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Table 1 The main parameters of several common substrate’”"'"’
densit thermal conductivit resistivit
substrate /g - c?ln‘3 IW - mT K ! /@ - c:/n“
silicon 2.3 141.2 >10"
Pyrex7740 2.23 1.18 >10"
ceramic 3.97 0.5 >10"
quartz 2.65 1.46 >10"

| B

a. first generation

b. second generation

c. third generation d. fourth generation
B EAR M100 L i B fig e
Fig.1 Energy conversion components of M100 replacement

electric detonator!’

R2 MAEHEARAF SRR R
Table 2

components by Micro Assembly Technologies"’

The development situation of energy conversion

energy conversion fire voltage  all fire voltage
substrate
components A% A%

pyrex7740 3 -
pyrex7740 3 -

first generation

second generation

silicon 5 -
third generation quartz 1.6 2.0
fourth generation - 1.21 1.6

Fh Dok 2 2 B AR 2 A O AR i T A 8 T R T UL
MEMS J T it 45 RE TT I 2 Jié i 32 ik — AP R AR K BE
T, PR R AR AR 4 K R R BOARS EE
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Fig.2 Micro-chip initiator on polymeric membrane!
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Fig.3 Optical image of the polymeric SU-8 membrane'""’
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Table 3 The ignition resistance materials and design situation of

energy conversion components at home and abroad™'*™">"® ym
research resistance ) . \
institutions materials thickness width spacing length
TRW in American poly-silicon 0.5 20 6 400
LAAS in France poly-silicon 0.5 70 50 3600

Korea Advance Institute
of Science & Technology

Tsinghua University Pt - 30 30 5000

0.1 40 40 4000

T ARAFRAEAG A Kk R TRAR H— B 4 1 & )R
PR BE T, 2010 4F 225 213 T (9 fif i 2 46 07
SR FHAE V- M s 4 5 S A% e il 4 17 N-Cr B, X HL il
PRI R TS 20 ik T 259647 TR WE5E 1 R

R4 HTRAER I (MED) 5 MEMS $tfE T % e g

S RN LR, WAALEHE KR EN
6.67 V,BRifE2 K 0.35 V,
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Energetic Initiators) J 51 ff MEMS 4 B 70 45 1 2 % .
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Table 4 The development course of MEMS energy conversion components used in micro energetic initiators( MEI) '’

ARDEC/Tanner 1st generation bridges

ARDEC/Tanner 2nd generation bridges

unit measured resistance/Q) voltage/V

unit measured resistance/() voltage/V

4.7 10
@ 2.8 6

w1
N
o))}
©

1.6 3

S
y— 2.4 2.5
—

ARDEC/Tanner 3rd generation bridges

ARDEC/Tanner 4th generation bridges

unit measured resistance /() voltage/V unit measured resistance/() voltage/V
= 1.3 3.0 = 1.1 5:3.3638
* 1.8 2.5 — gy 23 5:3.5546
e 2.75 * 1.8 ;’:(];531
— -y 1.9 3.0 e ;’:824153
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HHA0.12~0.70 mJ,
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Au contact pad
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1Sk S86Mmm

4 Au/Ti #:fiEoC SEM & ©
Fig.4 SEM image of Au/Ti energy conversion components'®’

Au Contact Pads 1.5X1 mm
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Fig.5 Bridge image of Pt energy conversion components'*’
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Fig.6 Energy conversion components structure of Pt metal film™
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Fig.7 Thin film bridge structure with Pt'"*’
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Fig.8 Thin film bridge structure with Cr'
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Fig.9 Inverted V-shaped notched metal bridge membrane'*’

2012 4, %48 213 Fri e 5 R T X
ZRixt Ni-Cr 3 5 4 fig 70 % J kB 19 5 T, 420 355 47 IX
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Fig. 10 Photograph of Ni-Cr metal film bridge'
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Energy conversion components of multilayer composite
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12 5 A = ik 1 Y
Fig.12 3D illustration of the ignition bridge
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Fig. 13 W-shaped ignition bridge film'
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Fig. 14 Preparation process of MEMS ignition bridge’®’
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Fig.15 Wafer level packaging diagram'’
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— {}
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— 1
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Fig.16 The firing circuit of Ni-Cr film igniting resistor
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Research Progress in Energy Conversion Components for MEMS Initiating Explosive Device

ZHANG Bin, CHU En-yi, REl Wei, WANG Ke-xuan, LI Hui, YIN Ming
( Key Laboratory of Applied Physics-Chemistry, Shaanxi Applied Physics-Chemistry Research Institute, Xi'an 710061, China)

Abstract: The energy conversion components as the core parts of initiating explosive device are an important factors affecting the
safety and reliability of micro electro-mechanical systems( MEMS) initiating explosive device, and the effect on the whole weapon
system also can not be ignored. Materials research and structure design of the energy conversion components are one of research
hotspots in recent years. From the perspective of substrate material and resistance material research, structure design and so one of
energy conversion components, the latest research development of energy conversion components of MEMS initiating explosive de-
vice over the past few years was reviewed in this paper. Two key technologies for energy conversion components of MEMS initia-
ting explosive device: design/preparation method of the energy conversion components of MEMS initiating explosive device and
measurement and characterization for performance parameters of the energy conversion components, were introduced Pointing out
that the energy conversion component of MEMS initiating explosive device with miniaturization, integration, multi function and
high reliability is a hot point of research in the future. To provide theoretical support for design and research of the energy conver-
sion component of of MEMS initiating explosive device, the study on heat dissipation characteristics and bridge resistance charac-
teristics under micro scale should be strengthened. Considering that the composite energetic thin film bridge energy conversion
component is an important development direction of energy conversion component of MEMS initiating explosive device.

Key words: micro electro-mechanical systems ( MEMS) initiating explosive device; energy conversion components; thin film
bridge; bridge structure
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