WD 2005/ 123628 PC'T/ SG2005/ 000186 ANCDI C BONDI NG
PROCESS FOR CERAM CS FI ELD OF THE | NVENTI ON The
present invention relates generally to bondi ng and

wer B08pBeIfically to the bonding of ceramic FCT/SG2665/000186
conponents. BACKGROUND OF THE | NVENTI ON Cer anmi cs range
fromdiverse silicates to oxides of A, Ti, Zr, Be,
etc. Ceramics also include non-oxides such as
carbides, nitrides and borides of the transition

el enments plus nulti phase conposites which may be
totally or partially ceramc. Ceram cs nmay be used as
el ectrical insulators, sem conductors, conductors or
super conductors and may dlsplay Iarge plezoelectrlc

ef fect, have vol ANZHC BON GERMMIGE nmay have
their electrlcal pern1tt|V|ty change wth humdity.
They may be good heat conductors .or excellent thermnal
i nsul ators and can be gsefoptadigBnasgr ati ng
tenperatures intol erable by many netals and super

al l oys. Broadly speaking, the perm ssible operating

t enper at ur s be ahout 0.5 to 0.7 ;
Tm where T ?Is?s?n 'gve(r:%epé?ﬁt%s’ gf"‘?%ﬁ?ﬁ%ﬁ‘g%?rﬂﬁmﬁp?%ﬂlﬁﬁ the bonding
éfloeartiy BénfpoRdnts. of ceramic materials for high

performance and high reliability is  advancing

trenmendously, their. conmercialization is |agging due

to poor integration ientific and

engi neering effort s%%@é%@ﬁn

ceram c-netal joining/bonding, ceramc- ceramc

bonding is not, as of yet, as well developed. rv US.

Pat ent No.Cesimigggange from givapapiliceteato eides ah#f, FuZi Beate. Ceramics also
ll?cﬁfdggg?-ﬁ? g'ssgérhl %teaag)ﬁgsg ?l(ﬂ:r%gsg §rah§on glo%%gestrahé}ﬂ 'ﬁk ?E!mlégts plus multiphase
coopdsiiéswhith mapbatortiylot @rtiatyrce@nmsd. a conduct or thr ough t he '
medi um of a conductive filmand an Insul ator |ayer

contai ning novable ions. r.. 1r | V, 0 2005/123628

PCT/ SE00ZLRARE 8|§ay bl SsedAb EdMct- rngjlrﬁﬁé s%%or‘icﬂctors, conductors or

Wl lcox et at. describes anodic bonding to fabricate a .
superconductors and may display large piezoslectiic effect, have vollage-sensitive resistance or may

have their electrical permittivity change with humidity. They may be good heat conductors or excellent
thermal insulators and can be used at high operating temperatures intolerable by many metals and supér
alloys. Broadly speaking, the permissible operating temperature of ceramics is between abou‘t 0.5t0 0.7

Tm where Tm is the ceramic's melting point.

Although the synthesis of ceramic materials for high performance and high refiability is

- advancing tremendously, their commercialization is lagging due to poor integration fechniques. While

- sclentific and engineering efforts have been focused upon ceramic-metal joining/bonding, ceramic-

ceramic bonding is not, as of yet, as well developed.

U.S. Patent No. 5,769,997 to Akalke et al. and European Patent Specification 0619598

A3 0619598 to Akaike et al. both describe anodic bonding of an insulator containing no movable ion and a

conductor through the medium of a conductive film and an insulator layer containing movable ions.
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pressure sensor. U S Patent hb 4, 452 624 to Vbhrtjen
descri bes a nethod for making an alrtlght sea

between a pair of glass plates. European Patent
Bpewificals on 0317445 to Gotou descri bes bondivay/sufzoe000186
first silicon substrate coated with silicon oxide to a
second silicon substrate coated with beta-Si C and/ or

,] phosphosilicate glass |ayer. SUMMARY OF THE

I NVENTI ON Accordingly, It is an object of one or nore
enbodi nents of the present invention to provide a

nmet hod of anodically bonding ceram c conponents at | ow
tenperatures. Ot her objects will appear hereinafter

It has nomrghg '%@@ ﬁgered that the above and oth :
obj ects of Y e P¥ 10 & Piliger etﬁhfeﬁebea@eeﬂrptq"@rea fabricate a
ipfeséubeschl.| owi ng manner. Specifically, at |east a

first ceram c conmponent and a second ceramc
conmponents are provided. Each of the at |east first

d d
over sur t 4eca e PR EAE gt heafar™ mehk s g o ariont sa

bi@eanRar oftted pge. of the first ceram c conponent. An
intermediate filmis formed over the first conductive

| ayer. A second conductive |ayer is forned over t he

| ower surf .

second cer %ﬁn&g 9’&8&&? Sg&éh 8Q'lgn 8@!5%@(%&% ove?sc ‘hes btof"{?@td a first silicon
slahstaatd CoataiTRAn embonv\bmeetona tdaeon8 extiodhd sk Gbdtate wid \bek-SiC  and/or
on the second ceram c conponent opposes the

PrfeRRisgie4tass 18 m on the first component. The.fir st

and second ceram c conponents are anodically bonded
together. is 2 5 WO Lvil ~/123UZS PCTI S&G00- 5/ 000186

BRI EF DESCRI PTI ON OF SInABRAN THEINVENTION esent

invention will be nore clearly understood fromthe

foll owi ng description taken In conjunction with the

acconpanyi mordiwwtng Sn bfedi 612 diiddeh & Sern@rt& B tﬂy greg%g fvention fo

designate simlar or corresponding elenents,

-praddegomatliod ebanadiehlhi rendidi cetamiclebmgpoberttoat tbwsen’rpemmtasc ally

Illustrate a preferred enbodi mnent of the present
i nventi on.
Other objects will appear hereinafter.

It has now been discovered that the above and other objects of the present invention
may be accomplished in the following manner. Spegcifically, at least a first ceramic component end a
second ceramic components are pravided, Each of the at least first and second ceramic components
having an upper and lower surface. A first conductive layer is formed over the upper surface of the first

ceramic component. An intermediate film is formed over the first conductive layer. A second conductive

~layer is formed over the lower surface of the second ceramic compenent. The second ceramic component

is stacked over the first ceramic component wherein the secand conductive layer on the second ceramic
component opposes the intermediate film on the first component. The first and second ceramic

components are anodically bonded together.




DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT
Informati on Known to the Inventors - Not to be

Consi dered as Prior Art The following information is
kKAoWwisgwstthe inventors and is not to be consi deredas/o6iiss
prior art for the purposes of this invention. The

avai | abl e bondi ng techni ques for ceram c-ceramc

bondi ng are: (1) diffusion 'bonding; (2) nmetallic

brazing; and (3) glass Internedi ate | ayer bondi ng.

