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Stress Analysis of the Micro-structure Considering the Residual Stress
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ABSTRACT

MEMS structures Generally have been fabricated using surface-machining, but the interface failure between silicon
substrate and evaporated thin film frequently takes place due to difference of linear coefficient of thermal expansion.
Therefore this paper studied the effect of the residual stress caused by variable external loads. This study did not
analyzed accurate quantity of the residual stress but trend for the effect of residual stress.

Several specimens were fabricated using other material(Al, Au and Cu) and thermal load was applied. The
residual stress was measured by nano-indentation using AFM. The results showed the existence of the residual stress
due to thermal load. The indentation area of the thermal loaded thin film reduced about 3.8% comparing with the
virgin thin film caused by residual stress. The finite element analysis results are similar to indentation test.

Key Words : MEMS(] 4|7} A A] 22 €3), Thermal load(€3}%), Thin film(®#}8h), Residual stress(Z57-8
8 E 0] %), Indentation Test(FLAIE),

1. M8

20471 FA =R Az7|ee TAL AAFFES
19 FAZE 433 FIANA F de 45l
HAh A4 YAz Axr|eE S8 M
& A v=d F2EY Arie 4ASANMA b
sht 243 71&9 FARLE Yt A(nano scale)
of fA BIZslA Eatn 9t 4, ol A
2 Azr|Ee vATFERE JtET)ed 82 28N
o] 4 7} A Al 2 F(MEMS)o] &S Atk MEMS 71&
2 9ozl Al2"e & dEule g A7]o)A% 1
Az AT AMxgdolrh §8& Boks AMSE
A, ASEA, K2, $EA, A, 2= 4), HDD
A=, WA, AE == DNA 237, f A &2
°]—:!'-§ AX, vlojaz wWH, ulojaR AR EX47)),
ufolaZ ulE, TV Projectors & ol AL
AL 3 9t o) MEMS 725 & A& 3
HL Surface Micro-machining@ Bulk Micro-machining
o2 A BFH?, £3), Surface Micro-machining
L ZAle Edo] detg HFsld 3aA¥AE 7

), AFM (&

dahe Yooz FHY2 AR KAl Jhea
A g Ao &4 Aolg sEatazt ste PAT
z22 7aE B4 Aoz Be gAFl o)
511 .

QT AE DA Aa 2 et Tl
A %%FMITA Atolz s A dErtol g
ARolM 24T & e dEe dFE T
HalA MEMS F2Eof o] A8 ¢F0F, T
g, 3¢ 42 ﬂs} 139 oz wEA 2
g shetel wAsE BFEES sPMel FUNBe
2 72Eq vAc 243tz sl
olF fEeaHAS vla 2AEgich &
3 2 Are A% aky.c}—t— 1A%
gAste] AA FzE| 44
duat sPeP

2.1 A EEAE
@A) uret oA Jhaell ol MEMS FRE B

- 820 -

KSPE 025176



of AHgHE F&ULGL FFFoE diFos
A E 71l FF A AZshy, ol F A
A Aololle AFE 2 AAFASFY Aolz dol
FAAH AGADd FIe §o] SASHA Het
ez, o] F AR Aleld th& ARE WA TF
oz FAT dRFATe Holg YA B
Aot §EE Haar) A8 Tt B& AR
o 12AFAE FAR, olF LFTIFOR 245
S 7Y AU dFuELE 12T HR FAH
ANEAT AMAFFES AFHE AFsgit. 28
3, F4aA AE AFgdd €& wWEHez )
oz ZFFHG AFVY Lo SAste AFH

& AFsHch

evaporated Al film
evaporated Al film

Si substrate

(a) type A

evaporated Al film

Si substrate

(b) type B
evaporated Al film
evaporated Au film’

Si substrate

(c) type C
Fig. 1 Fabricated specimens shape using the evaporator
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Fig. 2 Dimensions and shape of the Berkovich indenter
fabricated with diamond
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Fig. 3 Finite element model of the specimen coated
using various materials

Table 1 The mechanical properties of each materials

E poisson's ratio{ CTE at 20C
Si | 150GPa 0.17 2.7X10°/C
Al | 68GPa 0.38 274X 10°C
Au | 77.2GPa 0.42 152X 10°/C
Cu | 110GPa 0.343 202X 10°/°C
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Fig. 3 AFM image of nano-indentation in the
evaporated Al film
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3.2.1 Type C (Al-Au-Si substrate)
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Fig. 5 stress distribution to X-direction in the
evaporated Al-Cu film
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Fig. 6 stress distribution to X-direction in the
evaporated Al-Au film
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Fig. 7 X-direction stress distribution in each materials
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Fig. 8 Shear stress in the interface between substrate
and other material
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