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A Surface-Bulk Micromachined Eleciromagnetic Gyroscope
Operating at Atmospheric Pressure

Scong-Hyok Kim, Yong-Kweon Kim, Jin-Woo Song, and Jang-Gyu Lee
School of Electrical and Computer Engineering, Scoul National University

Abstract - This paper reports an eclectrostatically
driven and electromagnetically sensed planar vibratory
gyroscope: based .on a surface-bulk combined
micromachining. The fabricated structure has comb
electrodes - which are 400pm thick, 18um wide, 600um
long and ‘separated by 7mm so that the height-gap
ratio is about 57. It also has electroplated gold springs
which are 15 wide, 14/m thick and 500mm long on
both sides of the seismic mass. The open-loop
characteristics of fabricated gyroscope at atmospheric
pressure are measured on a rate table. The fabricated
gyroscope has a sensitivity of 30mV/deg/sec, and a
resolution of 0.ldeg/sec at atmospheric presswre. It is
expected that non linearity of full scale output is less than
0.8% with the dynamic range of "500deg/sec.

.M 8

H2, A Auwtold zZiExAle] £8& asia 9l
oo wasie 9T 34 Zled Aol A F
7122 AFE Arh AdY AR oA &zt £y
A d3Eia dvH1,2). 474 g3Hn dE Uy
o A&EAE B9 vl 12 vled ol &En], B
4% 32 g Addn U ER W4 7k Jle
g o128 A& AY S AERA AN J1AA F
=7t i $ Beon, o|& dslr] ¢3ld IF #7AE
o B & A4EE 93 i) AW, 43§ AF
A E FA A¢ AF AAAE AEEAE AR
= Agrgoly olglE Fheld, AF HFAA GANA
o] 23 vvte] 44 = FAY £ Qo =8, 71&9
A 2% F&Y A4 BEA FH22 AFE7]
o 4& Fdel gloy i AL A4z FER
sl aF olsl @elel HH RIFE Fasr] A4E S
e FUse A28 Yoz P}

AAZAA EAse 34Y AEZAE AR
daide € N4 A= FEE AME dAsIde}
au, ol& s 44 FFE 3A sn, 2=
FEREe AURAss GEA AFsd AAAH g™
Azol neh WigsA BESEE Asiool vk R
Toda $(31% C. S. B. Lec El41& WA/ 44
Azte) JltE B OE-ddy HdE FEE(multiple
-depth single crystal silicon structure)& Azshe
g Al e, of FHE ZEe oA #4
dztsteoz  PEs] ode odE @AY dLE
FZEE ARY £ Utte FHel Y, 2xgg)
Yiol WA Az o FAHzZ=2, EF FA
gaule] Age] glos, FHF Axy dE P&
FEs7] AP dAel 2ok HT. Lim £512 (110
delzel ojwtyd H4 Az gAY HJHE v 7HF
71&S o4 MEY TXE AR THE Adsd
o] AL YA AUE ul4 7HF 714 oLk
2ZP S Foldleg R A2yl 4 FEE #

0,

Atte FHe] o, B4 A¢F YAV HE KOH
9 474 A 22y F2gd pusy] A9
#7143l daspy, GAA HA& 64 1
giﬂ 5474 229 FA9 Age] gde G
e 2444 AAY FE Hde Jdd Juvl
Agez &ysuz, 4 83 Ad $4o v 2
27t dedy, 52 =9 & AL RGN

Sensing axis

Magnetic material nput axis

axis

Moetal spring

{110) silicon comb actuator .
29 1 ALY A AEEd s Agx

E =BdME 2 AZE 7AW, 4o ded
34 FF, AAY HEY AE=AE A
AAs7] 9% FAHeE: BY dA4 E e
ol gstgent, 0¥ 13 2o HRG A=Y R YPA
HEL AZsy) 84 (1100 4§ ol &3y, 84
AZHE AASE= gre 2Ty REg UV-LIGA
FAHE 048 =3 THoE2 AFsNN o FFL
24 oA sE 1ed UV-LIGA 39 Z331e
ol &% Ao ofF oj&3pd & BN 3 EY
A g 1Es Azel YEUY ol P2EgS N
474 AR 4 9o, EEA Ao ol4% AE B
AR 258 1 Reldh =28, & U4l ge F&
Edz 22y FZEL AFsA Hzz, B vy
b8 AN F71H9 BE Aol WaA gerng
33 & @egAg £ o6l A H2E 49 2e
A Y(sensing coil® A=} ZYU(field coi) & 71 &g} 714
FEE ol&do AZEHY. 3, A BE&zA e
d%g A7t seld 2489,

