-MOV®JI Varistor re­
sults in a low stress. A high degree of stability is desired, similar to the ac voltage bias, as the danger of 
increasing power dissipation with time exists. Life tests of GE-MOV®JI Varistors on constant dc 
voltage bias at accelerated test conditions have been conducted. Measurements indicate stability is at 
least comparable to the results of ac voltage tests. The data is illustrated in Figure 8.5. 

Failure criteria on this test is defined as a ± 10% shift in V N' No units exceeded this failure limit 
during the 3000-hour accelerated test. It should be noted that the polarity of parameter readout is the 
same as the polarity of the stress. 

SA~PLE S:ZE n = 30 I DC VOLTAGE LlF~: V = 56Vdc• TA = 125°C 
DEVICE TYPE: V68ZA 

75 

PERCENTILES 
90TH 

50TH 

65 10TH -

600 168 500 1000 2000 3000 
HOURS UNDER STRESS 

FIGURE 8.5: ACCELERATED DC VOLTAGE LIFE 

8.3.2 DC Power Tests 

Application of a constant current to the varistor results in nearly a constant power condition. 
In practice, a constant power life test can be implemented easily, using a current limiting resistor 
and a voltage source about twice VN • At significant power levels compared to the rating, the 
varistor bias is above VN (usually ImA). The long-term response is characterized by a continuing 
increase in leakage current, especially noticeable at low voltages. This is illustrated in Figure 8.6. 
The test is at a high stress compared to the normal application levels. The change in leakage causes 
VN to fall gradually with time. This is illustrated by Figures 8.7 and 8.9 showing VN vs. time. 

The response to dc power life may be put into further perspective by analysis of a series of 
accelerated temperature tests. These tests were run on low voltage products at stress temper~tures 
of 55°e, 100oe, 125°e, and 145°e. The change in low voltage leakage current was selected as the 
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4 

2 

most sensitive indicator of degradation and was plotted against time. Device end-of-life was defined 
at a leakage current limit of lOOIlA. The mean life results were found to be a good fit to the 
Arrhenius model as shown in Figure 8.8. Self-heating caused by device power dissipation was added 
to the ambient temperature of the test. This Arrhenius model can be used to predict mean life at 
normal operating temperatures by extrapolation of the curve. For example, at 55°C operating am­
bient, a mean life of 2,400,000 hours (271 years) continuous operation is projected. 
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FIGURE 8.7: ACCELERATED DC POWER LIFE. V. VARIATION 

With judicious derating to a modest power level, the varistor may be used at continuous power 
dissipation. on a dc line. These applications are limited and highly specialized as the device is in­
tended primarily for intermittent, transient service. 
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8.4 PULSE ENERGY CAPABILITY 

The ability of the GE-MOV®II Varistor to absorb large amounts of transient energy is the key 
to its utility. No other suppressor device combines equal performance with the same economic ad- I 

vantage~ Pulse energy is absorbed throughout the bulk of the device. The effect of pulse stress is to 
shift the low current end of the V-I characteristic as illustrated in Figure 8.9. With sufficient stress 
(unipolar) the curve. will become asymmetrical as shown in Figure 8.9(a). Other forms of electrical 
or temperature stress affect the low current region as well. The general response to most stress is 
a shift of the low current V-I segment to the right. That is the main reason for the consistent use of the 
failure definition as a change in V N of ± 10% . 

IIJ 
..J « 
~ FORWARD :=.;~VN:;" --. ... _-----g , ---=-,,' ,---
LaJ 
(!) 
<I: 

!:i 
o 
> 

........ " 
REVERSE 

CURRENT (LOGSCALE) 

(a) Unipolar Pulsa And de Stress Response 

LaJ 
..J 
« 
<) 
Ul 

<.!> 
o 
..J 

l&l 
(!) 

;: 
..J 
o 
> 

~-----./ 
4TlME 

CURRENT (LOG SCALE) 

(b) General Response To Stress With Time 

FIGURE 8.9: EFFECT OF STRESS WITH TIME ON V-I CHARACTERISTIC 

At voltages above V N, little change is observed in response to pulsing or other types of 
stress. The varistor will continue to provide adequate clamping protection after stressing, up to the 
point of catastrophic failure. At catastrophic failure the device exhibits a short-circuit punch­
through. It takes an extremely high energy pulse to cause this type of failure which is a melting of 
the ceramic body. More frequently, it is ac current from the power line that causes the pulse-weak­
ened device to go into thermal runaway. 

Voltage stability at several conditions of peak current, impulse duration, and temperature is 
Summarized in Figure 8.10 for the V130LA20A model. These results are typical of the excellent 
pulse capability observed in all sizes of devices. No significant difference is noted between 25°C 
and 75°C testing. 

124 



220 

MAX MAX MAX 
(/) MAX 

IMED 

e- X-X J 

x---f 0 / > ~X 
~ 200 

fteol 1 x~ED '" 
fEDi

x 
0 
z 

I > 

~N MIN MTN 1 
MIN 

180 
NO. OF PULSES 0 10 50 0 100 200 0 I 10 0 I 10 

PEAK AMPERES 25A 500A 2000A 2000A 

TEMPERATURE 25°C 25°C 25°C 75°C 

PULSE DURATION 10/ 1000 8/20 8/20 8/20 
(fL S ) 

FIGURE 8.10: TYPICAL PULSE TEST STABILITY, V130LA20A MODEL 

7mm 

Peak Current 5A 100A 400A 400A 1000A 

Temperature 25°C 25°C 25°C 75°C 25°C 

Waveshape 10 / 1000 8/20 8/20 8/20 8/20 
No. of Pulses 10 150 1001200 1 110** 1 110** 1 
No. Tested 10 10 10 10 10 10 10 10 10 
No. Failed* 0 0 0 0 0 

14mm 

Peak Current 25A 500A 2000A 2000A 4000A 

Temperature 25°C 25°C 25°C 75°C 25°C 
Waveshape 10 / 1000 8/20 8/20 8/20 8/20 
No. of Pulses 10 150 1001200 1 110** 1 110** 1 
No. Tested 10 10 10 10 10 10 10 10 10 
No. Failed* 0 0 0 0 0 

20mm 

Peak Current 50A 1000A 4000A 4000A 6500A 

Temperature 25°C 25°C 25°C 75°C 25° 

Wave shape 10/1000 8/20 8/20 8/20 8/20 

No. of Pulses 10 150 1 

I 
10 1 110** 1 110** 1 

No. Tested 10 10 10 10 10 10· 10 10 10 

No. Failed* 0 0 0 0 0 0 0 0 0 

*Catastrophic Failure Definition. 
I **Designates 5 times the rated value. 

FIGURE 8.11: V130LA PULSE CAPABILITY SUMMARY 
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Figure 8.11 provides further det,ails on the pulse current capability of the line voltage models 
for exponential pulses (reference Figure 3.18). This chart indicates how well units survived peak 
currents at rated levels of pulsing and at an over-rated condition of pulsing. 

Data defining energy withstand capability is presented in Figure 8.12 for the low voltage 
varistor (V68ZA types) and for the line voltage varistor (V130LA types). These curves show a 
statistical estimate of the energy to failure distribution. The distributions are shown on normal 
probability paper where the estimated percentiles of failure can be obtained. The surge test method 
uses a quasi-current source to apply a single surge of 8 / 20",s energy stress after which the rated 
continuous voltage is applied, 130V RMS for line voltage units and 40V RMS for low voltage devices. 
The failure mode was a catastrophic punch-through of the ceramic body occurring after the surge 
stress and during application of rated voltage. Thus, the immediate cause was thermal runaway on 
rated voltage induced by overheating from surge energy absorption. A post-test readout of non­
failed devices showed no significant degradation of V-I characteristics. 
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(a) Low Voltage Varistor (Type V68ZA) (b) Line Voltage Varistor (Type V130LA) 

FIGURE 8.12: PULSE ENERGY CAPABILITY TO SINGLE PULSE OF 8 x 201'S 

The distribution curves reflect the conservatism of the GE-MOV~II Varistor energy ratings. For 
example, 7mm and 14mm line voltage devices (V130LA types) are rated at 8J and 30J respec­
tively. Figure 8.12 indicates a statistical estimate at these ener~y levels of not more than I % of the 
population failing. 

Pulse energy testing also has been performed at 60 Hz for single cycle and ten cycle surges. 
This test simulates conditions possible in ac line applications, especially in crowbar circuits and 
when used in conjunction with spark gaps to enhance tum-off. In these tests the pulse energy appli­
cation is immediately followed by maximum rated ac voltage. The results also are presented on 
a normal probability graph as distributions of energy vs. percent failure. Figure 8.13 illustrates low 
voltage and line voltage varistor performance. 
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FIGURE 8.13: 60 Hz SURGE ENERGY CAPABILITY 

8.5 MECHANICAL RElIABILITY AND INTEGRITY 

The GE-MOV®II Varistor is constructed by encapsulating a solid piece of ceramic in a rugged, 
plastic body. This rugged construction, when subjected to the normal military standard mechanical 
tests, again illustrates the conservative design philosophy. Figure 8.14 tabulates the testing performed 
and typical results measured. No significant differences are noted between radial and axial devices or 
low voltage and line voltage types. It should also be noted that the plastic encapsulant complies with 
the flammability requirement of Underwriters Laboratories standard UlA92, superseded by UL141O. 

