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Investigation on the Vibration Characteristics of
a Symmetric 2DOF Polysilicon Resonator

Yoon Shik Hong*, Jong Hyun Lee**, and Soo Hyun Kim*

ABSTRACT

A new resonator that is fabricated by single polysilicon layer process is presented. The resonator can move in two

orthogonal direction on the plane parallel to the substrate. And the resonant frequencies of the two modes are

intrinsically designed to be identical since the overall structure of the resonator is symmetric about the two directions of

motion. Since the resonator ideally has two identical vibration mode, it can be applied to various micro-devices that

requires multi DOF motion, especially to microgyroscopes. To investigate the feasibility of application of the resonator,

dynamic model of the resonator including the nonlinear behavior of driving electrodes is derived and evaluated with the

fabricated one, and the self-tuning characteristics are proved though experiments.

Key Words : Polysilicon (t}2 % 41 2] &), Resonator
tuning (A}7}1& %)

1. M2
HAEEE ol8F U FRAE 2%,
A7, w4 ofd AME Agstd "aw
94 842 4% wn Qo 04 FH FEAS
$E AARE ASE AN, 9 A4, HEE

AN ol Yom FwH AT ool o
HE FUAY 2AKE £ H5d 3N
Mgstel AN $8sEE st Bol olFo]
A3 o aeyg 20 FEA £3 244
57 BUY 24e 2ES ARTE AEE 99

o T 38 2AFE FHe 2E T 7=

* gy ed 713

= FEReIed dBety

¥

81

Z171), Microgyroscope (F}0] 22 Ao Z A5 X)), Self-

Ae 4749 AfE Fol

TddtER "4 72 WE?

S8 & FHE v
oA 7HEE %“—3 X

2, 2 e wﬂoﬂ w27l
g 74%—% Btk mAPEs
AEsE T A GEAD A
At ey Aeln. 047

| 744 wol 2oy 75 W

S3 FF WAL 2 A FH 3
o]t wielo] WA AFE W

]

L

ST
2
e

e PN
P

s
=

’

RO
T
N
oft fu ol

r-{o
! o
e,
o

e
(o % & flr 4 N g o

o] A

OHTlilo?LonE,{

»

jn}

o

—

o o ©

2L

=z = (o]
E ¥
@4 ol
=L
—'E
AE



.o N
84 ojFd -

Ay . g

O

X

AYFA A17d A1 B

2 Algsl7)de AAd 42 9
of vlal dA3 2} sIEY 1AFE PIHTE
A7 Ao BT YA FF AFE o] &3ly
Tl W HXPAe EAE sdstn A
WA A5 724 75 $FH FH B
= W99 Lol A} ol YUJoR F
H2ARE FA7Y 75 % AZoe A A
F& AHgsted Aol QU wAFEY wHEY
AZo /b3 Bol ALgE= HYI B Hyo I
gy AFL FL HYd dis] 2 YALH] W
35 2 Al & Ao #HHEdy HE3E 7E A
Fo2 A8 A FAH wg Hrt uAy
Hog Wale ZAI}ES Bojx T WA AZIE
A A T B s o s He 4
9] Age] gloenz £ 24FE FAVY FF
2 HEo falsh

B dRdAe AEE FH9 £33 24/
ulo]32 FANE A NZE FeHe %
2ARE FA7E 55U ¥F REE 31§59 B
Moz ZEE HAZERZ 27} FZ(self-tuning)
"d27/9 A% B8 Z2Evdan & 5 Qg 23

stgol Yoy A=

o

o] &3f ®A

=z EAJ fayE

2. 3E £4 2 X7 3R7]

Fig. 12 x ¢y F] o) dief 728 %
FTA7N12A 71w P BE A 2AFE
& 8t xF4 yF9 A AFe] F AT
=7 H=E AAd Tt Fde 4F9
WA AAS B S o Zlwe] mHHAR)
T gl F- AR & FE Y T AFo] 4
B 232 (curved beam spring) &2 YA AZ =
AA) Ao, FEAY Gt FeFoe TS

la do I

O

Fele) AFo] FHHel TF % FEL £V,

43 FAZFH BAP ez FHoH it IF A
FE AAGE 84 FH B 229 =3 FI
o x st yFel disl Y FeE olF2 o x
o} ywgoz U AL Ak Aast 23$

(<]

82

Sole U FH HFo] fAH U olF
FzAs nAR Alold tael @ AW &%
A M=ol o Ho| HPRE FAH Y, o
Fo 9% B AIe Fe AT AT Ye W3
R
L
517] A3
Qe 7z
=3 2
Electrodes

Anchor

Fig. 1 Laterally driven 2 DOF resonator symmetric about
x and y axes

9 Fig. 19 Z A5 +F 2z E 7
= 93 AE 32e 92L& T ¥ FEAY
JE HAe 54 & = o o 72A F
Fe] dAE AF Aol A7t Hol WF Wl
ne HE A5 Fd &% HsE 2
NES o

y Zol sl Fd3tA AASA 493
doz Qs Abd A

Aol Ago] s 89 FH B 2T AF
B Ak wapd 3 FERA Y AL wEkA
WAk Zhzbe] Ax Yol X457 FASA W
22 x& ywgozo AAHE A% dASA =
g, aez A gAY FRAE xy FHEAA



&z
S

o

&4 o

d - A4

gxAdATeEA A17E Az

A oxoy gz AT PAS
FH 22A5% FA7E & ¢ Ut
gz AA 5YsHA @ﬂl% FX717F & 9

ol# el ol ] AHAR, AN 7%}

gl sl A FRAY X5b o

oz z47te] *11717} sz‘ﬂ %—94_& F

REE AAE

r
O

= 24 H XI’“” T2z
Zo|t}, éxﬂ AZ FANA B o
l& -8 oal= o 10%20d, B

—

B2l
#4244 FAE
Ko7l s Mz FHoln b A E
27 A e 2ARE ?_}_‘LHo]-—t-
axge] A7t 7bed AU AgA AR
Hojol gt} o]# 3 2AL WEANE FRE x
F3 y ol da) B3 F2E 2 21
oot} 58 A7tsR BEAE 2E 2/ FE
A7 1ZESY IFY vlo]3 & Ao|2AmT
29 8o b5k

2 A4 % Eo] 47
_C'J_

]

N[O rO(' ri{o

o
&

3. HEY g ST7|2) 28 24
Driving
Sensing signal
signal
Vae
: 0
\Y
Vdc }’7
——
>
Sensing X

Fig. 2 Schematic diagram of the symmetric planar
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Fig. 3 Fabrication processes of the planar resonator
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