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Fig.1 Ignition circuit diagram

1—discharging equipment, 2—charge, 3—optic probe, 4—Ilight

channel, 5—oscilloscope, 6—current channel, 7—voltage channel
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Fig.2 Schematic diagram of the electrostatic sensitivity
1—DC high voltage power supply, 2—explosion box, 3—the

sample, 4—oscilloscope, 5—UPS
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Fig.3 Structure of the semiconductor bridge
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Fig.4 Structure of charge

1—paper gasket, 2—primary explosive, 3—SCB, 4—casing,

5—ceramic plug, 6—leg wire
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Fig.6 Diagrams of SCB after ESD experiment
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Table 1

under the different electrostatic discharging voltages

The ratio of the ablation areas to the total bridge areas

ESD/kV
21 22 23 26
0.04 0.16 0.46 1.97
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Fig.5 Whole semiconductor bridge ( pro-electrostatic discharge)

»

b. 22 kV voltage

d. 26 kV voltage

FORE R R 2 T AL (B 22 M SCB Y i K TSR
4.2 ESD Hi/5 SCB R A M B HFIE L&

R D-R Uik R 2E 47 R K 15 B 255) 50% K
I v S BRI o 22 A 3, 2E— P A 3] 99. 9%
14 4 R A Sy 4 K T 3l 2 4 EE A [ ESD AR
f) SCB ri KWK KUK, B2 ESD /EHIJG SCB ik
R {E o

Xt R 23 ESD fE By SCB R4 ESD /Y
SCB 7E4% F 9 42 4 SO IR R 2B AT sUK 525, 334 4 1F
K 20 Ko HER L 2,

MR ER T 15 VI G R 25 )% 2 258 1
P ARSI ) BT AT A BN T 8V A
TR TG R TIRFEE T

Sl K 2012 % %204 %18 (99-104)



102 MBEAR, RIUE, Kk, DG, Bk, EXR
F2 HHUIEMETE SCB i Kk fE
Table 2  Firing characters between non-ESD and ESD

ESD/KV whole ignition 50% ignition no ignition ignition ignition peak time to peak

voltage/V voltage/V voltage/V time/ ws energy/ ) current/A current/ p.s

0 7.48 7.20 6.78 68.17 818.03 4.27 1.24

21 7.43 6.71 6.02 72.25 811.25 4.25 1.39

22 7.34 7.03 6.24 75.09 775.14 4.19 1.62

23 7.23 6.81 6.09 81.05 737.86 4.11 1.99

26 6.90 6.58 6.31 83.07 682.91 4.00 2.56
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25 AN JR) ESD B HE (20 kV .21 kV .22 kV .23 kV.,
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Table 3 Ignition energy of SCB with ESD by t-test W
ESD/kV 0 20 21 22 23 26
1# 808.947 819.986 812.77 775.202 750.686 656.144
2% 816.392 814.289 798.663 762.337 747.275 680.259
3# 796.598 813.122 802.871 761.401 736.211 685.006
4* 823.155 808.261 828.365 789.181 750.940 697.858
5* 827.062 829.101 822.459 790.004 723.929 695.263
6" 828.611 815.787 825.274 777.873 730.621 700.045
7 825.458 811.751 810.948 769.981 734.049 693.524
8* 809.265 817.611 806.681 785.641 729.584 652.148
9# 821.684 818.816 799.118 771.259 749.681 668.597
10* 824.147 817.948 805.371 768.525 725.610 700.213
average 818.032 815.950 811.252 775.140 737.859 682.906
variance 43.191 103.755 191.958 136.363 291.491
standard deviation 6.572 10.186 13.855 11.677 17.073
t 1.002 2.105 9.798 21.711 25.028
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Table 4 Ignition time of SCB with ESD by t-test ps

ESD/kV 0 20 21 22 23 26

1* 70.13 67.04 74.48 76.64 85.4 80.37

2* 71.63 69.78 74.67 74.66 62.58 76.06

3* 68.97 71.59 75.84 75.14 86.58 89.58

4* 60.34 67.35 68.82 74.15 80.56 79.44

5* 66.72 64.98 70.16 76.31 79.59 86.16

6" 70.69 68.63 69.25 74.89 83.59 83.15

7* 70.99 70.24 72.19 75.08 81.94 81.25

8* 66.89 67.02 73.18 74.91 79.92 83.57

9* 68.54 72.28 69.25 74.65 82.68 83.92

10* 66.82 67.27 74.68 74.46 87.62 87.18

average 68.17 68.62 72.25 75.09 81.05 83.07

variance 52.18 56.27 31.71 147.47 120.69

standard deviation 22 7.50 5.63 12.14 10.99

t 0.197 1.720 3.886 3.354 4.289
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Ignition Characteristics of Non-electrostatic Discharge and Electrostatic Discharge on Semiconductor Bridge

GUO Xiao-rong, ZHU Shun-guan, ZHANG Lin, MA Peng, CHEN Fei, WANG Da-wei
( Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: D-optimal method was employed in the experiments of semiconductor bridge (SCB) ignition. The SCB with and without
electrostatic discharge (ESD) were used to ignite lead styphnate (LTNR). The ignition voltage, current and time were obtained by
oscillograph,and the deck ablation area of SCB was measured by microscope. It was found the ESD could do some damage on SCB,
and the higher ESD ,the greater deck ablation area is. Compared with the non-ESD SCB,the ignition voltage and energy of ESD SCB
were lower,which means that the ESD SCB was more sensitive. The ignition energy and ignition time were measured by t-test,which
showed that the ESD of 21 kV was the critical point. With higher than 21 kV,ESD had greater effect on SCB,and the lower,the less.
Key words: military chemistry and pyrotechnics; semiconductor bridge; electrostatic discharge; ablation area; capacitor
discharge; t-test
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