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Finite Element Analysis-of Thermal Deformations for Microaccelerometer
Sensors using SOI Wafers

0. S. Kim*, B. K. Koo", I. S. Kim™, I. K. Kim™, W. C. Park™""

j| Abstract F

Silicon on insulator(SOI) wafer is used in a variety of microsensor applications in which thermal deformations and other
mechanical effects may dominate device performance. One of major problems associated with the manufacturing processes
of the microaccelerometer based on the tunneling current concept is thermal deformations and thermal stresses. This paper
deals with finite element analysis(FEA) of residual thermal deformations causing popping up, which are induced in micromaching
processes of a microaccelerometer. The reason for this popping up phenomenon in manufacturing processes of microaccelerometer
may be the bending of the whole wafer or it may come from the way the underetching occurs. We want to seek after
the real cause of this popping up phenomenon and diminish this by changing manufacturing processes of microaccelerometer.
In microaccelerometer manufacturing process, this paper intend to find thermal deformation change of the temperature distribution
by tunnel gap and additional beams. The thermal behaviors analysis intend to use ANSYS V35.5.3.

Key Words : Silicon On Insulator Wafer(A12)2 4 20| ), Manufacturing Process(4) 2-2%), Microaccelerometer Sensor(}o] .2
7k& =4 41Al), Thermal Deformation(d%1%), Finite Element Analysis({-3t2 4:3}4])

* ZAZ}, ofgdistn 714 - A5A28E (kos@yosu,ac,kr)
Z4: 550-749 A 14A EUE AF 96-1¥%], Tel: 061-659-2976
+ Agarddstn S 4Agt
++  Exdista J)AZskn
+H+ 2AYEE FFF3

++++ APA OISt g3 et

12



SR ZXI7| A58 =27 Vol.11 No.4 2002. 8.

LME

2 7leAdR0=e AEAAA A& vlA71H FRHA L
g (micro electro mechanical system, MEMS)7|&& 7]
Ho g st AE AA7S A2 (automotive electronics
function system)2 7i&ste], ZA|A A A AR ES]
Y 3o A 2ok Fdgte =2t ok #4
o] AFHL & A2t £okd hRAA A7 eAILH
@ge oojul, AR AWEA HolXAH, TS AF
A 2BNABS) 9 A @732 & & £ Utk g A
B 715AEE Y AA7) 5 g H3d HES A, &
54 &8 9 A2 Aol et A w2 ARE
AT 2 £ e T4S vtolARAA YD) HAA
ojtt. 7|5 AA” AEEE AAE GuAIEE AA
o= g, g9t BAoA HAE sl dgt A=4gE
A W ZAER PAstojof gt} nlo| ARG EA
AXE 252k 872, ofofd] B YjujA o] El(navigator)
oA 7t Wkl a2 et A5 e o 9
3 AU 1% A AFAIE AT 24 Y2 oj8F
I 9k MEMSEoFS] vlo|A2714 54 HA9 dF:
19914 vl opd2 thufo]AxtoA A A4 a4
(interdigitated sensing element)®] ofojull 7144 9) 74
e JF2E o]EL, UC-Berkeleyo] A|2et delE
PLI-FET 7}& A 9] 4485t 7]ofstgltt.

FH 9] W2 Z(macro)dt F99 7|AHA = At Tt
EZHE 7] Y8 AR F34H2 ofoltfo|, A o
o5 9] & % AIZE A2t} AY | vhE o] WAH o
2 utE ek 22{ut stoj2 Z(micro)dt 9 AA, 3
A9e B4t FAE 7H ho|a LR A o tigte] 1A
dzo A4 - AU, A d AR - Y 95
(coupled effect) 59| Thet Hokg BT FHdhes AL
ozl EAlolth. B4, FEAAAY 7AHA L Azt
Bagh HolHe tgstAlT, uto]a g Fofo] dA ¢ A
AAHZ A glo] HA ARE A3 ZH3tth ubA]
oz AA7led EETH A5 Yol AlFE 2
A 5& Agzteyi ez ghEsfof 57| wfiof Atas
E7} 3R BAEEC] St oAk} 22 g4
HFE stogolt AZE o] 7|9 njokael Wit g
o, opo] A2 ML vfo|2 2o AE MA W AJLHEoR=
AFEE o] &2 2dY ot A E o] Abgo] B &
7HAS AdAolch o] For AL Y3t AlE 7

13

A} AERANE §-89 2 ¥ (finite element method, FEM)®
7} AA 84 ¥(boundary element method, BEM)® S0
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Fig. 1 Isometric view of microaccelerometer
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(a) Stuck down paddle after wet etching

(b) Over-etching at corners

(c) Paddle pops up after FIB cut at tunnel gap

Fig. 2 Badness phenomenons for microaccelerometer sensor by SOI wafer
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Fig. 3 Finite element model for SOI wafer

Table 1 Mechanical properties of single crystal silicon(SCS)

Properties Value Unit
Density 233 gec
Heat capacity 0.18 | calglC(18~100)
Thermal conductivity 03 calseccm CT(20C)
Young's modulus 1.9E10" dynes/crt
Poisson’s ratio 03
Heat expansion coefficient|| 2.33E10 /C

(2-D shell type)& o] &3le 2H¥® 39t} Table 1=
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LERE AN U, FHREAS, v o] AT,
F3 Y4 o)X= B A(Young's modulus), Eop H]
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Mesh generation of microaccelerometers
Set up of boundaz and initial congitions
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Calculations for residual stresses and deformations
at micromachining processes

sTemperature gradient of SCS, SiOz and substrates
*Thermal expansion coefficients
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Fig. 4 Analysis procedure for residual stress and
deformations of microaccelerometer
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(a) FIB cutting process at tunnel gap (25C — 100T)

(b) FIB cutting process at additional beam (25T — 80T)

Fig. 5 Heating curves of the microaccelerometer by FIB cutting processes
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(b) FIB cutting process at additional beam (80 C — 25T)

Fig. 6 Cooling curves of the microaccelerometer by FIB cutting processes
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Fig. 7 Contours plot of thermal expansion distributions
after heating processes
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Fig. 9 Vector plot for thermal expansion after heating
process
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Fig. 8 Contours plot of thermal contraction distributions
after cooling processes
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Fig. 10 Vector plat for thermal contraction after cooling
process
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