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A Study on Test & Measurement of the Radiated Field by ESD
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Abstract:

Test and measurement has been a bottleneck in researching electwostatic and electromagnetic protection. Aiming at

test and measurement of the radiated field by ESD, it is proposed to express the bandwidth of ESD radiated field by effective band-
widths according to energy and dynamic range, and the effective bandwidths of the radiated field by ESD and the effect on bandwidths
from rising time have been estimated numerically according to the ESD current waveform stipulated in the IEC61000-4 2. In terms of

these analyses, a test & measurement system of the radiated field by ESD has been developed successfully. lis measurement bandwidth
is 3. SHz~ 1GHz (wihin *1.5db), the measurable dynamic range is more than 60dB, and the sensiivity is adjustable. And more, the
horizontal and vertical coupling E field stipulated in the IEC61000-4 2 were measured by the test & measurement system.

Key words:  ESD; Radiated Field; test & measurement
1 2
TEC61000-4 2 (ESD) : ,
’ ESD ’ (2) 1431
4 . B ESD ? > B
ESD , )
ESD > s
> ESD . ,
3 3. SHz~ 1GHz, 60dB, 10kHz ~
ESD s ESD 100MH z s ES]?()N }
, IEC61000 4 2 ESD (3) ,
, ESD s
2 ’ s
21 Esp , S
ESD
3
(1 , , 3 ESD
> ESD
[3] , [ 10] ESD 100pS,
: 2004 07 26; : 2005 01- 08

(No. 50077024, 50237040)



9 :ESD 1703
ESD 100——— —
- — £,=0.830s — £,=0.8%ns ' |t
10GHz R ot d| - b=0540s | T t=054ns | % o
99, A
5GHz, /r B
30GHz ESD & -
: 4 — r=0.83ns8
! ‘ T e r=0.54ns
31 M S i o
200 400 600 600 1000 1200 1400 0 50 100 150 200 250 300
Frequency/MHz Frequency/MHz
ESD ®) ©
3dB K2 IEC61000-4-2 kM i A, S, MR A ARK LANRNER
’ ESD . 2 s 0. 83ns 0. 54ns
) . 99.5% 300MHz, 60dB
} ESD t)= Ue
. u(t)= Ue 1250MH 1460MH?z, ,
’ ’ (35%), (17%).
50% .
B%. | , ’
lg= 0.35/ BW, Im =
| | ‘Lz+ er(L,- ). s
: 99% ; 0%, ;
. 60dB, B, - —035 __076 1
32 ESD x J0.21 & «
ESD , TEC61000-42 IEC ESD
(L2112 g =D 0. 83ns, (n 91 6MHz,
ESD . ESD 55dB, , ) ,
ESD ESD ESD 1GHz,
IEC61006 4 2 55dB.
ESD ESD 4
IEC61000 4 2 Wy — ,
ESD , L
30nsc 0 l r
60ns R T - ,
. B 1 ESDHBDSSREN
) ) ESD
, 1
ESD , Ci= 140pF, R = 4
171Q,L = 1.84H, Co= 10p0F, R» r R= 1700, , 3
L= 0. 1580, Up= 4kV ) 2 a) 41
s 0. 830ns, ,
14. 987A, 30ns  60ns 8. 004A ,
3.994A, TEC61000 4 2 1. 5 %o.
F¥T , 2(b) 2. Smm ,
, 2(¢) ,
ESD ( ), 2(a) , D65% 20mm’.
, 2(b) 2(c) . Bh<1 ,.( L B= 2



1704 2005
A L, A . h ) Sy  HMEmA W py 0 M 2 8.4
c.. 4 1 0.07p 870
, U , R C;
%% 3
s Ca 973.870001 Mz
4
’ /\_.‘/\-\_J
fi= 1/2R,( Ca+ C), v G v p )
100, C, R R
Foo B0 J17 4 RERSFMARH
1. 06Hz, Bh< 1 . A /
. | ”
, , EWE 0060 000 000 GHz LW 2.000 000 000 GHz
, - B5 BRRAARRREN MRS
s ’ 0.031
! 0032
( ) 003
joo
0,038
42 g o.03f
4)"“’7404-27) 0 20 40 ©0 80 100 120 140 160 180 200 220 240
0.091
) -o.mr
) 0.033
3 0034
ESD br £ 0.035
GaAs PIN ooep o
R/ o e e R R R N N A N R IR R E
Timeins
, 300Q M6 GTEM IANMN T RHNE
s 1GHz s 5
1. 5GHz , Mo . ESD
50Q , , ESD ,
s IEC61000 4 2
43 . ESD Noiseken
s ESS 200AX. 2kV R
ESD ( 20cm, 50cm, Im 7(a) 7(b)
) . T(c) 20cm, 50cm, Im
150Hz~ 1GHz 8(a)~ (c¢)
(£1.5dB). ) 7 8 )
AV3618 (50MHz~ 2GHz)  BI3 (0 , . ,
~ 450MH?z) 0~ 2GHz 50 x 50em’ , Im
) +1.5dB. 5 AV36I8 . 80x 160cm>
BI'3 B 5 B Im ’
3.5Hz , ESD
- 2.62V , ESD
( ), 2.5mV. . 7 8
60dB. 6
GTEM
0.0 01 0.10
02| 0.0 0.05
ImV, 0.1 0.00
0.4 02 %
s £ 0.0
S o6k 2 03 2
1. 35ns( 04 -0.10|
ogf @| s ®)] o ©
1. 3ns),

