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Table 1 The statistics of the satellite
fault due to ESD
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Table 2 The statistics of the rocket failure during flying
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T 1R 0 2 IR

REI
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FTM-502 1962 7.6 42.13
FTM-503 1962 21.8 5.28

F-11 1971 27 1.06

Uit $:3 S-112 1964 38~42 0.39~0.25

L 25

KA#IC C-10 1967 26 1.19
XAO#WIEIC C-14 1967 17 6.93
WIRE 2313 1974

S-128 1964 38~42 0.39~0.25
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Table 3 The breakdown strength of gas dielectric
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Table 4 The electrostatic sensitivity of partial initiation propellant agent

L0 RR%HR

R K BB /um
HEF S0% R AKMBE/KV HEMREAV  RBEMK/KV  50% % XHER/m
1 D-StMEME 120~200 1.04 0.092 0.05 0.295
2 U6 = W2 6K A 10~49 1.12 0.10 0.05 0.342
3 CRERE KBS <100 1.14 0.052 0.10 0.355
4 bt B J1F Sl 0 RIAE T <100 1.16 0.09 0.05 0.367
5 ZWEREME (ER) 20~150 1.20 0.114 gﬁ 0.393
6 EWERX_BHE (E) 48~200 1.25 0.038 0.05 0.423
7 HAiks 1.31 0.195 0.10 0.468
8 EWMERE_BE (FX) 50~200 1.36 0.038 0.05 0.504
9 nER RS 1.56 0.184 0.10 0.664
10 EWERE_BENLR 300~ 400 1.83 0.028 0.05 0.960
11 REPETHERRIH <100 2.04 0.308 0.10 1.14
12 ERMRE . MR (1.36)" 3.52 0.310 0.20 0.88
13 ZRHLR 50 4.73 0.849 0.20 0.60
14 EEE R 40~80 11.28 2.48 1.0
15 W AL

18.42 1.59 1.0 651

CHBEEME: SRRMER (ARER) HER kg m?
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Table 5 The electrostatic spark sensitivity of partial explosives

BEXESE /m

C=1.10F C=10 F san O 7=
1 #BEHK 0% 50%  100% BE/% 0%  50% 100% ®E  gF/um fm: :i
HRE RRE HREE HNE HHE HNME HRE /%
RRS 17 40 60 131 59 17 70 161 56 >97 17.3 230
HMLRRS 3 45 87 169 73 38 118 242 72 >150 16.5
Wit K& 44 50 67 95.8 68 47 106 187 71 >200 27.1 225 (K%&)
RS 23 31 49 84 54 34 61 97 72 >97 16.9 327
8321 26 36 56 108 62 19 61 127 58 >200 14.0 231
TNT 35 27 173 418 66 43 122 242 67 >97 10.4 475

¥ RBREBAGBN/NEA, MIRYT 5X1 mm, BEEEK (=1.5 mm, $REZE 0.55 mm
£6 WoOXTHEBHNBBBE

Table 6 The electrostatic sensitivity of partial smokeless propellang

R &4 RRER ‘
HELK _
Bk B & BR BB AXMEBE S0 %Rk RERE S0 %KX
3 /uF /mm /kQ /% [ /kV /kV iR/
Wi + 0.25 0.50 100 57 2.60 0.355 0.845
% M30OHEM (FFA W) + 0.25 0.50 100 57 2.48 0.184 0.269
¥ 3 + 0.25 0.50 100 56 2.85 0.313 1.02
+ 0.22 0.80 510 68 3.92 0.28 1.69
mF% 3 (R) - 0.22 0.80 510 63 3.84 0.32 1.62
+ 0.22 0.80 510 63 3.64 0.16 1.46
I3 (BK) - 0.22 0.80 510 63 2.68 0.11 0.79
7/1 X + 0.25 0.50 100 65 Co2.21 0.076 0.611
) + 0.22 0.50 510 59 4.40 0.93 2.13
777 H S — 0.22 0.50 169 50 5.00 0.40 2.75
48 RAE () v 0.099 1.00 48 2.09 0.301 0.216
45 RKkH (1) 0.01 1.00 63 8.35 0.80 0.350
0.99 1.00 44 44 2.72 0.81 0.366
18RAE 0.01 1.00 55.8 48 2.48 0.40 0.031
2/14Pb + 0.22 1.00 510 63 4.00 0.80 1.76
2/78-25 ' - 0.22 1.00 510 63 4.13 0.45 1.88
7/14Tb + 0.22 1.00 510 63~64 8.36 1.42 7.69
1778 -25 - 0.22 1.00 510 63~64 9.53 0.40 9.69
WA K 0.01 1.25 163 68 5.20 0.15 0.135
0.10 0.0213
Ry (1 mH) 0.75 730 (4.06 mj)
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Table 7 The electrostatic sensitivity of EEDs

