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Rk Sige . WEEH AR KA XREE#ITIF
#, B#5IE MEMS UM THEENEMR.
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WHATRA SLUN, BENAEEZHBEAEAR,
THNMARLABRE. BREEN=MESEAR,
2.1 HBEEgS

#HEE (EB) XHKuGHEe e Hike
&, 1969 FEENARE ), 7 Ko L EMHA B
FEFEAN A, IHMBEREHEBESESRAR kS HF
X3EBEERMAAKERN, BEREIELEM
REERT. BAKXMGRE, SIHEMAK, BHEE
FAMR, B 300~400 T, fiFE 500~1000 V (5
FHREEMEAAVFEESEX). EFER R,
SIAMBEMREEREERTRR/D, B
A, MBIk R B, SiH EEMAE<0.2
pme, XMEA BT UERES Ti#HIfT, MIES
EB. EB MR —B MK, ArEAEHE.

T JLAE SR fH Bl S B F IR 2 B R R, A
A EB i R #l#& MEMS 268 K, — W+ L3R
BEEMIMRSEH (ERmMEE MR, FEF
BEEm), N AR

EESMARENERBEORAPMABE (G M
G,) ™A Si i (Si; M Si;). £ 3 K EB .
%—W EB, ¥ HAEMITF/DIIRILA/NMURILEY G,
57 pym P /S BE, BM S A7 pm PTT
Si/Gy MRt fa B AR / L 2% . 7E Sip 1E X i 1k
BHL (BE 11 pm 4 pm, V4R IR AR R K
BE BB, WEBBRE), WEBEBR 7 pm P** Si/
Si,, EE_WEB, 584, RAINIEER
. AXERRFRPT, NEEBMTA S, R#
7pm PT* Si (EESABBHBER), #E=KE
% EB, ¥ Si, SHEMTF THREN G, #E, EBR
REFHZE, MREXESEFHRATI-Zr-V
~-Fe B&BRAN, BAREZEH SRR E
<133 yPa. % T EBRA ¥, S%L/E EB
Si AEZEFE IR, H B FE T 2 MPa i it s
R S FFRKAE, 7T REATREMLLF,
2.2 SiREEg8

SSHE#®A (SDB) XK Si FismEs,
BRWICER[10], XFBEARRSHKAEN, 7 800~
1100 CF, JI/hBTHRA L Si FEaEX, &
AEBREMBEAEMEE, FEASKEEAREER
W, EFERABY, SHEET LKL HE,
REEEFE, BEEMENE (BFEFER),
FHERE®, TM[111EH, BEELE. ¥
BREMSIAAE20 CRE, BEABRER; A7

SHENLFERRTES. B THREERKS
i, SDB — M A T8 &tk Si s SOI # K mi
AR T #%% MEMS, 48 EB #BHBUR SOI #1%
R, BRIEXTEE MBI S CRERFHE.

Petersen &R SDB AR E . KEMEIER
feasl?, MBEEY., UKERG R, % P-
Si; M ¥HSMEE KR N - Si, /P - Si; (JMEE N — Si; B LA
EHHEER), B N-S, HFHREEMmE S
B, ASDBHMERE, MmL¥ P-Si, AN
—Si; MHER/N-Si, K, EELEFEAML
ZIE PT T —Si, BB, W# N-S, HKEELE
B, BEEBEARES. XA S 88
PELANME R A I ) 15 8%, WALEN S, KPR
S, MHESERRREEWSHN—%,
2.3 SHEWMES

REZHBEE (IAB) AR B E
—RBREREHBEAER, B EBSR MKy
A EB MBS EES B EMEESEX,

1k Si 5k Si g4 B A SDB 5b, tLAIBIE IAB
L4 EBHA, A, ELFHEEREFE 2 ym, A
W RAELD, ARESEBERMAARE . K
WAEH AR AT LA 6 #4580 20 FBe BB BE % M 7E 1K
Si&RHE, —KBRBER2 um, ZK 4 pm, HBRH
AILAVEFETh MR, £ TMAH H/EMER/PNE 15
nm/h (TMAH ¥ ¥ 25%, BB E 25 C), EB
BAKMGRHIBE 400 T, WE30~40 V (HBE
BE2~4 ym, HMETHFHEE 90~160 V), #E
SREE 30 MPa, XER[13]19 B T BB K MBS 7 #
BB : NZBEERKRE SHE—E LBIBE
ZEBEAR, @3 0.2 pm BT, £ 600 TS
KTFBK, BYERELR. K EEEH MR
HEEH, BAFES %~8 % K0