RESULTS 

MILITARY TEST 
(FAI LUR ES/SAMPLE) 

METHOD CONDITION 
TYPE OF PACKAGE 

RADIAL AXIAL 

Solderability MIL-STD-7 5 a 230°C, 5 Sec. Dip 0/15 0/25 
Method 2026.2 95% Wetting 

'Terminal Strength MIL-STD-750 3 Bends, 90° C Arc 0/15 0/25 
Method 2036.3 8 Oz. Weight 

Thermal Shock MIL-STD-202E -55°C to 85°C 0/25 0/25 
Method 107D 5 Cycle 

Mechanical Shock MIL-STD-7 5 a 1,500 g's a/50 0/25 
Method 20 16.2 5 Drops 

Xl'Yl'Zj 

Vibration, Variable MIL-STD-750 20 g's a/50 0/69 
Frequency Method 2056 100 - 2000 Hz 

Xj,Yj,Zl 

FIGURE 8.14: MECHANICAL TEST RESULTS ON GE-MOV®II VARISTOR PACKAGES 
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8.6 ENVIRONMENTAL AND STORAGE RELIABILITY 

The construction of the GE-MOV@II Varistor ensures stable characteristics over the wide variety 
of environments in which electronic equipment is stored, shipped, and operated. Stress.testing of the 
GE-MOV~II Varistor confirms the stability of low voltage and line voltage types subjected to high 
temperature storage and accelerated humidity stress. Figure 8.15 presents IOOO-hour stability life data 
at 125°e storage conditions. 

'" ~ o 
> 

75 

~ 70 

-$ . 

65 

SAMPLE SIZE n • 30 STORAGE LIFE: TA • 125"C 
PERCENTILES 

90TH 
DEVICE TYPE: V68ZA 2?0 

210 

PERCENTILES 50TH -- 90TH 

10TH 

50TH 

180 - 10TH 
STORAGE LIFE: TA ·125"C 
SAMPLE SIZE n • 45 

170 DEVICE TYPE: VI30Lj 

168 500 1000 o 168 500 1000 
HOURS UNDER STRESS HOURS UNDER STRESS 

(a) Low Voltage Varistors (b) Line Voltage Varistors 

FIGURE 8.15: ACCELERATED STORAGE LIFE 

Figure 8.16 illustrates WOO-hour stability life during accelerated humidity testing. Note that 
the low voltage varistor type has been subjected to two tests sequentially. The normal 40o e, 95% 
R.H., lOOO-hour test was followed by the very severe 85°C, 95% R.H. test. Excellent stability is 
observed through this combined testing sequence. 

75 

65 

SAMPLE SIZE n I. 30 

DEVICE TYPE: V68ZA 

I I 
t- HUMIDITY LIFE: HUMIDITY LIFE: 

40·C, 95% R.H. FOR 1000 HOURS 85·C, 95% R.H. FOR 1000 HOURS 

90TH ,1 

50TH 
-if -

II-- 10TH 

PERCENTILES --
168 500 1000 1000 

HOURS UNDER STRESS 

(a) Low Voltage Varistors 

'" ... 

220 

210 

<5 200 
> 
z 
j 190 

180 

170 

90TH 

~ -
50TH 

10TH 

~ 
PjRCENTILES 

HUMIDITY LIFE: 40.c,195% R.H 
SAMPLE SIZE n· 55 
DEVICE TYPE: VI30LA

1 

o 168 500 
HOURS UNDER STRESS 

(b) Line Voltage Varistors 

FIGURE 8.16: ACCELERATED HUMIDITY LIFE 
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8.7 SAFETY 

The GE-MOV@IIVaristor maybe used in systems where personnel safety or equipment hazard 
is involved. All components, Including this semiconductor device, have the potential of failing or 
degrading in ways whiCh could impair the proper operation of such systems. W~ll-known circuit 
techniques are available to protect against the effects of such occurrences. Examples of these tech­
niques include fusing and self-checking. Fault analysis of any systems where safety is in question 
is recommended. Potential device reaction to various environmental factors has been discussed 
throughout this section. These and any other environmental factors should be analyzed in all cir­
cuit designs. 

Should the varistor be subjected to surge currents and energy levels in excess of maximum rat­
ings, it may physically f~il by package rupture or expUlsion of material. It is recommended that 
protective fusing be used as described in Chapter 4. If not fused, the varistor should be located 
away from other components or be l'hysically shielded from them. 

GE-MOV@II Varistors have received listing under an Underwriters Laboratories standard for 
"Across-The-Line Components," UL E56529, and "Component - Transient Voltage Surge Suppres­
sors," UL E75961. 

If the system analysis indicates the need for a maximum degree of reliability, it is recommended 
that General Electric be contacted for a customized reliability program. 

It is stressed that most GE-MOV@II Varistor parameter and reliability testing requires the use of 
voltages of a magnitude that is hazardous. When GE-MOV@II Varistor testing is contemplated, 
provisions must be made to insure personnel safety. 

129 



Notes 



GE-MOV®II METAL OXIDE VARISTORS FOR 
TRANSIENT VOLTAGE PROTECTION: 

SPECIFICATIONS 
GE-MOV®II is the latest result in metal oxide varistor technology, offering a significantly higher 

energy capability and an improved voltage clamping characteristic. 

GE-MOV®II Varistors are voltage dependent, symmetrical, metal oxide semiconductor devices 
which perform similary to back-to-back zener diodes in circuit protectiol).. Their characteristics enable 
them to protect against high transient voltage spikes (when properly selected) to meet anticipated loads. 
When the protected equipment or circuit encounters high voltage spikes, the varistor impedance 
changes from a very high standby value to a very low conducting value, thus clamping the transient 
voltage to a protective level. The excess energy of the incoming high voltage pulse is absorbed by the 
GE-MOV®II Varistor, protecting voltage sensitive components against damage. 

The protection afforded by the GE-MOV®II Varistors not only guards expensive and voltage 
sensitive equipment from physical damage, but also provides increased reliability in components that 
can encounter temporary functional failure from transient voltage of lower amplitude. 

FEATURES 

• Wide Voltage/Energy Range • Excellent Clamp Ratio • Fast Response Time • Low Standby 
Power. No Follow-On Current. UL Recognized 

Special Products for Special Applications 

MA Series 

• Axial Package 

• Wide Voltage Range 
• Automatic Insertion 

ri! ~ 
• Radial Package 
• Low Voltage Operation 

f'f! ~ 
• Radial Package 
• Line Voltage Operation 

P Series 

--- HE Series 
• UL Recognized 

B, 0 Series 

• Rigid Mountdown 
• NEMA Creep and Strike Distance • Isolated Baseplate 

• Quick Connect Terminal • NEMA Creep and Strike Distance 

• UL Recognized • Rigid Terminals • Bell Package 

Due to our continuing program of 
product improvement, specifications 
are subject to change without notice. 

• Low Inductance 
• UL Recognized 

Hi Reliability Series 

• 100 % Prescreened 
• 100 % Process Conditioning 

• Meets Military Specifications 
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• High Energy Capability 

• Rigid Terminals 

• Isolated 
• Low Inductance 
• Improved Creep and Strike 



CONCEPTS OF TRANSIENT VOLTAGE PROTECTION 

Varistor characteristics are measured at high current and energy levels of necessity with an inpulse 
waveform. Shown below is the ANSI STD C62.1 waveshape, an exponentially decaying waveform 
representative of lightning surges, and the discharge of stored energy in reactive circuits. 

Based on industry practices, the 8 / 20p,scurrent wave (8p,s rise and 20p,s to 50% decay of peak 
value) is used as a-standard for current (ITM) and clamp voltage (V c) ratings shown in the specification 
tables and curves. Ratings for other waves of different decay times are shown specifically on the pulse 
life derating curves. 

For the energy rating (W TM), a longer duration waveform of 10 / 1000p,s is used. This condition is 
more representative of the high energy surges usually experienced from inductive discharge of motors 
and transformers. GE-MOV®II Varistors are rated for a maximum pulse energy surge that results in a 
varistor voltage (V N) shift of less than ± (10 % + 1 V) of initial value. 

To determine the energy absorbed in a varistor the following equation applies: 

where I is the peak current applied, V c is the clamp voltage which results, T is the pulse width and K 
is a contant. K values are 1.0 for a retangular wave, 1.4 for a 10 /lOOOp,s wave, and 1.0 for a 8/ 20p,s 
wave. 

100Vldiv. 

10Aldiv. 

10tJS/div. 

8/20!,-s Test Wave.lp·315V 
V130LA10A 

100 1 ----
90 ----- I 

~ I 
Ww I 
~3 I 
~~ I 
~~ ~ -----1-------
f-w I 
ffi~ I 
~o I 
~ I I 
CJ VIRTUAL START OF WAVE: 

I 

SOURCE: ANSI 
STD. C62.1-1975 

Peak Current Test Impulse Wave 
S/-ts front duration I 20/-ts (impulse duration) 

except as noted. 

Note that the rated energy (W TM) and the energy absorbed in a varistor may not be identical. A 
specimen with lower clamping voltage will absorb less energy. This effect tends to be greatest at rated 
peak current (ITM) with an 8 / 20p,s wave. 

It is important to note, as demonstrated by the above equation, that poorer varistors must absorb 
higher energy levels than the better performance varistors with lower clamp voltages, yet they actually 
provi~e less over-voltage protection. For that reason, energy ratings based on an 8/ 20p,s pulse tend to 
overstate varistor capability. The 10 / 1000p,s waveform consequently gives a more realistic energy 
rating value. 
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SPEED OF RESPONSE 

The measured response time of a varistor is influenced by lead configuration and length. In a 
typical application, the response time is shorter than the inductive lead effect. In a coaxial configura­
tion, a response time much less than one nanosecond has been shown. See figure 3.18, page 53,54. 

DEFINITIONS 

TERM DEFINITION 

DC VOLTAGE. V m(dc) Maximum allowable steady state dc applied voltage. DC standby current, ID = 20l'A typical, 200l'A 
maximum at TA = 25°C, except VI8ZA to V36ZA 20mm size: ID = 200l'A (TYP), 3mA max. 

