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METHOD OF FABRI CATI NG M CROELECTROVECHANI CAL SYSTEM
- STRUCTURES FI ELD OF THE | NVENTI ON The present '
invention relates generally to seni conductor
fabrication U and nore specifically to nultiple
waf er/ substrate bondi ng. BACKGROUND OF THE | NVENTI ON
‘Wafer: bonding is a key technology for materials
_integration in mcroel ectronechani cal systens (MEMS),
m cr o- opt oel ect romechani cal systenms (MOEMS),
sem conductors, mcroel ectronics, and optoel ectronics.

‘METHOD & ﬂRi(ZATm@MIQROM@mRmE@mmth@mm
capsuration. SiTicon and glass are two
types of materials thggggigéﬂgggg used in these :
appl i cations. WO 01/ 2 ergstedt et al
describes a nmethod of bonding at least a first nenber
to a second Si nenber through anodi ¢ bondi ng. WO '
03/097552 Al to Wei et al. describes a method of
bondi ng two conpiiEdR _m____jﬁgﬂﬂébﬁﬁﬂﬂfﬂgbbn anor phous and
non- hydrogenated internediate 1 |ayer on one of the
.conponents and arrangi ng the conponents in spaced
relatlonshlp with the internediate |ayer therebetween.

U S. Pa or?gent 21988100 fe1d8s g@ﬁé}%ﬂy 16 tseflicorfRR ! igﬁﬁcatlon |
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- ~ and more specifically to multiple wafer/substrate bonding.

BACKGROUND OF THE INVENTION

Wafer bonding is a key technology for materials integration in
microelectromechanical systems (MEMS), micro-optoelectromecharﬁcél lsystems
(MOEMS), semiconductors, microelectronics, and optoelectronics. It is also widely
used for vacuum packaging, hermetic sealing and encapsulation. Silicon and glass

are two types of materials that are often used in these applications.

WO 01/29890 A2 to Bergstedt et al. describes a method of bonding at

least a first member to a second Si member through anodic bonding.

WO 03/097552 Al to Wei et al. describes a method of bonding two

| components by depositing an amorphous and non-hydrogenated intermediate



3r. producing glass coatings for anodi c bondi ng
purposes. U S. Patent No. 5,695,590 to Wlcox et al.
descri bes an anodi ¢ bonding nethod between Pyrex

gl ass layers or wafers for making a pressure sensor.
U S. Patent No. 5,820,648 to Akai ke et al. describes
an anodi ¢ bonding process between silicon (Si) and
gl ass substrates. U S. Patent No. 5, 866,469 to Hays
describes a process for protecting microelectronic
and MEMS structures on a | ow conductivity substrate

P P e G Sty W Spacea

bondi ng = et hod bet ween electrlcall conducti ve
relagignshipavish the jntermegiaip lays theseletwesig (o Moran et aI
descri bes a sol -gel bonding process for two
preexisting elements by sintering. 2 U S. Patent No.
4,978,410 to Clark et al. describes a nethod of

S repairi 'ﬂpsdfét%ﬁi £d. '5939'91@%09{1@1@& &ogli @sscibds jaoprocags for |
fired or Ired ceramc bodi'es by using a paste '

.PI'OQ{I(%E ?e%s%%asm rano ic gondm%%wo‘%sdz THE | NVENTI ON

U.S. Patent No. 5,695,590 to Wilcox et al. describes an anodic bonding .

method between Pyrex glass layers or wafers for making a pressure sensor.

U.S. Patent No. 5,820,648 to Akaike et al. describes an anodic bonding

process between silicon (Si) and glass substrates.

U.S. Patent No. 5,866,469 to Hays describes a process for protecting
microelectronic and MEMS structures on a low conductivity substrate during

anodic wafer bonding of a covering wafer.

U.S. Patent No. 5,989,372 to Momoda describes an anodic bonding

method between electrically conductive substrates.

U.S. Patent No. 5,516,388 to Moran et al. describes a sol-gel bonding

process for two preexisting elements by sintering.




