ANODI C BONDI NG PROCESS FOR CERAM CS FI ELD OF THE

I NVENTI ON The present invention relates generally to
whorditzdgg2@and nore specifically to the bondi ng PET/SG2005/000186

ceram ¢ conponents. BACKGROUND OF THE | NVENTI ON

Ceram cs range fromdiverse silicates to oxides of A

Ti, Zr, Be, etc. Ceranics also include non-oxides such

as carbides, nitrides and borides of the transition

el ements plus nulti phase conposites which nmay be

totally or partially ceramc. Ceram cs may be used as

el ectrical insulators, sem conductors, conductors or

superconductors and may display |arge piezoelectric

effect, have vEANORMEBRAEDINGIPROCESSEORCERAMIGSr nmay have

their electrical permttivity change wwth humdity.

They may be good heat conductors or excellent therna

i nsul ators and can beyrisesk BiE IRVERTIBREr at | ng

tenperatures intolerable by nmany netals and super

al | oys. Broadly speaking, t he pernissible operating

f,ﬁgf:r ?.Enﬂ;e pr?%agt "(];Véarr] lél)nm ¥ 2atess Trgtalyvgo QOFSI?)'IIE% ?nd reta ﬁpem&cﬁﬂh{ tﬁlhe bonding
of &ydMid@mbsnett. ceram ¢ materials for high performance

and high reliability is advancing trenendously, their

commerci al i zation is laggi ng due to poor integration

techni ques. Wil e ﬁ#ﬁk ring efforts

have been focused é&ékaHdJNDO Il lll.HSﬁmng/bondlng,

ceram cceram c bonding is not, as of yet, as well

devel oped. U. S. Patent No. 5,769,997 to Akai ke et al.

and Eur oﬁe@micm&tﬂeﬁﬁm&ﬂé{e@ piiggtes 3 cOEEEIB 98 TAZ (31 §%59Geramics also
mcIuQe 'r%\knal dgs g&ch%ls caR%E!' ngr?o%g nﬁ?or% 091! tﬁe 39 g’lopgl L tsag\us multiphase

arator contai ning 'no mova ron and & cond 610

comﬂilj%iwsg]hlcﬁ ey teaetilly @ @ktialy ceemduct i ve fil mand an

i nsul ator layer containing novable ions.U S. Patent

No. 5,695,590 to Wllcox et al. describes anodic

bondi n g thraRﬂ:p r rh&i/ah? Lﬂecp &S é%tﬁ"cals %&9{&3, semiconductors, conductors or

superconductors and may display large piezoelectric effect, have voltage-sensitive resistance or may

have their electrical permittivity change with humidity. They may be godd 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 about 0.5 to 0.7

Tm where Tm is the ceramic’s melting point.

Although the synthesis of ceramic materials for high performance and high reliability is
advancing tremendously, their commercialization is lagging due to poor integration techniques. While
scientific 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 Akaike et al. and European Patent Specification 0619598
A3 0619598 to Akaike et al. both describe anodic bonding of an insulator containing ho movable ion and a

conductor through the medium of a conductive film and an insulator layer containing movable ions.



U S. Patent No. 4,452,624 to Whltjen describes a

met hod for making an airtight seal between a pair of
w@bkm@s4a23kat es. European Patent Specification O0BATE4H05/000186

CGot ou descri bes bonding of a first silicon substrate

coated with silicon oxide to a second silicon

substrate coated with beta-Si C and/ or phosphosilicate

gl ass layer. SUMVARY OF THE | NVENTI ON Accordingly, it

is an object of one or nore enbodi nents of the present

invention to provide a nethod of anodically bondi ng

ceramc corrponents at |l ow tenperatures. O her objects

¥\Ah|a![ ta ﬁgqj;% o%agern 9%65?0 gqo)'\@as n%d?%ﬁ@eﬁg%\ééﬁ¥ondmg to fabricate a

présdMeBdnk&N may be accon‘pl ished in the follow ng manner.
Specifically, at least a first ceram c conponent and a
second ceram c conponents are provided. Each of the at
| east fir nen h -
upper and 1ot B8 ARBEA, S RIBREER Byl o, e arion sca
belveeme phira¥ glasstphe@supper surface of the first cer am C
conmponent. An internmediate filmis forned over the
first conductive |ayer. A second conductive |ayer is
formed ovgy, &J?nePthé?lY\@Becﬁ UJtlB@@@I 7945 tkt&toilecfégé?lgescﬁfnél% Gf a first silicon
conponent . II)'he second ceram c conponent Is stacked
subsirete  tdated f withs silicoe r @dvie ctoc @ ngeené ndilicovh evieirate t doated eib nighta-SiC  and/or
" yctive Ila%er on the second ceramn c conmponent
P 8?5’3%%'8356 P38 PRt ernediate filmon the first conponent.
The first and second ceram c conponents are anodically
bonded t oget her. BRI EF DESCRI PTI ON OF THE DRAW NGS The
present invention wWSUMMARYOFEHEJNVENTIQN under st ood from
the follow ng description taken in conjunction with
t he acconpanyi ng drawi ngs in which |ike reference
numer al s Adesdigatiss ah BbitRlbr e &%Jr@érﬂwdmeﬂg oF Itf%rg?&.teﬁt invention to
regions and portions and in which: Fig. 1 to
previdh @ method eflahgdidallyl hesdinggeramis comednents éébwetﬂbmtmt of the
present invention.

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. Specifically, at least a first ceramic component and a
second ceramic components are provided. 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 component. The second ceramic component
is stacked over the first ceramic component wherein the second 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

w@oovsieBseed as Prior Art The foll ow ng i nfor neRCDBGL®5/000186
known to the inventors and is not to be considered as
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) netallic
brazing; and (3) glass internedi ate | ayer bondi ng.
Di ffusion Bonding In dlffu3|on bondlng, the ceram cs
nmust be heat ed upRIES DESOR ) ¥68hi ch i s an
extrenely high bondi ng tenperature Di f fusi on bondi ng
is a solid phase process achieved via atomc mgration
with no renLRA&E AkEmRb Qn b@fmctr@@le&'grmgé?&wdsfmnl mbtfbllé\lvmg description
surface flatness and cl eanliness are essenti al

tal@n rrfcanlenchwhn@s@cqr@hm thﬁfwmgesswmdhahe @fedmienunesisaeggnate similar

e.sa | eaned prior to
or Bor%op om?ng %me"té a{ﬁmnsgﬁ 'rOBS aeng g “&é?’l abl es range from
severaI hours at npderate tenperatures (0.6Tm) to
m nutes at higher tenperatures (0.8Tm ), with applied
pressur e.FiQI\/blogl sehegatnedylusiptam erefaretsembpgiment Al rigsent invention.
Layer Bondi ngMetal lic brazing and gl ass internediate
| ayer bondi ng were devel oped to achi eve | ower
tenperature bonding, i.e. fromabout 400 to 700C. In
these two respectlve nethods the brazing el ement and
the gl ass FoSERets ESCRIPTION QF THE RRERERRED EN ring
t he bondi ng process Thus the applicable operating
tenperature of the |ntegrated ceram c systens will be
Infbrimaiidné@odayto thia dnveredrs + Not tiod Cdnsiddred dsePribidrer medi at e
| ayers. Problens Known to the Inventors - Not to be
Considered Prior Art The foll ow ng are probl ens known
to the i RUERIANIRY nﬁ&%atﬂfn@s lﬂ\‘a;vn oA dRverRRSIE %rn%fjto%é cpr{sler'éd as prior
art for the purposes of the present invention.
wuw&mewm©%$h@mamwmmmran1c bondi ng t echni ques, the
conponents are bonded at high

The available bonding techniques for ceramic-ceramic bonding are: (1) diffusion

bonding; (2) metallic brazing; and (3) glass intermediate layer bonding.

Diffusion Bonding

In diffusion bonding, the ceramics must be heated up to about 0.6 to 0.8 Tm which is an
extremely high bonding temperature. Diffusion bonding is a solid phase process achieved via atomic
migration 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,, ) to minutes at higher temperatures (0.8T,, ), with applied pressure.