RMS VOLTAGE. Maximum allowable steady state sinusoidal voltage (RMS) at 50-60Hz. If a non sinusoidal waveform is 

Vm(ac) applied, the recurrent peak voltage should be limited to H 1 V m(ac)' 

ENERGY, W tm Maximum allowable energy for a single impulse of 10 1 lOOOl's current waveform. Energy rating based 
on a V N shift of less than ± 10%, ± 1 V of initial value. 

PEAK CURRENT. I tm Maximum allowable peak current for a single impulse of 8 1201's waveform with rated continuous 
voltage applied. See pulse lifetime rating curves for other conditions. 

VARISTOR Varistor peak terminal voltage measured with a specified current applied. For dc conditions, 1mA is 
VOLTAGE. V N1dc) applied for a duration of 20ms to 5s. For ac conditions ImA peak 60Hz wave is applied. 

CLAMPING Maximum terminal voltage measured with an applied 8 1201's impulse of a given peak current. See V-I 

VOLTAGE. Vc curves and table for product ratings of clamping voltage over the allowable range of peak impulse 
current. 

CAPACITANCE Typical values measured at a test frequency of 0.1 to 1.0MHz. Maximum capacitance is two times the 
typical value measured at 1MHz. 

VARISTOR SAFETY PRECAUTIONS 

Should the varistor be subjected to surge currents and energy levels in excess of maximum rat­
ings, it may physically fail by package rupture or expulsion of material. It is recommended that pro­
tective fusing be used as described in the Transient Voltage Suppression Manual, Chapter Four. If not 

. fused, the varistor should be located away from other components or be physically shielded from 
them. 
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VARISTOR PRODUCTFAMILYSELECTION GUIDE 

Peak 
Maximum Steady State Applied Voltage 

Pull. Energy 
Current (Joule.) 
(AmpI) 

40-100 07-1 7 

100-4500 .4-35 

800-6500 7-360 

6500 70-250 

20,000- 200-
40,000 1050 

1500~ 
70,000 

10,000 

SERIES MA 

Operating Ambient -55 to 

Temperature +75°e 

Storage Temperature 
-55 to 

+ 150°C 

HiPot Encapsulation, Volts dc 
1000 

For 1 Minute 

Voltage Temperature 
Coefficient -0.03%/oe 

Insulation Resistance (MOl > 1000 

*8ase Plate Temperature. 
Solderability: Per mil std 202E, method 20Se_ 

100 

90 

80 

70 

60 

SO 

40 

30 

20 

" \ v Z SERIES 

"'" ~ 
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\ M' 
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\ \"- MA SERIES 

,.-

i,\ \ ~ 
\ l\ ~ 
1\\ I'-. 

'\ '" 10 
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L P 
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+85°e +85°e* 
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2500 NA 

-0.05%/oe -0.05%/oe 

> 1000 NA 

SAMPLE T~PE V22ZA3 

DIIC Sizel 
Packagel 

3mm 

32mm 40mm 

... a 
60mm • 

HE B,D 

-40 -55 to 
+85°e +75°e 
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+ 125°C + 125°C 

2500 NA 
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NA NA 
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Current, Power, Energy Rating 
vs. Temperature 

-,5 
,01 ,1 10 

CURRENT (MILLIAMPERES) 

100 
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HOW TO SELECT A GE-MOV®II VARISTOR 

To select the correct GE-MOV® II Varistor for a specific application, determine the following 
information: 

1. What is system RMS or dc voltage? 

A. Phase to Ground _____ _ 

B. Phase to Phase _____ _ 

2. How will the GE-MOV®II Varistor be connected? 

A. Phase to Ground _____ _ 

B. Phase to Phase _____ _ 

3. Calculate required varistor voltage at 10-25 % above system RMS or dc voltage. 

A. V Phase to Ground X 1.1 = ______ _ 

B. V Phase to Phase X 1. 1 = ______ _ 

The maximum continuous RMSor dc varistor voltage should be equal to or greater than either 3A or 
3B. This maximum continuous RMS or dc varistor voltage can be found in the rating and 
characteristic tables V m(ac) or V m(dc)' 

4. Selecting the correct varistor volt­
age is reasonably straightforward, 
but selecting the proper energy 
rating is more difficult and nor­
mally presents a certain degree of 
uncertainty. Choosing the highest 
energy rating available is expe­
dient, but usually not cost effec­
tive. 

As economic considerations enter 
the selection process, the worst 
case size of the transient, the 
frequency of occurrence, and the 
life expectancy of the equipment 
to be protected Cannot be ignored. 

ANSI/IEEE C62.41-1980 ad­
dresses these considerations and 
the reprint on page 21 gives the 
background and the environment 
description of this standard. From 
ANSI/IEEE C62.41-1980 it be­
comes evident that the equipment 
or component to be protected is not 
as important as the location in the 
electrical system. ANSI/IEEE 
C62.41-1980 divides the electrical 
distribution system into 3 location 
categories. Figure 1 defines these 
location categories in detail. 

A B c 

A. Outlets and Long Branch Circuits 
All outlets at more than 10m (30 

ft) from Category B with wires 
#14-10 

All outlets at more than 20m (60 
ft) from Category C with wires 
#14-10 

B. Major Feeders and Short Branch 
Circuits 
Distribution panel devices 
Bus and feeder systems in 

industrial plants 
Heavy appliance outlets with 

"short" connections to the 
service entrance 

lighting systems in commercial 
buildings 

C. Outside and Service Entrance 
Service drop from pole to 

building entrance 
Run between meter and 

distribution panel 
Overhead line to detached 

buildings 
Underground lines to well pumpfl 

FIGURE 1. LOCATION CATEGORIES 
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TABLE 1. SURGE VOLTAGES AND CURRENTS DEEMED TO REPRESENT THE INDOOR 
ENVIRONMENT AND RECOMMENDED FOR USE IN DESIGNING PROTECTIVE SYSTEMS 

COMPARABLE 
IMPULSE TYPE ENERGY(JOULES) 

LOCATION 
TO IEC 664 OF SPECIMEN OEPOSITEO IN A SUPPRESSOR.'" 

CATEGORY 
CATEGORY MEDIUM EXPOSURE OR LOAD WITH CLAMPING VOLTAGE OF 

WAVEFORM 
AMPLITUDE CIRCUIT 500V 1000V 

A. Long branch (120V System) (240V System) 
circuits and II O,SI-'S - 100kHz 6kV High impedance(l) - -
outlets 200A Low impedance(2), 0.8 1.6 

B. Major feeders 1.2/S0l-'s 6kV High impedance") - -
short branch III 8/2Ol-'s 3kA Low impedance<2l 40 80 
circuits, and 
load center O.SI-'S - 100kHz 6kV High impedance(!) - -

SOOA Low impedance 2 4 

Notes: (1) For high-impedance test specimens or load circuits, the voltage shown represents the surge voltage. In 
making simulation tests, use that value for the open-circuit voltage of the test generator. 

(2) For low-impedance test specimens or load circuits, the current shown represents the discharge current of the 
surge (not the short-circuit current of the power system). In making simulation tests, use that current for the 
short-circuit current of the test generator. 

(3) Other suppressors which have different clamping voltages would receive different energy levels. 

Table 1 shows the open-circuit voltage and short-circuit current of the transients which can be 
expected at location A and B. 

The GE-MOV®II Varistor selected must first survive the worst case transient (see "Medium 
Exposure Amplitude" in Table 1) and, secondly, clamp the maximum open-circuit voltages to levels 
which will not damage equipment or components in the system to be protected. 

5. Select proper location category, A or B. 

6. Determine worst case transient current and voltage from Table 1. 

7. Knowing the maximum continuous RMS or dc varistor voltage (from 3), determine maximum 
clamping voltage from V -I curve for the device selected using the worst case transient current found 
in 6. 

8. Does this clamping voltage provide the required protection level? If not, repeat Step 7 using a higher 
energy-rated device. If this process proves to be ineffective, consult your local General Electric sales 
office for assistance. 

9. In many cases the source of the transient is known. The transient energy can be calculated, and 
maximum clamping voltage can be determined from the V-I characteristic since the maximum pulse 
current or source impedance is known. Examples of these calculations can be found in the Transient 
Voltage Suppression Manual, Chapter 4. 
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GE-MOl/®1I Metal Oxide Varistors 
For Transient Voltage Protection 

MA Series, Axial 
Lead Style; 3 mm 

RATINGS AND CHARACTERISTICS TABLE: . 
MASERIES . 

MAXIMUM RATINGS (25°C) CHARACTERISTICS 

CONTINUOUS TRANSIENT MAXIMUM 

PEAK 
VARISTOR CLAMPING 

TYPICAL 
MODEL DC RMS ENERGY VOLTAGE VOLTAGE. 
NuMBER VOLTAGE VOLTAGE (10 /10001'1) 

CURRENT 
@ 1.0mA Ve@lp=2A 

CAPACITANCE 
(8/201'11 

DC (8/201'11 

V .. (del Vmllel W,. I'lm CURRENT TEST Ve f = 0.1·1MHz 

VOLTS VOLTS 
JOULES 

AMPERES MIN. V.(do) MAX. VOLTS PICOFARADS (WATT-SEC) 

V18MA1B 14 10 0.07 40 15.0 18 21.0 44 550 
V22MA1B 18 14 0.10 40 19.0 22 26.0 51 410 
V27MA1B 22 17 0.11 40 24.0 27 31.0 59 370 
v33MAiA 23 18 0.13 40 26.0 33 40.0 73 300 
V33MA1B 26 20 0.15 29.5 36.5 67 
V39MA2A 28 22 0.16 40 31.0 39 47.0 86 250 
V39MA2B 31 25 0.18 35.0 43.0 79 
V47MA2A 34 27 0.19 40 37.0 47 57.0 99 210 
V41MA2B 38 30 0.21 42.0 52.0 90 
V51MA2A 40 32 0.23 40 44.0 56 68.0 117 180 