Di ffusion Bonding In diffusion bonding, the ceramcs

must be heated up to about 0.6 to 0.8 Tmwhich is an
extrenely hi gh borgfiErpaESSRIPTION OF BHE BRAfINGS on bondi ng

is a solid phase process achieved via atomc

mgration with no nacrodeformation of the conponents.
Initial surfageeh! iNcRBS Hinom&l %@Hl 'Jﬁ?& oot fiom. the following description
essential. Surface roughness val ied €ss I'han

Gken o conigiction evit e ascoreghnyimcHrawiers Sawhdhaike lela@hceiBmerats designate similar

| eaned gr to |caII the process
\%5%0"358%&% ShgLs. feP'B?ﬁag%g/%‘Pﬁ%/ at noder at e
tenperatures (0.6Tn) to ninutes at hi gher tenperatures
(0.8Tm ), with applied pressure. Metallic Brazing and

d ass | nt efigndde Bichematigally ilBaiel? preferray SNBORBDEI! 1R PBAG: invention,
PCT/ S&005/ 000186 Metallic brazing and gl ass

i nternedi ate | ayer bondi ng were devel oped to achieve

| ower tenperature bonding, i.e. fromabout 400 to

700C. In these two res ectlve nethods t he braZ|ng

el ement anBEIAY AT ! FERRED EMB )

nmel ted during the bondlng process Thus t he

appl i cabl e operating tenperature of the i nt egrated
InforraatipreKrws todinginvahtbds - b6t 4 betdnaitkrétvasther el ting poi nt

of the internediate |ayers. Problens Known to the

Inventors - Not to be Considered Prior Art The
fol l owi ng ﬁ%%u&%ﬁbﬁhﬁﬂﬁn&ﬁm&?@wﬁ&tﬁé“iﬁveht@?é%ﬁﬁ 816 8 ooilired as prior
not to be considered as prior art e purposes of
grifer thy nopas of thigmention. | n state-of-the-art ceramc

bondi ng technlques t he conponents are bonded at high
tenperatures, i.e fromabout 0.6 to 0.8 Tmor from

about 400 the a]r&@ﬁe bdhdirgh R8idaed for RRRAIGramic bonding are: (1) diffusion
tenperatures, there are sone inherent problens such

bpading; (24 matglig bragingicasd Bigleintarmestiinipisgbardies-t o t he

di fference of thernmal expansion coefficient between
conmponents; and the conponents are susceptible to
Diffusion Bonding ‘

in diffusion bonding, the ceramics must be heated up to about 0.6 to 0.8 T which is an

extremely h_igh bonding temperature. Diffusion bonding is a solid phase process achieved via atomic

~rigration with no macrodeformation of the components. Initial surface flatness and cleanliness -are

essential. Surface roughness values of less than 0.4microns are required and the samples must be
cleaned prior to bonding. Typically the process variables range from several hours at moderate

temperatures (0.6T,.1 ) to minutes at higher temperatures (0.8T,, ), with applied pressure.

Metallic Brazing and Glass Intermediate Layer Bonding
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Nawtes?

damage during the high tenperature bondi ng process and
this limts the range of materials to be bonded.

Present Invention The present invention provides a

et bad/io¥széanodi cal | y bondi ng ceram ¢ conponent scadGoos/400186
| ow tenperatures, i.e. preferably fromabout 100 to

400C and nore preferably from about 300 to 200C or

| oner. For the purposes of this invention, ceramc
conponents are preferably conprised of, but are not
limted to: alumna, titanium-carbide, silica (S Q2),
silicon nitride (Si3N4). glass (including quartz,

soda |ime dvetdiiabesing 4nd @iy inteRicdiae Riy&DondhyiwdRSdeveloped to achieve lower
carbides, nitrides and borides of the transition

dFTBRREAIYTE borigi. i fomiabiut 49047 T00EH: Ay theye e rasnicevermusioffo g eszing element

| %mélésgﬁnteﬂnedng@ﬁyé) &360%e 'nﬁ“ﬂﬁuh@%&ﬁ%&ﬁiﬁ%m@g HIE the applicable

to fabricate an pac age m crosyst NoSyst ens.
szmlr@cr@ﬁvﬁelea@@.@stheafatéatﬁaz@uam%lem will HEometed bpmengaltm@ point of the
Q ¢ % Ceram c Conponent 10 - Fig. 1 As shown in
ﬁ?ﬂ“mTae Y§%'r st ceram ¢ conponent 10 is conditioned by
first polishing its wupper and/or |ower surfaces 11,
13 to achleve a n1rror fInISh The mrrored surfaces
3 Kaewn tp He : j to be Gonsids A i nor gani c
cleanS|ng solvent. The cleanS|ng solvent IS :
preferably nitric acid, piranha (solution), ammonium

hy dr ogen peanesidifg areBGﬁleﬁak RV ko1 iRVentdS BAIAERot to be considered as prior -

position of First Transition Laver 12. First
%MHEPPW%SGEQG'&P@E‘tﬁFﬁTt'?%t ermediate Film16 - Fig. 2
The first ceram c conmponent 10 is then placed within a
deposition chanmber and a first transition layer 12 is
deposi ted Umpstaie-ufiipedrt saniadendbd. tdctnidqued, RileCkonPBGenBfare bonded at high

referably fromabout 10 nmto 5 m Single or
PRI 15 ARG PE 06 t9,GF I 9 Fgh 2ok 408 Binf0;Grft Jhese high bonding

&!ﬁibﬁ&tu?&%; thark Grd Rl | |ﬁﬂre%r$ﬂEnst éﬁclpgs *Flé%ﬂga? Qtres§éérzrﬁ@|‘:€om]u]|g due to the
% pically, the transition |ayer is deposited

giceaf therporpateiposseiivient bm@dn@dspmnts @i aombomatp@ne susceptible to
gﬁﬁﬁ%@ IciEuJi glrj]}eg%h Ii]e peratu%gglru%\%gglc%esg tsndttl!;l alnmltg ihe Iraéng%%%la{eng[s to be bonded.
conposi tion of the first layer deposited on the
ceram c conponent dre as simlar as those of the

e onents, then gradually changed to be as

simlar as those of the final conductive |ayer

The present invention provides a method of anodically bonding ceramic components at
low femperatures, i.e. preferably from about 100 to 400°C and more preferably from about 300 o 200°C

or lower,

SRR For the purposes of this invention, ceramic components are preferably comprised of, but

are not limited to: alumina, {itanium carbide, silica (Si0,), silicon nitride (SizN,). glass (including quartz,
soda lime ot borosilicate), silicates, oxides, carbides, nitrides and borides of the transition elements, or

partially or totally ceramic multiphase composites.