HTHRE MEMS RS AP HiEmdE, &
BfFH SisN, #E, BEHFEA SiRFEH 5 SN, ¥
RS . AXEREH, 7E 400 CTHH4& Si 5 Si;N,
HWR/kSi e, DARBIER, R 1 RRBREL
B (BE. RIEXREBRRZELHE) X Si;N, HER
kTSR, AREFHERAEE
(SixOyNz), )5 EB XX Wb bt kg 404,
WA BT Si;N, R, BALREES 58
MMM EB &AM, x|k (16] Bl EBE 4 pm
AlZE 750 CHREMEBE SR (RTP) $HFEHES
SUN,HME/ZRSIBAERXMI17]IKX
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Table 1 Interfacial layer used in enhanced bonding of silicon nitride films (data taken from different authors)
HE 1 K2 BAEXNHE BAIRE/ MPa BAHE/% B
Si (100) B8 b B Si;N, M /Si (100) *! 23 100 [14)]

EB, 800 V, 400 T,
Si (100) RIE 4t 28 Si;N, 8 /Si (100) 2 8 80 [14]
. N,, 1 Pa, 15 min

Si (100) EBRAGLE Si,N, MB/Si (100) *3 13 80 [14]
Si W 5 3% 3 WA /Si, N, HAE /Si EB, 400 T 10~20 [15]
Al/BE B Si;N, M /£ Sitt RTP, 750 T, 10 s 10 gggggi [16]
3 200 nm Si;N, ¥R /5 3 EB, 700 V, 400 T, 10 min [17]

*1Si (100), EHE 800 T F LPCVD FLFEE 100 nm SisN, , B SisN,(100 nm) /Si (100) 41+, F 2@ A 43, | 1 000 T, B[] 30 min,
FEEM 5 nm SixOyN, #8, *2 3R SizN,(100 nm) /Si (100) 41 , 4 RIE 43 , S 4 40 kPa, 2h % 50 W, # i i B 100 T, B8] 10 min
BIAE A, "3 £ SisN,(100 nm)/Si (100)H 8, B2 LXK ARG AL, H S 100 Pa, K 1 000 W, #1 ik I8 B 400 T, B 8] 30 min K51 ¥,

"4 TR BSI;N, ME0.5 ym) /% 5 Si 2 pm/PSG 1.75 pm/-

Si; N, MR R E AT AR v, MRE BB S SisN,
HE/BBEEE, EHRN, Weche FRERAS
BEW KA Si R R /EES:, T Berthold % | 4
HRKHEESIBEER; KAERERST, M
RS R L ERRESR A 4T o

3 EEEHHEK

& Si AL AR R XU I TS E AR, A5
25V mITZHE, BEXEEAR#RE, XHAT
BEMT S REHIRM THER, & 5FFET
ZHE, MH MDD EFES BT S U RS
e =i 4 =X fohn B BE U R R T 5 IC
M FHMESH (DMD) I RETHER,

U E LI T8 A il % e Xk 7 15 8
#aet, @Ak GE BN FL B h AR A 2 A Si ARt
R, RERAE — F B i LU 8 8]
B, REREAEE (AR MES, Bk
BT REFRIENFT S,

--/Si(100) 1 %+

3.1 ERBREEH

Esashi ¥ AR B ML BB A & Si B E S
e, K= RO, TEMHBAH
M, #EEHRHSENENEEET 67 Pa k¥, S
BAEGRITER, ERMAEMERK, K2, H
A A 2 AR R ST DA B 2 AR AR B K B0
B, B2 ERAR . B FLALE DA K 5 Bk R
EAMR, NZXHWREETR, PR 1HTHEY
B, FR2HMFRIMUKRE,; HIMNEHRTTARR
Si K mAwAMEE, FR1EKOH, FR2M
FHR3IRE TMAH, BEXRITIEBMABHEBRKY
FERAMB—F T ZEWRELR, RITEZFES
EHILEH Si (EREHEMERE) HESHE
A, AREHSKKELE (YFE 1, BEEKE, Si
BERE). REBEEMAE (R 1B MEE
W, FR2MHFRIWOHBEER), B0HBERM
B (MBRENZE, BOARNS) URKEREH
KHUIHRBEINE (FR2MARIHRRE, FHE

£2 WMYMMIERMORRE (BRI Esashi I 0 EE)"

