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Study on Surface Micromachined Electrothermal
Actuators
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In this paper, we introduce several micro-actuators that have been demonstrated by means of surface
micromachining technology. The negative effect of floating charge on the motion of the U-shape
electrothermal actuator is also described. Since the long-term motion stability of actuator is very
crucial for the practical applications, we suggest a suitable pattern that can resolve this problem and

enhance the motion stability.
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1. Depositing oxide

2. Patterning oxide

3. Depositing polysilicon

4. Releasing cantilever by etching oxide layer
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RN TS8R F - MHEZE R REIL
FEEASN AR 50 (Microelectronic Center of
North Carolina, MCNC) fr#2 ()8 K T8
TN L2 AR L EAFE (multi-users MEMS processes,
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Micro Systems ZKEEZZLA )" » HEFZAI TR

isolation  poly-1 (phase lines) step 1: definition of phase

lines by LPCV-deposition
and patterning of polysilicon
on an isolating SioN, layer.

step 2: bushing moulds are
patterned by deposition of the
first sacrificial layer wich is
isotropically etched by HF.

step 3: vias are opened by
anisotropical etch to contact the
second poly layer with poly 1.

poly-2 Stator yotor  micro bridge

step 4: the rotor and stator
are patterned by deposition
of the second poly layer wich
is etched anisotropically in

a SFg plasma.

step 5: a thin sacrificial oxide
layer is deposited to define
the bearing clearance.

step 6: vias are etched down
to poly 1 to connect poly 3 with
the phase lines.

step 7: the bearing is realized
by patterning a third
polysillcon layer.

step 8: removing the sacrificial
oxide in HF acid creates the
bridges and releases the rotor.

step 9: drying in a sublimation
process prevents the micro-
structures from sticking to the
substrate.
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Stationary Stationary
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Electrode Electrode

Anchor

Electrode
Folded Beam
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Hrh R : EH (Q)
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[ EHEE (ecm)
A EIHEAETE (cm)
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Hot Cold
Arm & Arm

B 5. AKX M ES

F = EAAT 3
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EEET R (stepper motors) FIEREEE (linear mo-
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SEATREANEE) S (parallel capacitor actuator)
Hy I B R A SEATIRE A A E 4 L A 77 (Cou-
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Hotarm Cold arm Dimple .

Direction of motion Flexure
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P EE &5 (scratch drive actuator, SDA) /&
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(a)) ° SDA BREN T ZETEZ Sk AR T B i e f
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/M EEEHEREE - B 10 FEEmE 45
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A EMEE e ISP (slider) > FLIEBESEIS S HEE

9.3 e X 5B E (SDA) : (a) REFEE ;5 (b)
SEM® ©

RIS T 0EENS 92.2 29



Comb
Folded Beam Shder Resonator
Spring I

(a) (b)
10. MR IEHH R ¢ (a) =EE 5 (b) SEM” -

B—RAI%A) 027 pm > (ESURRHE BRI R ACHE
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/N ~ SRR i AR R S aat
FHEOR - W HESYUERFEAN RIS JRA &
1 T B AU B ) 7 =0 ThR) o FRRE @ 2R AT
SEEHEIRNEAIEREE - KM RERET
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"exure Cold Arm

Dimple ~ HotArm

13. U M &H#B T & poly0 &4 (AFHRK) °

HiEIFTd. U B B a2 — T ok B
RERBEE S - a1 - BRI
1 (SiN,) H[E ER BN ANE 13 Fix) > &85
M2 (silicon substrate) 4IR30 (stiction) » A LA
KoEEET1EE (unstable motion) FYIR L EL |
AN E R RN EE HRIEE 2 7 MUMPs 82,2 %
mut’ (poly0) S @iy - BRI TR REHEHEN 1T
RN EHERAE - @) aEBF Y A SEE R AE
B ERE IR AN T BB R 1 - AfA] R — B2
(EHSERREE IR E - (2R E E AR
LRI AR — R B A RERT -

B BMERETT A TBE (B 13 2 U JEASiE
[EHEERALEYE L) A B P2 (B 14 2 U Tt
[EHELE poly0 |) » PRETEHET A ~ B WifEIE = AEAH
FIRSTN » ESECE M E2EAEBE LY
% o thiE 13 ~ 14 ATANHZERERE 14 F89 U JEAS
T8 T~ 2—J& poly0 H. poly0 EHSZ#fi (anchor) H
% o BEERKETEm poly0 BESCHE A fH R 2 7= 5] -