The present invention may also be used to fabricate and package microsystems and -

nanosystems. -~

o
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conposed of sem conductive or conductive material. The

thickness of the total transition |ayer ranges from
nanoneters to mcronmeters. Exanple 1: If the ceramc
waponersszd s al um na (Al 208), the conpositi on mndsahescsciss
structure of the gradient transition |layer wll be

Al OY. The elenent ratio y:x should be as close as 3:2

for the first |layer deposited on the alunina ceramc
conmponent, followed by layers with y:x ratio |ess than
3:2, and gradually y:x ratio is reduced to 0. 5 WO

2005/ 123628 PCT/ 8C20051000186 Exanple 2: If the

ceram c conponent is titaniumcarbide (TIC), the

conposi tion _and the structure_of the gradient
&ﬁwmmmw;ﬁﬂhe el ement ratio y:x
should be as close as 1:1 for the first |ayer
deposited on the titanium carbide cerani c conponent,

fol | owed bAs staye insFigitt A figt serandd canpbreesis 10t il aonditiored by dirstpolishing its

radua| | :x,ratio_|ls reduced to 0. Exanple 3: If the
8@95???)6” %‘?ﬁ%‘f\‘iﬂﬁ%‘ﬁtﬂ’i’g L APIPVER MG BB or silicon nitride
(Si3N4), the transition |layer can be Ti, TO, or other
materials which have less lattice msmatch with the
silica or Hielmicaed sirfages d& 13caertonslsanet raan prigenicf prigdrganic cleansing
AL et ePa P L BRREh B oa®ame ot pGERE Bhghéh poronce,
Reghiegiiaglor addigne. conductive | ayers can be directly
deposited on the to-be bonded surfaces. Alternatively,
just one single transition layer is used. It is noted

o 46 — Fio.

change W
several thousands of ceramcs, therefore it's _
i npossible_tqg give out all the cerancs and needed

transiti onTﬁeafv_gfe%wa@P'terfowgs PG el v@epeafhmo“ﬁ?f?}’ef and a first
PArgidriSyet 185 BapbBl IR upHRMsutiBke 19 & Lokl BrefelaB b ¥Rut 10 nm to 5
conpositions and types. A first conductive layer 14 is

- wrhéingBepugitiettinsipo kyérs 1257 the mengitivn o adHesigre are applipdonghe to-be bonded
: tﬁ%ckness of preferably fromabout 20 nmto 5 pm

@ '"conduct i ve | ayer 14 may be netallic or
sem conductive and is preferably conprised of-A, Cr,
W N, Ti, or alloys thereof, or silicon (Si) and is
pr ef er abl yTydieaiip et teadsitipg layer1 32 ip egnopited by playpiod! verep deppsifop nethods or

PVD), whi ch includes | ation,, ev rati.on. .ion )
é’nggnocéli viaFoé rﬁi1=3%orsutton8rlgta F?dé?'ﬁ'ﬁ gq’radgepl’ Y%'ﬁ%ﬁ@ﬁ E:a il[&gpag;z?g%gg follows: the

SlQPE0E iahd @MpdSadYE thelfiRe Ryer dépoSiteIBRliha t&arhit topdient Be as similar as those of

deposi ted upon first conductive |layer 14 to a .
e corpipie §yrpgRents, then gradually changed to be as similar as those of the final conductive layer

composed of semiconductive or conductive material. The thickness _of the total transition layer ranges

from nanometers to micrometers.

Example 1: If the ceramic companent is alumina (Al Os), the composition and the structure of the
gradient transition layer will be ALQO,. The element ratio Y:x should be as close as 3:2 for the first layer
deposited on the alumina ceramic component, followed by Jayers with y:x ratio less than 3:2, and

gradually y:x ratio is reduced to 0.




preferably fromabout 10 nmto 5 mand nore preferably
fromabout 10 nmto 2 pm Internediate film16, wth

or without alkaline ions, is preferably deposited by

O 2@i/199828 appr oaches, such as evaporation, sputt/SEIoRYI0IEs

or a sol gel technique. F 6 g=; G 20051123628 |I'C -
1/sGtasl 10 if" 2?26 If internediate film16 is so

gel, the sol gel coating nethods may include spin-on,

i mersion or spraying and further, at |east the upper
surface 11 is pretreated In organic or inorganic

sol utions such as preferably nitric acid, piranha

(' sol UEkdiple 2: ARIREHHIBLIBAHOE Rafiil Qithdd €T1C b\ cérhRaiithiaRdihe structure
or acetone to render at |east the upper surface 11

afibe e:ptiiiarit Iransifion kyter with bel Eigs sThe ielement TRty k shotid beds glagecas 1:1 for the first
f QPR nogi ea Prigtra gt%rai?mﬂ & ﬂ?a%rc'er%%ic %“Pﬁto{‘eq;ﬁ-g’g‘?‘“geﬁ %& éa?er? wigl y,:x r%tio éoss than 1:1,
ahom@maﬁganﬁ@mhﬂmﬁhemﬁnodic bondi ng tenperature of the

first and second cerani.c.conmponents 10, 18, for

exanpl e fromabout 25 to 400C. Conditioning of the

Sec ongxa fo3 f%e@@.ﬁiﬂﬁ Q&%néngis sill éQioﬁ gi? E&ii\é‘(si IQ‘% tﬂeQMnSItion layer
3, a second ceramc co con i oned

parebeeTialily of bthé tmatdieth ivhidh Rgvel kS IAtRWTIsnRItH/ vath theDEIRE or silicon nitride
surfaces 21, 19 to achieve a nmirror finish. The
ARPPRAnkRandbe final cendudfive orsemiggnducivedaerc| eaned i n an

organi c or inorganic cleansing -solvent. The cl eansing
solvent is preferably nitric acid, piranha (solution),

ammoni um h the cgleasiop ér aoti sd eriticalREAL alulipla Siansjtioo riaya[seeire) neglected. The

E%iﬁw{zf{ %\3@% cgiféeeg :&ao ddeorc{gf%isdnt e?ta 85’:: g(glg%cﬁﬁl eu@a’uve y, just ong single
FRHIRONSREIs dBdl S then placed within a dep03|t|on

chanber and a second transition |ayer 20 is deposited

upon | ower surface 21 to a thickness of preferably

from abOUt QIoteQ riﬂa& g'ie f :Qlt{oﬁ Iaygr c%ng?satig}fl anqu‘{ R{é\ dﬁmi chanﬁ;e with the to-be-

tranS|t|on aers 1 on

. Bdn@edddniod drhena atm@véraﬂiiaﬁsanboﬁden@imﬁu tett®e B .dnmtsibie to give out all the

conponents. Typically, the transition layer 20 js

BREPUS e ey %y@qndagﬁr spapRsiions e BRTS V6 T heHgeKdedie guideline how fo
QJle%ma%éiiionYﬁQ%m&?ii?&é bid t?d!a net hods. The gradi ent '
transition |ayer 20 wll be arranged as follows: the
structure and conposition of the first |ayer deposited

on the cer C CO ent [

t he cerani fgp%t %&tﬁ[;ger 1fi ﬁj{x‘enélﬁ%oa ?fglupgpafjéﬂiﬂr&gm? %yaﬁ Z£ ga a thickness
&ipaed &y o 2hELR §@nr9to 4 3¢ Firdt E&?ﬁbcﬂ@qg)@mtdlé&%elnﬁaﬂiﬁ or semiconductive and
conposed of sem conductive or conductive material. The

& prefdkady Tsmpibed dial, Coti\aNi, Tl; traaikays theeol, draljiesn ($ipargldsspréferaiy deposited by

nanoneters to mcronet
(1) physical vapor deposition {PVD) wh:ch includes ablation, evaporation, ion beam deposition or

sputtering; or {2) chemical vapor deposition (CVD).

Then, intermediate film 16 is depostted upon first conductive tayer 14 to a thickness of

preferably from about 10 nm to § jum and more preferably from about 10 nm fo 2 pm.