-20 0 20 40 60 80 100 120 140 160 180
Timalng

<20 0 20 40 60 60 100 120 140 160 180
Time/ns

-20 0 20 40 60 80 100 120 140 1601
Time/ns

7 SLFEEMESBIERN A 20cm, 50cm, 1m 4 BB TB




9 - ESD 1705
6 0.1 005, 0.02
09 0.00 0.00
o4 005, 002}
02| 010 % 004
’ 2‘ jj_ E -0.15 g 0 oeL
1EC61000 42 > -0 S 020 = -0.08f
06| 025 0.10
ESD 55dB 07 @ 0% ® 012 ©
1GHz P800 20 40 50 69100120140 160160 20 G 20 40 60 B0 100720740 1607180 ' '20 0 20 40 60 BO 100120140160 180
: Time/ns Time/ns Time/ns
ESD ) B8 MFAFERARMLEY 20cm, 50cm, 1miRRBHEE
3. SHz~ Sheng S L. A research on time space distributed theoretical model of
1GH z( t1 5dB), 60dB, electromagnetic field by ESD and test technology [ D]. Shijazhuang:

[ 1]

[ 2]

[ 3]

[ 4]

[ 5]

[ 6]

[ 7]

[ 8]

[ 9]

[10]

[11]

[12]

[13]

[EC61000 4 2

K Wang, D Panmerenke, R Chundrce, et al. Numerical modeling of
electrostatic discharge generators| J]. IEEE Trans, On EMC, 2003,
(5):258- 271.

P F Wilson, M T Ma. Field radiated by electrodatic discharges[ J] .
IEEE Trans On EMC, 1991, (2): 10— 18.
M Kanda. Standard probes for electromagnetic field measurements[ J] .
IEEE Trans On AP, 1993, ( 10): 1349- 1364.

S Frei, D Pommerenke. Fields on the horzontal coupling plane excited
by direct ESD and discharges to the vertical coupling plane[ J] . Journal
of Electrostatics, 1998, (44): 177- 190.

[J]. , 2000, 20( 1) : 43— 46.

Xie Y Z, Jiao J, Zheng Z X, et al. Development and application of wide
band electro optic measurement system for pulsed E field[ J]. Nuclear
Electronics & Detection Technology, 2000, 20( 1) : 43— 46.

[J]. , 1999, 11(3) : 363- 366.

Xie Y Z, Jiao X, Zheng Z X.The passive electro optical sensor of test
ing transient electranagnetic field. High Power Laser and Particle
Beams, 1999, 11(3) : 363— 366.

Masamitsu N. Kuwabara. Recent progress in fiber optic antennas for
EMC measurement| J] . IEICE Trans, 1992, (3): 107— 113.

N Kuwabara, K Jajima, R Kobayashi, et al. Development and amalysis of
electric field sensor using LiNDO3 optical modulator[ J]. IEEE Trans
On EMC, 192, (4) : 391- 396.

K Tajima,N Kuwabara, F Ameniya. Highly sensitive electric field ser
sor using LiNDO3 optical moduhtor| J].IEICE Trans, 1991, (7): 1941
- 1%3.

Shinobu I, Ryoichi G, Yoshifumi N, et al. Measurements of fast tramr
sient fields in the viciity of short gap discharges[ J]. IEICE Trans,
1995, (2) : 199- 205.

D Panmerenke. ESD : transient fields, are simulation and rise time limit
[J]. Journal of Eledrostatics, 198, 44: 191- 203.

Y Tabata, H Tomita. Malfunctions of high impedance circuits caused by
electiogatic discharges[J]. Jourinal of Electostatic. 1990, 24: 155-
136.

[D]. ,2003.

[14]

[15]

[ 16]

Ordnance Engineering College, 2003.

Zhu Changqing, Liu Shanghe. A dudy on the radiated field by ESD
[ A].Proceedings of A s Pacific Conference on Environmental El ectror
magnetics[ C] . Hangzhou, China, 2003. 209— 212.

F Kmg, P Russer. The time domain electromagnetic interference mea
surement system| J| . IEEE Trans On EMC,2003, ( 3): 330- 338.
IEC61000 4 2, Electromagnetic Compatbility (EMC) Pait 4: Testing
and Measurement Tedniques Section 2: Electrostatic Discharge Immur
nity Test[ S].2001.

, 1963 ,
, 1983
L1987
60
, 1937 ,
7, 2, 4
150
, 1968 ,
, 190
, 1997 , 2000



