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ABSTRACT

The fabrication of stress—free cantilever is the key process in RF
switch fabrication, and it is also very important to ensure the
performance of the work speed, stable pull-in voltage and reliability.
Anchor opening, formation of the cantilever beam, the appropriate
release method are all vital to the whole process. Different sacrificial
layers require different etch and release approaches. As the area around
the anchor is one of critical positions to the electric and physical
characteristics of the switch. Horizontal undercut, the intermediate
product, the etch rate are all important aspects to the anchor opening.
It is necessary to compare the different enchants such as HAC, NH,OH plan,
and FeCl;. Finally, the optimal enchanted was check out, which can ensure
the stable etch, avoid intermediate product and keep the verticality of

the side wall of the anchor area.

There are unexpected wrinkles in the electroplating process when
using the Cu layer as both sacrificial layer and seed layer. Separated
experiments exclude the possible causes of the problem, such as PH value,
stir rate, current density. The logical chain of the wrinkle formation
was finally deduced out, which include the reduction of the ion mobility
and increase of the hydrolyzation. Investigation of the potential
influences of the wrinkle restrain raises the problem such as severe
residual stress.

Solution of those potential problems was approached by using the
appropriate parameters in electroplating using periodic pulse reverse
power. Meanwhile some extended applications were successfully carried

out using the same plan.
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The electric and thermal performances of the contact in the RF switch
was simulated. The highest temperature point, also the most possible
failure point, was located via accurate definition of the contact
material and current density distribution. This simulation can guide the

layout design.

As the characteristic of small size and easiness to assemble, the
MEMS thruster has the good prospect in the application for the aerospace
area. There are many challenges in the fabrication process, for instance,
the complex layout design, the high respect ratio cooling channel etching,
the high density fuel separated wall etching, the solution of the lag
effect in nested micro hole etching, the laser drilling in HOYA glass
to form the cooling hole, fuel inject hole and pressure measure hole,
Si-Si bonding with large graphic area, glass—si-si-glass multi-layer
bonding, the package of the thruster with the connection of KOVA tube

the sealing plan between the packaged thruster and test bench etc.

Finally the stress—free cantilever and MEMS thruster which can

resist 13 standard atmosphere pressure have successfully fabricated.
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1.1 MEMS J RF MEMS HiAR

R LHJLHER, BEEMEFEARAMM TEAROANRE, TR
%% (MEMS, micro-electro—mechanical system) 3%#|EH[r Filk#kZwioE
MIRE" . MEMS EERAMMN THEASMEE RS, MEPITE. HMEYHUR
RS9 BEMBER . BEEONBEBHEEENT &, ERNTLURZBR
Fmzg).s b B B BEES, FREERAEES, mAETTLUET R
TREFHIXEEFTS,

HTESHEEEREBNTTZE2RE/LRTE, FIL K4 MEMS
BAFE R R A DR EAM R, AN, REMTTE® hE.
FIA EREM TRA W LICA BAR™ REFHLMLT® SH%MN T T ZHMRBAR
WA UEE . MEMS AR RBIBTFHRAR. HIMEAR, W, ¥, £YEE.
REUERLE . MRS L PN BRA R TER 28R, EHEMETIRE 8
TR . TAPEIE " SRR DAY ST RS MAT RS . Ak
PLER RS (MOEMS) "L RMiMIE R4 "%, HAUUEHemas. Bt eRss
AR — LR R L TE B AR =L

BT MEMS 83 RHMAMLAMERER A, ERBEREXBEETFIMAS
ftEae, EEABHEHIEE, NMRKBREREN AL, BiL i E£4%
KFE, EREFESE. fiR. 2. FERER. ARELL. £YE%E. FEhER
H% A S AT MmN