Accordingly, it is an object of one or nore
enbodi nents of the present invention to provide a
nmet hod of anodically bonding nultiple wafers and/ or

- substrates sinmultaneously at tenperatures |ess than
about 300C. OQther objects will appear hereinafter. It
has now been di scovered that the above and ot her

- objects of one or nore enbodi nents of the present -
i nvention may be acconplished in the follow ng
manner. Specifically, at least first, second and third
conponents are provided wth at |east one of the
first, second and third conponents being conprised of
a gl ass Usulrstét Roanghaia10ees tClerle eofall kiesdriesta method of
second and third conponents being conprised of a

'St secon onents

| reﬂ%ﬁrﬁng %l%efec% B jd %gfnglrﬂ]%t l%(%clﬁcre%%élggfpﬂlm q‘ﬂ"@ﬁ & uhfifedleramic

avi ng an
per and Iomer surface. The order of stacking of the
bOCH?S by asingra paste propapkPsRl-gehmedhednponent s i s
deternmined to establish 3 interfaces between adjacent
at least first, second and third conponents. A
~hydrogen-free anorphous filmis applied to one of the
conponent surf agEMMATCRCF THEENVERGIONr i si ng an
adj acent: gl ass conponent; and conductive or
sem conductive conponent. A sol gel with or wthout
al kal i ne ions filn1is applied to one of the conponent

~surfaces at 1nterf C ri sing an, agj acent
conduct ifWE° mg nftédHae FF?/%P‘E‘%rFH %t ?fghbeggsd%fcthe‘pgesent_

or sem conductive
invention to provide a method of anodically bonding multiple wafers and/or

substrates simultaneously at temperatures less than about 300°C.

Other objects will appear hereinafter.

It has now been discovered that the above and other objects of one or

more embodiments of the present invention may be accomplished in the following

manner. Specifically, at least first, second and third components are provided with
at least one of the first, second and third components being comprised of a glass
substrate and at least one of the first, second and third components being
comprised of a conductive or. semiconductive material. Each of the at least first,
second and third components having an upper and lower surface. The order of

stacking of the at least first, second and third components is determined to establish



conponent. The least first, second and third .
conponents are sinultaneously anodically bonding in
the determ ned order of stacking. BRI EF DESCRI PTI ON OF
THE DRAW NGS The present invention wll be nore

clearly understood fromthe follow ng description
taken in conjunction with the acconpanying drawi ngs in
whi.ch-li ke reference nuneral s designate simlar or -
correspondi ng el enents, regions and portions and in
which: Figs. 1 to 8 schematically illustrate a first

.. .preferyed enbodi nent of, the. present, i_nkent. on '
intdft5csS hAeRBATPEIY 9 eftofrdr St elia i dr colibffents. A
enbodi ment of the present invention. 4 Figs. 17 to 26
hydwsigendreecanosphons fitnris apphied o poe pf Brecgomppniemb surfagesat each
- of the present invention. Figs. 27 to 29
int&girenedongpdiditg | lanusidjadenita glasgracomponan; ohnd heonductive or
i nventi on. Al LED SCRI PTI ON OF THE PREFERRED

' Se@%@%og{e}mngﬁm EQP%&%WO Qviﬁp)ﬁt L@k qbRs filrhed applied
0 be nsidered as Pridr Art The tollow ng
i nf or ion i s known }o t he inﬁentors and is. not to Qe
to one o e component surfaces at each mterface” comprising an adjacent:
conductive or semiconductive component; and conductive or semiconductive

component. The least first, second and third components are simultaneously

anodically bonding in the determined order of stacking.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be more clearly understood from the
following description taken in conjunction with the accompanying drawings in
which like reference numerals designate similar or corresponding clements, regions

and portions and in which:

Figs. 1 to 8 schematically illustrate a first preferred embodiment of the

present invention.