2.2 g

2.1 53 g2 9 My 33
2.1.1 &% 4&

B =R At Ad&EAE 19 13 Zel (110)
delger olfolzl HIRnY P2EMN ¥4 AXY F2
22 7Y, 2L 9% 3do] 4uE B4 A
A= gle gu2 9% Zol T4ET. dngy
FZEL 2FE F /g A3 B4 o] dd=
AE 7 AF Alolo) uloloj2g ZtAE AR AY

-2230-



< 180 * AR rtste] TEEC; ol y& HE
9 98 z&xs sgd, z:elgel Y(Coriolis’
force)oll 98] WY FREL 28 WP AEHA
g4 28 2% F589 3F EEE ABAQUSE o
§3lo] lNF Aoln x&F 4&e 1F Z=9 & W
o] 4% =g Yehla sl

b A% RE
ag 2 ABAQUS & A EH4T 44T AY 33

RE

2% el ABe YRy FTREY YAE HE 2Y
& AFAANA 9, 4% %:Ig a9 AHe AR
29 WY A&(Nux)d APHLE HeA sz JF
Fddle Aol S8 o §7] AL ¥Y &=
of wAlsleg, AYS FHE 4y AEEE FHE
4 At 2% 3¢ AANEE o8 ¥ FE WHE
A9 ste B Xt

sensing coif

comb actuator

d ez
I'lxcd\‘} ;
Y !

[ - { X vy
\ i

/, A
fretd Goil /
permatloy

2% 3 AAY Aane AR

aeEe A%EAY ZEE oeW 2 s &

h
= IS#QE(\NW; g K Vls IdQ (1)

N, Ny » AR 298 3E 32de 394 &

Am ©zojel P vy & - B39 ol

Ir S AR BY e} Hol L« AR AR 8%
Ne R AT AS he © QB A3 go
g HRY WFTY 04

K CAH AEEA Aladel sy A

A (1ol M 8} go] ZarAe ZAxE HEY HAF

2z5e| A=7te 7A-Fol %ﬁaw%mx ol el 5o
sme ge Ko MuaaE AS @ 4 g 29E
@ PEE wol7] ANME B 1A sol F3u]
g 3d sz, &x3 A4E ZA shodol gt

2.1.2 My B

2 wRo A AN AEEAY ek TE] FEE
£ A4 A9 23 YRe 1 49 20

YRy 75719 HV—MIL 400m FAS n¥ (110}
Aozt AsdUT 4 (110) da® 9o
F4 A% vz @ Ases da0g AL s

714 F3¥(low pressure chemical vapor
deposition : LPCVD)2E 2&4¢ ¥ X% w9tgl
38 HEAA(alignment target)® Belstyci(ay
4(a)). WEY 2L 437 A9 287 e 4
Zb 2944 B FANAE 44 3 ey AZ o
A% 45 HeElE /% Sdd Aeidagdc(adg
4(b)). °1F, £ A9 =8 7dag Aoy
dHe] ¥5H(thermal evaporation)® ¥, 9 7
FAE M NS g =¥3n, 2xPo FAH
g Zope] =3EE gAY 4(c)). ¥
4(d)e BAE EFESL olestd B4 Azgs ¥y
7] A% =& FFo}. 2¥ 4(e)-(HE gHd AX
4E g4 s 22 Yoz o Axmye
g8 2P0t} JEHo 2 £2EH £F svkEo}
AAE AH2 KOH #8940 &4 et} BEst
7!1 %‘;’r(n"é 4(g)). o13A ARE BEg 25 F

Bol 2 Y¢S FAstn AAY P2R g 2Ysldo
HheAs o 37 "o
Si'NA\A _ ‘ P!f/pnssivaﬁnn
sio;” ; A
? (110 Silicon
. Hun
(e)
Th!Ck P i A
TiAWT /n‘ ©
seed layer s —r
Gold -
mEaw
- - -

a8 4 NEEF FENE ARSI 48 2F 0 (a)
AE BAA Fe) (h) WEY BF F2E H (o
ot AFAE ol &8 TEE FYPLH) () 22
EEEE) @) 28E ¥4 4 2Zy =g3EW)
) EFE3 £F 7lwE AA (g) KOH $49&
ol &% (110 A9 oA w4 7

2.2 A5 SAH M A

a8 5 AAY AETAL WRY 2FY
SEM ArA

W2g 7719 Ae Ag dalde opid ¢4
H7be 41wt %, 60T KOH &€ AH83te

—2231-



o, Azd HRYg F2ES A9 Fo| 18m, IF9
Tmol®, FAE 42l 719 FAL 400mz A5
-] M7k 57 W 2 & Jehlidd. =9,
Egez ARE 500m Zolsl FEE AXyY FREL
15m %3 14me] $AE 740 29 5¢ 8% A9
ZE&eA4 WRY 7§78 SEM Apdeld, 14 6& A
F 2Y°l 29" A4EA F289] SEM Abdelth

vl 2iun herehty

.....