Metallic Brazing and Glass Intermediate Layer Bonding



tenperatures, i.e fromabout 0.6 to 0.8 Tmor from
about 400 to 7000C. At these high bonding
W0 eoopaemRIr es, there are some i nherent probl enBCESGH05/000186
as: residual stresses after bonding due to the
di fference of thermal expansion coefficient between
conponents; and the conponents are susceptible to
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
met hod ofMaaliediraziap layd diams dhtergediae aper borgigpereateteopad to 2ieve lower
tures, j.e. preferahbly from about 100 to oC .
T PP e R BEGUr ST BB ez sement
and Qe §IAR iREHBASE Fays nebdlicShd MMRA LAY, th&&fnaiﬂ?f 9rogéam0§ MeSapplicable
are preferably conprised of, but are not Timted
opatating feeiperatire afithenintegratod Gefammﬂyﬁw (i beplimiteds py if@cmeltmg point of the
i 3N4) . glass (including quartz, soda linme or
'"tﬁrmed'atg?ayérgt e), silicates, oxides, carbides, nitrides
and borides of the tranS|ti on el enents, or partially
or tot aI I%/ cer am c rrultl phase conposites. The present
Probls ymtotha Inventars — Mgt to be.donsiderediBriar Akt o  gnd package
m crosysterrs and nanosystens. Condi tioning of the First
Ceram ¢ Conponent 10 - Fig. 1 As shown in Fig. 1, a
first ceranifdiowiapeprebi¢gmsliBovstott@ritiettors asthrdyot fd lebnsidered as prior
ol i shin :?? up er and/ or | ower surfaces 11, 13 to
Erﬁri‘ee‘{}’gmges ?‘f’ FHRERY"™ The mirrored surfaces 11, 13
are then cleaned in an organi c or inorganic cleanS|ng
solvent. The cleansing solvent is preferably nitric
aci d, pi rlarskée-etatitdemnic, boaﬁrmtﬁcmmunydmmg@womtsom dbended at high
eans n t SI tio S . ,
e eg Tan pagBi 3556 MY T o bl a8 i Lo pgpe ioh boncing
telhﬁéitﬁr@(ﬂie&t gre Foméninh&rent prdb@ms 2udi@s: tdslibd! sE&E@f@r bonding due to the
conponent 10 is then placed within a deposition
difterpapb efthel expansiangpefiiGieghkatwaep Aomegpets: 3 thescoppregts pesgsusceptible to
daﬂrg%é’]dt.“g&ﬁé h@ﬁt‘é%%@a?tg& andES pt%ceggér%ng Rrits Q'Te r%@gﬁﬁa?ebglx to be bonded.

out

Present Invention

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

or lower.

For the purposes of this invention, ceramic components are preferably comprised of, but
are not limited to: alumina, titanium carbide, silica (SiO,), silicon nitride (SizN4). glass (including quartz,
soda lime or 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.



mm Single or nultiple transition layers 12 for the
pronoti on of adhesion, are applied on the to-be bonded
waookazs28.1l. Typically, the transition |ayer 1PCT/SG2005/000186

deposi ted by physical vapor deposition nmethods or

chem cal vapor deposition nmethods. The gradi ent
transition layer 12 will be arranged as follows: the
structure and conposition of the first |ayer deposited
on the ceram c conponent are as simlar as those of
the ceram c conponents, then gradually changed to be
as simlar as those of the final conductive |ayer

° conposeg of Fen1cogduct|ve or gonductlve material. The
Copqifjop i on |l ayer ranges from

nanoneters to mcroneters. . Exanple 1. If the ceramc
conponent is alumna (Al 203), the conposition and the
structur és @hownh'e Figr 208 @it ceramimepimpprent 1Gaig espndjtiondd Hygirst polishing its
u| e X%/ EQ rsurf ce P1t 1§tat chleVXa I'Pnll d be as close as 3:2
PREGFMENE"ET T ? TRy & P GENBERIEE T he al uni na ceranic
conponent fol | owed by layers with y:x ratio | ess than
2, and gradually X ratio is reduced to 0. Exanple
. 1f thdhg @F@WP&”@Gﬁbéhéﬁﬁ“?§EPPP§WFUW?EQEBWEQ’FW?TBCde”BmQ
solt/&? Tﬁ@gpa%& # jsoqvéntqaﬁfiteggly ﬁfrlrc QBE LHr th(sofuhc% %Fnﬁgh @rﬁhydrogen peroxide,
transition 1ayer ement ratio
RCaveehsihgloeaca®ne| ose as 1:1 for the first |ayer
deposited on the titani um carbide ceram c conponent,
followed by layers with y:x ratio less than 1:1, and
De 63@19#&'#&‘( THen&itidn@b e91i First @%Q&tde tRerQ4 aFXipidRhRiard Fith 6 L Fig.
ceram c conmponent 1S Si or silicon nitride
(Si3N4), the transition |ayer can be Ti, TiW or other
rmtaﬂal§ erns tch wi t.h the

hav
silica or h‘%ﬂlﬁ'ﬁ C@{)ﬁﬁ"?c (f%{“Pon&et 1186%%18?] Plaged Wi m atdﬁ%osfpon cqamber and a first

trafSRIOR WGri 1Y & d2posREUipoR BShdEduryeR 1h waeahmkdees $ripRferably@Bin@BoLIt $0 nm to 5
not so critical, such multiple transition |ayers are

éngdaleqrtr@dilplevh@lt@o lagkig 12 fordhd nagreatian of adhelsion, dierapelief! gn the to-be bonded
03|ted on the to-be bonded surfaces. Aternatively,
S”Tﬁgf ‘'one single transition layer is used. It is noted
that the transition |ayer conposition and type wll

change with the to-bebonded
Typically, the transition layer 12 is deposited by physical vapor deposition methods or

chemical vapor deposition methods. The gradient transition layer 12 will be arranged as follows: the
structure and composition of the first layer deposited on the ceramic component are as similar as those of
the ceramic components, 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 component is alumina (Al,O;), the composition and the structure of the
gradient transition layer will be AlO,. The element ratio y:x should be as close as 3:2 for the first layer
deposited on the alumina ceramic component, followed by layers with y:x ratio less than 3:2, and

gradually y:x ratio is reduced to 0.



ceram cs. There are several thousands of ceramcs,

therefore it's inpossible to give out all the ceramcs
wapasnzseed transition | ayer conpositions and PEPe62005800186

can only provide the guideline howto select

transition |layer conpositions and types. A first

conductive layer 14 is then deposited upon first

transition layer 12 to a thickness of preferably from

about 20 nmto 5 mm First conductive |ayer 14 may be

metallic or sem conductive and is preferably conprised

of /Bkam;ﬁl’ 2: \ife dH'ramlc'laomp@fentai thtanjisn ctal‘bere(E'UC), the bomn'olsftmmnd the structure

é and is preferabHy osited by (1) Ph ysi ca

of e pEdiett rapsitioPoryr wilHiecdhCi- A E elerernt HQ wx plapuld bé\?éﬁ'ﬁ?eaﬁ ghf” the first

Iayb%p&@%@n %Qgﬁﬂuﬁw'c%ldg Eermywrrﬁ)ﬁﬁéﬂg foll&ed @?)ay&p@m ﬁalatlo Iess than 1:1,
vapor deposition (CVD). internmediate fil

andl@pasiiytyedatiofroadubed tg 0. conductlve | ayer 14 to a

t hi ckness of preferably fromabout 10 nmto 5 mm and

nmore preferably fromabout 10 nmto 2 nm Internediate

il Bedfple 3ifthe rartit EdrRUkenBil Kifdai($18,) loPEiRon hlﬁld@(Sﬁf\lQ I tRdtrafsition layer

deposited by dry or wet approaches, such
care vajio may.i cmrothes platetlaéer whigh bave dess cbdttlcge'hlsmaeqtlhmhqlm siliqa or silicon nitride

i nt er nedj the sol gel coating
°°'H%¥‘ﬁ'8g§ Wﬁ)}"ﬁ' ?ﬂ?F%"é” %5 B?"Hcc’%ucg'erﬁ)fer sion or spraying and

further, at |east the upper surface 11 is pretreated

in organic or inorganic solutions such as preferably

nitric adite a@ewem lranot seictiicrloprch maiRisrirensiicRy@teEgR neglected. The
coPcﬁctlve |a ers caRC‘;E)A cF rec%le?%;o 1%3% tt%Ci?BQ g&\dgéjerfg&g d,&lte%tl\Jeﬁajﬁét one single

5 Surface A rop Ic prior to deposit

tmﬁhﬁn&w&&hmaﬁranlc conponent 10 is then dried or

tenpered at a tenperature ranging fromroom

tenperature, i.e., e.g. about 25C, up to the anodic

bondi ng 4 qORGERfUS ﬁe @hndifdf IJyérr c%tnp@s'ﬂiGn SRE apd vﬁler,rhaﬁﬂeq'vlth the to-be-

conmponents 10, 18, for exanmple from about 25 to 400C.
bofden derbmnios iThge eufe seireal Boosnds deeamice tiGoripe ifeirmpotdble tOang out all the

3 As shown in 8 3, a second gprag}c coq? $ h JF how fo
cer@pite P9 M tfﬁps't}s BV e RBPSPTSARY VR VSITPMG™Y B8O ftidofe
sel@a%&ftloﬁj T%?Eon%'d&ﬁoﬁ&ﬁrﬁi typed, 19 to achieve a mrror

finish e mrrored surfaces 19, 2 1 are then cl eaned

in an organlc or inorganic cleansing

A first conductive layer 14 is then deposited upon first transition layer 12 to a thickness
of preferably from about 20 nm to 5 pm. First conductive layer 14 may be metallic or semiconductive and
is preferably comprised of Al, Cr, W, Ni, Ti, or alloys thereof, or silicon (Si) and is preferably deposited by
(1) physical vapor deposition (PVD) which includes ablation, evaporation, ion beam deposition or

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

Then, intermediate film 16 is deposited upon first conductive layer 14 to a thickness of

preferably from about 10 nm to 5 pm and more preferably from about 10 nm to 2 pm.

