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Analysis in Capacitor of Microaccelerometer Sensor Using
Tunnelling Current Effect
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Abstract : The microaccelerometer using a tunnelling current effect concept has the potential of
high performance, although it requires slightly complex signal-processing circuit for servo-system.
The paddle of microaccelerometer is pulled to have the gap width of about 2nm which almost allows
the flow tunnelling current. This paper demonstrates at capacitor of microaccelerometer the use of

the coupled thermo-electric analysis for voltage, current, heat flux and Joule heating then tunnelling

current flows.

Two electrodes are applied to the microaccelerometer producing a unform difference

of temperature gradient and electric potential between the paddle and the substrate.
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Read for mechanical and physical properties of
microaccelerometer and capacitor

|
Calculation
Capacitor :
=~ Electrical properties
Voltage distribution
=  Current distribution

Body of microaccelerometer :

= Mechanical properties
Displacements

Residual stresses
Deformations

=  Temperature distributions

[Count and storage of calculation result ]
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Fig. 5 Flow chart for analyses in  micro

-accelerometer and capacitor

4. slMdz 2 nF

N

Fig. 6& 74 =9 Watae Axat
RBAT Alolo) HEHOA Aste RE
Jebd Aol o 1ge AL FAoz
Heol e YHUn duge AdR(E
-1.72~-358 Vo #<¢S e
Wi ogleh BRdIe AuReA AW 15V
Aol Qzbslo} A 2ymol FapolE
94~131 Vel MuH #U% AYLELE BodFn
1.
Fig. 7 #o]227t4 % AA o)
Agtol oy A AE oA

A

}-

>

0.
£ o S

rR oo
lo Ho

o2

A3l 15 Vel
AgFupe o

Bhd Rolth zZo] 4umo) o2t BRI AE
Wo': 3. Unit:V o
EQ : 0.0000+00

detail fig. at readout gap*post_next

Voitage (ntegration Point) 1

Fig. 6 Detail figure of voltage at readout gap

15 *
10}
°
3
& Sk .
8
S °
0 ‘
o )
-3.6 ¢
L ! .
0 1 2 3 4
z axis (ULm)
Fig. 7 Voltage of distribution vs. z-axis in

case of 15V



149 V& Yede 3457 -3% 2maXE 07
V. slg ®2oMe -357 VY mleldx Age
B o] 2@ & & %ol Wdy A7
ThE ol 8¥ rhojARIMEE MM FH Y
A Ade 71&71E Im F 468 Vol ol2wu o
TAE FF AWNYE AgHoz ol8e o
A Qe dlolazstge AMe HdAE 9

T NNxA87 @ Aol

Fig. 82 =A7|9 AERYE
oA FAWEGe) Foz wuwA
BelFEo AFTFHE YehE
o& FMog FIAHE 1156x10° A% BE
124x10° A A5 AFEL AFL dedo
obgd MM EAQ HE} AT Pgoz A
daAN AF7F Fohste] 1.04x10° A A =
gk olgk 2L A AFTFUME lm F 1x
10"A%Ee F4% 718718 ofu gt

o

e wd
AHE YL
.\1:!'

a8 FAHF

detall fig. st readout gap*post_next

Current 1

Fig. 8 Detail figure of current at readout gap

Fig. 95 d#&c] 4719 &dAeA ojd g
Fdoz vegun Jerte wdFE Aod. 15
Vel Radte A+ ®dANA 57x10'°~38
x107"W/mi7bgel mlv@ M3 H S Yehhee
HEIARE o8¢ vojazstss MM 47

\l

Al & AFe FAE F e Ao Am
=3

Fig. 10& vlolazrl& e %11)\194 =A719 15
VAR AL A7s F 24719 gxlo &

S¢doel 9% 2 EIXE Yeld AHold. 1g9
SE24ckol HAIS A go] M A H(z=4, x=0

At
INC : ¥ .
2daey Unit : W/m' o

detall fig. at readout gap*post_next
Flux 1

Fig. 9 Detail figure of heat flux at tunnel gap

Cooling rte Tunpmm Coordmtaoun)
(& ] 2-4, x=0 ! point 1
. 272, x=70 : point 2

[+ ] 2=0, x=140 : point 3
-~
g
1
s
[®]
%) ¥
2 g
o
£
3
o
& 0
o} ]
) o
of § 8
° 4'» i b 3 e ' 1
woe? %10d  o?  qie? 0! 2smact

Time (sec.)

