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XEFRTEWEETFIUMEL (MEMS) RERMTRENKENMNERE RS, £HERR

(HF) BHmsRE ., Bl LR SiMEH. THREN, BT SAREOEBEKOREKAER ) FK., BREMKER
ZH S AKERE, A “BHAXNES . MERRELEHRERAGT, YRAGSIWE, BT SIARE
M REH SR RARE, KA “BERTHE". MRS KRFIMER: 7 MEMS MEH K RE R UTN
AHE, ARASHETRIATEHER. NATHMSGHENHETZNENAFENRE, HLZT, REH
HEZ) ) MEMS, HESNRBEERER. NARKEEER, MRTHES, GWBRETERS), BEEERRFE.
BEARES, MRESGTREMSA, FRESES . X BN MR, 2% 5REEE3) MEMS T 4 f1 5 6

H— K.
[Xx@ia]

1 3%

METFIBESL (MEMS) £—FERMET
B (15 IC) MMVMBHNERE; RETHE
MBAERRRER T, HEAMMIER BRTF
BARAMMILEEAR) #t; Rg%+ ICEEERL
BRAEFD, SR P8 0 ] SOV AR B8 4 R 1R

MEMS WEEHRAE: X2 —MUFRE
MRS R, AR RS M FHOR B ML
W, NTIH 5 ICERE—E, WRAUKR. &
BHHRTEBMIERSE. MEMS M5 —BEE#
R XR-MFHOEANBERLE, BIERE
FERE—R, T EIREEBRR, LhBERMIGT
BRSNS EFEAREN.

MEMS 23t A& EHEMR, NHHE 1%
SEBEIFVN T EER, EREHEYKNER
B RBETEHFHA, QAP T RS S
e, o TR % % 2 S 200 800 3 BE ) F0 A

WA THRALG: WA T BEHA, SRS M, WS SR

FERUMBFHERG (DMD) BB Mg,

B2 MEMS R/, #&REERK, K
HRAEMATRENRERE, FREREARME,
BESHEANNREN “MEMS PHPE" BE,
A8, —/ DMD 24, 1 cm® B 100 7 AL
W, 4518 100 F4 ICHK3hE £ 10°%3h, MRK
ARERRSRMATRE, BENERSFGG?

ACHERE W MEMS &R MAl TS
TR BEHR S e EAE — TR

2 MEMS ¥ #4644

B, EHE& SIS AMBIERS S, 4
SRR R REMKERE, FREFMFUEHDR
¥i4& (adhesion, stiction). MiGXHEER £ Si
PR —2H HF R, BRE & Si
WA, A “BRAXEE”, W REEHE
ERGrHTRAGS I, A “ERAPRK
B, Bi—FMKERmMBHERAE, E—HKER
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WA AT RN, Bk, XA HHXERSE, 3R
(4] PER,

HAl, “BRAXES” NEFNECEHRHEE.
Y HF KB WM E . BB E A Sisgm.
FHet, SSARTMEEKHREERKAFERHFEK.
EIBREROK BRK Si ARG R K. At HAts
J1, mEgE A My FRE %, BERENKNE
ME N Fc, BH35| ) Fp #l van der Waals B 5| J;
Fy S BIRRMT,

Fc(d) = 2¥dg cos 8/d%;
Fp(d) = ey V*/2d%;
Fw(d) = k/6nd?,

RF, yRKWERAEK S, d BREGE IR IE
BE, cos 0 RAKEGHIKEMAO WRE, dy=Vy/
Ay, REAEPBERRMAKER v IEEER A,
ZH, VEMEWEE#HE, bR Hamaker ¥ %,
XtFEFEE S, £ =1.6eV, g RAMBEL, it
BRH, £1~100 nm EEHN, WH SiKKHEE
ERKWERAHK A ENEAEERANY, %A
iR Co, THRED ., vEALnE T ET
EEmESE (FARWAEREETE ‘GRS
e —BAR), #SiFREAAERKERS, B
AREKNBRASKET . ATH P ERNE
KERE, Wit TEINNIZRTE, SRKHA, B
KERBEK DS, Si FREHLERS M HE W
ERERELERANEN:. XEELEEEX,
KERAD, BROFKESE, KK, RESHK
B, BEEWLE, FREE HE, KEmMAHY
K, ROFKEHRK, BMahB/h, #AGHKE
(F1HPHER 1B SHERERM),

Humet, “@APHE” HERGLHRER.
B, ME5KEX, SGZREER R1PH
A S), KA ThREIE T S, Bk, Wk
iR, g5 Si FREMNLFRERRX, EX
ERUBARESTFRE (SAM) HE. HHK (CF)
WHER L SR AH (DLS) M, TEIERES
(F1HHER 6~8 PR 10 WEBRZERE), |
B, XEHREGKERN, WEBR “BRA
XEEE” MHF R, B, SHMEWETERU LR
HWE, BMEAENSATHER (AZREHKK
R), REBHR “BERAXKES” 1 “GATKE”
B AR BRETR.

