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Abstract: In order to meet the requirements of miniaturization, integration., and low energy of MEMS
initiators, based on MEMS technology, a planar film structure energy conversion component with a
“snake-shape” was designed. Using magnetic sputtering and other MEMS production technologies,
we prepared energy conversion components with different resistive and base materials. Then, using
scanning electron microscopy (SEM), atomic force microscopy (AFM), a low resistance tester, an
infrared thermal imager, and other equipment, we obtained the characterization parameters and the
performance of different element samples (such as the width, length, and thickness of the film bridge
area and the resistance, electro-thermal response, etc. ). Through analysis and study, the influences
of the resistive material, base material, thickness of the film, and bridge shape with the performance
of the energy conversion component were obtained; metal Pt and 7740 glass was preferred, which
ignite at 5 V/33 pF, and meet the low-energy requirements of MEMS initiators.
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Tab. 1 Differences between MEMS and traditional initiators

Traditional initiators(typical electric-detonators)

MEMS initiators(quasi-plane detonator)
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nanometer, micron thin film, 0. 2—5 pm, MEMS

Energy conversion bridge, wire: 6—18 pm, machining, resistance

components

powder compression molding, accuracy 4% . limit

Energeticmaterials =
initiation dose 15 mg

Initiators array  detonation/ignition (single function)

deviation 10%, initiation energy%5 m]

process, resistance deviation %# 5%, easy to

integrate with IC chip, initiation energy#1 m]

carbon nanotube self-assembly, in situ loading.

accuracy 1% ; limit initiation dose 500 pg

information interaction, security control,

explosion/transmission (multi-function)

manual assembly, system integration difficulty, large scale manufacturing, small process

Process o
large in size

deviation, easy integration, small system
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Fig. 1 Structure of thin film structure energy conversion

components
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Fig. 2 Snake-shaped structure of thin film structure

energy conversion components
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Tab. 2 Design resistance of samples with different materials

material Ni Cr Pt W Cu Al

Design
4.36 8.28 6.80 3.53 1.09 1.73

resistance/Q
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Tab. 3 Sputtering process conditions and parameters of sample

Working Sputtering
Sample Ar/scem vacuum/torr

current/A power/ W
Ni 0.3 20 2.0X10 ° 150
Cr 0.3 20 2.0X107° 132
Al 0.5 20 2.0X107° 223
Pt 0.3 20 2.0X107° 124
Cu 0.3 20 2.0X107° 143
W 0.5 20 2.0X10 ° 160
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Fig. 3 Manufacture process of thin film structure energy
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Fig.4 Typical sample of snake-shaped energy conversion

components
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Fig.5 SEM photos of energy conversion components

of different samples
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Tab. 4 Test data of bridge line width and film thickness

Sample Ni Cr Pt w Cu Al

Bridge line
31.22 30.63 31.81 29.45 30.61 33.58
width/pm

Film
471 411 423 342 374 520
thickness/nm
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Tab.5 Test resistance of energy conversion components
samples compared with design resistance [€9))
Sample Ni Cr Pt w Cu Al
Design

4,36 8.28 6.80 3.53 1.09 1.73
resistance

Test

resistance
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Fig. 6 Infrared test results of the thin film structure energy

conversion components with different materials
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Pt material
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Tab. 6

Ignition performance of energy conversion

components in different substrate

Test Constant current test Capacitance test
Substrate ) N N
resistance/ () Ignition current/mA Ignition voltage/V
Si 12.3 600 25/33 ny
Pyrex7740 11.8 150 5/33 pF
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