Intermediate film 16, with or without alkaline ions, is preferably deposited by dry or wet

approaches, such as evaporation, sputtering or a sol gel technique.



solvent. The cleansing solvent is preferably nitric

acid, piranha (solution), amoni um hydrogen peroxi de,
wOoRAsatwasi ng or acetone. Deposition of SeconelCT/SG2005/000186

Transition Film20 and Second Conductive Layer 22 -

Fig. 4 The second ceram c conponent 18 is then pl aced

Wi thin a deposition chanber and a second transition

| ayer 20 is deposited upon |lower surface 2 1 to a

t hi ckness of preferably fromabout 10 nmto 5 mMm

Single or multiple transition layers 12 for the

pronoti on of adhesion, are applied on the to-be bonded

Isg;fefc g O%fmttka)rg\tecri]latg QF;P W% éo? ﬁel:c’r%g Ia§C é¥60artl @etﬁaéaastn%%/t |n8ude spin-on,
imM&@§ir0 6tSspeying bﬁfﬁuﬁlﬁalr a\wqastrthéd epes surfacnt 1rrethv£rét3ed i Byanic or inorganic

gradient transition |layer 20 will be arranged as
solgtions BH{R as prafarakly pitiie eeid: @raiha (SeiRIL SMMPHY™ BydragpePsarexjdgRCA cleansing
or bBERL 1SRG EEFn0 pd Rt GE! A Bl orAETRAG BlnoBiidh, 25

simlar as those o ceram c conponents, then

gradual |y change to be as simlar as those of the

final conductive Ia er conﬁosed of sen1conduct|ve or

t

conduct i V& ?F%Etcérﬁ?‘ﬁl‘: mERREN { S dieA deed B fempRad figy tgpperature ranging from
rodn] @RBdrhtlraN.el, R bbduBRBE Supl tb MV MM BEHRE Tenfprature of the first and second

m croneters.|f the adhesion is not so critical, such
cergmictcomiopertty H¥nd, for exambla frem gbaut 25 tnéQf@ct ed. The

conductive layers can be directly deposited on the

t o- be bonded surfaces. Alternatively, just one single
CohditAmb bi iy B e DerafiyCoaponthed.— Fy. second conducti ve

| ayer 22 is then deposited upon second transition

| ayer 20 to a thickness of preferably from about 20 nm

to 5 mm Cl.|

e condltran e & Sk sk ooEorBite ot bp@raty s
poli8hindNits lowldr andidr ugdet ifscet Pe e fachioe agiiddréosh. (Si) and i s

preferably deposited by (1) physical vapor deposition

(PVD) which includes abl ation, evaporation, ion beam

deposi ti qRe QAfrorBULERES A€ 21re (h%)n clebA1if ah o?éarmuof)r morganlc cleansing

deposition (CVD). C eansing of One or Both of th
solgnt. ghe ae@m&mbmt iQgefarblg ni@o apid péarths (sbBtion]. @mBeffiigm eydrogen peroxide,
Rd%%pdin hhe first and second ceram c conmponents 10,

5' ﬁﬁaF Bf'r respective layers/filns 12, 14, 16;
20, 22 formed thereover, one or both of them 10, 18

are cl eansed:
Deposition of Second Transition Film 20 and Second Conductive Layer 22 — Fig. 4

The second ceramic component 18 is then placed within a depositidn chamber and a
second transition layer 20 is deposited upon lower surface 21 to a thickness of preferably from about 10
nm fo 5 um. Single or multiple transition layers 12 for the promotion of adhesion, are applied on the to-be
bonded surface of both components. Typically, the transition layer 20 is deposited by physical vapor
deposition methods or chemical vapor deposition methods. The gradient transition layer 20 will be
arranged as follows: the structure and composition of the first layer deposited on the ceramic component
are as similar as those of the ceramic components, then gradually change 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.

7



in a cleansing solution preferably conprised of
organi c, sulfuric- or hydrogen-peroxi de-based RCA
waeelatizees; at a tenperature of preferably froPCEHBGLNS/000186
50 to 900C;, for preferably fromabout 5 to 10 m nutes;
to render the cleansed ceram c conponent(s) 10, 18
hydrophilic. Alignnment of First and Second Ceram c
Conmponents 10. 18 - Fig. 5 As shown in Fig. 5 and at
roomtenperature, i.e. at about 25C, the second
ceram c conponent 18 is then aligned wth and pl aced
on top of, and spaced apart fron1using spacers 24, the
first ce c,.conmponent 1 Second
conduct i (/aﬁ“ﬁ aeyonzs nghg ngcai e%‘B'hH‘“'é'%'? RO JYES s pedsgted: The
conBiRARSByerd &R bl Hr&KBSHoSEE of the B-BSbddbed dufFadeb. AternEREIRJASE one single
conponent 10. Spacers 24 have a thickness of
trangitierf leyeatybybefusesm about 20 to 50 nm and are pl aced at
the edges of the first and second ceram c conponents
10, 18. The stacked, spaced and aligned first and
second CRIsafng cEaugod Ridr 22 1dtherl Bepasied ppacedonidrttassitan layer 20 to a
vacuum chanber. Bringing The First and Second Ceranic
O@mqp@herﬁfegidefoml@OWn%oon"P& ﬁwmcémoaétcondeFhw@ layg 2B fp3ynRp metallic or

sen\{%%gtfcg'eh%g t!g{gfta% )r’g%]mcf%?mdl o?]?g:&gg/(\éct\?r'ﬁ oraIOé/s E nF gllcg‘? (Si) and is
prefefBiyefcpddhed by @ﬂbl@g@dﬂtvapbgeepaﬁﬁan@O@ﬂvmtdmme ablation, evaporation, ion
pr efyer ably from about 300 to 2000C or |ess. As shown
begnndeppsifion g1, spufering: SiiRlcaeraic epstdepesiipn(Q¥Pace, the center
portions of the first and second ceram c conponents
10, 18 are brought into contact under pressure 26 of
ef al of Bbth efthabietind 8e€@@d Céremit COmPInails 1 val of
Spacers 24 and Anodi ¢ Bonding of the First and Second
Ceram c Conponents 10. 18 - Fig. 7 As shown in Fig. 7,

spacers & ar&nbifd oV §d #edriN&cdld’ ranfd QOrﬁfﬁ)ﬁQﬁ’éj 10, 18 having their

ceram c conponents 10, 18 are anodically bonded at
respastitedgyes/infs 191 af B 20 PY/fofmed thesdovrnton@ortbothbdBery 49,118 areTlgansed:

anodi c
in a cleansing solution preferably comprised of organic, sulfuric- or hydrogen-peroxide-based

RCA solutions; at a temperature of preferably from about 50 to 90°C;
for preferably from about 5 to 10 minutes;

to render the cleansed ceramic component(s) 10, 18 hydrophilic.