S MHL.E RS  (Radio Frequency Micro-electronic-mechanical
system, fRjFX RF MEMs) & MEMS R EZEN ARz —, R HHLN+F
ALK MEMS SURHIBT AT RF MEMS FiI TS5 SRR AT e B oh (5 S AL B,
R — TR BEXT B A A W ARG A B MAER . BEEE SRR
Riw, EXLERFTR, FHREBIBEEMDERBFIR, EEVFE LK
e, AR HREEE S A EREMN FHSHMHEEME, HAERESR
AIERR . BREMEZKEARNPRHER. AWK ERRZTNAANER
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AT ERERE AN L TCHE, Blne R, AR, BEEER. A (7)) B, B,
FFREEFIE, BARBIRGERTE LRI . RF MEMS HEARMHREGE
R RIX AR . K RF MEMS $50R 3 () JoUR 28 1 ik 8 B Be A0 ¥R L B 4E R 7E )
—BAA, ERHMARLEN S N EER, HRRHA O R AR, BIE
BARZEMEAR. KBS, REZREREMMER".

1.2 RF MEMS FFRAIHFFTR X
RF MEMS 284 H TS S25IE A2 REMEMS JF55, & RF MEMS 284 i #%
ERfF.  RF MEMS FFXR LAETESTSRB S KM R TMHUMIT K, REVUE
LIS ik idE/ Wik dl. R 1.1 & FET. PIN &5 RF MEMS JF kA
R EMELE, MRDPTTLLE Y RFMEMS 544 HE AT ML, FUATFHR
m[3]:

1) JLTRBHFE: B TE 20~80 R BE, HREFXFEFEBRAD, JL
FAE, XHER T RIKAIBEEHFE (BN TR A HFE 10-100n] HEER) .

2)EFEHMIFEBI AL RF  MEMS SREXFF X B FE R S &MLk M A LR
AR, MMAERKKXEBRE(2~4 fF), 7€ 0. 1-40GHz JEENFREME
B

I RAIIEALIFE : HER T ke i &R B, R/ T 2844 8 B B AE,
M EAR/PMFEATFE (0. 1dB 7E 40GHz) .

HERMEES R - BTERAEELIEN pn 4, TR I-V BRI TFOZKE,
AHRKNEAHRRYE.

5) fIRAA: MEMS FFk2A R MU B A SIER, 7T LAHIVELE R S5
FPARE. GaAs FEEHMAL L. KA MEMS R E A EE NBMALr A, FIH
AR ERREPORAREAR, ATHATRESET, BEEAE.

% 1.1 FET. PIN Z#k% 5 RFMEMs FF Ry HEER [1]

/AL RF MEMS PIN FET
A (1~100GHz) (dB) | 0. 05~0. 2 0.3~1.2 0.4~2.5
W& B B2 (1~10GHz) (dB) i3 = e
R B8 B (10~40GHz) (dB) R L3 &
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B B FEE (40~100GHz) (dB) [ p x
#1E4E (THZ) 40~500 1~4 0.5~2

T #E (mw) 0.05~0. 1 5~100 0.05~0. 1
Fr oK (8] 1~300us 1~100ns 1~100ns
55 =#iFE & (dBm) 66~ 80 27~45 27~45

RF MEMS FFoRIhfEsR. A& &2, AMUESHHERE. HURS ML 2S84+
NARITE, FCEMEERE. x BBRNBHES. Mizh®Et. £T MEMS 18
BNEMRL. BT MEMS PR RR&STWANA. FXREGBERATHR
HWETZ, FHEIFRREIE. BT, BFFULNEREG TS ERAR
THBITR, BHLAGeSe R, k. M. MEURERRNIIEE.

