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The Comparison of Stiction Results of Anti-Stiction Methods for
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Abstract

This paper presents comparative results of varlous commonly used anti-stiction methods for
polysilicon surface micromachining using identical test structures. Four different types of cantilevers -
single cantilevers, cantilevers with dimples, cantilevers with anti-stiction tip, cantilevers with plate -
with different widths and lengths were employed as test structures. The detachment length of
cantilevers was examined depending on the anti-stiction methods and test structure types. After
sacrificial layer was removed, evaporation and sublimation drying methods were used in the drying step
when takes place the stiction between structure and substrate. Various final rinsing liquids such as
methanol, IPA, and DI water were employed to compare anti-stiction results depending on surface
tension and rinsing temperature. For sublimation drying method, methanol was used as an intermediate
rinsing liquid. Also, the influence of a stress gradient of the polysilicon was investigated by performing
the identical anti-stiction experiments on identical test structures with a stress gradient. In conclusion,
sublimation drying method showed superior results to various evaporation drying methods and hence it
is considered the best method for releasing polysilicon microstructure in polysilicon surface
micromachining.

L M2
zdistn M7 383 (Dept. of Electrical Eng.,
Korea Univ.) gL E 28 WAVS 7iedas gutdoz
<HFYA 1 2000d 48 209> old FRES V|RoRREH RIAI HE HAS



dal F2EE JBd HEFHA Hz o]F solid
bridging, van der Waals force, hydrogen bridging %5
of o FxEo] 7B FHeZ 1AHHY, o]
release A Foll F2EC| 7@ A H& d48
H&olgta gt

F229 release I} Fo| 2t FAe F=2
EA® g oA 2t g ZAS g
A FFS £ FFAS PAsHAE Ho| Ho] A
EHAT ZAS & A g6 2 FHo)
e & A& ALE3lE F2 ¥ (evaporation release), i
A Bl A S3AA AR P BAE AAsE
%87 =¥ (sublimation release), 294 Aol Az
A71E 2974 Az (supercritical release)”, NHF&
Abgstd RHEE 454 AYds NHF hydrogen
treatment”, TzE3 ¥ FHL
Adse  SAM(self
assembled mono- layen)®, A548 JIXE 284 &
aebg Argste gt o) 1 ool

€ drolME olH @ o8 7HA FA wANE 7

termination

hydrocarbon  monolayerZ

T viud A Pl pud iy $3AzY
S tdd Hed HAE FZRES olfslo AL
FUL 1 ZARE Hu, BY3YY 282 34 F9
AN exo og gFE 2Hsgon, 725 &
At stress gradiento] 93 Q3¢S ARSYUY. of
Aeto g oo H¥ANE EdE TXEY Hed
e AAg i PAYPE AAsA

1. Stiction model

A2 AAsY T2EE VRO ZRE FFAF
71 98 AAF AA A T AF FFo)A uA
TE2EY 2F Zdd n oo} & JUAEBRE
2AE o o8 FEHA o4 F2EA AFHE
g4 duA, 7wz FRE0] FEH GgdAe #d
Az, A del W FHo & s} gt =
P FERERZ ALEE et stress gradient7t &3}
T2 &°] upward bending == downward bending
o2M FZE9 detachment length’} ¥3l8 5 9l
B2 stress gradient £& 1 Hojor sp D

o

lo ot 2

2 1 AEY AzHA F9 cantilever TRE
Fig. 1 Schematic drawing of cantilever beam
while drying the rinsing liquid

Ao AzAAGNE 2 15 o] §Z|o]
AHE cantilever TZE olFflo] ZAse A Bdo
AAHEAN Zgate ZAD o g8 F2Eo| 7%
208 Zo9AA 7187 JAEeA )

AA stress gradient”} §ithz J1ASH 99 1¥
3 2L cantilever TFEREY AA AUA(Up:
cantilever e FEHAN g A JUR(Up), A
Hos 24 F2E Aloly BHAF YAV, A&
e TZEF ued Alole W qYA(UsE o] F
oA AT cantilever’t 71 %o HAY ANE x=xas2tn
s A qUAE A ()7 2o x@an

UT= UE+ UL+ Us

_[.32EIR*
5%

+[—27su(L—x,)] (1)

] +[=2yLwcos 8 (x;—x)]