Intermediate film 16, with or without alkaline ions, is preferably deposite_d by dry or wst

approache_s, such asevap_oration. sputtering or a sol gel technique.

R




7 ~; WD 2065/ 123628 PCl / S&01/ 000186 If the adhesion
is not so critical, such nultiple transition |ayers
are neglected. The conductive |ayers can be directly
deposiiydzon the to-be bonded surfaces. Alter nati/a@kyscosiss
just one single transition |ayer may be used. A
second conductive |layer 22 is then deposited upon
second transition layer 20 to a thickness of
preferably fromabout 20 nmto 5 pm Second conductive
| ayer 22 may be netallic or sem conductive and |Is
preferably conprised of AIl, &, W N, Ti, or alloys
thereof, or silicon (Si) and is } preferably deposited

g%l gltll) oﬁhyﬁlmgeﬂg?dg?eo@rﬂ 1g| oﬁo gB‘eg‘ﬁq élgsg\@g? lngowe rnay lnc?ude spin-on,

SfprdicRr dr RBrayifY arkd Jrth6N&ME=LEthe UGRPSUBRPASE ble@Ehtdd@Y Blganic or inorganic
Cl eansing of One or Both of the First and Second

e tgh EoiCHTRIeTRAMnricpoid. pirgnhBésolytios). Bmmeniuryhydfogertreroxilp, &CA cleansing
th
BUORAORoF 1AM SRS i e g Bk

thereover, one or both of them 10, 18 are cleansed: in
a cleansin solution preferably conprised of organic,

sul furic- CHBNFITPRIEE P (9 dnep Jugdpr ‘eFQES’Xe‘%?SIaG"l"PPGﬁ?’e ranging from
%Bm%rﬁp%m% k. ugg Blut P56 & @meyantﬁupmnai gﬁé‘npé‘gtmre%f #QGrst and second
for preferably Trom about m nu to render

'cmmmcummmymd1@65anmwmobmpmaEmmz$®4mxn 18 hydrophilic.

-. I Alignnment of First and Second Ceram c Conponents

10,18 - Fig. 5 As shown In Fig. 5 and at room

teReNRLodhe Sedon®Cerfic EdaPEtenPRC Fid e second cerami ¢

conmponent 18 is then aligned wth and placed on top

of , and spaced apart fron1using spacers 24, the first
ceramic co t 1 co

Cer am ¢ SORPBRENE c400 S0, cohE ARERDN 1€ ALYy oty
pdlishirigrks ewardi/atuppet urfaaed 81, 0 totabigevk iahﬁi'tor firdhan ¢

conmponent 10. Spacers 24 have a thickness of

preferably from about 20 to 50 pmand are placed at

the * edoggg nQIfrorths‘f:lrf;deg 35 ANG §66 CR5he& & @MbGanic or inorganic deansing
conponents 10, 18 "'C) 2005/ 123628 E

$°B@ZO'018$166®®@ g6ventlih erefstaum kl&ld acie panba (salntipn R kingerdwk fiyidroggn peroxide,

ﬁﬂg gran1c conponents 10, 18 are
cleansmg or acetone

Deposition of Second Transition Film 20 and Second Conductive Laver 22 — Fig. 4

The second ceramic component 18 is then placed within a deposition chamber and a

second transition layer 20 is deposited upon lower surface 21 to a thickness of preferably from about 10

: 'r_lm fo § um. Single or multiple transition layers 12 for the promation of adhesion, are applied on the to-be

bonded surface of both components. Typically, the fransition layer 20 is deposited by physical vapor
deposition methods or chemical vapor deposition methods. The gradient transition {ayer 20 will be

arranged as follows: the structure and composition of the first layer deposited on the ceramic component

‘are as simifar as those of the ceramic components, then gradually change to be as similar as those of the

final conductive fayer composed of semiconductive or conductive material. The thickness of the total

 transition fayer ranges from nanometers to micrometers,

7




A
{ )
R

pl aced i nto a vacuum chanber. Bringing The First and
Second Ceram ¢ Conponents 10, 18 into Point Contact -
Fig. 6 During vacuunm ng, the first and second ceramc
CoHpoREatsdt 10, 18 are heated to, and mai nt ai nEdI/AE;HAUGHISE
tenperature of preferably from about 100 and 400C and
nore preferably fromabout 300 } to 200C or less. As
shown in Fig. 6, with spacers 24 still in place, the
center portions of the first and second ceramc
conmponents 10, 18 are brought into contact under
pressure 26 of preferably fromabout 0.001 to 100
N n2. Renoval of Spacers 24 and Anodic Bonding of the
CEran1c Conponents 10, Fi

First and ﬁ con
R Shoun i [0 e Ghespn g it a0, @UkBl M a Bl FBelion foyetqes neglectd. The
barkiidiv rss@ﬁ@@@lr&:%f@%sﬁed 6nQRPRBE Bérdied Qurfaddd. AoRiatively, just one single

~anodi cal bonded at vol t ages of preferably from about

@ﬂswomlmrmw kewisedThe anodi ¢ bondi ng process is

acconpl i shed by pressing the first and second ceramc
conponents 10, 18 together at one point from which

t he conpongBécordcond@tiveQienEd is VRN QerRkiR@RBEHSsdedhd transition layer 20 to a
conpletion to formthe bonded conponents 30.

lhwklteﬁapi preferably from rapesth @Aitne te Sritna Gecaat comductiye ilawer, 22amat be metallic or

h Ll t act

BTt dive aRe B srretsan oAb WoTh g i ooy (80 and Is

Er@feﬁﬁ!&?|d8ﬁb@|teh%rrﬁtﬂh93uﬁfvaB&CdéfUQ?m?ﬁgkleG%ch .Ea@depamsissi evaporation, ion
en

conponents 30 have an excel ond strength and can
breedepgsitipngrspraieringha (23 phepicalveposdeposiiion KDdnpl oyed i n
adverse operating environnents. As one skilled in the
art woul d understand, three or nore ceran c conmponents
QBhsie of treneed, &l FeM bRDsdbha caRinil @dmpdEnt ¢aafhi ngs of

“..the present invention either sinultaneously or

~transition layers

sequentially z 9 WO 2005/123628 PCl/ S&005/ 000186
It is not %f&r@%hndtr% t@qﬁ@ﬁ&pgnd' &o&‘fat ce%nluqt, c&ﬁﬂonenrt'@'”l(s "ﬂl I%vmg their

are not essential " and on
resrectve ammfﬁ!m@m? hay @rzo 22 forrﬁ@! tive®kr lvpe ulst(etli of mem m@; 18 are c!eansed

tranaitl a s 12,. 20 need be_used '
condu@ @"T’ r&i//%“ﬁ%%') prifﬁfab‘&ﬁmt?éfﬁqg"f QroPRG “8re°66‘%‘1‘*?98&"6’°’“de'b353d

REWOELINHR; 4t hksHipeRRFY P breRRBIPHh SR BT moe®Ponent 10, 18
not having the transition layer 12, 20. It is noted

t hat fefidr¢ferahly Fomyabed S &m@memutssen conduct ors nmay be used
t§§enhé}?he c?egl%gg ceramic component(s) 10, 18 hydrophilic.