Figs. 9 to 16 schematically illustrate a second preferred embodiment

- of the present invention.



considered as prior art for the purposes of this
i nvention. Three commercially avail abl e technol ogi es
which will be discussed in turn are: a) silicon
fusi on bondi ng; b) internediate |ayer bonding,
i ncluding eutectic, glass frit, solder and adhesive
. bondi ng; and c) anodic bonding. 5 Silicon Fusion _
"Bonding In silicon fusion bonding, high tenperatures
rangi ng between 700 oC and 1100 oC are required to
~achi eve sufficient bond strength. Bonding of II1-V
. conmpound sem conductors has been achi eved at
. tenperatures around 500 oC. Wafer bonding at |ower

B e

i nterface, |s however not . satlsf actory for actual
ﬂxepmsbntlavew I ntermedi ate Layer Bonding In
- internediate | ayer bonding, Au-Si eutectic bonding
occurs at a process tenperature of 500 oC which is
hi gher than the Au-Si eutectic tenperature of 363 oC

Figs. 27 to 29 schematically illustrate a summarization of the

‘invention.

| DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Information Known to the Inventors — Not to be Considered as Prior Art

The following information is known to the inventors and is not to be

considered as prior art for the purposes of this invention.

Three commercially available technologies which will be discussed in
- turn are:
| a) silicon fusion bonding;
b) intermediate layer bonding, including eutectic, glass frit, solder and
adhesive bonding; and

c) anodic bonding.
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J Screen printed frit bondi ng techni ques have been
used for bonding. silicon-based devices. However, the
bondi ng tenperature is above 400 oC. In -addition,:
glass frits normally.contain |lead, which is not
desirable for environmentally friendly applications.
6 Anot her .current nethod for bonding substrates
utilizes sol dering and -adhesive. . Sol dering and
adhesi ve bondi ng can reduce the bonding tenperature
and have been enployed for several applications.

Sil MS&nB&Dﬁﬁg technol ogies are limted by

_outgassi ng, w posi tioning accuracy, |ong-term
reliability, bonding quality and other problens.
Anodi ¢ Bondi ng Anodi ¢ bondi ng provides a hernetic and
nmechanically solid connection between gl ass and net al
subst r atlassibirorbitsivmelorgling shigh dempeiadured wenging between 700 °C
substrates. Conventionally, the substrates are heated

 and 9180 EMRRS BédHiRdOfo 48Hedd uieientd Edh@@ﬁhﬁ@gki Bohtagest M-V

of 400 volts to 1200 volts. Electrostatic ces and

o Ritorilie o B oberiar Ry &) ot BRIt prpuna 00 .

i ndi vi dual substrates. For anodi c bonding of silicon .
Wafert konging at Inyser ismmgratyssdias) alsabeeryrepested, the bonding quality,

such as bond strength and bubbles in the interface, is however not satisfactory for

| actual applications.

Intermediate Layer Bonding

In intermediate layer bonding, Au-Si eutectic bonding occurs at a
process temperature of 500 °C which is higher than the Au-Si eutectic temperature

of 363 oC.

Screen printed frit bonding techniques have been used for bonding
silicon-based devices. However, the bonding temperature is above 400 °C. In
addition, glass frits normally contain lead, which is not desirable for

environménta]ly friendly applications.



internedi ate | ayers can be used. The gl ass
internmedi ate | ayers are conventionally produced by
several coating techniques such as sputtering, vapor
deposition, or coating wth appropriate coll oida
solutions. Sputtering and vapor deposition always
i nvol ves the formation of thick coatings inside the
apparatus, which nust be renoved fromtinme to tine,

"~ leading to frequent servicing and cl eani ng operati ons.
7 (I~ Problenms Known to the Inventors - Not to be

" Consi deradother onrrant methwdf for boniing sabstrptes itiires soidening and
to the inventors and are not to be considered as

adRésivY. SBIderfnl arld"R1HeuHR BRAdirR cani@dRéEER HontibeRirigeRature and
For current "bondi ng techni ques, the wafers/substrates

are bonded, at i.gh. .t emer e ' | e .
ha P, Beatamoipfed Bk vkl BpRLR, MRLERer® Besp Hechnologies are
t hermal expansi on coefficients of the substrates

 limitedab tgeingrelonl pepideningdaccusicy. InegSema eisldlity. donding

well as limted materials in the bonding stack.