." V51MA2K 45 35 0.25 50.0 62.0 108 
Vl8MA3A 48 38 0.26 40 54.0 68 82.0 138 150 
VlaMAaB 56 40 0.30 61.0 75.0 127 
V82M~3A 60 45 0.33 40 65.0 82 99.0 163 120 
V82MA3B . 66 50 0.37 73.0 91.0 150 
V100M,A4A 72 57 0.40 40 80.0 100 120.0 200 100 
V1ooMA4B 81 60 0.45 90.0 110.0 185 
V120lVlA1A 97 72 0.40. 100 102.0 120 138.0 220 40 
V12oMA2B 101 75 0.50 108.0 132.0 205 
V150MA1A 121 88 .0.50 100 127.0 150 173.0 255 32 
V15OMA2B 127 92 0.60 135.0 165.0 240 
V1BoMA1A 144 105 0.60 100 153.0 180 207.0 310 27 
V180MA3B 152 110 0.70 162.0 198.0 290 

V22o"A2~ 181 132. 0.80 100 187.0 220 253.0 380 21 
V22oMA4B 191 138 0.90 198.0 .' 242.0 360 
V27dMA2A 224 163 0.90 100 229.0 270 311.0 460 17 
V27oMA4B 235 171 1.0 243.6 297.0 440 
V33DMA2A 257 188 1.0 100 280.0 330 380.0 570 14 
V33OMA5B 274 200 1.1 297.0 363.0 540 
V39OMA3A 322 234 1.2 100 331.0 390 449.0 670 12 
V311oMA6B 334 242 1.3 351.0 429.0 640 
V43OMA3A 349 ,253 1.5 100 365.0 430 495.0 740 11 
V43OMA7B 365 264 1.7 387.0 473.0 700 

NOTE: Power dissipatiorl of transients not to exceed 200 milliwatts. 
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GE-MOV®II Metal Oxide Varistors 
for Transient Voltage Protection 

RATINGS AND CHARACTERISTICS TABLE: 
Z SERIES 

MAXIMUM RATINGS (25°CI 

CONTINUOUS TRANSIENT 
VARISTOR 

MODEL VOLTAGE 

Z Series, Radial 
Lead Style; 7, 10, 14,20 mm 

T ~,~ 
NOTE: Power dissipation of transients not t. 

exceed 0.25, 0.4, 0.6, 1.0 watts for 
sizes 7, 10, 14 and 20mm respectively 

CHARACTERISTICS 

MAXIMUM 
CLAMPING 
VOLTAGE, 

SIZE PEAK @1.OmADC Ve@TEST 
MODEL DlA. DEVICE RMS DC ENERGY CURRENT 
NUMBER (mml MARKING VOLTAGE VOLTAGE (10/1000 !LsI (8/20 !LsI 

Vrh1ac) Vmldcl Wtm 'tm MIN. 

VOLTS VOLTS JOULES AMPERES VOLTS 

VBZAI 7 08Z1 4 5.5 .4 100 6 
V8ZA2 10 08Z2 4 5.5 .8 250 6 

V12ZAI 7 12Z1 6 8 .6 250 9 
V12ZA2 10 12Z2 6 8 1.2 250 9 

Vl8ZA1 7 18Z1 10 14 0.8 250 14.4 
V18ZA2 10 18Z2 1.5 500 
Vl8ZA3 14 18Z3 3.5 1000 
V18ZA40 20 18Z40 80.0· 2000 

V22ZA1 7 22Z1 14 18t 0.9 250 18.7 
V22ZA2 10 22Z2 2.0 500 
V22ZA3 14 22Z3 4.0 1000 

V24ZA50 20 24Z50 14 18:j: 100.0· 2000 19.2 

V27ZA1 7 27Z1 17 22 1.0 250 23.0 
V27ZA4 14 27Z4 5.0 1000 
V27ZA60 20 27Z60 22 120.0· 2000 

V33ZA1 7 33Z1 20 26 1.2 250 29.5 
V33ZA5 14 33Z5 6.0 1000 
V33ZA70 20 33Z70 21 27 150.0· 2000 

V36ZA80 20 36z80 23 31 160.0· 2000 32.0 

V39ZAI 7 39Z1 25 31 1.5 250 35.0 
V39ZA6 14 39Z6 7.2 1000 

V47ZAI 7 47Z1 30 38 1.8 250 42.0 
V47ZA7 14 47Z7 8.8 1000 

V56ZA2 7 56Z2 35 45 2.3 250 50.0 
V56ZA8 14 56Z8 10.0 1000 

V68ZA2 7 68Z2 40 56 3.0 250 61.0 
V68ZA10 14 68ZIO 13.0 1000 

V82ZA2 7 82Z2 50 66 4.0 250 74.0 
V82ZA12 14 82Z12 15.0 1000 

Vl00zA3 7 100Z 60 81 5.0 250 90.0 
V100ZA15 14 100Z15 20.0 1000 

V12OZA1 7 120Z 75 102 6.0 1200 108.0 
V12OZA6 14 120Z6 22.0 4500 

V150ZAI 7 150Z 95 127 8.0 1200 135.0 
V 15ozA8 14 150Z8 30.0 4500 

V180ZAI 7 1'80Z I 15 153 10.0 1200 162.0 
Vl8OZA10 14 180ZIO 35.0 4500 .. 

·Energy raling for impulse duralion of. .~O milliseconds minimum (() one half of peak current value. 
t IOmA dc lesl current. 
:j:Also raled (() wilhsland24V for 5 minules. 138 

TEST CURRENT TYPICAL 
CURRENT (8/20 !LsI CAPACITANCE 

VN1dC) MAX. Ve Ip f = 0.1-1 MHz 

VOLTS VOLTS VOLTS AMPS PICOFARADS 

8.2 II 22 5 4500 
8.2 II 20 5 12000 

12 16 34 5 3000 
12 16 30 5 7500 

18 21.6 42 5 2500 
39 5 6000 
39 10 12000 

18t 37 20 25000 

22 26.0 47 5 2000 
43 5 5000 
43 10 10000 

24t 26.0 43 20 20000 

27 31.1 57 5 1700 
53 10 8500 

27t 50 20 18000 

33 36.5 68 5 1400 
64 10 7000 

33t 58 20 15000 

36t 40.0 63 20 12000 

39 43.0 79 5 1200 
76 10 6000 

47 52.0 92 5 1000 
89 10 5000 

56 62.0 107 5 800 
103 10 4000 

68 75.0 127 5 700 
123 10 3500 

82 91.0 152 5 600 
147 10 3000 

100 110.0 180 5 500 
175 10 2500 

120 132.0 205 10 200 
210 50 1200 

150 165.0 250 10 170 
255 50 1000 

180 198.0 295 10 140 
300 50 800 



GE-MOV®II Metal Oxide Varistors 
for Transient Voltage Protection 

LA Series, Radial 
Lead Style; 7,10,14,20 mm 

T ~,~ 
RATINGS AND CHARACTERISTICS TABLE: 

Series L Varistors are listed 
under UL file #E75961 and 
E56529 as a recognized 
component. 

L SERIES 

MAXIMUM RATINGS (2S0 CI CHARACTERISTICS 

CONTINUOUS TRANSIENT MAXIMUM 
VARISTOR CLAMPING 

MODEL VOLTAGE VOLTAGE, 
SIZE PEAK @ 1.0mA DC Vc@TEST 

MODEL DIA. DEVICE RMS DC ENERGY CURRENT TEST CURRENT TYPICAL 
NUMBER (mml ,.,ARKING VOLTAGE VOLTAGE (10/1000 /lsI (8120/ls1 CURRENT 18120/lsl CAPACITANCE 

Vmllcl Vmldcl Wlm 11m MIN. VNldCI MAX. Vc Ip f = 0.1·1 MHz 

VOLTS VOLTS JOULES AMPERES VOLTS VOLTS VOLTS VOLTS AMPS PICOFARADS 

V130lA2 7 1302 130 175 11 1200 184 200 228 340 10 180 
V13OlA5 10 1305 20 2500 228 340 25 500 
V130lA1OA 14 130LlO 38 4500 228 340 50 1000 
V13OlA2OA 20 130L20 70 6500 228 :HO 100 1900 
V130lA2OB 20 130L20B 70 6500 220 .'>25 100 1900 

V14OlA2 7 1402 140 180 12 1200 198 220 242 360 10 160 
V14OlA5 10 1405 22 2500 242 360 25 480 
V14OlA1OA 14 140LlO 42 4500' 242 .'>60 50 900 

V15OlA2 7 1502 150 200 13 1200 212 240 268 395 10 150 
V15OlA5 10 1505 25 2500 268 395 25 400 
V15OlAl0A 14 150LlO 45 4500 268 395 50 800 
VI5OlA20A 20 150L20 80 6500 268 .'>95 100 1600 
V15OlA2OB 20 150L20B 80 6500 243 .'>60 100 1600 

V 175LA2 7 1752 175 225 15 1200 247 270 303 455 10 130 
V175LA10A 14 175LlO 55 4500 303 455 50 700 

V23OlA4 7 2304 230 .'>00 20 1200 .'>24 360 396 595 10 120 
V23OlA20A 14 230L20 70 4500 396 595 50 600 

V25OlA4 7 2504 250 330 21 1200 354 390 429 650 10 110 
V25OlAl0 10 250L 40 2500 429 650 25 250 
V25OlA2OA 14 250L20 72 4500 429 650 50 500 
V25OlA4OA 20 250L40 130 6500 429 650 100 1000 
V25OlA4OB 20 250L40B 130 6500 41.'> 620 100 1000 

V275LA4 7 2754 275 369 23 1200 389 430 473 710 10 100 
V275LAla 10 275L 45 2500 473 710 25 230 
V275LA2OA 14 275L20 75 4500 473 710 50 450 
V275LA4OA 20 275L40 140 6500 473 710 100 900 
V275LA4OB 20 27SL40B 140 6500 453 680 100 900 

V3OOLA4 7 3004 305 405 25 1200 420 470 517 775 10 90 

V320lA2OA 14 320L20 320 420 90 4500 462 510 565 850 50 380 
V320lA4OB 20 320L40 160 6500 540 810 100 750 

V42OLA10 10 420L 420 560 45 2500 612 680 748 1120 25 220 
V420lA2OA 14 420L20 90 4500 610 748 1120 50 500 
V42OLA4OB 20 420L40 160 6500 610 720 1060 100 1000 

V48OlA4OA 14 480L40 480 640 105 4500 670 750 825 1240 50 450 
V48OlABOB 20 480L80 180 6500 790 1160 100 900 

V510lA4OA 14 510L40 510 675 110 4500 7)5 820 910 1350 50 400 
V510lABOB 20 510L80 190 6500 860 1280 100 800 

V575LA4OA 14 575L40 575 730 120 4500 805 910 1000 1500 50 370 
V575LABOB 20 575L80 220 6500 960 1410 100 750 

V1000lA1OA 14 1000L80 1000 1200 220 4500 1425 1690 1800 2700 50 200 
V1000lA 1608 20 ~000Ll60 ~O 6500 1650 2420 100 400 

NOTE: Power dissipation of transients not to exceed 0.25, 139 
0.4,0.6,1.0 watts for sizes 7, 10, 14 and 20mm respectively. 