Alignment of First and Second Ceramic Components 10, 18 — Fig. §

As shown In Fig. 5 and at room femperature, i.e. at about 25°C, the second ceramic

component 18 is then aligned with and placed on top of, and spaced apart from using spacers 24, the first

ceramic component 10 so that the second conductive layer 22 on the second ceramic component 18

opposes the intermediate film 16 on the first ceramic component 10.

Spacers 24 have a thickness of preferably from about 20 to 50 pm and are placed at the

-edges of the first and second ceramic components 10, 18.

N




N

RPN

(ceram c) conponent 18. In this case, the conductive

filmon the second conponent is not necessary. The
inventors have achieved the follow ng successful
Spetit¥ i CBases of bonding in accordance with tHEISG26EHG10186
teachi ngs of the present invention, for exanple:
glass/silicon (Si) |ow tenperature bonding (less than
about 300C); glass/glass |ow tenperature bonding

(I ess than about 300C); Si/Si |ow tenperature bonding

(I ess than about 300C); ceram c/ceramc |ow

t enperature bonding (|l ess than about 300C); and

conbi nations of the above materials with | ow

t enper at ur '

sem conduc?#rjg%d; g%aggng?'%( %@l@ﬁof?sggﬁgag%g%c%mé%?mpﬁeﬁts 10, 18 are
okecesiinBea va@umsthambley. be quartz, soda line or

borosilicate. Further, as noted above, m crosystens

and nanosystens may be fabricated and packaged in

BEEHH FANGE8t 3l Bbbohd\Cord QS HHRsQb, 16 B HNEEGRct - Fig. 6

i nvention. The applications for the present Invention

may i nclude: mcro electronechanical systens (MEMS);

i or o opt AR bR It =T e spresmeys 10, 16 rehested o, ang
Sibibigihebdt & téradarad St ipRFbrab§ §8i 6 EUNA0 L@ 80°C and more preferably from about 300
m _croel ectronics; optoelectronics; and hernetic and
P20YUGer&®al ing. 10 !': C 200 123628 PC | SG200SI Cl JI 86

The commerci alization potentials of the present

i nvention may include: wafer |evel MEMS packagi ng (RF,
sensors, okt shatroihsFias, with SpacerdldcetiMaNBcé, She ednebr Gbras®s of the first and
syst ems?{l, and m crofluidic devices; wafer |evel MEM
%e\g/%lwacafa 6.; comﬂn?rrt? "158, é§ arg ﬁ@y% wruﬁog%grtdgwrggyre 26 of preferably from about
0.001 to 100 N/m”.

Removal of Spacers 24 and Anodic Bonding of the First and Second Ceramic Components 10, 18 — Fig. 7

As shown in Fig. 7, spacers 24 are removed and the first and second ceramic
components 10, 18 are anodically bonded at voltages of preferably from about 0 to 100 volts. The ancdic
bonding process is accomplished by pressing the first and second ceramic components 10, 18 together at

one point from which the component 10, 18 contact wave proceeds to completion to form the bonded

‘componenis 30. Initially, two components contact at one point, and when the spacers are pulled out, the

contact area will exiend from point contact to full wafér {in arder to achieve hermetic or vacuum sealing).

The bonded components 30 have an excellent bond strength and can undergo further

harsh processes or be employed in adverse operating environments.

As one skilled in the art would understand, three or more ceramic componenls may be
bonded employing the method and f{eachings of the present invention either simultaneously or

sequentially.
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R

sem conductor-on-insul ator, CMOS; 3D integrated

circuits (ID); and optoelectronics: OEIC Advantages

of the Present Invention The advant ages of one or nore
erfhedrAERtS of the present invention include: HCI/&G2065/4060186
significantly reduced bonding tenperature (preferably
from about 100 to 400C and nore preferably from about

300 to 200C or lower); 2. the ability to bond simlar

or different ceramic materials; 3. degradation and

damage of pre-fabricated devices and integrated

circuitry is avoided; 4. bonding-induced stress

pr obl ens aft s nptedlihatdfdidheSion 'ts het ctkmaldhmt@lemaﬁslnodlairecs 12, 20 are not essential

ble for ure applications

F'édd% Cii H?'B*E'%%@%& i? 2l hegd b MY BOR Hﬂ%&%‘ﬁ%ﬁ'ﬁ 12y2° geed ppyysed, with the
abtdlidile/1afeqs)oangh &ﬁ@dﬁ&&d&é@&sﬂétﬁu ofd h@%&?&dﬁpggc&ﬁré@nﬁﬁmmpment 10,

and 9. low residual stress and warpage. Wi
6%F¢P@Ubﬁwf@w%®@hweﬁigoof the present |nvent|on have
been illustrated and described, it is not intended to
limt the invention, except as defined by the
fol | ow ng I lisahdi@. thatlsillcénl lafdn QRHdr QRALSRILCERS Gl WRLsdd as the second
Apri| 2006 CLAIMS W claim 1. A nethod of bonding
@S%h‘@ﬁ?gﬂenﬂéﬂﬁﬁsé’ﬁ?@h? p@d@ti\@ﬂ@ qfthe sepang pereriongyt i not necessary. The

' lnms ﬁavreiaﬁﬁéve %{eal‘gﬁo mﬁ %U&g{leasqegiﬁcg c&e? g]‘:%ﬂlg %g{]%r&rﬁance with the

conponent ; each of t I rs
eedmat@mammmmomﬁv«mgplan upper and Iovver surface;

form i rst conductive er over. the upper
sur f a@%sp ‘f‘°°f‘ Y 9y tf*@?‘*"%‘dﬁfﬂﬁ'ﬂ‘@% ess than ?’%Wﬁ?‘h@- an

i nt er gRdigRbAod iehﬁ@r&ﬁ(r@f;orﬁﬂ&(lgsb st ab%@t%%"@% ive layer;
form ng a second conductive | ayer over the | ower

sur f aBii o terineratyredomding fess dhin ebautifp'eent ;

ceramic/ceramic fow temperature bonding (less than about 300°C); and

combinations of the above materials with low temperature bonding (less than about 300°C).

‘The semiconductars may be Si (as noted above}, GaAs, InP or SiGe. Glass may be

quartz, soda lime or borosilicate.

Further, as noted above, microsystems and nanosystems may be fabricated and

packaged in accordance with the teachings of the present invention.