L 3 BFFRBR

MEMs FFX AR 4T 1979 45 IBM fJ K. E. Petersonl4], R—FhEReEIKZ)
BERIFR, BT RBRAR 9 5HFR A Bt 19, 182§ T K it B s
BEE MEMS BRI, 7 20 A 90 MY, XE Larson LA ik %
[ MEMs JFX([5]. T RFMEMs FFREFERNTENAMERE 1, EHH/
BB AIEM, Motorola. Roekwell, Raytheon. AD I, T1I . HRL. OMtnron.
Samsung. NEC. Northrup GRUMMAN ST-Microelectronies Z[HEr
LTHAMARRIFRT HRNIPIETE. EREXKNEATEAR)

RF MEMS FF3C i B9 AN m) (11 B0 2 LB WU BB 40 RO R 32 3R 4 . ] LA e
B, EBEAEEE S RERS . BB L, BRI CmERE
AR LRE R ZEERARMTL, 0.1 — 100GHz 6l NA m R EEH.
FXREBER S, AL BRI T RS, AU &R —&REiais
BEREA [ 1], FREOVMBIEHMEIEFTRER. HEMHAZEZE=M. UT
RRIX =R X T R RILRETNE, 0T =GR AT
B4,
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1.3.1 BB R LI X RIR

B 1. 152 1979 4 IBM () K. E. Peterson BfF b i) — b i e DR zh 2R B B B b X FF
K41, REFHBEREMITR. IHFXURESHETZHERANXR, &
Tt Re BB E .
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b Tha Av A
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< L

A 1.1 RS E REAMTF K

1.2 /& 1995 F43E ) — i e IR 30 5 7] 5 R R AV e X FF 2% (6] .

FFRKHA GaAs K, FALEIERBAMEREMBER, XA PECVD %L
REVE DB A RL, CARBEE BAE AW EM e, BT 2 dRNERRED
250°C, FILARIEHLN GaAs HEE TZAMIE, I KTE 4CHz FBRLLT, #HAH
FERT-0. 12dB, BEREREEILT-50dB, JFJ3 eIk 28~40V, FFRFMAT 6.5X10°

Top Elecliode Cantilever Sigral L

{Not to scale) {Goid)

B 1. 2 —7Fh 8 7] B30 SR B RS e =0T 5%

1. 3 /& HRL (4R #7536 %2) 78 1999 SEARIE I7E GaAs AT _FHIE f#k IR %h
BPR BT R (7] BEREWRE—F “=8IR” 458, HAE%N R (RLE)
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HEE (@) BEEX, ANTRESRNNIMERP S W2 KA,
R HF SR, 7ok R TRAL PRI . 2 Kb h 1~1. 5,
FAFEHR —0. 1~—0. 15dB@1 ~40GHz, F& % & 5 —45dB@4GHz, —25dB@40GHz .
FIaEEN 30~40V.

B 1.3 HRL i sa 3R 3 & K B el R T %

1. 4 & AD(AnalogDevices) 2A%]F 1999 £EBFHI A0 —Fhif e IR 3h 28 B Y 432
X FFK (8] FFRBERRABE T ZHME, FRE 7~9um, XHE XMW
SRR LB R IR R, BB R 5 R B2 SEBRA 0. 6~1pm.
Wi ER A, BERBTERR XFFFXFEBERR (60~80V), HFFX
AITREREIR R, BARTAIZY 1~2p s , BETAATIAIZY) 2~3p s o FRRHIIEAL P 1~
1.5 Bk#, &AL —0.15dB@D C ~40GHz, KBS A — 40dB@40Hz, —
27dB@40GHZ .

04 um ® Pl
Salicen electrode

1.4 AD 22 BB 9 —Fohil i K 5 B BX A e ik 5 FF 5%
B 1.5 H &8 K2 H Chang 25 A\ 7E 2000 =R i) —Fh B (1 #% B 0K 5h DC 85
fin st MEMS FEBETF 9], FFXHIVELE CaAs WE L, BEZRANESBEIE,



Al R e o 2 DA KR Fy BN B2 % A MEMS HEid i L E BT

SRR 0. 5um EH AL 0. Lum B/ Cr, BT AL 1 Cr &R EMMRRN 2,
SERA LA, XBERESROEELAILLE Cr &R EHALER %% E
M. KRS RMMEE . FFoORH CPY RIE Mk . TFRATT
JRHEZA 26~30V, YI¥eRtEZ) 10ms, 6 A#FEH-0.5dB@10GHz, A H
—17dB@10GHz .