Alignment of First and Second Ceramic Components 10, 18 — Fig. 5

As shown in Fig. 5 and at room temperature, 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 um and are placed at the

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



bondi ng process is acconplished by pressing the first

and second ceram ¢ conponents 10, 18 together at one
w@oiosti2¥eeom whi ch t he conmponent 10, 18 cont act POEY€2005/000186

proceeds to conpletion to formthe bonded conponents

30. Initially, two conponents contact at one point,

and when the spacers are pulled out, the contact area

will extend from point contact to full wafer (in order

to achieve hernetic or vacuum sealing). The bonded

conponents 30 have an excellent bond strength and can

undergo further harsh processes or be enployed in

o oo, JREAEOAREY FR i 5 BEr K LBk 1. 0 o
plddeyinto @ visand echn®ep| oyi ng the met hod and teachlngs of

the present invention either sinultaneously or

sequentially.It is noted that if adhesion is not

é’lOt

onl'y one ayer need be
used, or no transition Iayers 12, 20 need be used

with the conductive Ia era&I 14-d 22 being direct g
deposi t e YIRS P A §25pd caramicepmpanents 10: fs de heated to, and

méﬁ%@ RE B tembBratursbf E@ferahl@\(rbrﬂ Abdul®0 LhAIBIG Ard Mokt &ErathPirom about 300
. It is noted that silicon |ayers and/or
tog@ﬂ@@dﬁﬁuctors may be used as the second (ceram c)
conmponent 18. In this case, the conductive filmon the
second conmponent is not necessary. The inventors have
achi eved Ash@odroh IFyMeNgitSipacRsSe sl iSRRL| the CertdrRRioR| of the first and
bondi ng i n accordance with the teachings of the
sepng SYATIC CoIROnETtO); 18 & beokghitjitoeeontgtt yader RiepsuEeHAf of Biefrraply fjom about
o&ﬁﬂpﬁ§ %pre bondi ng (| ess than about 3000);
gl ass ass | ow tenperature bonding (less than about
3000); Sl/Sl | ow t enperat ure bondi ng (|l ess than about

3000C ; ceran1c/ceran1c Iom1tenperature bondlng (1 ess
R Ipacers 24gadinodic Banding ofthe and Segcand Ceramic,Components 10, 18 — Fig. 7

naterlals W th IOM/tenperature bondi ng (|l ess than
about 300C). The sem conductors may be Si (as noted
above), @alshownh rirPFigr 7SisiEgers Gdams reregredh@nd the first and second ceramic

components 10, 18 are anodically bonded at voltages of preferably from about 0 to 100 volts. The anodic
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
components 30. Initially, two components contact at one point, and when the spacers are pulled out, the

contact area will extend from point contact to full wafer (in order 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 components may be
bonded employing the method and teachings of the present invention either simultaneously or

sequentially.



quartz, soda lime or borosilicate. Further, as noted

above, m crosystens and nanosystens may be fabricated
wapaspzsskseged i n accordance with the teachi ngsPOf/SGH05/000186

present invention. The applications for the present

i nvention may include: mcro el ectronmechani cal systens

(MEMS) ; bi o- MEMS and m crofl uidic devices;

m cr o- opt o- el ectro- mechani cal system ( MOEMS) ;

substrate fabrication; sem conductors;

m croel ectronics; optoel ectronics; and hernetic and

vacuum s@&a rioteg thEhieadbedionss ait edticat auitipia trpm};ttielm la'mé 2, 2F arb hat essential

present invention may include: wafer |eve

and SR i B omeyerderdcteed Dottt B9 gaf@%'ora'ﬁvejs 125 P g used, with the

cor(d§1:t|vé‘@ A5 52 By ri;t STBy d@&iglte@ upbiPthb Bisdre/oF §3ébietramti@dofibonent 10,
I"evel packagi ng; nultilayer inorganic

18 seithgtingtbeetensitoatiyerdAdidct or - on-i nsul ator, CMOS; 3D
integrated circuits (I1D); and optoelectronics: CEIC
Advant ages of the Present Invention The advantages of

one or ITgrig B akli MEYnSIafths biktfor BeMBEALictdr Wt BeOlsed as the second
include: 1. a significantly reduced bondi ng

(cerasmiq) cpraponene 19 pyteis easaiihacopdusiive formtheisgeend Gomm)@t Bmgt necessary. The

mvgg{ors have achieved the following successful specific cases of bonding in accordance with the
teachings of the present invention, for example:

glass/silicon (Si) low temperature bonding (less than about 300°C);

glassiglass low temperature bonding (less than about 300°C);

Si/Si low temperature bonding (less than about 300°C);

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

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

‘The semiconductors 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);
bio-MEMS and microfluidic devices;
micro-opto-electro-mechanical system (MOEMS);
substrate fabrication,;
semiconductors;
microelectronics;
optoelectronics; and

hermetic and vacuum sealing.

10



preferably fromabout 300 to 2000C or lower); 2. the
ability to bond simlar or different ceramc
woraioen2mbs; 3. degradati on and damage of pre- f BOT/EGEZNHM00186
devices and integrated circuitry is avoided; 4.
bondi ng-i nduced stress problens are reduced; 5. the
bondi ng nmethod is suitable for high-tenperature
applications; 6. reduced process cost; 7. high bonding
quality; 8. the ability to bond sem conductors,
gl asses and cerami cs; and 9. |ow residual stress and
war page. Wil e particular enbodi nents of the present
i nvention have been illustrated and .described, it is
not i nt eRfedmPERIRIY p?tﬁ'g'a':;ﬁ{/tg%?r?sgﬂt,mvg&t%pmta y 'ggluc!féfi ned
by twhrer iEvel Mewé pdkdying (H15 sdabdd, MEiudtérs 6laB);m 1. A net hod
of bondi ng conponents, conprising the steps of:
pr obieHENS (Bitand glasstsystents) ansitmigrefiuidigideviceBnponent and a
sec ﬁg& ent; each of the at |east first
and%@gg%%f cé&%%%%ggghponents havi ng an upper and
| owenittilayer inargaric fubstiatestg a first conductive | ayer over

the upper surface of the first conponent; formng an
i nt &PMHeRAUtoEoTHPPYAMOS he first conductive |ayer;

for gh ReReatr@Rdiponduct i ve | ayer over the |ower
surface of the second ceram c conponent; then stacking

t he ogtetamivohicse®E@i ¢ conponent over the first ceramc
conponent wherein the second conductive |ayer on the
second ceram c conponent opposes the internediate film

AdRRtabdi®f fnk Pikerf RUstidrC COnMponent ; and

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 more
preferably from about 300 to 200°C or lower);

2. the ability to bond similar or different ceramic materials;

3. degradation and damage of pre-fabricated devices and integrated circuitry is avoided,;

4. bonding-induced stress problems are reduced,;

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

6. reduced process cost;

t7. high bonding quality;

8. the ability to bond semiconductors, glasses and ceramics; and

9. low residual stress and warpage.

While particular embodiments of the present invention have been illustrated and

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

11



anodi cal Il y bondi ng together the first and second
ceram c conponents. 2. The nethod of claiml,
w0 p@bazhiersy t he step of: polishing the upper aneCT/6GE05/000186
surfaces of the at least the first and second
conmponents; before formation of the first conductive
| ayer. 3. The nmethod of claiml1, including the step
of : cleansing the polished upper and | ower surfaces of
the at least first and second conponents; before
formation of the first conductive |layer. 4. The nethod
of claim1, including the StAMS of: polishing the
upper and | ower surfaces of the at least the first and
second conponents; and cl eansing the polished upper
wedkigh:! ower surfaces of the at least first and second
conponents; before formation of the first conductive
| ayer. 5. The nmethod of claim1, including the step
of : dryi the first ceram ¢ C onent; after formation
1"°bTetF ! Q@S’B%"m Ot BSC?"P\%S' ghfes'?eggﬁfg before the stacking
of bladifd st3éasCE s betamiOdtPpsRAtanaRthetdhe cEraMIdREMEAEMATEath of the at
conmponent. 6. The nethod of claim1, including the
leagf figshang Secopd eeAATNS FoFPenRents BAEE ap HRPeHINdIMET 4Pt and

sec c A : I he

s aArg S ThCRTROPER: Re sl Fhece Y FENSITIRTS: (he

f i r skmisgdreinermediataplovvestthedirsticdnbetiedayend cer ami ¢

conponent. 7. The nmethod of claim]1, including t he ]

st gg’@l}? a segpRr cRRFUPTR "2y qr Pt the DRIUERcE ShIBB FRSARE CEARIE cPRRARent

Cl eaRS IsRBkift thd §83hd &8Emi0lcohddRerft Il ithed gt &BHAN EbnfBRcATWRerein the
conmponents; after formation of the second conductive

sedoady emdigtick I on ¢hetseeond icerakic irgmpsinent lpppdspy the intesmediate film on the first

conmponent . and
ceramic omponent;

and

anodically bonding together the first and second ceramic components.

2. The method of claim 1, including the step of:
polishing the upper and lower surfaces of the at least the first and second components;

before formation of the first conductive layer.

3. The method of claim 1, including the step of:
cleansing the polished upper and lower surfaces of the at least first and second components;

before formation of the first conductive layer.

4. The method of claim 1, including the steps of:
polishing the upper and lower surfaces of the at least the first and second components; and
cleansing the polished upper and lower surfaces of the at least first and second components;

before formation of the first conductive layer.

5. The method of claim 1, including the step of:

12



the second ceram c conponent. 8. The nethod of claim
1, wherein the first and second ceranm c conponents are
w@ewdilzamkd y bonded together at a tenperature oOPCT/BGINN5/000186

about 100 to 4000C. 9. The nethod of claim1, wherein

at | east one transition layer is fornmed upon at | east

one of the first and second ceram c conponents. 10.