A7l we Wl Folm 12 A Uy r=
ZAAe1S] EHAUA, fc AAY TA Alolg H
Z7} xq= detachment length, cantilever 7+%E9 E
£ Young's modulusel® I+ thg&m Zo] FAHE
cantilever®] @ ojx EwEojr}

wf

==

olif RUFHL 2] ()9 2L LrgEHE Zegl

7.( T)ZES(I_TTC) (2)



BRAHAN x=xd W xo] AE U] PIEFL 0
olmz A()2¥E tew 2ol g £ Il

-

8ER*
dax
5{27Lcos BC(_czx—i: - 1) + 7'5}

A7t AR Z2LHE xy=x°] HEZ cantilever 1
9] detachment lengtht 33225 E t&d Zo] X
e ¢ itk

Xi=

1

_ [ 8EWAN\

Hol stress gradient7} £AFH FZEo] upward
bending %+ downward bending®] o} detachment
lengtht #HgslA Hz2z 4 (59 Zo RHHE

stress gradient 'S 233 o] P asr}P

P=(—A14)2=%a—"~ ®)

LZ

71 ML H9) bending momentol Il UmaxS stress
gradientsl] 213k e Aol Vet Bending moment
Mol A FEYA B AFE qux Uk

Xy BMZ BMZ BFZI
U=, % El %= E ©
9} 23 stress gradient® T EHHE  HEAeiol A

x=xgd o xoll HE Urdl mlEgE xol A9 U9l 7
233 2A9d e 4 AN Ur A Uss
st FEstd oo 4 7), (8)3} o] At uw
24 downward bending(I'<0)2 YERIE stress
gradient® st A% A (D A8 detachment
length7t £9&3

8ENF !
2x 2,3
5[2mosal.(7x_;-1)+n+ 2 } ]

Xag—

7 H 31, upward bending(I'>0)¢1 %
detachment length7} Solubs )\-% £l “/}

9 ks 7led

A 4% P9 4% N 83

b

8

Xq4=

8ER*
dx 2
5{27Lcos 6‘(de; - 1) + ys— 2€Et3 }

2. HAE AxE H=
HAE F2E& uolazAadg 7]%4ﬂEMH AF
3= MEMS MPC "‘zég $83te A
e gAALAITE LT YAFeEE
TEOSE *}%3}‘310“1 a SEee 4E Jjuddd
buffer oxide, 2g& A3}, A=4 A He&, 2
Px AegE Astue M2 FHHE Aeoirth

nitride

!

siiteon Butter exide

nnnnnn

uuuuuu
....... Butter axide

..........

nnnnnnn

witicon butter oxide

(d)

1Y 2. Cantilever 7289 #AZ ¥4, (a) buffer
oxide/A el Z At 2, (b) AL/
442 A3 F3, (o) TEOS F3/d7d,

(d) HEBAEE FA/HE
Fig. 2 Polysilicon cantilever fabrication process ;
(a) buffer
polysilicon/nitride  deposition, (c)

oxide/nitride  deposition, (b)
TEOS
deposition/pattern, (d) polysilicon deposition
/pattern

TzEY ARHAHL aY 2004 B uigt o] |
A p-type (100) A& 717 4l buffer oxide 0.05im
2 furnaceolAd] AR 2 Yo AYE Az

—235-



84 of &, ¢5Q

025mE LPCVDZE F#stqtt o]% AL E 05
mZ LPCVDE &% $ A% uig AR A gHE
A& 239 0.25mE LPCVDE FFalgith 4%
o2 ANLHE 2m FA9 TEOS PECVDE Z#3tx
anchorg HEd Fo 2m FAY AR AYE 72
£%¢% LPCVDE %231 gdsguh

i E—
l:k—%

a9 3 F2EY e (a) g9t
stiction tipZ 7}l

om

d

(b)

30xm
2zm

(d)

cantilever, (b) anti-

cantilever, (c) plateg 7}

AE  cantilever, (d) dimple® JIAE
cantilever

Fig. 3 structure type; (a) common cantilever, (b)
cantilever with anti-stiction tip , (c)

cantilever with plate, (d) cantilever with

dimple

Atd H2E F2EL 25 cantilever dEjoly
EREY Yol o3 HaAn wzlE BAsy) 9l

23 3949} ol anti-stiction tipg E#dE 3,
plates Eg3slE 7%, dimpled Tt F3& A=
stk

(

TZEEY & o] B9 =
o] WBAIA dimples T3 F
o] A+E WA 7IEA Az,

e 059 ¥ 19 2
ZE9 %% dimple

1 TZEY A

Table 1. Dimensions of test structures
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1 2 30,
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Table 2. Surface tension of various liquids

