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Abstract: To explore the mechanical reliability of multi-layered electroformed nickel prepared by UV-
LIGA ( Ultraviolet Lithography, Galvanoformung, Abformung) multi-layered manufacturing
technology, the anti-impact material properties of the multi-layered electroformed nickel were
analyzed. High-speed impact tests for the multi-layered electroformed nickel were completed by
adopting an impact testing device and a signal acquisition system. The experimental results show that
the cumulative failure probability - peak acceleration curve approximately fits the Weibull statistical
distribution, the Weibull coefficient is 7. 6 and the reference acceleration is 21 300g. When the
acceleration is 12 000 — 18 000g , it shows a higher reliability; when that is 12000 —18 000g, the
cumulative failure probability increases greatly; however the reliability is declines rapidly at
acceleration more than 24000g. A Scanning Electron Microscopy (SEM) was used to observe the
samples and the results show that the delamination, fracture, plastic deformation and adhesion are the
main failure modes. Finally, the failure causes were analyzed and corresponding optimization methods

were proposed to improve the process of UV-LIGA multi-layered electroformed nickel, which verifies

Wi B H3:2014-06-20; 11T H#1:2014-07-27.
EE£WMB:FXARB LTI H (No. 51475245)



%4

JREUE 5 22 UV-LIGA i 8548 b kL bt oh o M ik 1045

that the experiments provide bases for design of a multi layer structure of UV-LIGA.

Key words: Ultraviolet Lithography Galvanoformung Abformung ( UV-LIGA ); multi-layered
electroformed nickel; anti-impact property; Micro-mechanic-electronic System(MEMS)
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Fig. 1 Process steps of multilayer nickel
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Tab.1 Parameters of 3rd—6th layers
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3 400 80 100 450 9
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Tab. 2 Electroforming solution and process conditions

L5 Belt/g - L
LT R AR 550
A 10
iz 35
T B R N 0.1~0.15
T %0
HHL i 4% 10~20 mA * cm 2
B 50 °C
dia 2:1
pH {H 3.8~3.9

SR T 2 T 1 B v R A 5 119 P B R LA
FPUB BE DI B BR AR I /NS AR 5 A T
JZ UL B8 25 2 08 205 AL BRAE S B 35 AL 791
AR LB VA O e R 5 0 PR AR B B o o B
W pH EAYAVE 5 1 e B30 198 4 A1 O 2 T 15 1
FIA RO T HE)Z B LIS Rl ks Tl B AR
MR R TR R S 2R AR
K2 fis .

"X30 500pm © SEM

K 2 Z)ZH%EE SEM K%

Fig. 2 SEM image of multi-layered electroformed nickel
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Fig. 3 Half-sine acceleration pulse
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Fig.4 Experimental shock curve
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Fig. 5 Sample installation schematic

L LA WM TP AR B T bl &
. 78 UV-LIGA I T 49 218 5 2 J5 o A 3R
P IV B JE [ 2 T PDMS 2% LSR5 K PDMS 3%
JiE [ 5E F PCB AL (PCB AR - 25 A AH W 19 B ) I
B E A PCB Hi IR [ e 1 5 il 9 40 B |, o
Sz e e w5 o R FH NI % B2 DL AR TR
RIS/ INKE S s RN s 65 0 R = ] A
22, UV-LIGA £ ) s 880 B BT v i 2 BE I 3
KT AVEX SM 105 Jins oo 5 Cofref Jon ekt B
2 :3~30 000 g; fk #hFELEHT ] 24 0. 012~100 ms) ,
FFBL A Lansmont IR 8f vh i 12 A HE R 53 AT A
T S A o S s oo o - ] £
MK RGN E 6 iR,

UV-LIGA I/ £ 2 i 858 25 tn 18l 2 fir
R E T AVEX SM 105 whd & b, 3855 b
BB R BE R B B LR AR B ol 2
faf , | F Lansmont g #40ic s epdi #imr, k£

K6 b il £ 4t

Fig. 6 Shock test system
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Tab. 3 Shock test results
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Fig. 7 Failure probability - peak acceleration curves
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Fig. 8 Stress analysis of spring
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Fig. 9 Stress analysis of multi-layered stop
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Fig. 10 Delamination failure
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Fig. 11 Fracture failure
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Fig. 12 Plastic deformation failure
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