' BB /kV
%5 BE LK 1[0 /0 RABEAR KM sk - o
itk LD-1HEY >2x10° 195 pF. 3 000 V 1.36
24-1HEE 6.49 7.10
J-206-2 L E® 50~100 3200 pF 350 V 5.58 3.21
hiad FEHEEY (2~10) x107 195 pF 3 000 V 3.20
SHR LD-3HEHF 1x10° 1 500 pF 500 V 0.47
AA-k-13BEY 5~9 0.2 uF 60 V 30 7.73 18 @t
801-4 HEH 5~9 0.2 uF 60 V 30 12.60 4.47
J-206 BEE . 6~13 3 200 pF 450 V 50 13.90 5.60
30 -202 HEHE 18.30 7.10
QD-32 L EE 16~32 0.5 uF 90 V 50 >25 7.31
JL-1®BEE 1.5~3.5 20V 100 >15 >25
DB-035 8 FE 0.5~1 200 >25 2.08
302 B EE 1.5 30 u,F20 V >25 >20
ot 7 B E 1.5 500 mA >25 >25
AR=ER AR 500 >25 >25
I1-9 0.15~0.8 6V 500 >25
302-4 >25 >20
Bz .
302 - Fg, >25 >20
302 - >25 >20
Jz-235 B R KB >25 2.08
65-1H KR 1~3.5 500 mA 100 >25
68-1H AR 0.15~0.8 6V 200 >25
ANERH R K E 1.4~1.8 <25 5.00
DD-17 BB & K& 12~15 25 <25 1.78
DF-1.2 AT <12
yi— $iRR K E >25 >25
LIF3:3: 7.8 0.5 1A >25 >25
J5510 - 00A Hi 1R & 6.45 4.36
15510 - 00D HL B & 5.77

®8 BARATIRNAIHEBENE

Table 8 The real electrostatic sensitivity of EEDs

ZeXxE
HSZK #FH /Q Bk &4 50 % R AFER/m]
I /mA t /s

JID-11 HE AR 1.25~2.25 700 mA 180 5~10 1.73
ID-1 R kR 0.15~0.80 6V 150 300 12.0
DD-4.5 ® S kK E 2.5~4.5 400 mA 50 300 1.00
DD-17 A AHE 12~17 500 mA 25 30 0.225

105 5 kK 18 15~60 24VH40 0.1 F45V 0.270

2) 3K R o T OB R B E AT RRLR 4) EHISEKBEYWREN ILBEFREL;

3) RAVBEATRMTEGEEEFGERE  5) R ESD 8RB i in [ 5 A 7 7 b 8
B ' DB TR ;
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Table 9 The classification and sensitive voltage
' of ESDS devices
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— LRGN HENEE
The electrostatic sensitivity

of some devices

TREER
BHA%k (BFC. D, N, P, VAR MOSTEMER
REBE RAEVEIEBE. AMRPBRBERAE 1 X
BRI BE)

< 7H R P AR
REXRPEERNENBKE (OPAMP)

- RUHMA BIEE (JFETs)

AR (SCR): FHMEE 100CH, I,
<0.175 A

HEREAS MG AFEBERARA
BE0.5%
BB R MM HE>1GHz

SR WmeEB RNE). AB<0.1%, HE>
' 0.05 W
WS (RN&): AZ>0.1 %, HE
0.05 W
KB BE (LSI) WMEHEE: SFELRY
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R (LSIBERE D=L RME BN
BA Wiy )
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‘HRE—RE
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‘WERSBRMAEE (ECL) MABEE, 7 HE
1~2ka B ‘
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. MhE, BWEMBREN)
A MOSHAERMMA 2 REBUAPBEENE
WK (OPAMP)
A 2 KEBHERARTRY LSI
A2 RKBANHRA R
«/NSh R e L 28
MR EN
JMEBZRE, RFAN, HEIW
3% —RARNEER _—REMRERE —RE
4~10 kV  -DSHERREE, £ 25CH, HESW
+1 2570 2 28 PSR AR i BT A B A 0 B el B
<EEH Rk
3 ABURA R
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5 BEBPAROAEL LRAS
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B BETH S 0 BT 5T AR e B PR B M
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H5h, AEWITERBEFNFHEENE

|ARE x # BHMEE/V
MOSFET 3CO, 3D0 & 100~200
JFET 3CT £%) 140~1 000
GaAsFET 100~300
CMOS C000, CD 4000 &%) 250~2 000
HMOS 6800 &% 50~500
E/DMOS 280 &% 200~1 000
VMOS 30~1 800
PROM 100
ECL H B E000 &%) 300~2 500
SCL (W #%) 680~1 000
S-TTL 548, 74S &%) 300~2 500
DTL 7400, 5400 R 380~7 000
AERED Rk

<10 000

BIRrAEHE (EMC) IRABTZ—, G—F B, 1991
EREBNIERYE (AD- A243367) BB EK
B+ ZHEEAEETRSS S RN bR B
(Electromagnetic Environment Effect) fj#8 E3 )&,
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The Development in Electrostatic Protection Engineering
Liu Shanghe, Tan Zhiliang, Wu Zhancheng

( The Institute of Electrostatic and Electromagnetic Protection ,
Ordnance Engineering College , Shijiazhuang 050003, China )

[Abstract] ESD has become one of the common hazards in information times. It is not only the ignition or
detonation source at hazardous area, but also the EMI source for information equipment. In this paper, ESD
hazards and its characteristics, effect mechanism and basic conditions to form electrostatic hazards are described.
The success and development in electrostatic protection engineering in China are introduced. The test principle
of “signal self-shielding and charge coupling”, test method of the real electrostatic sensitivity and friction poten-
tial decay of fabric, test technique of electrostatic dynamic potential on human body, etc., are presented. And
the classification standard and protection measures at electrostatic hazardous area, the logical configuration to
forecast electrostatic hazards and the general principle and measures to be taken for electrostatic protection have
been built up. Part of the experimental data is provided in this paper, and the current problems and development
trends are introduced.

[Key words]  Electrostatic hazards; effect mechanism; protection engineering; success and development
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