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Design and fabrication of micro force sensor using MEMS fabrication technology

J.H. Kim(KRISS), W.K. Cho(Mech. Eng. Dept., IHU), Y.X. Park(KRISS) and D.I. Kang(KRISS)

ABSTRACT

This paper describes a design methodology of a tri-axial silicon-based force sensor with square membrane by using
micromachining technology (MEMS). The sensor has a maximum force range of 5 N and a minimum force range of 0.1 N in
the three-axis directions. A simple beam theory was adopted to design the shape of the micro-force sensor. Also the optimal
positions of piezoresistors were determined by the strain distribution obtained from the commercial finite element analysis
program, ANSYS. The Wheatstone bridge circuits were designed to consider the sensitivity of the force sensor and its
temperature compensation. Finally the process for microfabrication was designed using micromachining technology.
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1. M8 FAZ o ADEHE G2 (force feedback)S Zte &
ZiMe A +HHE FAAN FH0) Bas
dA 498 AL, AEAFY], 37 ¢ Mdut 7] g 3% 53T & Aolok Ttk Kane T
RYPAY, 2R FLA ], uFgE 5 4G Akl 2 Mei 5P & FZAM9 AE HeAHE B F
24 AgHn Jde FgAME F2E F A 7™ 7] #st Alzbdbel Helo] 3 & FAAME o] Fo
(Newton) ©l49] 3F& uFEe 2E#HUAANRA A ZZAME BEA oATME7IES ol &38 A
(strain gage)d B9 2 EA(load cell)olt}. 22y} 7] etk 28y o] AMEL FH 2L FAo =
o] FAT L2 Al=" A A7t 28§ FE dEol A o] 4A ¥ ©9Ho] U ¥H
H3 A% we s)&e Z=4o] ofy &£ Wang 3} Beebe® Al A9E =L oA F4AA
T oldte] MHE JNUA aHYUEE ZE & & Aty uwtetgelz AlzFEch e o] AlA
g3t oA FAxzE 2F =Ha ok 2 e = AFTAL s AEFY L 2ERge
A BHHZ A=27)E(IC microelectronic fabrication nesx Fe EAE Az vk FW grE
technology)®l 3hUQl vlolagule] 37|19 wjx 7] AFAEL F3 Atzbgdrt e 25 AAA
ALt o]Ee FEo oy AAPIRE iy F2 FHeLAYS ARt dutdoz A
Hchipye 2  GAE A0 AV AIHALE dato]l A9 e e m%ol%oi Qo) BT
(MEMS : micro electro mechanical system) A 27]<9) o] 28| Wo] st ALZE FEErYgQ Fee
g2 ulM JAaAe A AEEE 2o Foogl o] 24%l |t A= AAeln
o} wetd] B dFdME #3412 dete 71X
E3] 2 B2 dFAEL Y9798 Aw ¢ T 3 F vA AN BARE 2AEHQ] W o)2S
Ne, 58 229 199 (grpper), 283 73 ALgstel dASn A8 /Pesr T2aP
A& 7 A2" FolA FEHNT He 74 ANSYS ver. 5598 E3A o dAle ggae A
Aol gt AT7E Ay du Ut B FAo F3ch. 2o A=Y 2 2ERFE 9lshd
v AAE =7 EZactile), BAEZ WAL} o A71EQY HR2E HAsD FolasEdos Jde
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Fig. 1 Schematic diagram of a sensing element
subjected to Fy, F, and F, loadings

Fig. 2 Schematic diagram of the trapezoidal beam model
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Fig. 3 Schematic diagram of the cross beam model
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Fig. 4 Schematic diagram of the dimension for the
designed force sensor(unit : ym)
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Fig. 5 Finite element model of sensing element subjected
to F,, F, and F, loadings
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Fig. 6 The strain distribution of beam D subjected to F,
loading
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Fig. 7 The strain distribution of beam D subjected to F,

loading
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Fig. 8 The strain distribution of beam D subjected to F
loading

Y

~ 499 -



9 Table 1 2 44 ZAFo A &3 zrzr
Jt8E o T"r?‘zh‘ii‘ *—*Jlr 5 3 zdy XH

FAgEgYoen M3t 21
ﬂ&iaﬂ*—iéﬂcﬂi g% st
> @ UrE}LH‘RM. o AL FAM AN F&
3 AP AN AvgdEYez A A9
o ol R BAFD Y. W A EFF
of BAlo FE3 L o FIFaiM HYSIHE
Ho] 4975 GPa 2 AHFE AZ9 FEAF 70
GPa® Bt} Zgg AT F A o) AL Fig. 4
o] AAF FAM EFHANA BFH L HAF

;!;

Table 1 Comparison of maximum deflection obtained from
beam theory and finite element analysis under F,,

F, and F, loadings of 5 N
Loading — Peamtheory(bm)  ponyiim)
Trapezoidal Cross
F, 13.910 29.726 13.803
Fyx -5.716 -2.392 -4.649
F, 0.000 0.000 0.000

3. ojM aldAMel Zx 3Z2MA

3.1 St X &H(piezoresistor)2] x| €H
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Fig. 9 Location of piezoresistors for measuring F,, F, and
F, loadings. '
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Fig. 10 The rate of piezoresistors change of under F,
loading (5 N)
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Fig. 11 The rate of piezoresistors change of under Fy
loading(5 N)
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Fig. 12 The rate of piezoresistors change of under F,
loading(5 N)
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Fig. 13 Full bridge circuits of piezoresistor for
measurement of tri-axial force : (a) F, circuit;
(b) Fycircuit; (c) F, circuit.

Table 2 Comparison of full bridge circuit output obtained
from the designed force sensor under F,, F, and

F, loadings (5 N)
Loading —AL AV, AV,
VC F, VC F, VC Fy
F,(5N) -7.78E-1  -5.55E-17 -2.78E-17
Fx(5N) 0.00E+0 5.41E-1 0.00E+0
F,(5N) 0.00E+0 0.000 5.44E-1
AT=10°C | -2.61E-20 -5.42E-20 -8.13E-20
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Fig. 14 Schematic diagram of micro-fabrication for tri-
axial force sensor
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