GE-MOV®II Metal Oxide Varistors 
For :rransient Voltage Protection 

P Series; Base 
Mount Style; 20 mm ---HE Serles,Base 
Mount Style; 32 mm .. 

RATINGS AND CHARACTERISTICS TABLE: 
, I' 

P/HE SERIES 

Series P/HE Varistors are listed under UL file #E75961 as a UL recognized component. 

MAXIMUM RATINGS (25°C) CHARACTERISTICS 

CONTINUOUS TRANSIENT MAXIMUM 
VARISTOR CLA,MPING 

TYPICAL 
MODEL 

RMS DC ENERGY 
PEAK VOLTAGE VOLTAGE,., 

CAPACI· 
NUMBER 

VOLTAGE VOLTAGE (10 I 1ooop,s) 
CURRENT @ 1mA DC Vc @ TEST 

TANCE 
(8 120p,s) TEST CURRENT 

CURRENT (8 J 2op,s) 

vm1ac) Vmldc) Wtm Itm MIN. Vlldel MAX* Vc p f = o.1·1MHz 

VOLTS VOLTS JoULES AMPERES VOLTS VOLTS VOLTS VOLTS AMPS PICOFARADS 

V130PA20A 130 175 70 6,500 184 200 243 360 100 2400 
V130PA20C 220 325 100 
V130HE150 200 20,000 228 365 300 4700 

V150PA20A 150 200 80 6,500 212 240 284 420 100 2000 
V150PA20C 243 360 100 
V150HE150 220 20,000 268 425 300 4000 

V250PA40A 250 330 130 6,500 354 390 453 675 100 1200 
V250PA40C 413 620 100 
V250HE250 330 20,000 429 690 300 2500 

V275PA40A 275 369 140 6,500 389 430 494 740 100 1100 
V275PA40C 453 680 100 
V275HE250 360 20,000 473 760 300 2250 

V320PA40A 320 420 160 6,500 462 510 565 850 100 1000 
V320PA40C 540 800 100 
V320HE300 390 20,000 539 860 300 1900 

V420PA40A 420 560 160 6,500 610 680 790 1160 100 1200 
V420PA40C 690 1050 100 
V420HE400 400 25,000 748 1200 300 3000 

V480PA80A 480 640 180 6,500 670 750 860 1280 100 1100 
V480PA80C 790 1160 100 -

V480HE450 450 25,000 824 1320 300 2700 

V510PA80A 510 675 190 6,500 735 820 963 1410 100 1000 
V510PA80C 860 1280 100 
V510HE500 500 25,000 910 1450 300 2400 

V575PA80A 575 730 220 6,500 805 910 1050 1560 100 900 
V575PA80C 960 1410 100 
V575HE550 550 25,000 1005 1600 300 2200 

V660PA100A 660 850 250 6,500 940 1050 1210 1820 100 800 
V660PA100C 1100 1650 100 
V660HE600 600 25,000 1160 1850 300 1900 

V750HE700 750 970 700 25,000 1080 1200 1320 2100 300 1700 

*With 50-60Hz ac test, the maximum voltage for ImA peak current is 5% higher. 
NOTE: Average power dissipation of transients not to exceed 1.0-1.5 watts for PA/HE Series Varistors. 
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-MOV®II Metal Oxide Varistors 
Transient Voltage Protection 

~TINGS AND CHARACTERISTICS TABLE 
B SERIES 

ERIES 
MAXIMUM RATINGS 125°CI 

CONTINUOUS TRANSIENT 

o Series 
Package 
40mm 

B Series 
Package 
60 mm 

CHARACTERISTICS 

PEAK VARISTOR VOLTAGE 

MAXIMUM 
CLAMPING 
VOL TAGE. 

DDEl RMS DC ENERGY CURRENT @l1.0rnADC Vc@200AMPS 
MBER VOLTAGE VOLTAGE lID IIOOO!A1 IB I 20 !AI 

V m(ae) Vm(de) Wtm Itm MIN. 

VOLTS VOLTS JOULES AMPERES VOLTS 

11 DA40 130 175 270 30,000 184 
i1DA40 150 200 300 30,000 212 
i 1 DA40 250 330 370 30,000 354 
'1DA40 275 369 400 30,000 389 
!1DA40 320 420 460 30,000 462 
!1 DA40 420 560 600 40,000 610 
11 DA40 480 640 650 40,000 670 
11DA40 510 675 700 40,000 735 
"DA40 575 730 770 40,000 805 
~1 DA40 660 850 900 40,000 940 
51DA40 750 970 1050 40,000 1080 

Average power dissipation of transients not to exceed 2.0 watts. 

;ERIES 
MAXIMUM RATINGS 125°CI 

CONTINUOUS TRANSIENT 

PEAK 
MODEL RMS DC ENERGY CURRENT 
lUMBER VOLTAGE VOLTAGE 11 0 II OOO!AI 18 I 20 !AI 

V m(ae) V m(de) Wtm Itm MIN. 

VOLTS VOLTS JOULES AMPERES VOLTS 

J21BA60 420 560 1500 70,000 610 

181BA60 480 640 1600 70,000 670 

511BA60 510 675 1800 70,000 735 

57tBA60 575 730 2100 70,000 805 

661 BA60 660 850 2300 70,000 940 

75tBA60 750 970 2600 70,000 1080 

881 BA60 880 1150 3200 70,000 1290 

112BA60 1100 1400 3800 70,000 1620 

142B860 1400 1750 5000 70,000 2020 

172BB60 1700 2150 6000 70,000 2500 

2028860 2000 2500 7500 70,000 2970 

2428860 2400 3000 8600 70,000 3510 

2828860 2800 3500 10,000 70,000 4230 

I 50-60 Hz AC test. the maximum voltage for 1 mA peak current is 5% higher. 

rE: 1. Average power dissipation of transients not to exceed 2.5 watts. 
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CURRENT 18 I 20 !AI 

VN\dcl MAX." Vc 

VOLTS VOLTS VOLTS 

200 228 360 
240 268 420 
390 429 660 
430 473 730 
510 539 830 
680 748 1160 
750 825 1270 
820 910 1400 
910 1000 1550 

1050 1160 1780 
1200 1320 2040 

CHARACTERISTICS 

MAXIMUM 
CLAMPING 

VARISTOR VOLTAGE VOL TAGE. 
@l1.0rnADC Vc@200AMPS 

CURRENT 18 I 20 !AI 

VN\dcl MAX." Vc 

VOLTS VOLTS VOLTS 

680 748 1140 
750 825 1250 
820 910 1370 
910 1000 1530 

1050 1160 1750 
1200 1320 2000 
1500 1650 2500 
1800 2060 3100 
2200 2550 390Q 
2700 3030 4500 
3300 3630 5500 
3900 4290 6600 
4700 5170 7800 

TYPICAL 
CAPACI· 
TANCE 

f=O.1·1MH2 
PICOFARADS 

10,000 
9000 
5000 
4500 
3600 
3000 
2500 
2400 
2200 
2000 I 

1800 I 

-

TYPICAL 
CAPACI· 
TANCE 

f=O.1·1MH2 

PICOfARADS 

6000 

5100 
4700 
4300 
3900 
3300 
2700 
2200 
1800 
1500 
1200 
1000 
800 



GE-MOV®II Metal Oxide Varistors 
for Transient Voltage Protection 

STANDBY POWER DISSIPATION - B SERIES 
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GE-MOY®II Metal Oxide Varistors 
for Transient Voltage Protection 

TRANSIENT V-I CHARACTERISTICS: 
MASERIES 
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T. = -55 TO 75°C 
MAXIMUM CLAMPING VOLTAGE. 
120 VDC & HIGHER VN 

A SELECTION 
I 

V390MA3A 
V430MA3A ~ 
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T. = -55 TO 75°C 
20 MAXIMUM CLAMPING VOLTAGE, 

18 to 100 VDC VN 
B SELECTION 
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GE-MOV®II Metal Oxide Varistors 
for Transient Voltage Protection 

TRANSIENT V-I CHARACTERISTICS: 
Z SERIES (cont'd) 
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GE-MOV®II Metal Oxide Varistors 
for Transient Voltage Protection 

TRANSIENT V-I CHARACTERISTICS: 
L SERIES (cont'd) 
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GE-MOV®II Metal Oxide Varistors 
for Transient Vol tag, Protection 

TRANSIENT V-I CHARACTERISTICS: 
P SERIES 
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HE SERIES 
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D SERIES 
T A =-55 TO 75°C 
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GE-MOV®II Metal Oxide Varistors 
for Transient Voltage Protection 

