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Abstract Unlike common device, MEMS(micro-electro- mechanical system) device consists of very small mechanical
structures which determine the performance of the device. Because of its small mechanical structure inside, MEMS
device is very sensitive to thermal stress caused by CTE(coefficient of thermal expansion) mismatch between its com-
ponents. Therefore, its characteristics are affected by material properties, process temperature, and dimensions of each
layer such as chip, adhesive and substrate. In this study, we investigated the change of the thermal stress in the chip
attached to a substrate. With computer-aided finite element method (FEM), the computer simulation of the thermal
stress was conducted on variables such as bonding material, process temperature, bonding layer thickness and die size.
The commercial simulation program, ABAQUS ver5.6, was used. Subsequently 3-layer test samples were fabricated,
and their degree of bending were measured by 3-D coordinate measuring machine. The experimental results were in
good agreement with the simulation results. This study shows that the bonding layer could be the source of stress or
act as the buffer layer for stress according to its elastic modulus and CTE. Solder adhesive layer was the source of
stress due to its high elastic modulus, therefore high compressive stress was developed in the chip. And the maximum
tensile stress was developed in the adhesive layer. On the other hand, polymer adhesive layer with low elastic modulus
acted as buffer layer, and resulted in lower compressive stress. The maximum tensile stress was developed in the sub-
strate.

LM B

dubalel At H7)A) 715 e 2e Aset AHIF, V1A
AAA 2 BF, o Es TPYE? o] diF ofeja R
™Al &7 dubAz ke ] 2} ARl AR )
AR F2EE T Jdon, oY 75E B3 A =e
dgrelelE 9] 715 ZA "ok A2 grHAAA g A 9
F2RE ] Y g HolE Aok e H7)A F2E
o] &)¥-9} T3t oA ddbAdxt H7)F) TR ol
H7)H Z\ A o2 R8T Al sojof ¥t =3 #
2 spetll A 52 AlMaabrt 259 gehg dF-E
ol q FE3sbe vk T H7)A 2 A4 2ALe] A
FEe ubgde] sl 4o o A} AZNE AAHR
Aelsojo} e S FEAE et ¥ ul4) FEE]

TEEHE 297, 9y, 38 228 e S5 A
N7 AA AFE Azt H7A EAVNE AT = o
2 AN el o2 §xA)7)e LR (hermetic) HF) A
7} Badich oY% mio]aR WAl A4 g AFolojE 4
AELE 1 A5 854 aet 1AL Z1AA, 234
Aeg 2 F5AY £97] -] 2 75+ § 7R A
717 BAQL P 2 g}, gl vpo]|2E wAl 2zbE )4
T AFAAER Uil o W G5-Hol wig wlztete
H7)2) well wpe} TER-HY 25 SAe] =A HstF
4 ek B dAFof A vle]|a2E Bl &2k} 3 7)A] Adell
HEH H7]17 € o, 2219 AF A5 f FAHRE, 2
7} Fo] mtolAR vl Axlel v|AE dE&HE AT
th d$HE FReasNAAY S AHEEt 2zl viAE
233} o|Z olFt vlola R Al 4} AA 9 Eeld WYe

— 744 —



A4 4. A L ule]22 HAMEMS) 22 7R A& g dF 745
Table 1. The properties of materials
CHIP ADHESIVE SUBSTRATE
Si Epoxy Polyimide | RTYV silicone Solder Alumina
Density(kg/m?) 2330 1300 1380 1200 8520 3900
Young's Modulus(Pa) 108 x 10° 3x10° 3.3x10° 35x106 30 10° 340x10°
Thermal Conductivity
150 1. 0.2 05 50 2
(W/m - K) 5 7 2
Coefficient of Thermal | 0 15 | 33x105 45%10°° | 300x10°° | 24x10° 65%107°
Expansion(/K)
Specific Heat(J/kg - K) 700 1680 1500 1000 150 774.6
Poisson’s ratio 0.42 04 0.35 0.5 0.3 0.32
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Fig 1. The 3-layered structure : Substrate- adhesive-chip

Fig. 2. The Isomesh of 3-layer structure
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Table 2. Bonding Condition

Adhesive Bonding Condition

Epoxy (Hysol) 180°C/30min, 20psi

Ultem 300°C/1hr, 55psi

Pb-Sn Solder 1837 in reflow oven

Fig. 3. Schematic diagram of 3-D Measuring Machine
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Fig. 4. Stress distribution
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Fig. 5. The Effect of die adhesive materials on the maximum
chip stress.
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