Fig. 10 Comparison the temperature with to
heating rate according to Joule heating
at capacitor

B 2=2, x=70 L 2z=0, x=140 m)A A9
ot 7FE Al o] F 1X10 %sec 7R = 21~24C &
E=7HA ZtE o] REE 2w HAs 3~4T ATl
ol2 g A%t 5x10'sec FollE 7T~8C < apols} w
AstA 7FBHAl 26x10%sec F M E x=140
2=0m A ANAM 57C, x=70, z=2m)A 63C L
x=0, z=4molAx 65C X9 LEE¥E ehyx
%l‘i’ic} ol NHEEEE 59 FFANH & $
%0] 75x10'~92x10'C/sec T ME Sx2



ey AFARE o] & nlolazrld s AXY 23712 &4

Ay AU ddy AFEH o] &3 vlojaz
7HET AAMe FAH7|9 25 EWIEE A9
57~65C7HA =48 Aoz dFdr

Fig. 11& <7bxsee 01 VelA 200 VAR o
FetA HMEAAIAE W FHV ] F%E 258 A
A A#E JEd Aol 15 VE 7IEe® 01
V~15 V712 7}84 % (heating rate)= 144C/ V
ojuf, o] F5E 200 V ThAAE 114T/ VE Y
Bl=d 422 2% £2#E(og coordinate)o]
o a2y 229 Hoige A GGl 68Tl
A 176 C7HAL ¥l R4 {FAHT glen
2 15 Vol A¢E Fiste A5v ¢ g

W3 FAE nelsliol & AeE Alsgrh
- Heating rate Heating rate

.= L4ATN E>< ity S
8 -
g 1x102f-
E -
4 C
E 3

lxml 1 llllllll 1 lllllll] 1 llllllll ]

1x100 1x10! 1x102

Voltage, (V)

1x10!

Fig. 11 Maximum temperature vs. applied

voltage

5 8 &

e dFEHE ol 8% vlo|AREE MA

o FERAN £3719 W7H 4PL HMB

% e 2o AnE A

N ECE SIS PUERE EIRIE PURRCIE R
i E9 Imme -1.72~358 V, FAHFAA
£ 94~131 Vel Hid 7U¥ AYBITE o
gyon AwHoz WYY 71e7E Im @
468 VAEE et

2) AN AFRIE B R IoA  F3
Zoz dIYL HAFH, FuE 1x107
A/m BEIAS FAEF F29 AFEE

1.15%10% A 28 124%x10° AFE %
e, A 5T fFAT WgFoz 333

mA =718 1.04x10° Adl =23
3 AHEe AV "HIY BRI gEie

4)

. Young R. ]I,

Fgo A 57x10°~38x10 *W/m < 1x10°
W/m'e] wujdt A& Yehez e®dsy A
FEHJE o83 vlolmaRrEE AAM dH
& AFE FAE F AS Ao Algd
SH7)E AAEGe 25 292 Q3
57T~65T7HA =g8 Aot

= gnE |

. Bryzek ], "Impact of MEMS Technology on

Society”, Sensors and Actuators, AS6, pp. 1~9, 1996

CBERT OER A, R OEE b 2 R OVERFEE I

DU 7oinEE V-0 ra-LEBRB LY
FEDIRRMT", BAKWE ST E NEMPY, F 10 lbEt
B A e, No. 97-7, O.S .7-3, pp. 59~60, 1997

. Crary S., Juma O. and Zhang Y., "Software

Tools for Designers of Sensor and Actuator
CAE Systems”, IEEE Solid-state Sensora and
Actuators (Transducers’ 91), San Francisco,
CA, USA, pp. 498~501, 1991

. Gilbert J. R. et al, "Implementation of a MEM

CAD System for Electrostatic and Mechanical
Analysis of Complex Structures from Mask
Descriptions, Proceedings of the IEEE Micro
Electro Mechanical Systems Workshop, Fort
Lauderadale, pp. 207~212, 1993

. Lee K. W. and Wise K. D, "SINSIM : A

Solid - State
Pressure Sensors”, IEEE., Transactions on
Electron Devices, ED-29, pp. 34~41, 1982

Simulation Program for

. Kim O. S., Yoshimura S. and Yagawa G., "

Finite Element Analyses of Residual Stress
Causing Popping up of Microaccelerometer
Based Tunneling Current Concept”,
International Conference on Materials
Mechanics’97, D-5A, International Conference
on Forum, Tokyo, Japan. pp. 125~130, 1997

on
and

. Moore D. F., Burgess S. C. Chiang H.,

Klaubert H., Shibaike N. and Kiriyama T.,
"Micromachining and Focused Beam
Etching of Si for AccelerometerSymposium on
Micromachining and Microfabrication”, SPIE,
Vol. 2639, pp. 253~258, 1995

Ion

"Micro-machining using a
Focused Ion Beam”, Vacuum, Vol. 44, 3/4, pp.
353~358, 1993

. Petersen Kurt E., “Silicon as a Mechanical

Materials”, Proc. of IEEE., Vol. 70, No. 5, pp.
420~452, 1982



