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Research on Performance of Micro-detonator Based on MEMS Technology
XUE Yan, LIU Wei, XIE Rui-zhen, REN Xiao-ming, LIU Lan, SU Qian
(Science and Technology on Applied Physical Chemistry Laboratory, Shaanxi Applied Physics
and Chemistry Research Institute, Xi’an, 710061)

Abstract: Aiming at the requirements of low energy and integrated technology of MEMS pyrotechnics, a micro-detonator
was designed. The influence of matrix materials, transducer materials and pyrotechnics on the detonation performance of
micro-detonator was obtained through simulation, and the structural parameters of the micro-detonator were determined. The
micro-detonator was integrated by MEMS process and the performance test was carried out. The results show the structure size is
consistent with the design size, and the error is less than 6%. The critical ignition voltage of the micro-detonator is less than 3V,
under the critical charge diameter of Imm and charge mass of 2.0mg, the micro-detonator can initiate CL-20 reliably. It provides
technical support for MEMS pyrotechnics to achieve the requirements of low energy and integration.
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Fig.1 Physical model of micro-detonator
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Tab.1 Ignition voltage of micro-detonator with different
material type of substrates
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Fig.2 Validation of ignition performance with different
material type of substrate
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Tab.2 Ignition parameters of micro-detonator with different
material type of micro-heaters
Ni-Cr Pt Al
1 2 3 4 1 2 1

Q12 22 32 8.1 72 55 53
V3.0 4.1 43 5.1 5.5 52 6.8
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Fig.3 Validation of ignition performance with different
material type of micro-heaters
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Fig.5 The integrated wafer and micro-detonator samples
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Fig.4 Relationship between ignition voltage and resistances of 6~7

the micro-heater with different charge
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Fig.6 The morphology analysis on transducer element

5500 DEKTAKI150

Ni-Cr
Fig.7 The mop;olg’gfiﬁg%ﬁ%%ﬁﬁiﬁﬁj\ﬁw with charge
6~7
Pyrex
7740 Ni-Cr 35nm 0.954
HMm 988.5|m 990.5am
6%
2 WERBERRRIES
3 fietEER R
2.1 —IRLERHIE
MEMS 3.1 e X mEM
ICP
MEMS
/

50%



2020 02 17
2 MEMS

1" 2 2.0mg 2.32g/cm’ 6%

3t 4 1.0mg 1.18g/cm’ 3 257V 99%
3 1" 2 3V Imm
2,57V 233V 3t 4 1.8mg CL-20
205V 2.12V MEMS
53 BORIBRMER AR P—

Tab.3 Ignition property test results of micro-detonator
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Tab.4 Output property test results of micro-detontor

1mm 1.5mm
/ /
/mm /mg /mm /mg
1.6 32 10710 1.6 52 10/10
14 27 10710 14 4.1 10/10
12 22 10/10 12 34 10/10
1 1.8 10/10 1 23 10/10
0.8 14 8/10 0.8 2.0 10/10
0.6 0.8 2/10 0.6 1.0 4/10
04 05 0/10 04 0.7 0/10
4 Imm
Imm 1.8mg 100%
CL-20 0.8mm 1.4mg
80% 1.5mm

0.8mm 2.0mg 100%

CL-20 CL-20

0.8~1.0mm
Imm 1.8mg CL-20
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