Curved
% heam

Straight l\ section

Bl 1.5 &K —F DC =X MEMS HBEFFX

L4 ENABERMIAER

BEESEHRCEENMATERIFRPRE T Z0NA, BF TAEHE
m RIIAE. AR, SMEFIF R, BARENSSEROEETZ
DL Z RPN, EENERBREWEEME . BXORm. RERKERK.
R AT 2 18 8 54T, (BHRMEAEF, BHFIRBRRNA, #H. BEERHK
Wk RS, (B — RIIBER R, X 2 pha fOBRE:: X %)
BIF 3t & BRI S EARSE B LSR5 &
AR AERE TR /2 B 3o 2 o S ) ) 0 G ot 7 SR B R TR S ) S e —— L A
TR K ZE I8 BT AT AT 45 B IN B 51 77 o SO0 /2 T 0 K 1 ) LR R P - 4
MR AL ACE R AR RN A« 2T UL BB RS, RATYFMEE e
B RN T 2T T AR TR S

L5 Ao RIEEAA:

TR — Ao &1 %0 i L B /2 SUIBOR 7 J2 0 8 2 T o 4 X PG ot
HRMT EEOSHRE, FHEERNRRTE.

[ L4 B R RS SEAA R, HEZMATRER, BHElh
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B HES KRG KREMEEEE: MEREMIERNER, RNXERK
RN KE R, 8 o ARk R Rk ERR S “SE” RS
&IfEH .

REBURX SR, SENRITRESZEENSEN, NEweE R
HRER U AR AL

X8 BT oK () He i i B - A BEREAT (T L, $RBIBA 5 FBURBMIHR
frE.

FBoE BRI EAXRITERM
2. 1 BRCHIRE:
EXZIBBEEENEB R T EAR, FAHFEEMINER X MBEOH T2,
BERT LUR SR AT 2 RIF RSN, NATUE 2R BREMTENDR, %
ML ER. REERMAE 2.1 Fis, E5EE 400pun A IS 0. 1um(?) 94
EAHX BT TE, REERS lun BEEESEE, H5905EE 2un B
ZIBAE D H X ZIph A FERE, HX M BRTRE, ERASEMBR T R A%
dpm & —RUEERABHER MR —XBEELNBEEE B EKES
FFRLE, —MA4EKERFEEE L, FEERRMEEAFEREI—HT. &
L -EEORE T R E, RRENKENRE.

1.Sputter Au seed layer 2.5putter Cu sacrificial layer 3.Pattern anchor area

3. Anchor opening 4.Electroplate cantilever 5.Release sacrificial layer

EE Si Au -~ Cu = photoresist

B2 1 TERE
2.2 B &
BT RAEA A B R, AR mARRR MRS, F4E IR E Rt
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AEHREES], Kbtk 70: 1 40K R AR M BT 2R 1 BB
forEtE, WAKRELR 1 5 ME-ALR, DURERELGH AN EXERNE
W LR B0/ LUE R EIRMERE, IEBRRN A, AN
AXTEHFE) . W 2.2 X8 2SR E .

B 2. 2 BB REE5 R E

2. 3 B 2 R RAL
2.3.13|%

X ZVoh 0 77 K X E RIS R E MR, RFHT R A &R S T
#l, BERATREAD, WETEFY: BHmXESFARE R, BTHSERS SR
HERBREREENS S, FNERT =FARMNEBMT RNEE, B,
o (8] 7= JL 75 T 0 40 (BT 5T 43 3102 DL o PCB Hi B AR 35 FI I =S4k Bk n &k
RAR. BROKERIMAKT R, EARMVEKTR.

2.3.2 SKMMEAKG R
BARMNAKGTRREFEFARN, HRNGFERNR:
Cu+H202=Cu (OH) 2 }

Cu (OH) 2+4NH3 « H20=[Cu (NH3) 4] 2++20H-+4H20

HEAT R R R R B TR AR, ERATETKSEEY, HEidH
—ANRBCP R A BT HR W FEERER T B R R E e 8, S8k
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B N i R e e P 44 TCRE F7848 R T 46 S MEMS HERE RS L ZBHR

R AL L UUE, RIFRAEMKAL%™ 4, Wk 2.3 K 2.4 fis, AR
TR N SRV P O BB TR N PR T A I 2 B SRR 5 R
BUREBAL .