ethanol IPA
T Lerg/ cnr’) 72.75 2261 2275 217

liquid water methanol

3 ey d¥geA
Table 3. Experiment steps of evaporation dry

experimet step
1 2 3 4
Al . water,
HE, 20min | 5 in, RT
water methanol,
A2 | HF, 20min .
15min, RT 20min, RT
water h 1
A3 - . methanol
HF, 20min | 4500, RT | 20min, boil
Ad . water IPA,
HF, 20min | 15 i, RT | 20min, RT
) water IPA
AS | HF, 20min | (oo b | 20min, boil
NHF 4:1methaol: | methanol
A6 | HF, 20min . .
6min, RT | Water, 6min | 20min, RT
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20min { 15min, RT|20min, RT | 10min | mation
B2 HF, water, methanol, | p-DCB, | subli-
20min | 15min, RT |20min, boil] 10min | mation

CAMEHZAD U oA

el 7H4 HE $AEEY Hd% g A% €=
E 72L& Asd Agd FTAH W F stress
gradient?] F&#E AAE7] A3 1000CTAA 24T &
o dXG F ALEEGT old A U HRE 1
3 49 ApAe)A B %o} SEM B¢ Fd FANHL
£ ol HuyZdo|ZHE detachment lengthE 2AA 3]
il

A H2 YAy Ee 4% Hu 85

3% 4 A4 AZAAM W Zo] 10mYd ¥
Fig. 4 Cantilever beams having 10/m width after
A4 experiment

306

230

200

ey

150

100

detschment length

430 oo
400

507
300
250 e
200
150
100

stetas hment ength

dmple2! 7§

(b)
1% 5. (a) ¥ Zo] W& detachment length
(b) dimpled] 5ol W& detachment length
Fig. 5 (a) Detachment length versus beam width
(b) Detachment length versus number of

dimples

WA "o Zi dimpled 4ol ©W& detachment
length9 438 19 59 A= oy dimple
o el ®¥stel FAQC] A9 YA detachment
length® EAFATE olZHE A (oA HX9
detachment lengthol = Zo] 23 43kl gtk RS
A% 4 oloH HiEA Ao dAe HEL WY

fo rr
o

—237—



86 o &A, e, HAHI

A

FEolBg

3 =3

dimple®] 7jFel o8 JFE A= R

o mh

o
&
32

41 3y 4494+

Y 64 HE vis} go] Zuy A9 H$ A
AHoZ 60~300m FE detachment lengthS Hof
F32 3ith. Methanol$ AH8-3 A P(A2, A3)dl vlajA
IPAE A& HE(A4, AS)o] O FL& Z3E ¥
. TEEL methanolo] IPART Iy ZAH Fd

g dEge Fe AHUE Ay M9 H5Z
PA7} methanolel] H|8) 31 FHAel o 27
YE(F 2) IPAE AHgE o 2
g 293 yZHD ol& detachment length7} cos
6. EHUAE Ti9 145 whHFdoE 2(3)9
Y43 gx| g}

222 methanol® IPA EF A2dApt &3
qA AHAE XBAZ 9 detachment length7} ©
HdolAg BEY & UAUTHA29] detachment length <
A39] detachment length, A42| detachment length < A5
9] detachment length). ol 4 Q)N REo] 2x7}
F7Hge et BUAYo] £olE7] WRolr}

NHFE o438 Ad(A6)2 A& 719e Az
N EWE HE ARgesd 444 EUE
Ad wpetde] A& Asgluto]y] wFo A
o] o] Fo{A|A] ¢} 244 EHNE I& & Uitk

detachment length

42 s34y 4923

FHAZYE ALY HSde 80~1050m FES
detachment length® B3, p-DCBE X #3517
A8 429 methanold AMEY A$RT ZEe
methanol& AHE-@ 740l ] 70 detachment length7}
Aol HHB29 detachment length > B19 detachment
length). ¥+ methanoly] Z$ F%8o] FoEz
p-DCB&}] X $to] A2 methanoliitl o 2 S22
82 F do} 9t dAY Yol o FHy| g
2% methanol® A4T W detachment length7} ©

ags Azdo.