Table 2 Diaphragm production yield after micromachining process (data taken from Esashi et al®!)
SRR it =2 s 1B i FLAL B EHEMH R %

FR R+ AR /um ERBMERM N AR /pm R /pum HOBE /um )
#® £ & Si: . . A, 44, . _

! (EXTF/A)  40x40x0.15 SisNg: 40X 40X 0.2, SiN: 40X 40X 1 48 CVDSIiN; h=1 3

2 B & & Si: SisNg: $100%0.1, £ & Si: $100x0.2, B, 14, CVDSIN, h=1 7t
g $100%0.2 SisN,: $100x0.3, SiN: $100x 1 $10 TR BAGUR

" 154 £ & Si: SizN,: $100x0.1, & Si: #100X0.2, Si;N,:  BH.L, 14, CVDSIN, h=1 99
(A% FH|) $100x0.2 $100% 0.3, SiN: $100x0.5, LTO: $100%0.5 $10 TIRBIGUR

* 3 phFL R DAL B A0 R Si AR R AL, 7R 1 & KOH, TR 2 MR 3 & TMAH
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BIIXEBEBRER) BEMTRIEME,

EXER [16] B (WFR1ES), HEED
FUE 4 pm, F100~200 pm B Al BE3F, #EiT
RTP AR, ¥ HEA Si;N, M (0.5 pm) /Si i
BAeEEFR, BA4HEA300 pm X 300 pm 51 000pum
X1 000 pm, FERA LM Si ERBHOZSE, RTP
HEE, SERMEAEDI KT, SiiEiRESKIERER
% 19.7kHzo HREEMERXKREH, 35 T, 100
kPa f1 95 % RH T, # &8 ®WM 1 000 pm X
1 000 B84 H MTTF X 270 & ({55 90 %),
MTTF B -& 25 52 BE 3 n Fn 68 & T AR 8/ T 38 K
#opE K - 195~200 THE 20 ¥, 59 854+
A2 M. XEEREH, Ed Al 4 F,
RTP TR HERSFHEM Si;N, HE/S A,
AEWERFSH, BHEEEMTRERLT.

XEk [21] BT “BHREEER" HEMN
Si R4 DU B AP IR B i, e 2 pm R
i, B 3RUBNABELZER, 2 RIIBRBRE G
Si, 3WAZ, 1 KKMEHE, BB EZRME
RBIS, BRBIBBMRESR, FENMM. £
mSIERENETRE, MEEdE A S XHEEEYH
EEEBRKLE, REARELEER/N L. B
Si A % 380 um. R 4 mm? K, FA3ILS ASIC
HiE, BREHEE, EYUNESN KR 10 MPa, It
B, BULBBEDNAERFHAZAOMABESE, X
REIHEFEBHRENES R S XHEE,

3.2 RipREEH

' B H RERIEES (SLS) RERBERS
B T, MEAEBRENERESR AR
EhnR ey WA FRKRE, ATBREEREN
ROEAE, MXAFEWBAHEN—FER, BA
XA E R R T BRGS0 B T AN B B
HEEKTFE, BEH BEHERNH R,

R# CVD ## B B WoCEk [22], XA EH
MNREMHATRRAHAEEERAKRRT, £EF
B EBREMEBRE. HETMBR S, &
K, RREMLEK 1 um SO, (BAREER), R
J& LPCVD JiBMAZIHE 1 ym, T 8 pm KEZX
P -SiREWMAREN. ¥ LRGEWM R 54
JEM K S, MBSt S L, BAEREMARST
FHRHMRFEHE 1 pm BBR, 347 LPCVD Ui &
Si, A E RS 67 Pa, REB M EE 800 T,
YH1~2h Z&SIKHRRK, ETHHERTEE