'quddﬁmndroméﬂglmblmper ature normally yields high

bondi ng strength. For |ow tenperature bonding, the
work reported so far is limted to only bonding two
el ements, either glass to conductor anodi c bonding or

A %%ng%ﬁéor to conductor bonding. Wen nultil ayer
"HENEPHY"™E s required, the bonding process is often
done sequenti ally. '

Anodic | bonding provides a hermetic and mechanically solid
connection between glass and metal substrates or between glass and semiconductor
substrates. Conventionally, the substrates are heated to a temperature of 400-450 °C
with applied voltages of 400 volts to 1200 volts. Electrostatic forces and the
migration of ions lead to an irreversible chemical bond at the boundary layer

between the individual substrates.

For anodic bonding of silicon wafers or substrates, borosilicate glass
intermediate layers can be used. The glass intermediate layers are conventionally
produced by several coating techniques such as sputtering, vapor deposition, or
coating with appropriate colloidal solutions. Sputtering and vapor deposition

always involves the formation of thick coatings inside the apparatus, which must be

removed from time to time, leading to frequent servicing and cleanirng operations.



Present Invention The thrust of one or nore
enbodi nents of the present invention is to provide a
process of anodically bonding nultiple wafers and/ or
substrates 8 simultaneously at |ow tenperatures, i.e.
preferably from about 400 to 200C and .nore preferably
I ess than about 300C, and ensuring good bondi ng
quality. Each i ndi vi dual process step is sinple and
easy to apply with the current processing C
principles. The invented process can be carried out at
low cost. Bonding Processing Steps Applicable to Each
Enbodi ment i pp The bondi ng processing steps of the
.Gh berelatedto

dep03|t| on, the vvafer surface IS pre treated in

organi c or inorganic solutions to achieve clean and
hydrophilic surface property. That is the

waf er s/ gHPSIIAL RS b %r&ﬁl@m%']@@mﬁfjtd thetihertbRNirtBare not to be

cl eani ng/ ydroph I'ic solutions, such as sul phuric- or

hydr ogen- base n organic
o éFﬁ%&ﬁﬁ”&Feﬁ %% %P%ﬁ%?e pre gi%%hgﬂﬁéﬁ§é€n about 50

to 80C for preferably fromabout 5 to 10 m nutes. The

chem cal cl eani ng/ hydrophilic solutions are then

fl ushed _
' For current bonding techniques, the wafers/substrates are bonded at

'.;hjgh temperatures which lead to residual stresses due to the differences in the

thermal expansion coefficients of the substrates, damage of the metal electrodes on

the substrates, as well as limited materials in the bonding stack. However, high

temperature normally yields high bonding strength.

For low temperature bonding, the work reported so far is limited to

“only bonding two elements, either glass to conductor anodic bonding or conductor

to conductor bonding. When multilayer bonding is required, the bonding process is

often done sequentiaily.

Present Invention

The thrust of one or more embodiments of the present invention is to

_provide a process of anodically bonding multiple wafers and / or sqbstrates
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enpl oyi ng dei oni zed water, for exanple. 9 An anorphous
and non-hydrogenated thin filmis applied on the
surface of a conductor or glass wafer/ substrate. The
exi stence of hydrogen in the filmis undesirable as it
has a high affinity with oxygen. The chem cal bond
bet ween oxygen and hydrogen will reduce the bonding
qual ity between the conductors and/or gl ass '

~waf ers/substrates. The anorphous filmis preferably

- deposited by physical vapor deposition as will be

-'sixntﬂ%{i_oﬁﬁgle«gcflbw tdn@berptireg s poéferdbly Stomatabont 400 to 200°C and

Appl i ca anor phous filnms preferably include

SilLeo L . hii &RfriRktddodebonliifg quality. Each
n““ﬁﬂ??ﬁ%%ﬁnggJ% g%é%???gﬁ9?2 achi ev preferabﬂ‘/]‘byty |

| aser ablation, evaporation, .ion heam 0Sl t] .
indigisival @TPERSS Stop i5ySiFlG) éﬁésﬁaﬁmﬂ,a Pﬁ% W’\X‘gf ¢ atreft plécessing

ul trasonically cleaned. The sol gel coating/filmwth :
prin@ipley. Tho iriveakddapionessican deicarniecepalratdey codlehi eved by

spi n-on, imersion or spraying. The solution for the

sol gel coating/filmincludes al kanol, organosol

(et hyl tri met hoxysil ane (MIMS), nethyltrimethoxysil ane

| .h ' a \ : .

