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Abstract

The major problems associated with the manufacturing processes of the microaccelerometer
based on the tunneling current concept is the residual stress. This paper deals with finite element
analyses of residual stress causing pop up phenomenon which are induced in micromachining
processes for a microaccelerometers sensor using silicon on insulator(SOI) wafer. After heating the
tunnel gap up to 100° Cand get it through the cooling process and the additional beam up to 80°
Cand get it through the cooling process. We learn the residual stress of each shape and compare
the results with each other, after heating the tunnel gap up to 400° Cduring the Pt deposition
process. The equivalent stresses produced during the heating process of focused ion beam(FIB) cut
was also to be about 0.02~0.025Pa/” Cand cooling process the gradient of residual stresses of about
8.4 < 10°Pa/um still at cantilever beam and connected part of paddle. We want to seek after the
real cause of this pop up phenomenon and diminish this by change manufacturing processes of

microaccelerometer sensors.
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Fig. 1 Schematic view of microacceleromter

Table 1 Mechanical properties of SCS {1.0.0} face.

Properties Value Unit
Young s modulus 134.2 GPa
Poisson’ s ratio 0.064~0.279
Shear modulus 50 GPa
Fracture toughness 0.95 MPa m"®
Yield strength 6.8~7.1 GPa
Bulk modulus 91.9 GPa
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Table 2 Cyclic thermal loadings during micromachining processes.

Process Temgerature Duration Appliance Working Note
Q) (sec.) area
ISOtI‘Op.lC 25 About 1.3 HF Masking Not considered
wet etching layer
Amsotroplc 60 About 2.5 _KOH Silicon Not considered
wet etching oxide layer
FIB cutting 80 2.0 FIB beam Additional Considered
FIB cutting 100 gsa‘; FIB Tunnel Considered
Pt About 120 .
deposition 400 gap CVD Tunnel Considered
[—— ] Entry to ANSYS
I Begin Level ]
RPEP7 /SOLU /POST1
} FINISH ' FINISH FINISH
General . General
P Solution
Teprocessor Processor Postprocessor
(PREPT) (POST1)
Model&Mesh Load Apply Plot Results
Generation Set time Results Output
Material Solution Display
Property

Fig. 2 Paddle pop up after FIB cut at tunnel gap
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Fig. 3 Flow chart of analysis processes
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Fig. 4 Time history heating and cooling processes

g Fxo] golHZ 439t sl Mol Al g3 A
A& 97970, a4 8467101 | 7, AL
vld oAl B3t Ha g S #4350 9ste] Al

LA £&stAn, 84248 FAL A4 v
(free mesh)o]c}. B1'd A S FIB/}#3t= 12 7}
< (1st heating zone)& 100°C, ¥7} ¥ B&&

(633)



204 EREIAATIRSRISMEEE, $254% H 38, 2001

2% 22} 7}<¥(2nd heating zone)-& 80° C, n}x|ut
oz |dd Qo] HENE FAANZ BH o7 9
W38 EA7) & 32 714 (3rd heating zone)E
g ol A& 400° C7HA] =71 Z5ete 3709 719
I} @ zp3te] Fig. 49} o] A sin], 44 23
of A2 g HA A 7H 0.93% 0]}

3. siiMZnt A 0F

&g A3} 57} viqle] FIB ddt7hg 283 Pt
A 7FEA 7tdel 4R ¥, n it EA AY
e HdA—A" )] & 57183 (0)8) &3 o)
2t3 3 A%E 2 Fig. 59 el 14 714 53
(—e—)3 &1 o] FIB A2t 7h34, A g
v o] P& (x=0um)o} A 6.56x 10‘Pa, 23}
2] (x=120pm)l A} 8.98 x 10?Pa, 18] 11 | &3}
H&29(x=170um)o| A 3.38%10°Pa’y =9 <
o] X3t 1 glqith 57} v g FIB Al
22t HEFH(—m )&, FLHEEY A 2.61x%
10'Pa, £3FA 4 & 7.12x 10%Pa, 118 1 3| S5}

B oo 4] 1.75% 10°Pa Z7] 2] S-Fo] =} &3}
Aot PtA F2 93 400°CH =712 71d st 3
A71E(— A —)9] AS FEE9 0] 1.78 X 10°Pa,
‘ﬂR]%MH 5.49 x10°Pa, w}Aeto 2 s £} 3

HololA 1.19x10Pafd & W22 o] 23}
@E} wetbx] 7t 2 Eoh Aol whel A sl
SHE FUte FAE R Fed, ldes 1°

CEeAl N e o] F&2 9 oM & 475Pa, 3¢

2L 14Pa 281 HETY H & E 9= 32Pa%y
£e] gEo] AdH D Jonz Adyn v g

=+ 1Heat
- 2Heat
1.00E+06 —+— 3Heat

1.00E+05 |-
1.00E +04 k\ ey

. - - .
100E +03 W—
1.00E+02
1.00E+01
1.00E+00

Stress Value (Pa)

0 50 100 120 150 160 170
X-Direction Distance (mm)

Fig. 5 Equivalent stresses of cantilever beam A-A’
part after each heating processes
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Fig. 6 Residual stress of cantilever beam A-A’part
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Fig. 7 Equivalent stresses of paddle B-B’ part
after each heating processes
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Fig. 8 Residual stress of paddle B-B’ part
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Fig. 9 Equivalent stresses of paddle center C-C’
part after each heating processes
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Fig. 10 Residual stress of paddle center C-C’ part
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