B 2.4 o P4t
2.3 SR BRI b 74

Tk ERAMRENA: Fk: BAUK=10: 2: 1, BF 40508,
A T SRR ORI — i, (B R T, T A OMLR B 4
ety 0.

BUSERELRE ST, BE RS L b, EHAFIT 0.8-1pm, W 2.5
B, ook e E R b LB F T IR MBI ST (355 e
TR B Y

2.5 BhERN B
Fit, EAMMAKKERGT R, EEET, 5TEH, ERBREBIVAE,
X FERBHAF] . BRH 0 BE T EREM RO T H%K a7
Y, SEERZWIT—PHEETE.
2.3.3 KEERRINXUVA KT R
BT R RS R
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Cu+H202=Cu (OH) , 4
Cu (OH) , +CH3COOH=Cu (CH3C00) 3+H20

FEMS B RN P RERR 5 AR 22 1A ) R e 3 R B K T A
5EREFRRSEEVEE. FAE 2.6 FAlFH, HH8XEHRFIEHTE
i, X IA%EA HARS R NHEOEANEITRE.

Bl 2.6 MR FLFTE R KAGEA TREY

KEERUEKFEPHBSEME 2.7, 5K 2.6 thi, A HAC: H20:
H202=1:20:1 FIRE Dl 2 B 77 A B ph 3] 1pm B, KFEMIEE] T 0. 6-0. 9um, B
NFEAKINTE KT E .

photoresi

upd

3
o

A 2. 7 KPR E
77 A1 HAC: H20: H202=1:20:1 FOLLfl, AEEH TRA KRBT MBS

PEHRT, HEAFSH 200048, 5T

2.3.4 SRR R

I T7 SR S N R ER A -
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2Fecl3 + Cu = CuCl2 + 2Fe(Cl2
BEREMEBETAREE, REHSKRAEKBERR:
Fe3+ +H20=Fe (OH) 2+ +H+
Fe (OH) 2+ +H20=Fe (OH) 2 (+) +H+
Fe (OH) 2 (+) + H20=Fe (OH) 3+H+
HApUBE—PHKBRNAT, RAEIIKE RN, EFEPIMANHCL, #
RIS R E#B ), RIE=MEKE FRREE.
TR RABENEER RN, B&f PR, Brilhes Rk X ih%
A, WA 2.8 i, XA F—HH Rk i BUR X 4T TR .

2. 8 HiX I L
FRE ) F B, FeCl3. 6H20 A SKAImRE A LR 5% B, A,
10 BE T URBRBREMFE. 15 BEX AEXZRHROEmE 2.9,
WU B4 H B AR

& 2.9 JaRtRDEZIE T BA 98 MR
Akl i, =AM EERRTT R B K B B TR EAFIEE], T ERH
22 15 AR ok % 0 X R o P B M SRR X T AR 5 D6 2 BB HE AR A6 — Btk » RI SRA
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JEE N F LR A R TCR B 0 % % MEMS HE# & L 2ZBFR

R IR TS R B RFK KRR A ™ B, FrUAERMX G T R4, BARML
m BT RBCA BRI BB TH, ERLFAEFEMABRETR, BE
1 F UK BR BRI KX — 77 58

2.4 BERARRERZIRE
2.4.1 5|7

BERARENBERAXHEIRTHZL, MIVEERR, B8 27
KR S AT L5 1

L IR, BERIERTEHRIGLERREBREENE TR
.

2. EEEEMMYMSEW, BT EEREME, BERKEINEZEMN R
f, FTLUE M BRER LR AR EREEERA, BEsIATZHEIRR.

LARFEMMTE LRERARAN SR, EXESENAR, TRMRAKNELSE,
WEEREHEETZ.