*PULSE RATINGS: 
MA SERIES 

50 

'" V18MA1B THRU Vl00MA4A B w 
20 a< 

w 
A-

I PULSE ::E 10 
C 

2 I 
I- 10 Z w 
a< 'a' a< 
j 
\,) 10' 
w 
'" 0.5 oJ 10' j 
A-

" 0.2 10' C 
W 
A-

0.1 10' C 
W 

~ 0.05 
a< 

0.02 

100~---------r-------r------~----------r-------' 

'" w V120MA 1 A/2B THRU V430MA3A/7B 
a< 
w 
A- 40~~----~~------r-----~~--------r-----~ 
::E 

" I 
l-
Z w 
a< 
a< 
j 
\,) 

w 
'" oJ 
j 
A-

" C 
w 
A-
C 
w 0.4 1---------+-------1 
I-
C 
a< 0.2 1---------+-----1 

0.1 L-________ ..L. ______ .l..-______ L-________ ..L. ____ --l 

20 50 100 200 500 1000 20 50 100 200 500 1000 

IMPULSE DURATION - lIS 

Z SERIES 

'" w 
a< w 
A-
::E 
C 
I 

I-
Z w 
a< 
a< 
j 
\,) 

w 
'" oJ 

i 
" " W 
A-
D 
w 
I-

" a< 

0.1 
20 50 100 200 

IMPULSE DURATION - lIS 

'" 500 w 
a< w 
A-
::E 200 C 
I 

I- 100 
Z 
w 
a< 50 a< 
j 
\,) 

w 20 
'" oJ 
j 
A-

" 
10 

C 
w 5 A-

D 
III 

~ 
a< 

20 100 2UO 500 1000 2000 

IMPULSE DURATION - lIS 

*See note on page 149 

500 1000 

5000 10.000 

::l 
a< 
w 
A-

~ 
I 

I­
Z 
w 
a< 

IMPULSE DURATION - lIS 

200~~;:~::::t=::=+::::::t=~V:8~ZA2~~T:H:R~U~V:,~00:ZA::3~~ 
f-"'''''=::,...... ..... ''''''.::--t---+---t-- MODEL SIZE 7 AND 10mm 

!i 1 0 p._::--+-""",~ 
\,) 

147 

I--=-'~ 70.~~~~~~~~~~~~~~~±--~ 

10' 
2~~=_+1~~~~~~~~~~~~~~~~~~ 

0.2 L-_--IL-_.l.-_..L-__ -L-_-1..._--L __ --L._--I 

20 50 

20 50 

100 200 1000 2000 5000 10.000 

IMPULSE DURATION - lIS 

Vl8ZA40 THRU V38ZA80 
MODEL SIZE 20mm 

20,000 100,000 
100 200 500 1000 2000' 5000 10.000 50.000 

IMPULSE DURATION - /4 



GE-MOV®JI Metal Oxide Varistors 
for Transient Voltage Protection 

* PULSE RATINGS: 
Z SERIES (cont'd) 
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GE-MOV®II Metal Oxide Varistors 
for Transient Voltage Protection 

* PULSE RATINGS: 
L SERIES (cont'd) 
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P SERIES 
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GE-MOV®II Metal Oxide Varistors 
for Transient Voltage Protection 

MECHANICAL AND ENVIRONMENTAL TESTING: 
HIGH RELIABILITY SERIES 

The High Reliability GE-MOV®II Varistor is the latest step in increased product performance. 
Applications requiring guaranteed quality in extreme ambients can now be served. The new series of 
varistors are 100 % prescreened and process conditioned to meet stringent mechanical and electrical . 
requirements. 

100% PRESCREEN 

Pre-encapsulation Inspection Visual Inspection of Lead Frame and Disc Prior to Coating 

Electrical Iu VN(dc)' Vc(8x20J,ts) 

Final Inspection Coating Integrity, Leads, Marking, Outline 

100% PROCESS CONDITIONING 

TEST NAME [TEST METHODi(Mll-STD-750 DESCRIPTION 

High Temperature Life Method 1032.1 125°C, 24 Hr. Bake 

Thermal Shock Method 1051.1 Air-Air; - 55°C to 125°C, 5 Cycles 
Constant Acceleration Method 2006 20,000 G, ZI 

Humidity Life No Equivalent 85°C, 85% RH, 168 Hr. Exposure 
Burn-In Method 1038, Cond B 96 Hr., 85°C, Rated V m(ac) 

Post Burn-In Screen No Equivalent Vn(d<) and Vc Screen; 10% PDA 

Visual Inspection Method 2071 Encapsulation, Marking, Outline, Leads 

QUALITY ASSURANCE TESTS AFTER PROCESSING CONDITIONING 

• Electrical (Bi-Directional), V.(de), Vc 0.1 % AQL LEVEL II 
0.65% AQL LEVEL I 
1.0% AQL LEVEL S-4 
1.0% AQL LEVEL S-4 

• Dielectric BV (MIL-STD 202-301) 
• Capacitance @ IMHz 
• Solderability (Non Activated) 

ADDITIONAL CAPABILITIES 

TEST NAME \T~ST METHOD(Mll-STD~750) DESCRIPTION 

Terminal Strength Method 2036.3 3 Bends; 90° Arc; 16 oz. Weight 
Shock Method 2016.2 1500 G's; .5 ms; 5 pulses; XI' VI> ZI 
Variable Frequency 
Vibration Method 2056 20 G's; 100-2000Hz; XI' YI, ZI 

Salt Atmosphere Method 1041 35°C; 24 Hr.; 10-50 G/M2/Day 
Soldering Heat Method 2031 260°C; 10 Sec.; 3 Cycles; Test 
Resistance to Solvents MIL-202E, Method 215 Marking Permanence; 3 Solvents 
Flammability MIL-202E, Method n lA 15 Sec. Torching; 10 Sec. to Flame Out 

Note: High reliability varistors are rated to withstand a low temperature storage of - 65°C. 

Please contact your local General Electric Sales Office for any specific high reliability requirement or for 
types presently available. 
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GE-MOV@II Metal Oxide Varistors 
for Transient Voltage Protection 

OUTLINES AND DIMENSIONS: 
MA SERIES 

Z AND L SERIES 

10. 14,20mm 
Models 
.81 ± .05 
(.032 ± .002) 

7mmModeis 
.635 ± .05 
(.025 ± .002) 

'il MM 
(.039) 

:j:±l.5MM 
(0.59) 

AVAILABLE LEAD STYLE CHANGES 

S~t,rmlj m~ . 
.~ 3.55(0.140) 

L ± 1.14 (.045) 
25.4 

(1.00) 
MIN. 

t Crimped 
Lead 

T TRIM 

Crimped and 
Trimmed Lead 

Tape and Reel-

*for Tape and Reel availability and specifications, Contact Factory. 
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SYMBOL 
M1WMETERS INCHES 

MIN. MAX. MIN. MAX. 

cf>b .60 .83 0.024 .033 
cf>D 3.43 3.68 .135 .145 
G 8.01 8.50 .315 .335 
L 26.0 29.0 1.03 1.14 

Typical Weight· O.35g. 

Dimensions: MM PN.) 

SYMBOL 
VARISTOR MODEL SIZE 

7MM lOMM 14MM 20MM 

A (MAX)t 
11.7 16.0 18.9 25.5 

(0.461 ) (0.630) (0.744) (1.01) 

8.7 12.5 16.4 22.5 
cf>D(MAX) 

(0.343) (0.492) (0.646) (0.886) 

e±IMM 5.0 7.5 7.5 7.5 
(.039) , (.197) (0.296) (0.2%) (0.2%) 

Typ. Weight 
0.5 1.2 2 ~ (g) 

VARISTOR MODEL 

V8ZA- V68ZA -
SYMBOL V56ZA Vl00ZA V421lA 

Vl20ZA - Vl30LA -
V57ftA Vl000LA 

Vl80ZA V321lA 

el • 2.0 • 2.5 :j:4.0 :j:7 .3 
(,079) (.098) (.157) (,287) 

E (MAX) 5.0 5.6 7.3 10.8 
(.197) (.220) (.287) (.425) 

Dimension A: MM (IN.) 

SYMBOL 
VARISTOR MooEL SIZE 

7MM lOMM 14MM 20MM 
A (MAX) 15,0 19.5 22.5 29.0 

, <.591 ) (.768) (.890) (1.140) 

tFor Models V420LA-V1000LA, A(MAX) for 10, 14, 20MM 

is 17.0(.669), 20.0(.787), 28.0(1.10) respectively. 



