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Response Characteristic Analysis of ZnO Varistors by the Conductive E1 Pulse
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Absract: This work presents the response characteristics of a ZnO varistor to conductive EMP. An E1 pulse, standardized
to MIL-STD-188-125-1, was applied to the varistors wherein the residual current and response times were measured with
the applied E1 pulse current. Additionally, the response time was measured according to the length of the connection path.
Consequently, the amplitude of the residual voltage through the ZnO varistors was increased with increasing amplitude
of the applied E1 pulse current. As the length of the connection path increased, the operating response time and residual
peak voltage also increased. These results indicate that the response characteristics of ZnO varistors can be applied to
basic data to support the use of varistors as a protective measure against conductive EMP.
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Teble 1 Definition of conducted HEMP waveform in Mil-Sd-183-125-1. cT
PCl Dummy
Classification E1l E2 E3 Generator Load(500)
Rise time <20 ns <1 us < 02s
Varistor
FWHM 500~550 ns 3~5 ms 20~25 s
Amplitude 2,500 A 250 A 1,000 A 1
X 100 = Ky 1(6™ =)
Ir - i = Peai Current Fig. 2. Experimental set-up.
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Fig. 3. The output waveform of PCl generator.

Table 2. Specification of varistors.

Varistor

Classification 1

Varistor Varistor Varistor
2 3 4

Maximum clamping volt
VC a 200 A current
(8/20 ps)

595 VvV

1,110 V 1,700 V 2,420 V

Varistor voltage a 1 mA

DC test current 824 v

6435V 990V 1425V

Typical capacitance

f=1 MHz 1,100 pF

560 pF 380 pF 250 pF

Disc Dia. (mm) 20

20 20 20
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Fig. 4. The varistors used in test.
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Fig. 6. Waveforms of the input pulse current and résidual
voltage at 800 A.
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Table 3. The response time and residual peak voltage with change
of connection path length.

Classification 0 cm 30 cm 60 cm
Response time [ng] 6.2 6.5 85
Residual peak voltage [kV] 6.31 10.31 11.69
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