F1 KkEMAH. ROAKE, BEADHBRAN"
Table 1
length, work of adhesion and pull-off force

Si (100)

Water contact angle, average detachment

Poly — Si
SACBR ki BB k&
& BE ffs BEE MA
/om / (°) /mm /()
1 0. 24 86 0 92 520 30
2 0.33 76 0 84 680 10 4
3 1.1 0 0.65 O 110 20 000
4 1.3 0 0.70 0 110 20 000
65 140 000
114 950 3
87 2. 5
99

R TIF BH R
KE /I Fh
/}Lm /p.‘]'m_2 /;LN

N=JNe T e NNV ]

16
105 700
*HERI-9FRIMAM (4], H& 10 5RWMAXEK [9]. K&
1~4, #E M HF BoBeaEBE I (PSG) #Hi 2, AAIEH CO, f#
BRTHR, ARAZA: B& 1A HF B PSCHBEM SIREE
H &4&; 5 2 A HF R PSG #5442 )5 B A NHF &3 Si R
2 HE,; 53 A HF & PSG #itt 25 B A H0, LB {f Si &
EARELY; B 4 F HF Bk PSG#i4 2. NH,F &R EHA
H,0, &b B Si REAEREAY; B SR 1, H7E 100 %8
BTWE; #&M%6~8, Bl 1 A HF Bk PSG 42 . F&@ ik
R CO, iRt THRIE, HHBHALRES TR (SAMR), X&
RiZ B (DLC) MM4LA DLC B AT RE A E; H&IORA
RCA BWHEYER) (100) ST Si; #E4 10 8UREM 1 FIREM 2, R
EEASHUEAKRK (CF) B#TRERHE.
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THEMHEXFIN SR REERE, A%
GMBEEDIR AW, AT LS —FR G, [EHE
HEHRAWREIIEEBRES FRSI ARG, A
VLB, SAEBMR AISILRNSE, BREREAE
PR S WR A FiESE, DLC MR LIS 2. 8
BT, AEETIMEEE, TR IE RS
Hihh A WEA R EE . RUTRREMS TH &
FHREZERN, B hHE0HREREEEE 400
C, HEARRARBHAREE, HP, SAM
WA ARFHHERE,

RiE, XER [10] S4BT ML L H & Bk
AHBEN T ZMAFEMRE, LU SAM H R octadecy
chlorsilane A 8, 4 FxX CH; (CH,);SiCl;, W E
J OTS, AA%¥BETE., & A HF B
BJE, KKAARM H0, mik (REAER S ALY
AR SAM BERN, EMERRE), UERRE
BHREBRARELES . BEEMLEA SAM BR
., REER SAM M, R SAM KB, £l



38 hE TR

0%

CEME R B S EHUNT . EREKSE, BAEK
ERESBRRMMERBERFH. REBEMK
F, REEBES P HEREAE 100~120 T Tt
LN, MERT 238, BRENEEERA—/
B R B, I RSP RIUE S R B
BREEEB, URHESNRABRENXE LA R
Bk, B, R L SAM MERT RS WA T
FRAEMEREZEE, BUSEE “BREXEE".
RMEARXMTEZAR—F—F#RZE 1 cm® @
MG BT, MAREEEHRE (JINLRE
A—EREELK), RKEBENK S FAKHF
BifAT, RIBEL, HE, B7E 19874, TIAH
B i SAM ¥ (perfluoronated decanoic acid) E%X
FHERMG (DMD) WHEF, BiE St [12]
i, ATHRIERKEG, TEHFRATHEEH B
ATFRATHE, HBAREHFMED T aEK
HFREHM) '

ML LA TSRS EEABR
EREME. &L, X (9] "B T H GF;s
H,SiCl; fERESEAL AN, 7 Si ESHUIMT CF #
B, ARAMIER | RS | AR 2, SEER RN
EHHMEZSZE 13 mPa, BAKESE 266 Pa, F
MESE E 40 Pa, )58 A GF3H,SiCl; £ 67 Pa,
fR¥E 10 min, WMHBEERE =K. TTHRRE 30~
40T, IHEENYSHE, BFEESRY @R/
FBRAERERLT, EERTRELTE, KEMAT
BRREOFKENBERE (R1HER10), AIEN
PR A W,