—iTE SR A ) T R R E Y
RITEZE R B EE ST ~ KREFHIKRLEFE =K
& - BEARISRERE (cold arm) MR (dimple) HYEY
5t > S EAEEhER D AP B R R A - Nt
FIH 3D £l EFEIHEAR RIS - SIN, #
MR T 22 P26 L Y RIS (SIN, B2 ity
TR B 23 BB 1.97 nm B2 3.56 nm) > KILAE A
A R B R R e EE) - IEIRE SIN, K
EFHEEFTERET © BL4h > R E IR ER) T
R R ECRE AR AR I LIRS 2
TR ~ RS T T - R BERR 758 RERERR
KA o hy T BeaE L PTG RRER AR E R &
FEEHAARRTRIZEFE (floating space charge) £
FEFTERE - FAMTESL A (die) EHSININ T BB a7 558
JH (electrical conduction channel) FJs%af - —H A ¥
NEET ZERER S RE - NMEMBERR
T HEERE > BEEIER T RS ET RS
RRIE - HE 16 BB EH A BT S
B EHY 2 -

HER A TP ET R NI ERREEHEN T fy Al
DAFE HHM & B ( poE AR OGS - EE B ERAE A
o ATBIEEAR R - BRI - BT
ST THIHESBE#E (cold arm pad) 2K {'E7E a7 25
DIRERy U P ERA @ Z AE 14 Fiw) & 17
R A~ B WIPAAEAHRI R REET » B@hdsietE
2 ;e RIS BRI LR - HELAS SR AT A > #5H B
W ERET - AT DU R T A EE 2 A P 2y E
REER)HS - D e 8@ EfReE: -

BN B B EREr - Rt REEM

A

L Poly0 Layer

14.U # & # & T # poly0 &4 (B H K) -

Anchor
Hotarm Cold arm Dimple

A ©

charge

Direction Flexure
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—u— With electrical release treatment
12 ~ —e— Without electrical release treatment

10 - =

i R
4 Acuator Size:
i Cold Arm Width:60um
o Flexure beam length: 40 um
o ./ / Hot Arm Length: 250 um

Hot Arm Width: 2 um
2 3 4 5 6 7

Applied Voltage (V)

Displacement (um)

16. A B X A &R g o

KE > W15 polyO B R < 5 B2 » R —1{E
FES » R HEWG A EELE - B TEIMT % B
TR > FRAFHE B JE=0Z poly0 HFEHE 3B
Bin i b o ik ¢ G @ 15) - ®
poly0 JHfREL S BRI (7 (C2 TP=0) > C2 &
HEtg B Et—% » e RE R 2%
&=+ MHRHE - 205 poly0 B FREREANEFEL (C1
B HRNSRE N EELERE R  FEESE
TIREA N ES LAV E RIS BRE - Kt
polyl W EZE|BEAIM TEFERS T - &R
Z LR > ke 18 Fs - E N EREA - R
BRI ERR > DIEA C1 IPTE 4 V IR &
(HEZE R BRI 5 FHRE - C2 A1 B & FriE R
e mEAEERRIRSREE - IR EEEE
F ERREEE - i KR C & poly0 FEEL
B sz BHRELE SR EUZTTHE (wire bond)
HEEE) > FTUAEIER L A B BAkEH
- fH_EaltEEm T4 > B o2 S U B E@E e
CEERE R EAHIERET 0 IR RS S AL
AL A EARE . EE s e AT

ESRN

(o G HIE S Qs ling s X BNy S B 223 DI a1
R E AR E IR — IR EAEIT - EEEhE
AITCRvIMETRR > B O A A @ as A L
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" FL =20 um (Type A with electrical release treatment)
—®— FL=20um (Type B)
4 FL =40 um (Type A with electrical release treatment)

10 7 —v— FL=40 um (Type B)
S ]
5 2]
£ 77
g 61
o 5
g Acuator Size:
4] Hot Arm Length: 250 um
3 - Hot Arm Width: 2 um
= Cold Arm Width: 16 um
2 7 u/
1 T T T T T T
1 2 3 4 5 6

Applied Voltage (V)

17.A~B B A T EHBEESHT 2T

4 o
0 7 —®— Type C1
—e— Type C2 O
g yp =
£ 8 -
2 7 a/
= / /.
O 6 ® ./-
: i
5
g Actuator Size:
o 4 Flexure Length = 30 um
a 3 Hot Arm Length = 250 um
Hot Arm Width = 2 um
2 — Cold Arm Width =16 um
1 T

1 2 3 4 5 6 7 8 9
Applied Voltage (V)

18.C1~ C2 m X AR H T » 28

R @ NEERMEFB N FBETT  (3) FEETT
PRIV IME > BUER ~ IRENSFIRET TR )
(4) AIAEHEERIRIER © (5) #ERED -
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HISP T RRIELL - EERIAI RS = ROTRRIERL © F53E
{IoetIME - IR A E B TR
FIRIRSFRSCEL > BIRT /)N » A L BREh BE AR
5 NIt > ELATIRRERIRE R » T U BB
FEE AR S > BARSN ~ TR
BRENFE R/ NERR, - AR AR 2 R 2 (1%
BRI > B EA RS EISA E IR E -
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