GE-MOV®II Metal Oxide Varistors 
for Transient Voltage Protection 

NOTES: 
1. Tab is designed to fit 'I." quick connect terminal. 
2. Case temperature is measured at Tc on top surface of 

base [plate. 
3. H, (I30-150VRMS devices) 

H, (250-320V RMS devices) 
H, (420-660VRMS devices) 

4. Electrical connection: top terminal and base plate. 
5. Typical weight - l00g. 

HE SERIES 

r~, .. -

NOlA (TYP) 

~~~:1 I" P--.-I 

K:I I-

SYMBOL 
INCHES MILLIMETERS 

NOTES 
MIN. NOM. MAX. MIN. NOM. MAX. 

A .57 14.3 
b .26 6.6 1 
b2 .16 4.1 
b3 .13 3.2 
B .51 12.9 
C .26 6.5 
0 2.61 66.2 

C/>O, 1.32 33.5 
E .44 11.2 
F .30 7.7 
h .03 .04 .8 .9 
H, 1.01 23.2 25.5 3 
H2 1.12 24.6 28.3 3 
H3 1.29 26.3 32.6 3 
J .32 8.1 

c/>p .22 .24 5.8 6.0 
Q 1.99 2.00 2.01 50.6 50.8 51.0 
S .76 19.2 
T .04 1.0 

c/>T .11 2.8 
Tc .13 3.2 2 

DIMENSION MILLIMETERS INCHES 

A 61 MAX. 2.40 MAX. 
B 41. MAX. 1.60 MAX. 
C, 44.45 ± .75 1.75 ± .03 
0 25.40 ± .75 1.00 ± .03 
E 16.5 NOM. .65 NOM. 
F 3.2 NOM. .13 NOM. 
G 23 MAX. .91 MAX. 
H 41 MAX. 1.60 MAX. 
J 13 NOM. .51 NOM. 
K 1.6 NOM. .06 NOM. 
L 6.4 NOM. .25 NOM: 
M '6.4NOM. .25 NOM. 
N sA NOM. .21 NOM. 
P 40.5 NOM. 1.6 NOM. 

Typical Weight .. , ........... ' ....................... l00g. 

Mil1imum Strike and Creep Distance 
Terminal to Terminal ........................... 1.4 in. 

(3.5 em.) 
Terminal to Baseplate .......................... 0.80 in. 

(2.0 em.) 
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GE-MOV@II Meta. Oxide Varistors 
for Transient Voltage Protection 

OUTLINE DIMENSIONS: MM(IN) . 
BSER'ES . / 

o SERIES 

PACKAGE B SERIES TYPE 

i40mmll.5811 
I 

4.3mm =::::'== 
(.1701 f 

i 

TYPICAL WEIGHT: BOg. 

153 

I 
I 

~ I 
I 

, 

! 

I 
I 

I 
: 

" , 
I 

ALL MAXIMUM DIMENSIONS 
EXCEPT WHERE NOTED; 

95mm 
(3.741 

-79mm MAX 

(3.111 

Typical Weight: BA-250g. 
BB-600g. 

ALL MAXIMUM DIMENSIONS 
EXCEPT WHERE' NOTED. 

Typical weight: 6ag. 



GE-MOV®II Metal Oxide Varistors 
for Transient Voltage Protection 

SUGGESTED MOUNTING OF THE P SERIES VARISTOR . ~ . 

j- j. '4--#10_32 PAN HEAD . ~ d . 7 SCREW 

1"" ,. \ ++--#10 FLAT WASHER 

THERMAL I I ~VARISTOR 
GREASE~ I , 

LAYER ,-:. ::.::=-_-:;=+-MOUNTING SURFACE 

+-- LOCK WASHER 

+--#10-32 NUT 

Typical Non-Isolated Mounting 

~: ~ .--#6-32 x %" LG. 
~ m' SCREW 

I I 

TERMINAL [t..~ i.--#6 FLAT WASHER 
\\" Q. UICK----III- . +--PHENOLIC SHOULDER 

CONNECT _. . WASHER 
I \ .--SPACER 

. II . II 4---'-VARISTOR 
(1) THERMAL~ 

G.REASE ==:;::.====. =!==.::>+-MICA INSULATOR (2) 
LAYER .. I ;=' 

,
. _-:.::.::=-_-_- . +-MOUNTINGSURFACE 
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4--- LOCK WASHER 

4---#6-32 NUT 

Typical Isolated Mounting 

NOTE&: 
(1) GE G623, Dow Coming, DC3, 4, 340, or 640 Thennal 

Grease is recommended for best heat transfer. 

(2) lOOO-volt isolation kit containing the following parts can be 
ordered by part #A7811055. 

(l)MICAinsulation I" /3.1" /.005" thick. 
(2) #6-32 / 3/4 screw. 
(2) #6 flat washer. 
(2) Phenolic shoulder washer. 
(2), #6 intemt\l tooth lock washer. 
(2) #6-32 nut. 
(1) '14" quick connect tenninal. 
(1) Spacer. 



ACBias 119 Current, Derating 63,64 
AC-DC Difference 104 Current, Peak Rating 62,63 
Across-The-Line Components 112 Current Ratings 109 
Accelerated Humidity Life 128 DC Bias 122 
Accelerated Storage Life 128 DC Power Life 123 

Accelerated Testing 120,122,123,128 DC Standby Current 107 
Acceleration Testing 112 Degradation 123 
AC Power Lines, Transients 13 Degradation, Semiconductot 16 
Activation Energy 120 Detection of Transients 18,113 
Air Gaps 17 Detector, R. F. Noise 78 

Alpha 52 Delay Time, Gas Tube 34 
Alpha Stability 121 Dielectric Breakdown 17 
Alternator Field Decay 15,95 Disc Diameter 48 
ANSI 116 Disc Thickness 44,45 
ANSI Standard 19,30,86,116,117,139 Dissipation Factor 108 
Applications, Automotive 95 Dynamic Resistance 52,53 
Applications, Crowbar 84 Electromechanical Contacts 11,12 
Application Examples 71-86,91-93,96-100 Electrical Characteristics 50,51,52 
Applications, Motor Control 73 Electromechanical Switching 16 
Applications, Motor Protection 81-84 Electronic Ignition 97 
Applications, Noise Reduction 78 EMP 13 
Applications, Power Supply 71,72 Energy Conservation 18 
Applications, Relays 75-77 Energy Calculations 61,62 
Arcing 75 Energy, Inductive 10,11 
Arcing, Switch 11 Energy, Pulse 124 

Arrhenius Models 120,123,124 Energy Pulse Testing 110 
Assurance Tests 109 Energy Rating 61,109,110,126 
Asymmetrical Polarity 104 Energy, Stored 10,15 
Automotive Ignition 105,106 Energy Withstand 126 
Automotive Test Waveforms 96 Energy, 60 HzSurge 127 

Automotive Transients 15,95 Encapsulation 48 
.Avalanche Diodes 35 Engine Shutdown 16 
Branch Circuits 27,28 Engineering Evaluation y 101 
Break-In Stabilization 104 Environment, Automotive 95 
Building Locations 26 Environmental Testi'ng 127,150 
Buried Cable 87,88 Environmental Reliability 128 
Cable Plant 87 Epoxy 48 
Cable Shield 87 Equipment, Test 114 
Cable, Suspended 88 Examples, Applications 71-86,91-93,96-100 
Cable Transients 89 Failure Definition 120,124 

Capacitor Clamping 76 Failure, Insulation 17 
Capacitance, Stray 11 Failure Modes 66 
Capacitance, Varistor 47,51 Failure, Semiconductor 16 
Carbon Blocks 34,89 Fault Conditions 11 
Carbonization 17 FCC Standard 116,117 
Catastrophic Failure 124 Field Decay 96 
Ceramic Structure 43,44,45 Field Failures 120 
Channeling 16 Field Maintenance 102 
Characteristics, Electrical 50,51,52 Field Testing 102 
Characteristic Measurement 113 Filters 32 
Characteristics Table 59 Fire Retardant 112,127 
Circuit Models, Varistors 50,51 Flame Test 112,127 
Clamp Ratio 65 Flashover 13,17 
Clamp Voltage Measurements 105 Follow Current 34 
Clamping 32 Fuse Clearing 66 
Clamping Voltage 64 Fuse Selection 66 
Clearing Time 68 Fusing, Varistor 66,129 
Comparison of Suppressors 36 Gas Tubes 34 
Conservation, Power 18 Gas Tube Protector 90 
-Construction, Varistor 48 GE-MOV Varistor Properties 43,44,45 

Contacts 16 Grain Structure 43,44 
Contact Arcing 75-77 Ground Currents 87 
Contact Bounce 11,17 Ground Potential Rise 91 
Contact Bouncing 76 Hazardous Voltage 129 
Contact Welding 16 High Energy 39 

Continuous Power Dissipation 111 High Reliability 150 
Coupling, Mutual 15,96 Humidity Life 128 
Creepage Specifications 17 Idle Power 37 
Crowbar, Power Supply 84 IEEE Standard 116 
Crowbar Type Suppressors 31,34 IEC Standard 17,19,28 
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Ignition, Electronic 99 PNJunction 16 
Impedance, Source 32,117,118 Power Circuits lAC) 21 
Impulse Generators 113 Power Circuits lAC), Source Impedance 1.5 
Incoming Inspection 102 Power Circuits lAC), Waveforms 15 
Inductance, leads 53 Power Contact 91 
Induction Motor 82 Power Cross 91 
Inductive load Switching 16 Power Derating Curve 64 
Inductive loads, Transistor Switching 79 Power Dissipation 63 
Inductive Switching 75 Power, Follow 34 
Induction Motor 82 Power Induction 91 
Impulse Waveform 15 Power line lAC) Transients 13 
In-Rush Current 32 Power Savings 18 
Instrumentation, Detection 113,115 Power Supply Crowbar 84 
Insulation 17 Power Supply Protection 71,72 
Ionization 18 Power, Standby 37 
12t 67 Product Series V /1 Curves 143-146 
Jump Starts 15 Product Series Pulse Rating Curves 147-149 
Junction 44,45 Primary Protection 91 
Kettering Ignition 99 Product Family Guide 65 
lead Inductance 53,105 Product Ratings and Characteristics 137-141 
lead length 106 Product Qualification 102 
leakage Current 123 Proof Tests 38 
leakage Region 50-51 Prospective Current 68 
life, DC Power 123 Pulse Current Testing 110 
life, Humidity 128 Pulse Current Waveform 57 
life, Storage 128 Pulse Energy 124,126 
life Testing 109,112 Pulse Generator 114 
lifetime Current Rating 63 Pulse Rating 63,80,81 
line Voltage Varistor 119 Pulse Rating Curves 147,148,149 