The applications for the present invention may include:
micro electromechanical systems (MEMS); | |
-bic-MEMS and microfluidic devices;
micro-opto-etectro-mechanical system (MOEMS);
substrate fabrication;
semiconductors;
microelectronics;
optoefectronics; and

hermetic and vacuum sealing,”

10
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t hen stacking the second ceram c conponent over the
first ceram c conponent wherein the second conductive
$e second ceram c conponent opposes the

|h €F “' e filmon the first ceramc conponE&rt/SGAEs/o:
and anodi cal |y bondi ng together the first and second
ceram c conponents; characterized in that at |east one
respective transition layer is formed upon both the
first and second ceram c conponents. 2. The nethod of
claim1, including the step of: polishing the upper
and | ower surfaces of the at least the first and
second conponents; before formation of the first
conductiv eﬂe%&ﬁﬁeraﬁlmugmtéﬂﬁa‘iéﬂb‘?ﬂ’te Ppsent n‘WeEﬁo& m‘%{( infibdd! M 2,
including the step of: cleansing the polished upper

- and | weterevelMEMEpeckagiiy (Rﬁ@er&t)rsl aglyators Btigk st and second

conpo, bef ore for f.the first conductive
I ayerE]gQ'E &‘T‘ﬁs' 'r‘?éfaﬁ%ﬂ's%'f‘ggﬁ @"dgfde‘f'??% precedi ng
cl ai neaferigvellmMoEMspadibgngst ep of :  drying the first

ceram c conponent; after formation of the second
condu®¢higrer inosgasle subsiertesef or e the stacking of the first

cerangﬁﬁgﬁpgg ﬁﬂ%ma&n&wége second ceram c conponent 5.

The ne one 't he preceding clains,
_ |nclumum§gmmmummmpbp&m cl eansing at | east one of the
T first and second ceram c conponents; after formation
Lo of tH§m§€9@W&’9@ﬁductlve | ayer and before the stacking

of the first ceram c conponent and the second ceramc
conponent 6 A nethod of bondi ng ceram ¢ conponents,

: ] p Rrésentdrivention of . 12 f 3 Anended Sheet
IPEA/AU PC 1/ SG200S/ 000186 Received 20 April 2006

The advantages of one or more embodiments of the present invention include:
1. a significantly reduced bonding temperature (preferably from about 100 to 400°C and moare
preferably from about 300 to 200°C or lower); v
2. the ability to bond similar or different ceramic matetials;
3. degradation and damage of pre-fabricated devices and integrated circuitry is avoided;
4. bonding-induced siress problems are reduced,;

5. the bonding method is suitable for high-temperature applications;

e

6. reduced process cost;

e’

7. high bonding quality;
- 8. the abllity o ﬁond semiconduciors, glasses and ceramics; and

9. low residual stress and warpage.

While particular embodiments of the present invention have been iftustraied and

desciibed, it is not intended to limit the invention, except as defined by the following claims.

1




providing at least a first .ceramc conponent and a
._second ceramc conponent each of the at least first
“and second ceranic conmponent s havi ng an upper and

| ower surface; polishing the upper and | ower SurfacesPCﬂVSG@OO&@QQ}gé
[ of the at least the first and second ceramic R 420 April 2006
- conponents; cleansi.ng the polished upper and | ower: eceive Y Aprii 200
surfaces of the at least first and second ceramc
conponents; forming a first transition |layer over the
cl eansed upper surface of the first ceramc -
component; formng a first qpagkgctive |layer over the
first transition layer; formng an intermediate film -
ovey, aQ% first conductive layer, the internediate film
|ncIu al kaline ions or not including alkaline
I ons; forn1ng a second transition |ayer over the
cIeéﬁ@@ﬂmﬂdﬁeﬁmgmmhm@m;ahmhh@mSQ@@aﬂ ceram c. '

conponeploiidifgs RNgird SEROBH &Qrﬁ QMCJ éeééﬁd %ﬁa)ﬁ?&rcori?a{)ﬁém L6 of the
secqy TégstFrEt%ﬂ@éeEJnQ&rJ ?chm Onﬁneanvgf' ﬁ %‘?‘ WenSUTACE ¢ 4 ho

ceram ¢ coggt%irtl

5té irst affg™ ‘6"“@@’%’%‘*&”@&%@%‘%“1’?@@ of fhp &t capRRE4Et ng t he
econd &aviegdn itepupdiple file ater be/fst cantistive layest  cer ani ¢

conponefumingrer@idrotdigive 150003 the BAG SkHGlioVBe dea@Eerfit obrh&ment

. second Gefadkkikg tﬁ@ﬁmm&%m‘%&%ﬁ&?ov&r ahsDLeBR R AL Bh&t fileleMihe
_,_Aj};‘f ) on steztbﬁd éeh&tét‘\fe h?e%n t}cn rce mfc c pbne it hﬁgseégéi;fﬁﬁ;ty te film on the first

- bond |ng RS o |
conp f ﬁF?'?" The nethod of cIa|n14 or cl'aim 6, . -
' &€in the first ceram c conponent is dried at-from 5
abo ut 2&odialy bd@RCogdher fldTest koG oa{msol:oaﬂpmeﬁs or claim

6, oidrRtBich inttaat fehd® SR 94 PGiv8 trarkifR 1 151G A wp @B e 7 Fsha%d second
flgggm@&g,§%&9nd ceram c conponéents renders the at

| east” one of the first and second ceram c conponents
hydrophlllc 9. The nethod of any one of the preceding
ci & T meaef daim 1. ieipihester ind second cer ani ¢
conponenlisking the '-@P@Blﬂ(lhwelashdfayesbﬂﬁm Bast gt Belised@hd @mponents;
- t ebapes Bt oshd st bRdlcfE @2 group consisting of from
‘about

* -

3. The method of.claim 1 or claim 2, including the step of: .

cleansing the polished upper and fower surfaces of the at least fi rst and second components
before formauon of the first cunductwe layer.

; } } o 4. The method of any one of the preceding claims, including the step of;
‘ drying the first ceramic component;
after formation of the second conductive layer and before the stacklng of the first ceramic component
E and the second ceramic cumponent

A 2 B A

5. The method of any one of the preceding c!a_ims; inctuding the step of:

~ ‘dleansing at feast one of the first and second ceramic components;
after formation of the second conductive layer and hefore the stacking of the first ceramic component
a_nd the second ceramic camponent.

' Q. A mgthod of bonding ceramic components, comprising the steps of:

Amended Sheet
IPEA/AU
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100C to 40-OC, from about 300C to 200C, and |ess than
about 200C. 10. The net'hod'of claimany one of the
precedi ng clainms, wherein at | east one transition

| ayer i's conprised of ALIxOY, Ti.Cl., Ti or TIM11l. Pag/SG2005/000186
met hod of any one of the preceding cI ai ms, wher ei nRédgg,edzoAprﬂzoos

first and second stacked ceram c .conponents are
spaced apart using spacers before bonding. 13 . it .

