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Experimental and simulation study on the coupling
with the PCB trace by electrostatic discharge

Zhang Chengming Xu Xiaoying Shu Xiaorong Liu Pengyu Zhou Yuxiong

(Hubei Engineering Research Center of RF-Microwave Technology and Application,
School of Science, Wuhan University of Technology, Wuhan 430070, China)

Abstract ; Printed circuit board (PCB) is sensitive to electrostatic discharge, which affects the normal use of electronic product. In order
to obtain the energy coupling law of electrostatic discharge (ESD) with PCB, ESD test was applied to the simplified PCB. The effect of
the discharge position, characteristics of the PCB trace and discharge voltage on the coupling of ESD electromagnetic field was studied by
measuring the coupling voltage on the PCB trace. The test results show that the discharge position, trace width, length and termination
resistor will affect the magnitude and trend of coupling voltage and there is a good linear relationship between the discharge voltage and
the coupling voltage. Based on a full wave model that is also established in compilation simulation technology microwave studio, it further
nstrates the test results from the standpoint of simulation. The research results have certain guiding significance for PCB electromagnetic
compatibility design.
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Fig. 1 The diagram of the test board (the

pads and vias are omitted here)

SRR (L AL ) PR B 53 R S RN s, A S Mg 2 (o
fL) W7 B B A AR i 10,20 ,30 .40 150 mm Ak, 7
B (L) A7 B FZT- 5, Mo K5 A (3 £L) B0
e B IR BB Ao A 20 ,40,50 ,60 FH 80 mm Ak, KR4
Ko FLA R B E 2 iR,
1.2 WikFA*E

KRS, 0 PCB B BCE TR S mm, 58 B R
60 cmx60 cm [ 7K V40 H I, KV 85 b9t ik E T TEC
61000-4-2 AL BE MR & B4 20 3 I, 450 30 24 B 7K
AN S 10 em,, FRMRGE I 422 b 2 3 122 20 B 4 I
B B L R R A AR T A A LA K
AT AL T e M T, R AR S F 2 i T B TR A R T
FL, R AR TR Oy R T R R TR A N 4 AR

' ww g

>
| 80 mm 1

(b) 3 B HL A
(b) Side discharge points

(a) AR HL IR
(a) End discharge points

B2 A i o AL B R
(B SMA 2k B S A v 2 LR )

Fig.2 The diagram of the positions of pads and vias on the

test board (the SMA connector and the termination resistor

in the end of the trace are omitted here)

R R ON B AR SMA 422 3k 4o [ Al PR
PR RIS, TR IR R IR 2 Y DLk
ST,

WA FH ) ESD 52451 2% 7 5 54 SANKI SKS-0230,
5 B 7R I 285505 K Agilent Infiniium DSO9 254 A 4 58
2.5 GHz, RFER 20 GSa/s, TESEAT IR FT, X # B A 2E
AT TASHE LR G &2 TEC 61000-4-2 A5ifE

2 MiXERKE S

ESD 74 B L G 7 2 e B2k b5 | R SRR HE U R
PR R A AR S B 38 L™ A v T, BRI 45 L . SMIA 42
K MRFERRLET N 50 Q78 A i A BHPTBEE D 50 Q i,
AR RIS 50 Q BHAT B A& U, T S0
F AR A i H RIS i R

e DO AL R A P R re F T 3 AT T X
BTN, A PR RLAE R | U8 R v
HLRH, RS T k1 B,

R1 HEBESH

Table 1 Characteristics parameter of the trace
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coupling voltages at the end discharge points
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Table 2 The difference of peak-peak values of the

coupling voltages between two adjacent discharge points

(V)

10~20 mm  20~30 mm  30~40 mm 40~50 mm
S1-2 1. 303 0.614 0. 366 0.216
S2-2 1.790 0. 745 0. 549 0. 442
S3-2 2.547 0. 622 0. 594 0.329
M1-2 1. 057 0.707 0.285 0.273
M2-2 1. 306 0. 520 0. 460 0.158
M3-2 1. 496 0.713 0.312 0.353
L1-2 1.138 0.715 0.271 0.338
12-2 1. 080 0.571 0. 389 0. 284
L3-2 1.473 0.943 0. 545 0.452
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Fig.4 Comparison of the peak-peak values of the

coupling voltages at the side discharge points
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Fig. 6 The comparison of the coupling voltage waveforms

at the 20 mm discharge points of end and side
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length ( terminated with 50 € resistor)
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Fig. 8 The variation of the peak value of coupling voltage
with discharge voltage at the 20 mm side discharge point of the
trace with 80 mm length ( terminated with 50 €} resistor)
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Table 3 The slope of fitting straight line between

peak value and discharge voltage

IEVREIMS AR FUREBISRRE -G RRE

L1-1 0.822 -0.554 1.376
L2-1 0. 903 -0.755 1. 658
L3-1 1.117 —-1.491 2. 609
S1-2 1.762 -0.524 2.286
S2-2 1.674 -0.967 2.569
53-2 2. 160 -0. 898 3.158
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