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Table 1 Model materials and parameters''!

name material o/S-m™ e k/W-m™-K"' p/kg-m™
ceramic seal ceramics 1x107"° 9.5 24.7 3780
thermistor NTC thermistor Eq. (3) 11.0 400.0 460
electrode aluminium 3.78x107 1.0 238.0 2700
bridge area polysilicon 1.3x10° 4.5 148.0 2320

Note: o is electric conductivity. & is dielectric constant. k is thermal conductivity. p is density.
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Fig.2 Comparison of 1A constant current experimental value and numerical simulation results
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Table 2 Comparison of thermal equilibrium parameters

thermal equilibrium parameters

total . thermistor  bridge
thermistor
current /0 temperature current
/A /K /A
experimental value'® 1 2.22 385.15 0.66
simulation results 1.0013 2.35 381.07 0.71
calculation error 0.13% 5.53% 1.06% 7.04%
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Fig.3 The thermal response temperature of the bridge area under 1A and 5A constant current and the comparison of the results
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Fig.6 Data of 1A constant current and TATW working conditions in the main circuit

16 16

14 144 — W

1.2 124 e

" ol h._ 1ATW
< 0.8 0.8
= 06] —— 1w § 0.6

0.4] 1AW 04 ]

0.2 0.2

0.0 0.0 {

-0.2L, . ) ; ’ ; . -0.2 L, . . . . : r

0 50 100 150 200 250 300 0 50 100 150 200 250 300
t/'s t/'s

1.6 16

14 1.4 e W

1.2 1.2

0] 10] —e— 1A1W
o 08] Ly -~ 08]
= 06] p——" -1 ) S 0.

0.4 0.4 1

0.2 0.2

0.0 0.0

021, . . . ; i . 021, . . . , . .

0 50 100 150 200 250 300 0 50 100 150 200 250 300

tl's t/s
7 TWIEDIZE S5 1A TW T T 5 0 508 45 5
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Table 3 Heat balance parameters of electrode plug

current condition total resistance / Q) total current / A total power / W NTC splitting ratio / % NTC temperature / K
Satisfy TA 0.78 1.0013 0.78 29.00 381.07
Satisfy TW 0.61 1.28 1.00 40.66 405.08
Satisfy TATW 0.59 1.31 1.01 41.26 417.26
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Numerical Study on Thermal Explosion Safety of Semiconductor Bridge Based on Electro-magnetic-thermal
Coupling

MA lJia-xu', FENG Feng', DUAN Jia-ning', ZHANG Xiao', GAO Bo’
(1. Key Laboratory of Special Engine Technology, Ministry of Education, School of Mechanical Engineering , Nanjing University of Science and Technology ,
Nanjing 210094, China; 2. East China Institute of Photo-Electron IC, Bengbu 233030, China)

Abstract: In order to meet the dual constraint requirements of safety current and anti-electromagnetic radiation power of semi-
conductor bridge initiating explosive devices, based on GJB 344A-2020" General specification for insensitive electric initiators’:
Non-fire test standard, the electro-magnetic-thermal multi-physical field coupling model was constructed on COMSOL Multi-
physics platform by numerical simulation method. By integrating the parallel shunt mechanism of negative temperature coeffi-
cient (NTC) thermistor, the loop resistance was monitored in real time and the current input was dynamically compensated. The
effects of thermal safety under three working conditions of constant current 1A, constant power 1 W and double constraints
TATW were compared and analyzed. The results show that the power of 1 A constant current condition is only 0.78 W, which
deviates from the standard by 22% because the loop resistance is reduced to 0.78 Q. The initial current of TW constant power
condition is 0.91 A, which is lower than the safety threshold. The dynamic adjustment strategy realizes the coordinated stability
of current and power through closed-loop control. The heat balance temperature of the bridge area is controlled at 449.06 K,
and the shunt rate is increased from 29% to 41.26% compared with the 1A constant current condition, and the shunt rate is in-
creased by 0.6% compared with the T W constant power condition.

Key words: semiconductor bridge;initiating devices;safety current; COMSOL simulation ; negative temperature coefficient therm-
istor;multiphysics coupling
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