~Amrended Sheet | PEA/ AU PCT/ SG2005/ 000186 Recei ved. 20

April 2006 12. The nethod of any one of,the preceding
Cl ai ms, pAGRgR Bast Dfstlc érjérgs @B&e:ﬁ%&%‘% ieéeﬁamlc%omponent each of the

OXI esg%t%"@sefmgce%éf prRyRts h?l"%? P ‘@Eeé gyt es of
the trafR¥Ftnoche daremastlever ﬁvf@wﬁl%ﬁaﬁ leeBffsoltta08 seghdceramic,
rraycomeortem ally or partially ceramc; alumna;

titani UekdhsifigdthdlBalished igpbrGRd lowr Fertasds |0f HROR 1k AR second ceramic
(Si 3Mfdnenis;soda |ime, or Dborosilicate. 13. The.nethod

of any one of t tl%_Precedl n%{cl ains, wherein the first
and secoﬁﬂ" 9o MEHISEBnBGhHAE ?ea?%"séﬁﬁ??eﬁ:é‘iﬁ‘fﬁel dpp fpt ceramic
t he8Betmat eri al . 14. The nethod of any one of the -

pr ecedi fogﬁngl'aatstmr;adummedmermberstftriarrsﬁcin aerd second ceramc

forming an intermediate film over the first conductive layer; the infermediate film mctudlng,
alka!me jons or not including alkalme ions; '

formmg a second transition layer over the cleansed lower surface of the second ceramic
component; . '

forming a second vonductive layer over the second transitlon layer;

then drying the first ceramic component; -
then clegnsmg at [east one of the first and éecond ceramic eomponents;

_ then stacking the secondr ceramic component over the first ceramic compeonent wherein the
second conduclive layer on the second ceramic component opposes the intermediate film on the first
ceramic component; -
and

anodically bonding together the first and second ceramic components

7. The method of claim 4 or claim 8, wherein the first ceramic cotnponent is dried at from about25to
400°C. ‘

8, The method of claim 5 or claim 6, wherein the cleansing of the at least one of the first and second
ceramic components renders the at least one of the first and second ceramic compunsnts
: hydrophahc ' '

9. The method of any one of the preceding claims, wherein the first and second ceramic components
are anodically bonided together at-a _temperature selected from a group consisting of from about
100°C to 400°C, from about 300°C to 200°C, and Iess than about 200‘0.

10 The methad of claim any one of the precedlng claims, wherein at Ieast one fransition layer is
com pnsed of Aley, Ti,Cy, Ti or TIW.

“11. The method of any one of the preceding claims, wherein the first and second stacked ceramic
companents are spaced apart using spacers before bonding. '

13
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_ sensors |
syst ens PTRRBIIGE N | Ui di ¢’ devices; wafer |evel MEMS

conponents are conprised of a different material. 1.5.

The nethod of any one of the preceding clainms, wherein

the first and second conductive layers are netallic

or sem conductive. 16. The nethod of any one of the -
PCT/SG2005/000186

preceding clainms, wherein the first and second ggmwedZOAqnﬂ2006

~conducti ve Iayers are conprised-of Al, G, W N,

or alloys thereof, or silicon. 17. The nethod of any
one of the precedlng clai'ms, wherein'the first
conductive | ayer has a thlckness of from about 20 nm

to 52 PHle d oh ?myscﬁg Q)p %e Cpg%gftﬂxgnt ka\{n% le%Yem ti‘gﬂstﬁa]d Seco P?] c%amlc

thlckness

any o SaEFWWW? 5reced|ng cl ai s, mhereln t he
|nternedW§fe filmhas a thickness of from about 10 nm
to.5m Idicatbhe nmet hod of any one of the preceding
clai.ms; gMagrein the nethod is enployed in: mcro
el ectro %gtnlcal systens (MEMS); bio-MEMS and
mi-crofluldic devices; 14 Anended Sheet |PEA/ AU .-
PCTi SG2(PEAtgHdssand prigesiol fasdrantiongiaments: 2006
m c Ffiipiegorerogies whish mevdh Slveapartishy sérawie, ( MOENS) ;
subst r atamfagbr i cati on; sem conduct ors;
nicroel%g&&pgﬁ&g opt oel ectroni cs; hernetlc and

vacuum waf er | evel MEMS packagi ng (RF,
%ﬁ%é%ggtors at al.); bio-MEMS (Si and gl ass

packaglﬁgh"mvP¢|ayer |norgan|c substrates
borosilicate.

.13. The method of any ane of the preceding claﬁms. wherein the first and second ceramic
components are each comprised of the same material.

14. The methoq of any one of the preceding claims, wherein the dirst and Vsecond ceramic
- components are comprised of a different material, '

15. The methad of any one of the preceding claims, wherein the first and second conductive layers
are metallic or semiconductive.

* 16. The method of any one of the preceding claims, wherein the first and second conductive tayers
‘are comprised of Al, Cr, W, Ni, Ti, or affoys thereof, or silicon.

17. The method of any one of the preceding claims, wherein the first conductive layer has a
7 thickness of from about 20 nm to 5 pm'; and the second conductive layer has a thickness of from
about 20 nm to 5 pm.

* 18. The method of any one of the precedmg claims, wherein the intermediate film has a thickness of
from about 10 nm to 5 pm |

1 8. The method of any one of the preceding Clalms wherein the method is emp!oyed in:

" ‘micro electromechanical sysiems (MEMS);
bio-MEMS and microfluidic devices; |

.14
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sem conductor-on-insulator, CMOS; 3D integrated

o circuits (ID); or optoelectronics: CEIC. 20. The

' met hod of any one of the preceding clains, wherein the
intermediate filmincludes alkaline ions or does nofcT/$SGZ005/000186
i nclude al kaline ions. 21. A nethod of bonding - Received 20 April 2006
conponents, conprising the steps of: providing at : ‘
| east a first ceram c conponent and a second
conponent; the at |east first ceram c conponent .and
t he second component each having an upper and | ower
surface,rm,gr \. g conprised of a -
‘silicon @?FO%%%%@%%%&%@{%B% ayer; 5 formng a
conductlve "% er the upper surface of the first
con‘poner?Fm"’O“‘l'"ﬁ‘P% ng an-intermediate filmover the
conduct inveoeleglpmies; t hen st acki ng the second conponent
over t hephdidshic£er anm ¢ conponent wherein the upper or

1 ower sqx,grf.ngtgg cumgeaﬁrﬁcond conponent opposes the
i nt er medi m on e first ceramc conponent; 10

and anoé?'ia'a%{"f“"ig'59J O RAFF9e o getsperclyaies ehdll | east a first.
cer ani ¢ Pedirdd fetnd dlasvdyvsietie) asrmiovftidc dwipsonent ;
char act esferzed MOAMS Batkagiag; | east ‘one respective

tranmtmmmaye,q%%gmdébsf&ggswed upon both the at least a

first cggagi d the second conponent. ‘15
22. Th ﬁ%&gW%%pEMgg i ncluding the step of:

pol i shi R%@t??ﬁ%“lfﬁﬂ'ﬁsr('oéﬁﬂ | oner surfaces of the at |east
a firstoRsleemniies: @dponent and the second conponent;
before formation of the conductive |layer. 23.. The

metzh ofhe kein&d @hd’f‘ogél-ofq{e p%gedlnb E]&Jnél thr\ﬁ: t]:lehﬁterﬁltacﬁéﬁe fﬁ}ﬁ includdaidaline

S

oy
oy
N

- lons or does not include alkaline ions.