3 MEMS ¥ B# %

BEERE—12ER, EERYEKE, AR
B &% Amontons R ER: F=pulL, BEEEAF
St L BIEH, HHBI R . BNERRK
REW, SEHRER, AW EMER L X ERR
B, ER¥EXMPBAY R, H9HBEH UK
(13]s 7£ MEMS %, EEHIIRITE,

Xt MEMS, B87 Si A #maMIid 2N
T N A2 S A Ao T OB B R 35 R A BB IR 3 T A e
¥, SRS NEERBOE KR, RHENMTL, &
ERE. —THEARNDEREDSERE T TE
HEILANDE, BAEFRBSHROEMER,
AR E R RE TIER, EX—FL5E
BERAMK: BEENMEERBBSEHRLX, X

R [14]) WEBRERHR, ERAKAT, XREDSS
BT E® UL SAM B (C18 W3 iy F 2,
OTS), Gk K3 3755 B K ’

BT SR ED, BERBIKERNA,
—BE R R AE TR, EEAERRET .,
{BR%E Sandia R LR ZE MMM MIT B
BY, REREREINE (ATELEBIHIA),
HEABEER B, Sandia EXLREMSIEHLR
ZRFER, L RO (W% AMIE
MBMAME) WEREK, MR TEEMEBER
i) BB 5

LT EHITe R MEE RIS MEMS 5 B #
AP (MRBESERE), MAWSEENHMEN
B, FEAUSRLXE (13, 16, 17],

F2ILBTILREE R LR RIS,
DEMBEFEFIHANERLSRAHEKE («-D)
MR, He, ShEERE (w) MTHEER
B (s, ps), EEMZH, £ S Ni R\ LR
DABKEE, %5 o - D, HA C" 3 OTS IE, #hE
BRAB (3, m, ps) N=0.7 KB 0.08 ~
0.17, LEBHZH, HEKY, HIEHMEERE
INFHEEEERE (<) th X
Wh, MEHSEHRREHEELERNEZRES, M
BEERABSEEERPME, BEAREIENA,

2 EXNERARBXBRER"

Table 2 Friction coefficient data from different authors

LR " ®2 "3 4 s
Ba&Si 0.03 0.18 0.7
£ Si 0.04 0.18 0.7~1.0
C'EA/SI 0.02 0.18
OTS ¥ /S
a—C/Si 0.15~0.17
Ni i 0.8 0.7
a—C/Ni 0.15~0.17

* oy - HABMBEBARY, HXFRARR; - SBRERE
R, MXTFRARR, - BEMBEERE, AM5I%
WRUBSHEAXRSH; o - BSERERK, AXMT
AERRUY, - BEEEERYE, WA TFERAR"

0.08

Xwk [13] MEEEEERM A, WS TE. M
BERRAE, fATRBE RN S o, SRMESN p B

« EHOR, TER . EHERGEBIR S K BERR BN ERE
BB . L% PEMEREEHREHRR, 1999
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IEL:

: T, =T+ ap
$15:
ps = a+ (ro/p)

R, p BEHEERE, « BB, , X8
THRANYEHEERMIERS, o=F/A, p=L/
A, F,RBEEN, A, RFYIKKKE i@
o a. IR ro=0, WEBRBRAMEIERS, K
pEKF 1o, po=a, REEBER, MITANKE
M. REMBER AWM ERZE, £ESF
ws NEAEE /N, LW MoS, 5 MoS, 8] 4,~0.008 ~
0.15, ERKT, HFREEBRHMSE, REILE
i YK E] 1 ~0.1~0.5, b. p Sro ¥, & p
TNF g, MY FRIEAKRM, WEBEHEAE
Mo BITWBEXMFER, WAMMERIK, EHES

T B g R84 T 1200,

WMEEPEENRK, YIANVERRBHB L
T, {B3EBR AT RE R 04 A IRDRS & R AR ELAE A A 1)
B, MERBERE (ERRHEMENEERENE
i), RBRMA, MOXPHERNMEER
BHF R -1 EHEEE, ETESEHETTH
HFILANDE, BARFRESRSHREMER, MM
AT ERAR B IR K Bh Dk e, AIRER MW
[B] 6 (8] BE K, A0 B A F /N 8