The nmethod of claim1, wherein at |east one transition

| ayer is formed upon at |east one of the first and

second ceram c conponents; the at |east one transition
IayGryinb@ecﬁcshwéngte@mf)neAm xOy, TixCy, Ti or TiW 11. The

of claiml1 erein ective
st angiop ot Ty oot Ve s Gisst S bRt F7 PEefit component and
thessegdp.aleergﬁwmpen&@nponents. 12. The net hod of claimi1,
wherein at | east one respective transition layer is

formed upon both the first and second ceramc

nent ne transition |ayer is
co%egra] ged&ag?q&fblu%g hggé%\/fo Ti or TiW13. The method of
cl aicwanking whedsedrie oftheﬂrﬁﬂdlﬁﬁecaﬂld:e@alb@ﬁdpc&éraﬁked ceramc

conponents are spaced apart using spacers before
aftgyderaptiog of tﬁ?lsecq’}ﬁ’é”FFé’FtP(@ pygRndheiraing staging ok firptreramiccgpponent and

the@g%nﬁg&%gcmmc conponents are conprised of: glass;
silicates; oxides; carbides, nitrides and borides of

the transition elenments; or nultiphase conposites
i C be. t rtially ceramc. 15. The
7'%??’?285@%'3&’5? '"g%ﬁ %ﬁp"ﬁ the first and second
cer aRing tHeAFPERANE SormpbRnEsaPr | sed of © quart z;
silicates; oxides;
then cleansmg at least one of the first and second ceramic components;

after formation of the second conductive layer and before the stacking of the first ceramic component and

the second ceramic component.

8. The method of claim 1, wherein the first and second ceramic components are anodically bonded

together at a temperature of from about 100 to 400°C.

9. The method of claim 1, wherein at least one transition layer is formed upon at least one of the first and

second ceramic components.

10. The method of claim 1, wherein at least one transition layer is formed upon at least one of the first and

second ceramic components; the at least one transition layer is comprised of Al,O,, TiXCy, Ti or TiW.

11. The method of claim 1, wherein at least one respective transition layer is formed upon both the first

and second ceramic components.

12. The method of claim 1, wherein at least one respective transition layer is formed upon both the first

and second ceramic components; the at least one transition layer is comprised of ALO,, Ti,Cy, Ti or TiW.

13



carbides, nitrides and borides of the transition
el ements; or nultiphase conposites which may be
wao odoahtis2or partially ceramc. 16. The net hod PET/EGZ05000186
1, wherein the first and second ceram c conponents are
conprised of: alumna; titaniumcarbide; silica
(SIiAR); silicon nitride (Si3N4); soda line, or
borosilicate. 17. The nmethod of claim 1, wherein the
first and second ceram c conponents are each conprised
of the sane material. 18. The nethod of claiml1,
13Hermesthed ehdeim i1 r Wherelhe Selcaid gecony siasked e prIPPRENtgrage spaced apart
usﬁ€%5;r§%rggon@ngi fferent material.19. The nethod of
claim1, wherein the first and second conductive
| ayers are netallic or sem conductive. 20. The nethod
claim1, wherein the first and second conductive
1410{537 &ﬁ@%?fé‘a%%ﬁ?f@a H‘egfﬁf Ky seqepd cefmigompanents gie cgmprizpLof:
thergegd;, or silicon. 21. The nmethod of claiml,
wherein the first conductive |layer has a thickness of
fromiligatesut 20 nmto 5 nm and the second conductive
Iay%gddhas a thickness of fromabout 20 nmto 5 mMmm 22.
The °fethod of claim 1, wherein the internediate film
has carbidéy, AitiB&SHd Biridéd & e aMition dBmés; 50 5 mMm  23. The
met hod of claim 1, includi nq the step of: drying the
f i r Stultiphase pAmpodishiHemy;be itdllepr rediplvgee®is: of t he second
conductive | ayer and before the stacking of the first
ceram c -conponent and the second ceranm c conponent;
15)\ithe metihnd ¢flatainf 1, whdreis i first ahd camPDctentic dospehehte dre@dbmprisedf:
abo%tuartZZ_S to 4000C

silicates;
oxides;
carbides, nitrides and borides of the transition elements; or

multiphase composites which may be totally or partially ceramic.

16. The method of claim 1, wherein the first and second ceramic components are comprised of:
alumina;
titanium carbide;
silica (SiOg);
silicon nitride (Si;N,);
soda lime, or

borosilicate.

17. The method of claim 1, wherein the first and second ceramic components are each comprised of the

same material.

18. The method of claim 1, wherein the first and second ceramic components are comprised of a different

material.

14



24. The nmethod of claim1, including the step of:

cl eansing at | east one of the first and second ceramc
w@orvporsses s; after formation of the second conePsG2e5/000186

| ayer and before the stacking of the first ceramc

conponent and the second ceram c conponent; wherein

the cleansing of the at | east one of the first and

second ceram c conponents renders the at | east one of

the first and second ceram c conponents hydrophilic.

25. The nethod of claim1, wherein the first and

second ceram c conponents are anodically bonded

19! DERARE ofdlaird 1 WHBIRRA kLAY SndQbcdnt BdRdaRAMUEy R %Qall%%@gé;mconductlve
26. The nmethod of claiml1l, wherein the first and

second ceram c conponents are bonded together at a

I 7. The
ﬁ{mfgtl%?n%ﬁgauaﬁ] wh%rse‘lc‘h tttwe.:]]farg anc{J sﬁec%[)d condgcr%ﬁf @eé%‘arf ﬁor?rﬁ?l&? oo Al Cr, W, Ni,

na*ammymmaﬂhﬁQMﬁal systens (MEMB) ; bi o- MEMS and
m crofl ui di c devices; m cro-opto-el ectro-nmechani cal
system (MOEMS); substrate fabrication; sem conductors;

21mrr%r rﬁﬁllno%cotf EIQFH 1C§/her99{ Q& s?%nﬁ&g\llquyer ng M{f{ﬁ%\%ﬁ fr@ﬂ%b?% 20 nm to 5

vacuum seal 1 ng.
unWBﬁd‘tDtdschnd&:mﬁduﬁtweﬂydr ﬁas amﬁf:laéss| oeiveh alvtis npaskagi ng ( RF,

sensors, actuators et al.); bio-MEMS (Si and gl ass

systens) and m crofluidic devices; wafer |evel MXENM

22p'ﬁ1C l%%%og gf claim ll tw'er"é‘M e .,{te”r,%oga?@ TL II% hg’suap t%ltcllzness o§ from about 10 nm to 5 um.

23. The method of claim 1, including the step of:
drying the first ceramic component;
after formation of the second conductive layer and before the stacking of the first ceramic component and

the second ceramic component; wherein the first ceramic component is dried at from about 25 to 400°C.

24. The method of claim 1, including the step of:

cleansing at least one of the first and second ceramic components;
after formation of the second conductive layer and before the stacking of the first ceramic component and
the second ceramic component; 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 components hydrophilic.

25. The method of claim 1, wherein the first and second ceramic components are anodically bonded

together at a temperature of from about 300 to 200°C.

26. The method of claim 1, wherein the first and second ceramic components are bonded together at a

temperature of less than about 200°C.

27. The method of claim 1, wherein the method is employed in:
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sem conduct or-on-insul ator, CMOS; 3D integrated
circuits (ID); or optoelectronics: OCEIC 29. The
woredokoeBeed claim 1, wherein the internedi ate fPETSEG2005/000186
i ncludes al kaline ions or does not include al kaline
ions. 30. A nethod of bonding conponents, conprising
the steps of: providing at least a first ceramc
conmponent and a second cerani ¢ conponent; each of the
at least first and second ceram c conponents having an
upper. and | ower surface; lLishing the upper and | ower
sﬂ?ﬂ%%%ge%?mgﬁgm% %f%gg@ﬂﬁﬁ% first and second ceramc
C Oy ENIS andGli€@emBlicRgvidee pol i shed upper and | ower
surfaces of the at least first and second ceramc
conpoHearigeleqtigmechagic systansMOEMRHuct i ve | ayer over the
cl eqsGde HRR&LosUr f ace of the first ceram c conponent;
ormng an Internediate filmover the first conductive
| ayeemkouniterg a second conductive | ayer over the
cl eansed | ower surface of the second ceramc
conp8HeFcoYen drying the first ceramic conponent;
t henyebieadsihg at | east one of the first and second
ceram c conponents; then stacking the second ceramnc
conpremetic andwequumisealifid. r st cer am ¢ conponent wherein the
second conductive |ayer on the second ceramc
conmponent opposes the internediate filmon the first
28CEHe AfEthGd SRIEROT) @MRkrein 33 GheB®dieRlbjed iPondi ng t oget her the
first and second ceram c conponents at a tenperature
of Meariesth MEMS pedraging (RBGETOrsViskplalset 2d: | east one
{1 ARl sl A4 Glasd SebRG TrmbBRAMAovb&AS One of the
first an
wafer level MOEMS packaging;

multilayer inorganic substrates;
semiconductor-on-insulator, CMOS;
3D integrated circuits (ID); or

optoelectronics: OEIC.