The bonding processing steps of the invention are described below

which may be related to the embodiments described hereafter.

Prior to deposition, the wafer surface is pre-treated in organic or

inorganic solutions to achieve clean and hydrophilic surface property.

That is the wafers/subsirates are pre-treated in the chemical
cleaning/hydrophilic solutions, such as sulphuric- or hydrogen-peroxide-based

RCA solutions or an organic solution at a temperature preferably between about 50

to 80°C for preferably from about 5 to 10 minutes.

The chémical cleaning/hydrophilic solutions are then flushed

employing deionized water, for example.



phenyl tri met hoxysi | ane (PhTMS),
nmet hacr yl oxypropyl tri net hoxysi | ane ( MVEMO) ,
- (3-gl yci doxypropyl ) trimethoxysilane (GLYM)), :
3- met hoxypropyl tri-net hoxysil ane (MOPrTMS) and/ or
their mxtures), acid (such as acetic acid,
hydrochloric acid or sul phuric acid), water and .
al kali salts (such as sodium potassiumor lithium. .
. The wei ght percentage for the solution for the sol gel
coating/film are: alkanol: preferably from about 20
to 80 wABseamerphone apdehendiydyogenatad Hypufilnads tappbied on the
wt. % organosol: preferably fromabout 20 to 80 wm %

“surfdtd ofelcBn@h@&bebaPlays whifv@dheate. 30 to 50 wt. % acid:

preferably fromabout 0.00001 to 0.1 wt.% and nore
- preferably fromabout 0.0001 to 0.01 wt. % water:
preferably fromabout 10 to 80 wt.% and nore
- preferably from about 20 tqQ 5 . % and, al kal i, .
Csalts: pherexigense @frlwﬁr&ssmméﬂ%ﬁ@w. eﬁﬁ%’lﬁﬁﬁét has a high
preferably fromabout O to 2 wt. % The thickness of
affinltg veith ogegenc The chephical hondibetveeenaxyget hnd hydrogen will reduce
deposition process or by using nmultiple depositions.

thePRnd8R) qidiltFBetveesl thh ebH@&ctofFirdy oﬁ-%ﬁﬁw.\ﬂéﬁ bR tes.
(MIVB)7

nmethyl triethoxysilane (MIECS) or other sol

The amorphous film is preferably deposited by physical vapor

~ deposition as will be used hereafter for purposes of illustration. Applicable

amorphous films preferably include silicon, silicon oxide or silicon nitride.

The physical vapor deposition is achieved preferably by laser
ablation, evaporation, ion beam deposition or sputtering. Prior to deposition, the

wafer surface is ultrasonically cleaned.

The sol gel coating/film with or without alkaline ions is preferably

achieved by spin-on, immersion or spraying.

The solution for the sol gel coating/film includes alkanol, organosol
(methyltrimethoxysilane (MTMS), methyltrimethoxysilane (MTMS),

methyltriethoxysilane (MTEOS), - tetraethylorthosilicate ~ (TEOS),

10




11 solution with or wi thout alkaline ions. The
t hi ckness of the filns ranges from nanoneters to
m croneters, that is preferably fromabout 10nmto
10m and nore preferably fromabout 10 to 100 rim
- The coated wafers/substrates with sol gel coating/film
‘are then dried or tenpered at tenperatures rangi ng
~fromroomtenperature to tenperatures bel ow or equal
to the bonding tenperature, i.e. preferably from about
25 to 400C. Prior to bonding, the wafer surface is

pheRyRrifdeSiRh§dilie PIIAVIBY m@bthacryleggropylsdinetiedgysilae (MEMO),
achi eve hydrophilic surface pr operty. That is the