4. X N BB RN EM B ER Y, UCHERMBEMERE, EMERERS
{1 L JA R AU A T A, 0 20 P i 6 5 ) 34 B 1) Pk e e, 8 A O ) R FEE AR
AT 2 [ B P AR FRAL

5. PEB R BEA BEAL AR AERAT B, 20Tl 1A %8 e R S R AME sk 5 Tk
AR 7K A 5 ) R

6. MR (LB K B DAL R B i 5 %6 5 KRG AL T/ B AT ERAB R WAt

2.4.2 HENREEREA:
2.4.2.1 [REER

AR TR EM AR RS hFER, RERFEERYAREZ5M
R YRR AL A R M AR R it P R AR AL /R SRR N . T R 2. 10 B b e B R
(5601, EREFFRPRATHWE THRER, HHAK GRESFERER)
Rtk (MAKR) 2k 4B RN AR ANRR, FRHERAR S HEEE
BIRERMAEE, EHjE, HERARE AT EREREE TN, A
F R TR L % B % 50 185 D0 7 2 o D 0 R A O R T SE AR B A AR R T L
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Cu% = Cu?++2e" Cul*t42e” = Cu®

EL A R

A 2. 10 g A R
2.4.2.2 HERGHBER:
W 2. 11 HEFERMEERS:
PR A PR AR 2 5 o UM Z K (teflon) #RE 2.12, BFHE
PRI E , T ER &R, XA FEE R R [ THEBASHAG R,

= | o i W =
- - gV
1= i N i
=ty o

B2 11 BFERERM. sl aER%R
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B 2.12 B, PHRR

W RSRRE, PIRER SEERAME. FRTEEN E R Mg
BRETHRE. N TEORE, EARERROEERECHRAR, HNERER
EEE VR P R TR, AN,

BAHOATATESSAEEHNER, ZBRBEFEHLSHNBRIFLERER
HUIA 7T AR, WA ERAA LA, HIXHEEREA RS A RER
TEAE B ah, X IREh A AP AR AR R B o I AR ) R A AR
RS Fr RN M BROK T s, (BE RS A EA KL, WRNEES R
K% . RN#EABEARNDRARER, £ E0OBRATPIEREREELTL, B
RSEVGWGZEHAT AR E, mE 2. 13 ZRTREBEEAR,
B [ PRI PR S AERR TR T BB AR

B 2. 13 SRR M R W
SRR SR, T 5 0 S 1 B Al e S,
XA A AR B B R, IRATEAD, BTAMERE N,
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ZRERNAEN, BEROSGERLE, GRAK, SBRMERE. BRm
BWRLSPBORERUSH EEGABEZRBMER, 2R R i,
KRS, HARRRKRERZ. 5H—HH, BTFERRBRIEBERR, B
HiAG R EBEMATHRBER, FEamEi TR rmaniaE,
BET K T X Fp AT . F okt e 5 o] LI i P Mg 2 e IRX Fh 3R T A S T 2
— Rk R R BT AL FE R X B TR R BIRN TS, IR R ket R A
0 R TR AT B S R PR A
2. 4. 3 PRk R 1] B R R R
2.4.3. 1 REAZMEL R IEHE:

HELN AR REEIED, FHEETHRRBRERFEN 0.9asd BT
EMFE LBIBBEANBERE, HREREREMH FERN&HRAEEARN
PR, BEARAEEREERY, KK REAFR 65 MKERRE, BEHE,
LU B 0. 9asd, 5min, W1F 2. 14 HBHE RAHED) 4. 3um RIEHM EMBIRA .
3 B AR B AT SEM B (B 2.15) T4, BB eEREnSEL,
TMAREHFE L.

E 2. 14 fEENEHRE
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B 2.15 T e af i & i SEM i

mTEREENERRS, FALHAREER, FEMARERHEHFRER, A
I RE . BERE. BREE. WA TREERAE. HFARE, SR,
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