a8 6 FEF 2de Y ¥ A4zAe
SEM AR

2.3 8% gt

AP E&EAE AF AY vlojolad 180 A%
A7 e ZR AYS Arlskd RgEE, Z@d Al
45 dzd dEsE g 0¥ 78 2o gE 34
S AR J2E AEE YHY ARE 524 Y
o, 8 zZéxd e G4 AY d3e %7
gE, ¥z B2E AX F2EA dd. 7§ A3
o Arle FE A¥E PLL(Phase Locked
Loop) B} 2& ol &sid A&k

2g 7 A4S d42Ae] A% FE P2 EEE

16 i . 3

14

™

T

Output(volts)

S

%]

" an PN " o

29 8 GGl EHE 4Y AEEd oE
¥ 3¢S yehd 2=

ARd d&zAe NREZ 4%E BoE HolEE
olgdted 2AsgTh 17 7& WYAM FHE A&

ZAe 98 &5 A 28§ vehlle ad=o

AgE  AEEAY AEE mV/deg/secE
23520 drFAN 23 is®  F=EEe
Oldeg/sec & 235v), =¥ Hzo OP gxug
239g FUT F2 ¥ £500deg/secolnd, olnjel
HIAYA L 08% o2 259

3.8 B

£ =RdMEe BY o4 71E 7led oled Ay
TE-AAY HeY ASEAE Adudd GE&EA8
AFs7l AT BY vy 71F legas, BB o4
7+E JleBE UV-LIGA F4&, 84 ¢ 7igzs
(1100 dej&el o4 44 Azg Adsigoen,
HEE A% AAY HeRe siA MEE oo
Al dela dEYg FEVA sy AZd
&EAE e 8 2E-Fol FYPuE e Aoz
HrYy A3 #2EFH ¢S F& £2ZY FREL
AR, AdE x4 4% e gvigsidA
Oldeg/secd] SAEZE 71AH, AW 1500deg/sec
B3 99 4 Hem d&mgled, ol 7)a9
aut AdeMel dH5xA g0 EWA 48 F
8T 4% & el

E 1& AR d4E49 A& 29¥ Hoin,

E 1 d7igels $4E 4EA49 4%

s FY T

Noise equivalent rate in

10 Hz bandwidth(rms) 045 deg/sec
Resolution 0.1 deg/sec
Dynamic range(OP-Amp output) =500 deg/sec
Sensitivity(OP- Amp output)) 30 mV/deg/sec
Non-finearity < 08 % FSO
@Aael 2

¥ @FE T4 $ATLADDIY) AAY BB

328 4B ASEA % ASEA ARAC MDY

AU 20 PAEIUAY AR SR
o

@zgH

(1] J. Bernstein, S. Cho, A. T. King, A. Kourepenis, P.
Maciel, and M. Weinberg. "A Micromachined Comb-Drive
Tuning Fork Rate Gyroscope,” MEMS Proceeding, 1993,
pp. 143-148

{2) N. Yazdi. N. Avazi. and K. Najafi, "Micromachined
Inertial Sensors,” Proceedings of the IEEE, Vol. 8, No. 8,
1998, pp. 1640-1659

(3) R. Toda, K. Minami, and M. Esashi, "Thin Beam Bulk
Micromachining Based on RIE and Xenon Difluoride Silicon
Etching,” The 9th International Conference on Solid-State
Sensor and Actuator Workshop, 1997, pp.671-674

{4) C. 8. B. Lee. S. J. Han, and N. C. MacDonald,
"Multiple Depth. Single Crystal Silicon Microactuators for
Large Displacement Fabricated by Deep Reactive Jlon
Etching,” Solid-State Sensor and Actuator Workshop,
1998, pp. 45-50

(5] H. T Lim. Y. K. Kim, "Novel Fabrication of Comb
Actuator using Reactive lon Etching of Polysilicon and
(110) Silicon Anisotropic Bulk Etching in KOH,” Japan
Journal of Applied Physics. Vol. 37, 1998, pp. 7086-7092
{6) S. H. Kim, 8. H. Lee. and Y. K. Kim, "A Novel
Fabrication Process for High-Aspect Ratio Comb Actuator
Combining (110) Silicon Anisotropic Etching with
Electroplating.” The 10th International Conference on
Solid-State Sensors and Actuatars. 1999, pp. 110-113

-2232-