21. A method of bonding components, comprising the steps of:
providing at least a first ceramic component and a second component; the at least first

~ ceramic component and the second component each having an upper and lower surface; the second
companent belng comprised of a silicon Iayer or a semicanductor layer,
‘ 5 formmg a conductive Iayer over the upper surface of the first component;
forming an intermediate film over the conductive layer;

then stacking the second component over the first ceramic component wherein the upper or
~ lower surface of the second component opposes the infermediate film on the first ceramic
. component; '
‘“ 10 and
_ anodically bonding together the at least a first ceramic cnmponent and the second
component;
characterized in that af least one respective transition layer is formed upon both the at least a
first ceramic component and the second companent,

15 :
" 22, The method of ctaim 21, including the sfep of:

pofishing the upper and lower surfaces of the af least a first cerémic component and the .
second component;

before formation of the conductive layer.
_ 23 The method of claim 21 or 22, including the step of:

15
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Amended Sheet | PEA/ AU PCT/ SG2005/ 000186 Recei ved 20
April 2006 cleansing the polished upper and | ower
surfaces of the at least a first ceram c conponent and

21 to 23, including the step of. drying the first
ceram c conponent; after formation of the internediate
filmand before the stacking of the at least a first

- ceram c - conponent and the second conmponent. 25. The

”Et hod Qjear%’n@ihm)cﬁs‘hed Wﬂ o5& B Je e o ikt cgragig comporent
WE’%Q'%}E‘Q s l]sﬁpmgoln éegl %r om a %éﬁ% %%g]f '58
e of clalns 21 to 25, |nclud|ng
theb"g‘fr‘%ﬁmﬁ?m°f“E?I°@’§FF§Yeh9g3Fat | east one of the at |east a
first ceram c conponent and the second conponent;
af t o1, TReowaEBd df &Y ot of s 31 BRGNS bl M and before

t he stagkinge o .&NE |least a first ceramic
- KAHE q teJPnscecag% n‘gonent 27. The net hod of

COﬁngg’ ali 02 i i
clai'm ZBriRRA ME; Herpaslstec ff’%é o the stegklas g the algleast Bt esramic
t he®PBPoneR askthegerpidogrpopest ami ¢ conponent and a second
component renders the at |east one of the at |east a
11 Bt The Qie@8U of claint TRRRGR 7RANErafic Wg iSRRG thout 25 to 400"(3
hydrophi I i c 28. The nethod of any one of clains
_ 27,26\/3{('119 E: e at | east a first ceranic corrponent and
5 the CEREHH LTHIS Alshims 3 1 25 fgleding 4e 5P donded t oget her
at a t eﬁi&"éﬁ"ﬁﬁU?ﬂé* oadl e atdagsth figtreramigronnged emidiestiomtpomprhent;
- T r cfterefboaton 2OBCinteonedid Gim Bridadlor fRUI$tacBRYOER theDat ARG firdtBramic

| essmichanabbtec#d0Gmpoad The method of any one of
cI aims 21 to 28, wherein at | east one transition |ayer

zorﬁ‘goé?s% %/iorTIWSOThe
SRTCUHE Bhera s FRensig oy sblgest Rt # leesi @ firghoeramic
I e&g?""&e“f F’I“sat SEERH FATRINE FRpdaethe ablerdt trieeol thoeat dragt a first ceramic
C openeant andd ecwp ewechealpairdphiitsi Ng' spacers before

bondi ng. 31. The nethod of any one of clainms 21 to 30,

V\'hQ!f @hé’héﬂl@@of hyr oﬁé of‘&:%é‘ﬁ? tg 2?%9\'?!1%% leasfsa ﬂ?s ce! agnllcscg dpogefnt and the
g Qe%éﬂd component are anodically bonded together at a témperature selecled from a group.consisting
of from about 100°C o 400°C, from about 300°C to 200°C, and less than about 200°C.

—_—;

¥
N,

‘ 295 The method of any one of claims 21 to 28, wherein at least one fransition layer is comprised of -
- AD,, TixCr, Ti or TiW.

30, The method of any one of claims 21 to 29, wherein the at least a first ceramic component and the
-second compenent are spaced apart using spacers before bundmg i

31. The method of any one of claims 21 to 30, wherein the first ceramic companentis comprised of:
glass;
silicates;
oxides;
quartz;
carbides, nifrides and bOl‘IdeS of the tfansman elements; multiphase composites which may be totally
oor parﬂally ceramic;
alurmina;
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the second conponent; before formation of the PCT/SG2005/000186
conductive layer. 24. The nmethod of any one of cl ai{%wedZOAprﬂZO%
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silicates; oxides; <quartz; carbides, nitrides and

bori des of the transition el ements; nultiphase.

conposites which rmay be totally or partially ceramc;

al'um na; 16 Anended Sheet - - | | PEAI AU PCT/5G2005/00018¢
PCTI' SG20051 000186 Received 20 April 2006 titani ®gceived 20 April 2006
carbide; silica (SiQ2); silicon nitride (813N4); soda.

- time, or borosilicate. 32. The nethod of anyone of

claims 21 to 31,wherein the first ceranic conponent is
gl ass. 33. The nethod of any one of clains 21 to 32,
wher ei ntshén &mnducti ve | ayer is nmetallic or.
seni condygtdiyg. 34. The method of any one of clainms 21
to 33 SIer% n g$f conductive layer is conprised of

W el or alloys thereof, or silicon. 35.
The netﬁ%%“@ﬁO%ny one of claims 21 to 34, wherein the
conduct ibwesiibateyer has a thj ckness of from. about 20 nm
to 5m 36. The nethod of any one of clainms 21 to 35,

hi ck f f
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21 to 36, wherein the internediate filmincl udes :
al k&I f"'i‘?em?fbﬂdsﬂf@rly °@o‘é§@ﬂ@t21 i tn Gk, umderealtlmbqnmehve dayss . is mEtalhc ar
Amreadieghdsihect :

34. The method of any one of claims 21 to 33, whereln the coriductive layer is compnsed of Al, Cr,
W, Ni, Ti, or alloys thereof aor silicon.

35. The method of any one of claims 21 fo 34, wherein the conductive layer has a thickness of from
about 20 nm o 5 m.

36. The method of any one of claims 21 to 35, wherein the intermediate fi lm has a thickness of from
about 10'nm to 5 pm.

37. The method of any ane of claims 21 to 36, wherein the mtermedxate film lncludes alka!me ions or
does notinclude alkafine ions.
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] PEA/ AU ABSTRACT A net hod of bondi ng conponents

conprising the followi ng steps. At |least a first

cerami ¢ conponent and a second ceranic conponent are

provided. A first conductive layer is forned over I“Ehé/SC"‘J 5/0001%
upper surface of the first ceram c conponent. An Reoe1ved20Apr112006
intermediate filmis formed over the first conductive

| ayer. A second conductive layer is formed over the

| oner surface of the second ceram c conponent The

second ceram c conponent is stacked over the first

ceram c conponent wherein AmRﬁ@[COhd conducti ve Iayer

on the second ceramni ¢ conponent opposes the

internediate, fi I(g1 gn the first conponent The first
and second c&rERPEo EgHie Autreents (CEPEH dRecilorig seps o dpast a first

i ogé?"ﬁ@‘r’ component and a second ceramic companent are provided. A first conductive layer is
formed over the upper surface of the first ceramic comp_onent. An intermediate film is formed over
the first conductive layer. A secand conductive fayer is formed over the lower surface of the second
ceramic component. The second cerarmc companent is stacked over the first ceramic component
wherein the second conductive layer on the seoond ceramic companent opposes the infermediate
film on the first component. The first and second ceramic components are anodtcally bonded

-together. ‘ ’ ’
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