HAIW EHERRBNIE, BRENE—CE
B AR SR/ ER7E F7 U 9 1 3% T DA — s o BB B0
RIFEBESREFPRITO NS MAGZ LA
B, AETHEME (AFM) ki #EE#E AN d
REFX—FHE, BX—-FES5LhRHEDE. #5
EHNMETLWEERSR, ULEBAHNMSIER L
RUBSHEXRFHMEREREY), e AR
WHEHSE TR (SEM) B8 {0k il # B
2HY,

XEAER 2 PEXEEHAES#TEINEAR
FEWOE Si# K UL o - D B (B 1 % DLC
MR WIZMER, ERSHEIET, A8H
B EFER CHE TS T I8 2% I8 & MUBUR
B, EMAREBHRZK Si WK LUV RME, ¥
JEIREL 50 C, KK MW, BEE 100 nm, Xk
JRERE B LR SF, BRI RBR/DN, WEMMRIF, &
ARIMR2ER, TUEH «-DHE (K DLC
W) RAEE BN BRI A . S8/
B, ¥ o-DHE (K DLC M) HTF MEMS

i b, B KA ] R B %5 ot I R LA
FEMRSSHIIE . ST A /)N 8] B A UL RR o B A 3 50 i
B, EFo«—-DME (BDLC M) #Ktz=RER
b, BB e, MNAREE, BEREE
& RIA HERA RIF W E MG, IKXRTEDE
N5 2 A

4 ik

BLZERT AU, MEMS H 3 45 #4) 8] B9 %5 & R B
E2MER, 1A TH LK. FA SAM MB% &
MAEMET L, TLESOLE LS, B hE
¥, (B A THEE Y KRB 0B A [ E o,
BHE, EFTIAFAHMKIH DMDERATHES
P2 GRREBRF SR TR, 1843
P S BRI R FOR SR M), BoRX B A L
BAREFARE, B, HE %N TERBHR
KEAWEE, LARIFRFRGR, A MR R

FE 6] S0 LG B S 2% . E BT AL A 7= (9 MEMS
581 BN 3 B TR0 DMD 2844, WA s H )
e o ) B, LA T 5 2 A B )
(BHJB), IR b A% 87 8, Bl Lk T8 405 40 1D RS 4 B0 5
i, tRR/NEBE GG . B Ik TR A R Ak
TR A IS, TN B S B R AR R A . 4
PIRBESHYIM, BEEERER, BRSETR
HRER. MH S HHRRAMBK, $8 LB
BIEHP) REEMBEER/N, MENRESER
WREAE, BAR MM EEMBERAE 2 KEwW, B
M, BREERREVUBE MRS . NAEHUK A MR R
B, FREE,
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Stiction and Friction in Micro Electro Mechanical Systems

Wang Weiyuan

(Shanghai Institute of Metallurgy, Chinese Academy of Sciences, Shanghai 200050, China)

[Abstract]  The stiction and friction influencing the yield and reliability of MEMS are reviewed in this paper.
The stiction, called release-related stiction, can occur within micron gaps of Si microstuctures during the etch-
ing of sacrifacial layer by HF and drying. It can also occur after packaging of the device due to over range of in-
put signals and is called in-use stiction. It is concluded that the capillary force of water between two Si hy-
drophilic surfaces at separation gap of micron is the major contributor to the release-related stiction. The origin
of in-use adhesion is from the chemical state of Si surface. Coating of anti-stiction films on the surface of Si mi-
crostructures and packaging of devices under dry atmosphere or vacuum are the most important methods to pre-
vent the in MEMS devices from stiction. The preparation technology of anti-stiction films and its problems are
described. Comparing with stiction, the friction is more complex. The commercially produced accelerometers
and digital mirror devices are the devices with no direct contact friction. After using anti-stiction films, the
stiction is fully prevented, and even the friction is apparently decreased. However, friction still exists in
MEMS of direct contact moving parts. The wear resoluted from friction will decrease the reliability and lifetime
of the devices. To fabricate the films with anti-stiction and wear-resitsting ability are the key research projects

in high speed moving MEMS devices.

[Key words]  micro electro mechanical systems; stiction; friction; anti-stiction films; wear-resisting films

(cont. from p.35)

which may be optimized by the optical CAD. The need of unobscurating entrance pupil leads using off-axis re-
flecting system and tilted mirror system. The key problem in fabrication is to make high accuracy, large rela-
tive aperture, high-order, large asphericity/aspherical slope and section symmetric surfaces. The null method
is the principal way for testing aspheric surfaces up to now. The design of compensator for highorder, off-axis

aspheric mirrors is worth studying yet.

[Key words]  imaging optics; aspheric mirror; optical design; optical fabrication and testing
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