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Reliability of Semiconductor Devices in High Electric Field
H. HicucHL* M. MAEDA,* K. YAMAUCHI* and N. TAKAHASHI*
(Received May 8, 1990)

This paper describes the reliability and an evaluation method of semiconductor devices on
printed board level of electronic systems in high electric field. An evaluation method of the
reliability were theoretically developed and experimentally confirmed by computer simulation.
The result show that destructively electric field of semiconductor devices in electronic systems
are in excess of the order of 103 V/mm which will damage bipolar Schottky type logic devices.
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Fig. 1 Evaluation in high electric field.
(a) Evaluation model.
() Electrically equivalent circuit.
(¢) An example of discharge current wave-
form 7#2(¢) for parameters {C1=100 pF,
C2=35pF, Ri=5kQ, Re=30mQ, L=
1¢H, Vi=5kV}.
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Fig. 2 Reliability in high electric field.
(@ Evaluation circuit.
) Electrically equivalent circuit.
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Table 1 Technology of sample device.

Sample Design Device Process

device rule (#m) technology technology
74800 5~ 8 Bipolar Schottky TTL P+ Isolation
TAF00 2~ 5 Bipolar Schottky TTL Oxide Isolation
74C00 7~10 C-MOS Metal Gate
74HC00 2~ 4 HC-MOS Silicon Gate
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Table 2 Electrical parameter for evaluation circuit in high electric field.

gg‘;gz{; of Symbol Value Parameter
Parameter of 74F00 Vze :25V Breakdown voltage (reverse region)
Rzr :0.6Q Saturation resistance (reverse region)
Vzr :0.6V Breakdown voltage (forward region)
Rzr :1.2Q Saturation resistance (forward region)
Parameter of parasite C1 1 150 pF Parasitic capacitance between electrode and ground.
Ce 1 25 pF Parasitic capacitance between package and ground.
L1 :1pH Parasitic inductance between electrode and package.
R1 15.1kQ Parasitic resistance between electrode and ground.
Le 1.2 peH Inductance of 74F00 ground wire.
Re 120 mQ Resistance of 74F00 ground wire.
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Computer simulation of 74F00 evaluation
circuit in high electric field.
(@) Voltage waveform.
() Breakdown current waveform.
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