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It is desirable to simulate electrostatic discharge (ESD) tolerance and immunity of electronics and semiconductor devices in
advance because this pre-test method will achieve shortening of the development period and reduction of development cost.
In this paper, we proposed and examined the simulation method for system-level ESD using ESD source model, transmission

line model, and ESD protection circuit model on the existent circuit simulator. In this experiment, we targeted the voltage
waveforms at input signal pin of the D-F/F IC on the test PCB when the ESD stress is injected to the signal line on the PCB.
We acquired the ESD source model of an ESD-gun which reflects real ESD characteristics and the electrical transmission line
model using s-parameters measured by vector network analyzer. In addition, we tested the ESD stress simulation by

combining these models in the RF electrical circuit simulator.

From the comparison of the measured and simulated voltage waveforms, we found that shape, peak voltage, and duration of
ESD stress’s voltage waveform at the integrated circuit (IC) input pin were successfully simulated by these modeling and
simulation method. From these results, it is found that the proposed simulation method can simulate system-level ESD stress

if the characteristics of the ESD protection circuit can measure.
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Fig. 1 Structure of the simulation method.
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Fig.2 Measured discharge current waveform of the ESD-gun and
the IEC61000-4-2 standard waveform.
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Fig. 6 Circuit structure for the ESD stress simulation on the circuit simulator.

25

20
% 15
i L4l
i %,
5
o T T T T T h i
o 50 100 150 200 250 300
IRt [ns]
(a) FEHWETE
»s o
20
.
H
e

0 50 100 150 200 250 300
IEE] [ns]
() =Tz l— PR

7 FERRIEE I 2 L— ML O
Fig. 7 Comparison of the measured and simulated
voltage waveform.

O — 7 (Tektronix TDP-1000, #7381 GHz, ZEBEjAJIHETE
£ V) FRHWCENLLEBEREE, YI2b—vavy
THEONIEEREZRT.

M7 LYy, BEBBEOMBICINAT, SBLE—-Y—72
DOEEM (F25V) R, R BEE—7OBEME 3
10V), 55 OFERH (1 200ns) HIZIZFEBTETEY,
WEMTIIYI2L—varHFRI LR D &b,
51— 7 EGEORSEMEY I 2L — MEESREL A
S>TBY, WEEET VORISR RERIC L FEL
TWwWaEEZLNA.

%P, SHOFHIERTNIZBWTER 70— 7O/ERA
DEEWIZIND 5 72012, ESD 7~ OHNTEE % +300
V CEBREIT5 72, +2kV TETY ¥ 7 L7 EEE
FND BT LR E o7, 2, ESD F Y D%
ISP R 3R ), BIESELL THEE
TR S D REFL L Tt E2x 55,

5.2 ESDfR#EMEEE & L THMRIEZ AV 5E

B 812, 7/3NA AD ESD {RiEMIFEDEAME R Z, A+
—ReA 7 5Ly 7 TR S N — %Y 7 SRl
FERERCE 7B 7R . =28, 2O ESD IRk
DOEMAIEE O L 5y, CRorofEid, SRIMEWZIC 128
\F B BARI R DA 22 7200, 3 3 2L — MBI
uﬁd<;5u,>slv—&iﬁ$%m\z&% a7,

B19 12, ESD />~ DHNELAS +400 V OB (ZFD
X5 ESD A ML A0, EEEER 70— 7| ;a%m
BIEREEL, M8ICksYIal—YaryBREEEEYRT.
Mo L&y, SUERE—t—2r (H35V) EFHEL, £
D% 50 ns (T EIRE) L 721212 IC NEBOD ESD 3R] 4 A )
wfﬁzw 7)) v ¥y 7S, #9250 ns O, ESD A b

AN LB EEDTFH T U A R OBEIWIEA, 32
V~vayfﬁﬁﬁéfwé:tﬁﬁ#

:ﬂ%@%%ib]CW%@mD% [] % > ZE Al [A]
BOERZEYIZERETENE, ESDA ML AD Y 3
2= a VIEEIRERCE L LS 2 5. LaL, Gl
FFBIIEBEE B L TV D20, SHRITFERD}E
K734 2D ESD MR O E T v 7 FE A RE T
BT EPLIETHD.

6. £&80
AWFFETlL, EEWERIRY I 2L —4% T, ESD Ik



178 (26) HEATFRRE Ik

Vs2 Vs3
I+ I+
s T s T
fEIRET v .
e g S S S — - — ik
-’ XS TNEFL
VSt /4 < RI1 R2 R3 R4 \ sp1l 0 7
VDC=400V : R=559Q = R=165Q R=270Q = R=650Q |
1
I 1 -
= 1 1 "
1 L1 L2 L3 L4 1 I L5
: L=85nH L=340nH L=56uH (°L=9.0uH | | L=15nH
1 1 .
H b FA AD
I c1 c2 c3 ca 1 : TRFEIET %
|\ C=78pF | C=1.4pF C=0.8pF | C=71pF I I (44 2)
s _— AN

8 IC N#® ESD PRiERIKEZEZEE L7232 I 2 L— 3 3 Y EEo R AR

Fig. 8 Circuit structure for the ESD stress simulation with the equivalent circuit of ESD protection circuit.
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