29. The method of claim 1, wherein the intermediate film includes alkaline ions or does not include

alkaline ions.

30. A method of bonding components, comprising the steps of:

providing at least a first ceramic component and a second ceramic component; each of the at
least first and second ceramic components having an upper and lower surface;

polishing the upper and lower surfaces of the at least the first and second ceramic components;

cleansing the polished upper and lower surfaces of the at least first and second ceramic
components;

forming a first conductive layer over the cleansed upper surface of the first ceramic component;

forming an intermediate film over the first conductive layer;
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15

second ceram ¢ conponents. 31. The nethod of claim 30,
wherein the at |east one transition |layer is conprised
wo@Roostixeys Ti xCy, Ti or TiW 32. The net hod ofPCI/aG:mm05/000186

30, wherein at |east one respective transition |ayer
Is formed upon both the first and second ceramc
conponents. 33. The nethod of claim 30, wherein the
first and second stacked ceram c conponents are spaced
apart using spacers before bonding. 34. The nethod of
clai m 30, wherein the first and second ceram c
confRIRBhesSeeand cORfivRiP Javgr eer thy| lpeased dower suFfage of Higj spand ceramic
corg‘%l;lghdes nitrides and borides of the transition
enents; or nultiphase conposites which may be
t ot aiehyryuogthpanstqeaahiqcommmn C. 35 The rret hod of claim
30, wherein the ceram onents

ar e"}?Bﬁlfﬁ“is'g%ﬁt '??Fw”ﬁﬁfta{p‘%ggg ‘ﬁeﬁ" §%ram'8x?mq° nen6
car ieH&ickiy té sd@d 36 oMt Avert the filst eundnhié b&iﬁbonent wherein the
el ements; or nultiphase conposites which may be

seqoo@ a¢r1dyctlm laysa on ithegl Jegond eprartc comaBent PReoshe thR dierepdiale Himngn the first
wher e| n the first and second cerami c conponents

°ef§?"f§°%’8°npr. 'sed of: alumina; titanium carbide; silica

an& Si (2)

anodically bonding together the first and second ceramic components at a temperature of from
about 100 to 400°C; wherein at least one transition layer is formed upon at least one of the first and

second ceramic components.

31. The method of claim 30, wherein the at least one transition layer is comprised of ALO,, Ti.C,, Ti or

TiW.

32. The method of claim 30, wherein at least one respective transition layer is formed upon both the first

and second ceramic components.

33. The method of claim 30, wherein the first and second stacked ceramic components are spaced apart

using spacers before bonding.

34. The method of claim 30, wherein the first and second ceramic components are comprised of.
glass;
silicates,;
oxides;
carbides, nitrides and borides of the transition elements; or

multiphase composites which may be totally or partially ceramic.

35. The method of claim 30, wherein the first and second ceramic components are comprised of:

quartz;
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silicon nitride (Si3N4); soda linme, or borosilicate.
37. The nethod of claim30, wherein the first and

WG ewoneBeeer am ¢ conponents are each conpri sed PET/8GE05/000186
same material. 38. The nethod of claim 30, wherein the
first and second ceram c conponents are conprised of a
different material. 39. The nethod of claim 30,
wherein the first and second conductive |ayers are
nmetallic or sem conductive. 40. The nethod of claim
30, wherein the first and second conductive |ayers are
comgfidaggd of A, G, W N, Ti, or alloys thereof, or
silicon. 4 1. The method of claim30, wherein the
firotidesofiducti ve | ayer has a thickness of from about
20 nmto 5 . d .t he, secon onductive |layer has a
t hi gﬂrn'g%ss"'tgaggfa r %Er;?"g%sooﬁ%heg nsﬁ'rgﬁ' ‘fgl?)m ltjsr‘r‘r)ﬁ 42. The net hod
of  GlulipiRsSEmpydies Widh idy®e tordigsrpadibiRiceahicl m has a
t hi ckness of from about 10 nmto 5 mm 43. The net hod
of claim 30, wherein the first ceram c conponent is

36.dlrhl=z ﬁgthg%offcl\%\ﬁr{gom% tggﬁl’%t%nél Qegg‘ld cér%mic-wrﬁp ?é)rg c&rﬁprised of:
cl al m 30, erein the c eansi ng of the at least one o
t he afumihgt and second ceram c conponents renders the at
| east one of the first and second ceram c conponents
hy diBPHP F¥R9%: 45 The method of clai m 30, wherein the
firsica8@,second ceranic conponents are bonded
together at a tenperature of from about 300 to 2000C.
46. sifépo nitrige KRdi)of cl ai m 30, wherein the first and
secoqg.ceranic conponents are bonded together at a
t enS&PAMGr% of | ess than about 2000C. 47. The nethod
of @bikkid0, wherein the nethod is enployed in: mcro
el ectronechani cal systens (MEMS);

37. The method of claim 30, wherein the first and second ceramic components are each comprised of the

same material.

38. The method of claim 30, wherein the first and second ceramic components are comprised of a

different material.

39. The method of claim 30, wherein the first and second conductive layers are metallic or

semiconductive.

40. The method of claim 30, wherein the first and second conductive layers are comprised of Al, Cr, W,

Ni, Ti, or alloys thereof, or silicon.

41. The method of claim 30, wherein the first conductive layer has a thickness of from about 20 nm to 5

um; and the second conductive layer has a thickness of from about 20 nm to 5 um.

42. The method of claim 30, wherein the intermediate film has a thickness of from about 10 nm to 5§ um.
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bi o- MEMS and m crofl uidic devices;
m cr o- opt o- el ect ro- nechani cal syst em ( MOEMS)
wgedpstiemwee fabrication; sem conductors; PCT/SG2005/000186
m croel ectronics; optoelectronics; or hernetic and
vacuum seal i ng. 48. The nmethod of claim30, wherein the
nmet hod i s enployed in: wafer |evel MEMS packagi ng (RF
sensors, actuators et al.); bio-MEMS (Si and gl ass
systens) and m crofluidic devices; wafer |evel MXENM
packagi ng; nultilayer inorganic substrates;
sem conduct or-on-i nsulator, CMJ3S; 3D integrated
circuits (ID); or optoelectronics: CEIC. 49. The
43ntemsthod of cainn3trvEtein ik firstceramicrempenertisrised aftfremfabgui®S to 400°C.
i ncl udes al kaline ions or does not include al kaline
ions. 50. A nethod of bonding ceram c conponents,
44C THERtIEddIY clhife30S vep&in Bk (clepristigi ofl tha Git RbstloR@ 61t théfirkt d4nd tsecond ceramic
ceram c conponent and a second ceran c conponent; each
cogjponeffa regters tag atieaptong pf th et 3R SSARPI CRIARIRTFYMROBIRTIN B RRNYIC.
havi ng an upper and | ower surface; polishing the upper
and | ower surfaces of the at least the first and
45sHeomthod of daih G0,00wpRDNENrs and $esamisieragrict dompgehts slaednded together at a

upper and | ower surfaces of the at |least first and
oA o B 2R 0P nt

46. The method of claim 30, wherein the first and second ceramic components are bonded together at a

temperature of less than about 200°C.

47. The method of claim 30, wherein the method is employed in:
micro electromechanical systems (MEMS);
bio-MEMS and microfluidic devices;
micro-opto-electro-mechanical system (MOEMS);
substrate fabrication;
semiconductors;
microelectronics;
optoelectronics; or

hermetic and vacuum sealing.

19



10

15

formng a first transition |ayer over the cleansed
upper surface of the first ceram c conponent; form ng
wa@2dosnsie2gonducti ve | ayer over the first transPCT/662005/000186
| ayer; formng an internediate filmover the first
conductive |layer; the internediate filmincluding
al kaline ions or not including alkaline ions; formng
a second transition | ayer over the cl eansed | ower
surface of the second ceram c conponent; formng a
second conductive | ayer over the second transition
48| Brg@tethod hfmmdxwwngem the mkthbsit eg@isy@tiinc conponent ; t hen
cl eansing at | east one of the first and second ceram c

conptfes VL MEMR eAcked iR rignseiiercglobifllder ani ¢ conponent

oV erydiavd { (s§ &d of=8¢ @y%&s)%ﬁmeamm.c Mi@ése' n the second
conductive |l ayer on the second ceram c conponent

opposiss levd MIOEMB @rckegingat € fil mon the first ceramc

co npoqgnt and ana tgally bondi ng together the first

and RO R S hponent s at a tenperature of from

aboubmitHAudter-oAHI0&ior, Siios; The et hod of cl ai m 50,

wherein the first and second transition |layers are
conpPiRegitetciralitg ) oTi xCy, Ti or TiW 52. The net hod
of ¢l alm30... Wegrein the first and second stacked
ceram ¢ conponents are spaced apart using spacers
before bondi ng. 53. The nethod of claim50, wherein

t he rst and second ceram c conponents are conprised
490Ft_:e rg?ﬂggisof c?rnp p%anfhégm th(,nazggeduate ilm includes alkaline ions or does not include

alkaline ions.