4.3 Cantilever Zf°] W& Ag2A3

ag 7€ F2E TR wE Fedn Az
o Ai B ARE RAF3 Jed, Yy ¢
oyt cantilevere]l ®|&] anti-stiction tip2 T I

cantilever®] 237 <7k o

E.
%’
cantilever®] A7} 743 2& AL & & gt}

Al 81 B2 A4 A3 A6
A2 A3

AHHS !

EETTN EENET )

(a)

anti

1000

900
< 800
B 700
‘:; 600
1% s00
£ a00 b
'3 300
1E 200
100

o

AHHS

(b)

plate

detachment fength

3

Mg
!

(c)

dimple

1000 i
900
800
760
600
500
400
300
200
100
0

detachment length

MYus

Osue Masiv=xy

(d)
a9 6 F3ET 58 Axy A¥oAM detachment
length ¥]a; (a) ¥¥t cantilever, (b) anti-
stiction tip& 7FAl& cantilever, (c) plateZ 7}
= cantilever, (d) dimpleg }AE
cantilever
Fig. 6 Comparison of evaporation or sublimation
released detachment length; (a) common
cantilever, (b) cantilever with anti-stiction
tip, (c) cantilever with plate, (d) canti-

lever with dimple

—238—



GEAAEE IR oAsE 7

oy

Anti-stiction tip
0

T A99 dimpled ¥F
3 cantilever®] A9 ¥ BolMe HE wWae] A
Bred (4 (DA w7} ZARER) BAT Yo 48
£ W3o] 24 o 71 detachment length® 2o
'rq' b plateE TEEE 72EY AL RA® 3

o] A8 WA AXNEE detachment lengths 7
oxla= 8

3t ‘%MH 1mple2 EgEE  cantileverd
A% o389 %47t 29 detachment lengthS _\i'-‘zh
=4 ol p- CB7} 39 F ¢& gAe go] F
o2 2 dimpled A28 HEUAE Z2AHA %
A% P Feldde 9+ Yex ged wd 78
3 TEE Abele 44Fd 732 23 2 g4
22 detachment length® vl &8

oA h7b ZolABR xi= 7
plate® 7} cantilever®) A% &9
v ogd g F2E% A did 7:'2
g dAe] ool
el d¢e A9 @A ¢ gEolo

ZAgolunz BAH

T2 0

! gwy
! 400
|
: 350 s
! - —e—A
Lo 300 ;,/ ] !
LE 2s0 = CTeTA
- * 3 —r— A
togo200 !
T E R As
E Em— e
P2 e b . : |
: 5 [ e ———Ag

50 S S

i
1 common anti plate dimple

TZEER
(a)

! FEEEY]

1200
i 1000 — S =L —
i £ s e
PoF
[ - ey
| i LB
[
|2
| 200

o
common anti plate dimple
FEZEEF

(b)
2% 7. F2E W& detachment length WX
(o) 24, b $3dz2y
Fig. 7 Detachment length according to structure
type; (a) evaporation, (b) sublimation
4.4 Stress gradient?7} EA4E o] A4}
1% 8& downward bending stress gradient?} & )
e g Abdolrd W] Holz WHE 24ste 4

tio

A% 2 PAYEd A

off

ul i 87

(5)ZHE stress gradientZ A4E = de=d, Ay
uo} )&} stress gradientE A& A o -87MPy/
m] gho] dojAth,

2% 9% stress gradient® 7MAe W disiA A
£ HFL UAYPS S AP FHelr) Ag4ds ¢
Yol ug 53AZY detachment length7} stress
gradient7} $1& ZFRT Ho| Zass g ¢ F
ATHZ LY F¢ & 150m7t 228z sadzy
o B4 & R0mrt FA). oy FI}AREY A
& ZAD Yol A% dgrdE R EY detachment
length7t 2] (7)o 9 stress gradiento] & &o] o
A ZAH7] digolgy & + itk

ol
o 2

l>

Hr o

718 8. Stress gradiento] 213 downward bending
Fig. 8 Cantilever beam bending due to downward

bending stress gradient

Adv FEgd s3dxy
% AHAY X FEEAMY stress gradient Fo
g F& wha "é%% 2438}

adz 7bx 3 A3 A

= IPAE A}%s}&l BE
°] 74 & detachment length(200~300m)& ¥
Aok szdzye] dedmdAds o 900me]
detachment lengthE RAFE=d o] Fgdx *1333
AN& #E methanol2 A@ale 20 A F2

g HAFYT 72E Heyo w2 AR nd
ol A = cantilever7t 73
BAEEAR plate’t 9
cantilever’t 7} 2t& detachment length® 29

dimple®] $§l&

froe o o

detachment  length&

&

~239—



88

detac hment lenyth

ot hont longshy

sty
(MEETTN rrreC
{c)

dimple

et hemens Songgh

AHPE
_.,L Hawe geﬂﬁsﬁ

(d)