lightning 15,67 Pulse Test Stability 125 
lightning Strikes 87 Punch-Through 124 
lightning Transients 90 QuaHfcation Testing 102' 
load Dump 95,96,97 Quality Control 119 
load line 64 Random Transients 13 
location Categories 27 Rate Effect 53-54 
loop Area 106 Rating, Assurance 109 
low Voltage Varistor 39 Ratings, Current vs Temperature 64 
Magnetizing Current 10 Rating, Energy 61,126 
Matching Characteristics 70 Rating, Peak Current 62,63 
Measurement, Capacitance 108 Rating, Power Dissipation 110,1,11 
Measurement, Clamp Voltage 105 Rating Table 59 
Measurement of Characteristics 103 RCNetwork 77 
Measurement of Varistor Voltage 103 RC Network, Snubber 32 
Mechanical Reliability and Integrity 127 REA Standard 116 
Mechanical Shock 127 Relay 11 
Mechanical and Environmental Testing 127,150 Relay Switching 76 
Measuring Transients 113,115 Reliability 14,119 
Metal Oxide Properties 35,36,44,45 Reliability, AC Bias 119,120 
Model, Equivalent Circuit-Varistors 50,51 Reliability, DC Bias 122 
Model Number 58 Reliability, DC Power 122 
Model, Reliability 124 Reliability, Environmental 128 
Motor Control 73 Reliability, Mechanical 127 
Motor Protection 81,82,83 Reliability, Model 124 
Mutual Coupling 15,96 Reliability, Storage 128 
Noise Contacts 18 Resistance, Dynamic 52 
Noise Detection 78 Resistance, Static 53 
Noise Generation 18 Response Time 51,52,133 
Noise Simulator 78 Restrike 11 
Noise Suppression 78 RFI Filter 72 
Nomenclature 60 SAE Test Circuits 96 
Non-linear Resistors 35,36,44 Safety 129,133 
Operation Theory 46 Saving Power 18 
Oscilloscope 18 Secondary Protection 90 
Outline & Dimensions 151-154 Selection Guide 65,86 
Overshoot Effect 55,105,106,107 Selenium Suppressors 34 
Package Material Expulsion 129 Semiconductor Degradation 16 
Package Rupture 67,129 Semiconductors, Transient Effects 16 
Package Type 48,49 Seriesing Varistors 69,70,71 
Paralleling Varistors 69,70,71 Service Entrance 24 
Peak Current Rating 62,109 Shielding, Physical 129 
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Shock Testing 150 Transformer 9,73 
Short Circuit 124 Transformer, Magnetizing Current 10 
Silicon Carbide 35 Transients, AC Power Lines 13 
Soak Time 103 Transient!?, Automobile 15 
Solenoid Driver 77 Transients, Cable 89 
Solderability 150 Transient Control level 15,116 
Solderability, Reliability 127 Transient Detection 18 
Source Impedance 32,117,118 Transient Effects 16 
Source Impedance, AC Power Circuits 15 Transient Environment 21-30 
Spark Gaps 34 Transient Measurements 113,115 
Speed of Response 53,54,133 Transient Power 110 
Stability, long-Term 121 Transient Standards 19 
Stability, Pulse Test 125 Transient, Switching 9 
Standards, Transients 19 Transient Testing 19 
Standby Power 37 Transients, Random 12 
Starting Currents 83 Transients,Repeatable 9 
Static Resistance, Varistor 53 Transients, Telecommunication 15 
Storage Life 128 TV Receiver 72 
Storage Oscilloscope 18 Ul Recognition 112,127,129 
Storage Reliability 128 Ul Standards 112,127 
Stored Energy 10 Upturn Region 50,53,70 
Stored Energy, Motor 82 Varistor 35 
Stress levels 119 Varistor Capacitance 47,51 
Suppression Devices 31 Varistor Terms 56 
Suppressors, Avalanche Diodes 35 Varistor Circuit Model 50 
Suppressors Comparison 36 Varistor Construction 48 
Suppressor, Selenium 34 Varistor Degradation 102 
Suppressor, Zener 34,35 Varistor Failure 129 
Surge Energy (60 Hz) Capability 127 Varistor Fusing 66,129 
Surge Impedances 89 Varistor Matching 70 
Surge Testing 110 Varistors, Metal Oxide 35,43 
Suspended Cable 88 Varistor Rating 109 
SWC 15 Varistor Reliability 119 
SWC Standard 117 Varistor Selection 59,65,73,77;86 
Switch Arcing 11 Varistor Series (MA) 137 
Switching, Contacts 75 Varistor Series (Z) 138 
Switching, Inductive loads 75 Varistor Series (l) 139 
Switching, Transformer 10 Varistor Series (PA,HE) 140 
Symbols, Varistor 55-56,57 Varistor Series (D,8) 141 
TCl 15,117 Varistor Shielding 129 
Telecommunications 87 Varistor Stability 121 
Telecommunication Line Transients 15 Varistor Symbols. 56,57 
Telephone Lines 15 Varistor Terminology 55 
Temperature Coefficient 52 Varistor Test System 113 
Temperature Dependence 107 Varistor Testing 101 
Temperature Derating 64 Varistor Voltage Measurement 103 
Temperature Effects 51 Varistor Voltage Ratings 83 
Terminal Strength 127 Varistor Voltage, VN(dcl 45 
Terminology 55 Vibration 127 
Test Circuit 78 Vibration Fatigue 150 
Test Equipment 113,114,115 Vibration Variable 150 
Testing 38,39 Volt-Ampere Characteristics 31,36 
Testing, Clamp Voltage 104 Volt-Time Curves 37,38 
Testing, Current 107 Volt-Time Response 34 
Testing, Current Surge 110 Voltage Clamping 64 
Testing, Environmental t27,150 Voltage Dependent Device 43 
Testing, In-Field 102 Voltage, Hazardous 129 
Testing, Mechanical 150 Voltage Rating 59,109 
Testing, Pulse Energy 110 Waveform, Test 57 
Test System 114 Zener Suppressors 35 
Testing, Transient Power 110 Zinc Oxide 43 
Testing, Transients 19 
Testing, Varistors 101 
Test Objectives 101 
Test Waves 115 
Test Waveform 57 
Thermal Runaway 63,66 
Thevein Equivalent Circuit 62 
Thermal Shock 127 
Transmission Lines 87 
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ALABAMA 
Huntsville 35801 
Holiday Office Center 
3322 S. Memorial Parkway 
Suite 17 
(205) 837-0411 

ARIZONA 
Phoenix 85016 
5320 North 16th St. 
(602)241-7224 

CALIFORNIA 
San Diego 92138 

. P.O. Box 85014 
(714) 565-4114 

Santa Monica 90405 
342d Ocean Park Blvd. 
Suite 1000 
(213) 450-0353 

Palo Alto 94304 
1801 Page Mill Rd. 
Suite 223 
(415) 493-2600 

COLORADO 
Deriver 80201 
201 University Blvd. 
Mailing Address: 
P.O. Box 2331,80201 
(303) 320-3031 

CONNECTICUT 
Meriden 06450 
1 Prestige Dr. 
Mailing Address: 
P.O. Box 910,06450 
(203) 238-6894 

FLORIDA 
Palm Beach Gardens 33410 
10800 N. Military Trail 
Suite 207 
(305) 622-8823 

GEORGIA 
Atlanta 30341 
1835 Savoy Dr. 
Suite 215 
(404) 458-8401 

ILLINOIS 
Des Plaines 60018 
2860 S. River Road 
Suite 400 
(312) 827-9100 

UNITED STATES OF AMERICA 

INDIANA 
Ft. Wayne 46805 
Lakeside 1 Office Bldg. 
Suite 225 
2200 Lake Ave. 
(219) 422-8551 

Indianapolis 46268 
6321 Lapas Trail 
P.O. Box 68543 
(317) 298-5317 

MARYLAND 
Columbia 21046 
Appliance Park East - Bldg. 1 
(301) 992-7250 

MASSACHUSETTS 
West Lynn 01910 
40 Federal St., Bldg. 20 
(617) 594-7270 

MICHIGAN 
Southfield 48034 
25900 Telegraph Rd. 
(313) 356-8000 

MINNESOTA 
Minneapolis 55435 
4600 W. 77th St. 
Suite 201 
(612) 835-2550 

MISSOURI 
st. Lou is 63132 
1530 Fairview Ave. 
(314) 997-8437 

NEW JERSEY 
Fairfield 07006 ' 
420 Route 46 
(201) 227-6050 

NEW YORK 
Albany 12205 
11 Computer Dr., W. 
(518) 454-2576 

Jericho 11753 
400 Jericho Tnpk. 
(516) 681-0900 

Rochester 14618 
130 Aliens Creek Rd. 
Room 101 
(716) 422-3230 

Syracuse 13221 
Bldg. 1 , Room 223 
Electronics Pk. 
(315) 456~3421 

162 

NORTH CAROLINA 
Charlotte 28234 
700 Tuckaseegee Rd. 
P.O. Box 34396 
(919) 379-8474 

Greensbciro 27408 
2105 Enterpri$e Rd. 
Mailing Address: 
P.O. Box 9476,27408 
(919) 379-8474 

OHIO. 
Cleveland 44132 
26250 Euclid Ave. 
(216) 266-2900 

Dayton 45439 
3430 S. Dixie Hwy. 
Mailing Address: 
P.O. Box 2143 
Kettering Branch 45429 
(513) 297-3287 

PENNSYLVANIA 
(Philadelphia) 
Wayne 19087 
999 Old Eagle School Rd. 
(215) 964-2991 
Pittsburgh 15220 
3 Parkway Center 
Room 304 
(412) 921-4134 

TEXAS 
Dallas 75234 
14673 Midway Rd. 
Suite 117 
(214) 661-8582 

Houston 77210 
7100 Regency Square 
Suite 128 - Box 4367 
(713) 978-4347 

VIRGINIA 
Charlottesville 22901 
1843Seminole Trail 
(804) 978-5040 

. WASHINGTON 
Seattle 98188 
112 Andover Park, E. 
P.O. Box 88850 
(206) 575-2865 

WISCONSIN 
Milwaukee 53202 
615 E. Michigan St. 
(414) 226-1625 
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