50. A method of bonding ceramic components, comprising the steps of:

providing at least a first ceramic component and a second ceramic component; each of the at
least first and second ceramic components having an upper and lower surface;

polishing the upper and lower surfaces of the at least the first and second ceramic components;

cleansing the polished upper and lower surfaces of the at least first and second ceraﬁic
components;

forming a first transition layer over the cleansed upper surface of the first ceramic component;

forming a first conductive layer over the first transition layer;

forming an intermediate film over the first conductive layer; the intermediate film including
alkaline ions or not including alkaline ions;

forming a second transition layer over the cleansed lower surface of the second ceramic
component;

forming a second conductive layer over the second transition layer;

then drying the first ceramic component;

then cleansing at least one of the first and second ceramic components;

then stécking the second ceramic component over the first ceramic component wherein the
second conductive layer on the second ceramic component opposes the intermediate film on the first

ceramic component;
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carbides, nitrides and borides of the transition
el ements; or nultiphase conposites which may be
wo od0aliR3s2or partially ceramic. 54. The net hod PET/BGAI0OHM00186
50, wherein the first and second cerani c conponents
are conprised of: quartz; silicates; oxides; carbides,
nitrides and borides of the transition el enents; or
nmul ti phase conposites which may be totally or
partially ceram c. 55. The nethod of claim50, wherein
the first and second ceram c conponents are conprised
andf: alumna; titaniumcarbide; silica (SiQ2); silicon

nitrid orbor05|llcate 56. The

met haé‘ %4' S*&"I”%‘ 44*)5?5“”3}%“\(% P FeRNYfoPAYC cRmEPTERi B‘iﬁj‘empera*”re of from
abe@l1adioQoonponent s are each conprised of the sane

material. 57. The method of claim50, wherein the

first and second ceranic conmponents are conprised of a

51, I‘Tefn%th%g%f na%% & | w ereln élg ﬁrst-g}l concn QSI?({n\llagerls are com[brg?d of ALLO,, Ti,Cy, Ti

erern and_second cond
ormet.al lic or sen1conduct|ve. 59. The nethod of claim
50, wherein the first and second conductive | ayers are
conprised of AI, &, W N, Ti, or alloys thereof, or

52$1'Ae' rvdHdd of claim 50, wherein the first and second stacked ceramic components are spaced apart

using spacers before bonding.

53. The method of claim 50, wherein the first and second ceramic components are comprised of:
glass;
silicates;
oxides;
carbides, nitrides and borides of the transition elements; or

multiphase composites which may be totally or partially ceramic.

54. The method of claim 50, wherein the first and second ceramic components are comprised of:
quartz;
silicates;
oxides;
carbides, nitrides and borides of the transition elements; or

multiphase composites which may be totally or partially ceramic.

55. The method of claim 50, wherein the first and second ceramic components are comprised of:
alumina;
titanium carbide;
silica (SiO,);
silicon nitride (SizNy);

soda lime, or
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60. The nethod of claim50, wherein the first
conductive |l ayer has a thickness of from about 20 nm
wo 0005/123%p8 and t he second conductive | ayer has BCT/SG2005/000186
t hi ckness of fromabout 20 nmto 5 nm 6 1. The net hod
of claim50, wherein the internediate filmhas a
t hi ckness of fromabout 10 nmto 5 nm 62. The net hod
of claim50, wherein the first ceram c conponent is
dried at from about 25 to 4000C. 63. The nethod of
cl ai m 50, wherein the cleansing of the at | east one of
t he bérbsigbteand second ceram ¢ conponents renders the at
| east one of the first and second ceram c conponents
hydrophilic. 64. The nethod of claim50, wherein the
56.17hE HethdSH CRACANEhSGT ROTISt 4@ BRBMER nicoRpSRREEE cach comprised of the
together at a tenperature of from about 300 to 2000C.
sarebmatdise nmet hod of cl ai m 50, wherein the first and
second ceram c conponents are bonded together at a
tenperature of |ess than about 2000C. 66. The met hod of
57.CTral atRfd, of YRR 80, WhtRM thelk0&hd Sc@eR¥RIcomponefis Cdrd comprised of a
el ectronechani cal systens (MEMS); bio- MEMS and
diffgieetmstarigli di ¢ devi ces; mi cro- opt o- el ectro- mechani cal
system'(MOEMS) ; substrate fabrication; sem conductors;
m croel ectroni cs; optoel ectronics; or hernetic and
58V @ikl igthe@ adf | dgm 507 .whéiel tet firgdarafl sebmi worbGgtivaMigeei ave metallic or
the method is enployed in: wafer |evel MEMS packagi ng
semipgnduddi¥insors, actuators et al.); bio-MEMS (Si and
gl ass systens) and mcrofluidic devices; wafer |evel
MOEMS packagi ng;

59. The method of claim 50, wherein the first and second conductive layers are comprised of Al, Cr, W,

Ni, Ti, or alloys thereof, or silicon.

60. The method of claim 50, wherein the first conductive layer has a thickness of from about 20 nm to 6

um; and the second conductive layer has a thickness of from about 20 nm to 5 um.

61. The method of claim 50, wherein the intermediate film has a thickness of from about 10 nm to 5 um.

62. The method of claim 50, wherein the first ceramic component is dried at from about 25 to 400°C.

63. The method of claim 50, 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 components hydrophilic.

64. The method of claim 50, wherein the first and second ceramic components are bonded together at a

temperature of from about 300 to 200°C.

65. The method of claim 50, wherein the first and second ceramic components are bonded together at a

temperature of less than about 200°C.
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mul til ayer inorganic substrates;

sem conduct or-on-i nsul ator, CMJS; 3D integrated
w@Roosu23638 (1 D); or optoel ectronics: CEIC. 68. BCTRGHO8000186

of bondi ng conmponents, conprising the steps of:

providing at least a first ceram c conponent and a

second conponent; the at least first ceram c conponent

and the second conmponent each having an upper and

| oner surface; the second conmponent being conprised of

a silicon layer or a sem conductor |ayer; formng a

conductive | ayer over the upper surface of the first

conponent; form ng an internediate filmover the
66.06R Hahed I slaimRPevherdiniagmethoddk pPRIPYEHE: second conponent

oV el dd8edrbhsthatGl S8k GRMRONENt wherein the upper or
| ower surface of the second conponent opposes the

i nt dlorkiEMSadng nfidrdfipidiodevicke first ceram ¢ conmponent; and

anodi.cal | y bondi toget he at least a first
cer5W?%°%%ﬂﬁ%ﬁ@ﬁggﬂﬁggﬁﬁg(&QEQSH conmponent . 69. The
met RewAl melidciidn 68, including the step of: polishing
t he upper and | ower surfaces of the at |least a first

cer aemieondentgnent and t he second conponent; before

fOVQE;I%&“%ESthe conductive layer. 70. The nethod of

claim I'ncl udi ng the step of: cleansing the

pol ioptbaetromgesr and | ower surfaces of the at |east a
first ceram c conponent and the second conponent;
bef HPECHAMMIVUYASEHNSG he conductive layer. 7 1. The
nmet hod of claim 68, including the steps of:

67. The method of claim 50, wherein the method is employed in:
wafer level MEMS packaging (RF, sensors, actuators et al.);
bio-MEMS (Si and glass systems) and microfluidic devices;
wafer level MOEMS packaging;
multilayer inorganic substrates;
semiconductor-on-insulator, CMOS;
3D integrated circuits (ID); or

optoelectronics: OEIC.

68. 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 component
being comprised of a silicon layer or a semiconductor layer,

forming a conductive layer over the upper surface of the first component;

forming an intermediate film over the conductive Iayer;

then stacking the second component over the first ceramic component wherein the upper or
lower surface of the second component opposes the intermediate film on the first ceramic component;
and

anodically bonding together the at least a first ceramic component and the-second component.
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pol i shing the upper and | ower surfaces of the at |east

a first ceramc conponent and the second conponent;
war@sakmwasnsi ng the polished upper and | ower suP¢EHEEH08H00186

the at least a first ceram c conponent and the second

conponent; before formation of the conductive | ayer.