. Downward bending stress gradient(-8.7MPa/
m7t EAE o S ¢z H4YE
9] detachment length ¥]®; (a) Yut

{b) anti-stiction tipS X &3

{c) plates T3}

(d) dimple® E 8= cantilever

cantilever,

cantilever, cantilever,

Fig. 9 Comparison of evaporation and sublimation
released detachment length with downward
gradient(-8,7MPa/im) (a)
common cantilever,  (b) cantilever with

bending  stress

anti-stiction tip, (c) cantilever with plate,
(d) cantilever with dimple

Z2YAME dimpleg AMEsHE Wiol ¢
Hlg) 2388 ZL detachment length®
TEEE ASS A¥ER
Agdstel A  wixg

=2
A

@) 2z
S g

A8 E

oZ"..

detachment length® RoFEUTh 21813 cantileverdl
stress gradient?t EA¥ W detachment length®
stress gradiente] 218} 3L wol womz £34
ZHE ARSEE W FUEET o gol gasid
qe 4 5

HZHZEYH AdFEoR plated ol
AZE Aede A4 A& 99
& AE3E Aol Aoz

Zo|9A go} 85

oy

Py X
Q

tl

=13

A

o
L
p= &
o &

iv. #dae 2

1998 BREAET &
: ISRC-98-E-4206) off

chel

e
5404 x| 9

Huzd

(1] Gregory T. Mulhern, David S. Soane and Roger
T. Howe, "Supercritical Carbon Dioxide Drying

in Proc Int. Conf Solid-
State Sensors and Actuators (Transducers’d3),
pp. 296-298, 1993.

{21 M. R. Houston, R. Maboudian and R. T. Howe,
"Amonium fluoride anti-stiction treatment for

in Proc. Int. Conf

Solid-State Sensors and Actuators (Transducers

‘95J, pp. 210-213, 19%5.

U. Srintvasan, M. R. Houston, R. Maboudian

and R. T. Howe, "Self-Assembled Fluorocarbon

Films for enhanced stiction reduction,”

of Microstructures,”

polysilicon microstructure,”

(3

in Proc.
Int. Conf Solid-State Sensors and Actuators
( Tranceducers'97), pp. 1399-1402, 1997.

{4] Plu Francis Man, Bishnu P. Gogoi and Carlos
H. Mastrangelo, "Elimination of Postrelease

Adehesion in Micromaching Using Comformal

Fluorocarbon Coatings,” J MEMS, Vol. 6, No.

1, pp. 25-34, March, 1997.

—240—



GERAEE £8 UAZEE Jied A9 A HANEY A% v 89

[51 Y. Yee, M Park, and K. Chun, "A Stiction
Model of Suspended Polysilicon Microstructure
Including Residual Stress  Gradient
Postrelease Temperature,” J MEMS, Vol 7,
No 3, pp. 339-344, September, 1998.

{61 Y. Yee, K. Chun, D. Lee and C.Kim, "Polysilcon

reduce

and

surface-modification  techniques to

sticking of microstructures,” Sensors and
Actuators, Vol. A52, pp. 145-150, 199%.
[71 A. W. Adamson, Physical Chemistry of Surfaces

4th Ed. New York: Wiley, 1982.

E I
o] & A
19779 2¢€ ¢ 4
19999 ne A71e st T
(8hAh), 20009 ~ #A £ sy

o
Ar1ggs Jatg A &

R

[8] T. Abe, W. C. Messner, and M. L. Reed,
"Effectes of elevated temperature treatment in
microstructure release procedures,” J MEMS.
Vol. 4, No. 2, pp. 66-75, 1995.

{91 R. Legtenberg, ]. Elders, and M. Elwenspoek,
“Stiction of Surface micromachined structures

dryingt  Model

investigation of adhesion mechanisms.” in Proc

Int. Conf Solid-State Sensors and Actuators

(Transducers’93), pp. 198-201, 1993.

after rinsing and and

L
19739 64 142 A

1996 eyl ANTEY &9
(A1), 19989 % dighel mholz
2olAY g3 4(Ah, 1999
~ @A & ugd ArleEgs o

AsA A F

~241-