A. REBALHERBEN SEM B RHBEE
RBEF . FIXKRZRKBEHARBHFGPERRKLE
BREMB, K SLSERFERBILRAMILBRE.
REBERAMHMERBEE%,

CER [23] BEIZETXER [22] FXPRREFH
&, KFERAA-ITHROKNEZH SIREEH
K BEER 5AERIMNE S B4Rk, BR
ARKEE (A1 pmx1 pm) ASMEERSE,
REMHEERERSE, B TEETHEMTEA
Sim#as (2w, BRREEE), —BREM
B, BEASBUIRLEH Si B EHEER. K
THEERYE MEMSZE, REZEPHEZT Si
BRI R 28 F0 Si BRI #AAR, 4 B4 K 10 E F
BAOREBSER, B3ES 3 RITBRNMREZE,
QRULRBRAEZ R S, 3 KA, URFEHEHAR
S, WEH Si FRBRER S mmX5 mm (84
MBS BEAAERA Si R IERSBABEA Si bR
Shn#gs), A 24 4 DIP #ITERBETRE,
¥EPECVD H#iZ= ZE 33 Pa, 2 h, TEE, RE
40 mL/s, BEABROME & Si mAFBEEM#HY
1~2h, VIKMEE S R EEEE, B
T, EEEANAERESIK, BEE—1 SR
S m iR (130 mW, S min), 258 KRR
NRESERK, BFLEFENERSE QEEXK
ERXE, 8KEN4Pa, UGWKERG, 7
BB ZABRKMAEET UMK, TRXERRK
REEEHE, T25FELZHE, RERM
#, A¥m MEMS i ICE SR, BARABRREH
RMAMBIALBILHNEE—%,

3.3 EERP

X MEMS #1TBiP R HEEHWE, &
MEMS EFEEEFH

BRI 7 5 ADXLS0 % 3% 4% =X i 2 B 31 11%) /n
ERETE IC LB FHERH (DMD)
REMYLMAE =, ADXS0 B BiCMOS IC (RA®K
W, MK BRIIEE, Sl Foxd s E s L
m S RBIRF (580 AR, 585 8 mEsE
B, EHEMLNBRAIMNERL, REIREAEK
R ICHEEMGIL, BERHBRTHERS
(Ewmn#EE), 51RE%# N, KA TFHA TO100 £
BEFR. BHITHEBRE -40~105T, mMEEFE
B+50g, RHE (20 mV)/g, #Him 1 kHz, M
12m REKED P XEE, "I BEE (0.1
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ms) BkmimEE 1x10* g, THEHAM 15 £, DMD
H 1 kbx1 kb # CMOS #&fF M (TR, %#H0
MPEETHME. TES £ 10HHILE Al 5
(LB, BB 4/, 5I1REETHRIATEAL
MICH%E., FXFESELEH LZIRMET, T
fEHF M 1S . BEY TR XEWHAE/NEE MEMS
B R R B 5| AR AR H 5 4T TR RS B T B W 2544 T S
R, U TFRISATHEREX BTN,
45 DMD 8RB B RH, BANERRE R
MR, FTLEEA T IR 4 5 F 5,

LR E S 5 BRE8 A T RSN RE S, AL
MEMIMNERE, HPLRB ALER S, Al5IL%
WG, MEBRENAREERPE (Wi R
WEMAEmEENSETAUME). XK (25] %
R R ZEAN BT HED, YBtRAYE
BEFRIF AlSI&E, REEREEES LK —/ME
ERFR ML T Si MEHRF, FRTEA
BRFHEBE., IMENTFEES, SEZESHER
Al5| (KE#HEAE, KESBEIILEE), &
FERNEARERH G- ERELHE, TRERAX
T 25 14 100 98 7K 0 BR 7 VR FE 7 Bt A R 5 i AR ol o

R [26] MEANEEREERSBRME UV
FZI B polydimethylsiloxane (PDMS) 4 i B J& ik
KWETH, MERMBEF, BHREPDMS AR
XEME, EEMRBRELRER, HlHET %
AREY, REHS, EAAZELEX, TR
$100 mm Si i, HBEHAL 1704, BEEWUARE
BAE, MBRBERT 2 mm X2 mm, R %M
PDMS, BB, B . LB, BE, B VR
A ELREAR LE 1.8 mm XZIK, K5
MNEEER &M FHEEM S, WA 6 mmx6 mm
N, BAEATOSER, EFELWEL RS
SR BB r b T O T R B R o ¥R Ak 2 A A — 2B B B A
H,

4 i

M MEMS BF K FF 8t b % B #H %, — 4
MEMS S8 6 L i HERE 2 47, A F W H 3 B A6
TR, BIR—Fth, EXZERHFENER WESH
M ES). BB ARLHE BT (B,
MAMBKES) REGSHHEMRE, £E%

JREN TR (RE. A . RAOMEYHANE
%) HEEMER, UARGTIZIETHE (R

FHREANE) F. HmTHEBEMHEEES
B R E Rt BAREA R, Ammmsa; #
A, BEDRBAREE, KPREARBRIE, R
W ZFERESR I RE T REB AR & &%, &
I E SRR . REBRGEM (. HF. L. WL E
%), BBk, SIAMEL, B, HEMNTZ%,