72. The nethod of claim®68, including the step of:

drying the first ceram c conponent; after formation of

the internmediate filmand before the stacking of the
69aThel netist! oficldimi68 tinadb@ing theatepofiponent and t he second

conponent. 73. The nethod of claim 68, includingt

st epPoBthiNg e HRpeT ﬂ'@d lgyen gages 853‘3691‘ lqapien st paard C%F‘p°”e“t and the

sef:dnﬁ%&méb%,ﬁm c conponent and the second conponent;
after formation of the intermediate filmand before

betdnefosiatiakaf thg cofiduttve lagér. | east a first ceram c conponent
and the second conponent. 74. The net hod of cl ai m 68,
including the steps of: drying the first ceramc

70%@91%%% oA ds liGling eadRplong at |east one of the at

ast a f| rst ceram C conponent and the second
c orrmmemg thé tpelishédouppart ararovad stifeees oft the aEidasa b dirdt icéramiarmponent
before the stacking of the at least a first ceramc
and §1956¢R8A FOBPehe second conponent. 75. The nethod of

begréaﬂomaﬁ?& of%&%%@tw%%?eﬂat least a first ceramc

component an e second conponent are anodically

bonded together at a tenperature of fromabout 100 to

4000C. 76. The nethod of claim 68, wherein at |east
ToHe athed of ¢7i9,881 agudinaithe stegf fied upon at | east one of

t hﬁ—p‘% ushkn?{ﬁé ufbef b owSELLAMES of RPN 2 AR BGHRAGht and the

second component; and
cleansing the polished upper and lower surfaces of the at least a first ceramic component
and the second component;

before formation of the conductive layer.

72. The method of claim 68, including the step of:
drying the first ceramic component;
after formation of the intermediate film and before the stacking of the at least a first ceramic

component and the second component.

73. The method of claim 68, including the step of:
cleansing at least one of the at least a first ceramic component and the second component;
after formation of the intermediate film and before the stacking of the at least a first ceramic

component and the second component.

74. The method of claim 68, including the steps of:
drying the first ceramic component; and
then cleansing at least one of the at least a first ceramic component and the second

component;
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77. The nmethod of claim68, wherein at |east one
transition layer is fornmed upon the at |east one of at

wo e@sti2m2$ i rst ceram ¢ conponent and t he seconBCT/SG2005/000186
conponent; the at |east one transition layer is
conprised of AIxOy, TixCy, Ti or TiW 78. The method
of claim®68, wherein the at | east one respective

aitté'r QWaﬁdno& t}‘n@)(rﬁérmbfﬁatg Qﬁnm%% YRGB JRQ tslfbc dnge oiaﬁheI ﬁqge;st % 9first ceramic

first ceramc conponent and the second conponent
canip@nére biiable @corel camporeBt, wherein the at | east one
respective transition layer is forned upon both of the
at least a first ceram c conponent and the second

7@%%&5‘&&1 oft Hﬁmaés lvﬁw@[ﬁn &Q%}tléagpgfﬁm%?hm%y%mgoﬁe? and the second

conprised of AlxOy, TiX

cmpoaérahma&&ucamh@sdnogeher Ak tdnpasitur@offiohsbolt emaatrmwc.
conmponent and the second conponent are spaced apart

usi ng spacers before bonding. 8 1. The nmethod of claim

7%%?1:5 gqafgéogéfr&lsaw& tlvhéréih aﬂS&s"e‘Eﬂe‘iraﬁQm@?%SﬂE fornsf?ocl%gp zratl I<§a%gone of the at

I cat es; oxlI des;
lehsi mifiebe erapic tdhﬁ)oﬁdfnﬂﬁ]ﬁiltlﬁd seoordlcemgontist; or mul ti phase
conposites which may be totally or partially ceramc.
82. The nethod of claim68, wherein the first ceramc

%ﬁg&gtﬁw of ca ns:@mnérg.ﬁgu It ongzggh%@t%# g?oﬁrﬁe% B inhQ%ﬁeast one of at

{rides and bor ransi
le@dt edTerst Ge,ranﬁ)df cortid ki ERAE GheC SSEPAS bdniDnaMii tadl atrRMstéhe transition layer is
totally or 1partiall ceramic. 83. The nethod of claim
cp@prisehtb AePnTitOnd P11t cerani ¢ conmponent is conprised
of :

78. The method of claim 68, wherein the at least one respective fransition layer is formed upon both

the at least a first ceramic component and the second component.

79. The method of claim 68, wherein the at least one respective transition layer is formed upon both of
the at least a first ceramic component and the second component; the at least one transition layer is

comprised of Al,O,, Ti,C,, Ti or TiW.

80. The method of claim 68, wherein the at least a first ceramic component and the second

component are spaced apart using spacers before bonding.

81. The method of claim 68, wherein the first ceramic component is comprised of:
glass;
silicates;
oxides;
carbides, nitrides and borides of the transition elements; or

multiphase composites which may be totally or partially ceramic.

82. The method of claim 68, wherein the first ceramic component is comprised of:

quartz;
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alumna; titaniumcarbide; silica (S Q2); silicon
nitride (Si3N4); soda line, or borosilicate. 84. The
woreaolkoeBeed cl ai m 68 wherein the first ceranm ¢ POIPOH®OHD00186
is glass. 85. The nethod of claim68, wherein the
conductive layer is metallic or sem conductive. 86.
The nmethod of claim68, wherein the conductive | ayer
i's Cs(h[l&%js-%d of A, C, W N, Ti, or alloys thereof,
or silrcon. 87. The method of claim 68, wherein the
condgsifes:ve | ayer has a thickness of from about 20 nm
to 5 mm 88. The nethod of claim 68, wherein the
i Nt e¥arRides diitddesiandhaiides o thefipesiise 8'smetsiPF om about 10 nm
to 5 _mr 9 . f i .pcl.udi ng the
ot eprBiPhadh omAdRe iy bRl BT " L o
formation of the internediate filmand before the
stacking of the at least a first ceram c conponent and
83a Theaeaird of BRG] etfiereindhefirglicaramiseompengt iz eamprised of:
con'paql&%rq;%, is dried at fromabout 25 to 4000C. 90. The
nmet hod of' claim 68, including the step of: cleansing
at | gasim &nsde®df the at least a first ceram c conponent
and a second conponent; after formation of the
i nt efiliveé®@de fil mand before the stacking of the at

Ieasst"icgn%i{riﬁ?i{]s. ﬁgr am ¢ conponent and a second
component, in the cleansing of the at

soda lime, or

borosilicate.

84. The method of claim 68 wherein the first ceramic component is glass.

85. The method of claim 68, wherein the conductive layer is metallic or semiconductive.

86. The method of claim 68, wherein the conductive layer is comprised of Al, Cr, W, Ni, Ti, or alloys

thereof, or silicon.

87. The method of claim 68, wherein the conductive layer has a thickness of from about 20 nm to 5

pm.

88. The method of claim 68, wherein the intermediate film has a thickness of from about 10 nm to 5

pm.

89. The method of claim 68, including the step of:

drying the first ceramic component;
after formation of the intermediate film and before the stacking of the at least a first ceramic
component and a second component; wherein the first ceramic component is dried at from about 25

to 400°C.
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| east one of the at least a first ceram c conponent

and a second conponent renders the at |east one of the
wa@roosaases a first ceram ¢ conponent and a secoPdI/SG2005/000186

conmponent hydrophilic. 91. The nmethod of claim68,

wherein the at least a first ceram c conponent and a

second conponent are anodically bonded together at a

. 0 to 200C. 92. Th t hod
g%ﬁﬁgﬁgﬁ#ﬁgg?ﬂ&ﬁé&gghﬂﬁﬂ%&gggleagt a first cergnrg ?

conpeeaing atéhstorRet M dt IeRMPiBEBiami RmpéHdemd b aghdémponent;
at a tenperature of |ess than about 2000C. 93. The

afips tferpations ofcthaiimerggdiatarfiss énd beteee fhatsackiselichthe tiIpast a first ceramic
cc%ng)%éé‘mgr’?d aaéeiémdlcgr%péngm,swﬁ)erreirgtﬂg éee[}\%g Ioﬂﬁé éJ[de al kal i ne

least one of the at least a first ceramic component and a second component renders the at least one

of the at least a first ceramic component and a second component hydrophilic.

91. The method of claim 68, wherein the at least a first ceramic component and a second component

are anodically bonded together at a temperature of from about 300 to 200°C.

92. The method of claim 68, wherein the at least a first ceramic component and a second component

are bonded together at a temperature of less than about 200°C.

93. The method of claim 68, wherein the intermediate film includes alkaline ions or does not include

alkaline ions.
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