SCER A R T4 SR B AR E S B B F

SCER (1] PREFIMY & HEW A (—F R
WRFS IR B T), BoREAFAHFRT/N, WEEEO0.1
g, TE200 Hz 3 TMEFE 0.01 g , #EUEFERA
REAWERERMERES FIHE, A2HSIH, 1K
Au-SiA, | REZ EBRE, BE5I&L&RE
M. BIMA RS mRMEE Y, *&
AEZEEBERABBEER, AEAEHXRH AN
R, SHMEHEARERIEH RS R M IC (X
fEWE®) A SnPb 3%, H—4 T, A1 m
EESITITERS R TEZBA, MA—-TREE
KEEREREBRER B, A XERLT —F
B RIS BT B4, FRRHAR 3 300 7 FiE 35 LAR i
Hitigikes, HHE5IHM5ILBCYIERSIH,

CER [8] WIEZS B Ay 5 1828 3 sE bR L A
B A KRB AS B, SR BTHI R /NFL RN 51 R/
MER—mEmHEB L, AR TEERK. HIKIE
kG mESIL/NLEE G mE, SIRNXES
H, ¥ G SARE FEE, XHWE/NFLEE AT X
TS REER,

SCER (27) WSS R B, B Si H B LR
ENERS &SSO EMEERIE, ATME8AET
Bk B EARARE S R SRR AR Rgs . — AR
R Si BB L RAEH T RN FAEER KRS
G, BELRRAXEER, SRR
MUK KB HSH . AT KEHRENENEN %
BEENE 3, FI3FNRFREKRENRMEHWEE
TR, PR LY, BEREX, WERE; B
4 BT & Si RSV &R RS, 3h A0 B A
mEAREE, BHMSBEAEHEER; 5
3 A 1B AL IE ASIC B R 1 Si He B AL AR FE
NERER, SEWHEENR, ERMFERMK, Hik
FEE® M, REREREMB R AW,
ko IR B 1 1 FIR BE AR A5 | R A TR A R B 3R AR
3, RAZEBAEMEETAR, WS EH8RIE
FABESE_RZSitE#Ee, 5 -8 CMHA
B MR BRI S, OIS RAS, BEE
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FAHFM ASICEAZEHMERIK, AMES Ti
HEME, EREEAIGIKEEREHYE, U
BB LRG| ESFFARS, AT
f#, HIBENRFE<40 T, AXBAFHHE
SREL, HEATTEE SR 4.

%3 ATAERWNBHE BB

Table 3 Piezoresistive pressure sensors used

in Mars Pathfinder!?”!

EAH MU ASIC M#L
PE EAN Lol cha KBS
2% /kPa <0.2 <5
#72/kPa >0.14 100
(ﬁ?ﬁ%ﬁ) b 4009
53 YE . /Pa <5 <0.1 5
B /Pa <50 <3 <500 +50
i Wt >100000 g OK OK OK
B & /kg 0.5 0.03
Th#E /mW 250 50

1R —FEMBERES; "2 Lucas Nova Sensors = 5
*3 5 A M Lucas Nova Sensors = §h P8k , #H 30 F B

(2]

(3]

(4]

(5]

(6]

(7]
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Packaging of Micro Electro Mechanical Systems
Based on Bulk Silicon Bonding and Film Sealed Technology

Wang Weiyuan, Wang Yuelin
(State Key Laboratory of Transducer Technology, Shanghai Institute of Microsystem & Information
Technology, Chinese Academy of Sciences, Shanghai 200050, China)

[Abstract] The packaging of micro electro mechanical systems (MEMS) is referred to first-level packaging
and limited generally to the preservation of wafer in this paper. It is based on bulk silicon bonding technology
and film sealed technology. The bulk silicon bonding technology includes electrostatic bonding, silicon direct
bonding and interfacial layer assisted bonding. It is used for making material acting as substrate or cover of the
chip. The film sealed technology includes whole-wafer operation, local-wafer operation and selective
preservation. It is used to seal micro channel or micro hole to form a vacuum or low-pressure cavity or protect
from atmosphere influence. The very high importance not to forget packaging at the beginning of a project,
when hoping to industrialize MEMS is discussed. In order to obtain high performance-price ratio, it is necessary
to weigh the device performance against the chip complexity. The commercialized pressure sensors,
accelerometers, digital micro mirror devices, etc., collected from literatures are used as examples.

[Key words] packaging of MEMS; bulk silicon bonding technology; film-sealed technology
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