(3-8 cgr Slﬁ’ﬁ‘?@@ﬁ% tf%ﬁ (I§ y%ﬁs o‘?&% ons;, %S%llheﬁl&x?? &%qﬁlﬁg%oé}rw’ﬂane

hydro en- perOX|de based sol] uti ons ot
o\degmrarev?sa angdy onthedperturas). éﬁ@f’é‘%‘ aﬁﬁgﬁ%&%gwdgsﬂgﬂ?“%ﬁﬂd or
. to 80C for preferably fromabout 5 to 10 m nutes. The
sulphieitiaeil), whierahd glitayiciaitp sdchas sodl i, qredasshEm o dighium).
flushed enploying deionized water, for exanple. The
nul-ti pl e wafers are then stacked hori zont ally on top
of each other with the to-be bonded surfaces facing

o avoi Bwarest Bt npstpl R sokfiel e} AE ke kglf et/ il

I g vacuum ng,

are

alkanol: preferably from about 20 to 80 wt.% and more preferably

from about 30 to 50 wt.%;

organosol: preferably from about 20 to 80 wt.% and more preferably

from about 30 to 50 wt.%;

acid: preferably from about 0.00001 to 0.1 wt.% and more preferably

from about 0.0001 to 0.01 wt.%;

water: preferably from about 10 to 80 wt.% and more preferably from

about 20 to 50 wt.%; and

alkali salts: preferably from about 0 to 5 wt.% and more preferably

from about 0 to 2 wt.%.

The thickness of the sol gel coating/film can be controlled by the
deposition process or by using multiple depositions. Sol gel films used include

methyltrimethoxysilane (MTMS), methyl triethoxysilane (MTEOS) or other sol

11



separated by spacers placed at the wafer edges. The
spacers have a thickness of preferably from about 20
to 50 m After stacking and alignnent, the wafers are
heated to tenperatures preferably between 200C and
400C and nore preferably less than about 300C in a
vacuum chanber. When the desired tenperature is
reached, the spacers are pulled out radially so that
~ the whole surfaces of the wafers cone into contact.
Anodi ¢ bondi ng process anmobng the nmultiple wafers is

en cayri ed e r
soll i, T8 o wiBye FiyteBRy B KA ob P aiRek from
manner |s characterlzed with _both high mechanjca
narQIRelAK e mirogstsas, itheta prefarabin froghabratdOngyioalii.apd more
‘The reliable bonding at the |ow tenperatures of this
prefévablit from sboat 38 to Wyadat i on or damage of
pre-fabricated devices and integrated circuitry. It
also . mininzes or elimnates bonding-induced residual
stress after cooling and can also reduce the process

Dbt 1 i coafe WS sl sl withote? o oduied Bl e Ghgfdried

I nventi on.
or tempered at temperatures ranging from room temperature to temperatures

~ below or equal to the bonding temperature, i.e. preferably from about 25 to 400°C.

Prior to bonding, the wafer surface is pre-treated in organic or

inorganic solutions to achieve hydrophilic surface property.

That is the wafers/substrates are pre-treated in the chemical
cleaning/hydrophilic solutions, such as sulphuric- or hydrogen-peroxide-based
RCA solutions or an organic solution at a temperature preferably between about 50

to 80°C for preferably from about 5 to 10 minutes.

The chemical cleaning/hydrophilic solutions are then flushed

employing deionized water, for example.

The multiple wafers are then stacked horizontally on top of each

"other ‘with the to-be bonded surfaces facing each other with high alignment -

12



Conditioning of First Wafer 10 - Fig.1 As shown in
Fig. 1, a first wafer 10, which may be a

sem conductive wafer or a conductive wafer, is
conditioned in a chemical cleaning solution bath
conpri sed of preferably sul phuric- or

hydr ogen- per oxi de- based RCA sol utions at a
~tenperature of preferably fromabout 50 to 80C for
~preferably fromabout 2 to 20 mnutes. This causes
the upper and | ower surfaces 12,14 of first wafer 10

.acmxract;ecbnvrdehym ahid ivafeCendtact chiring ohcSeoing thaf wafers are

16 - Fig. 2 As shown in Fig. 2, a second wafer 16,

seﬁdiﬁiédaﬁy 3pSRTS PRREY G The WRAIFEF edgés aAheOdjfeds Havead Bickness of
i s pol |shed on"both its upper 18 and Iomer 20 surfaces

r finishes. Second wafer 16 is
Pr%ﬁ’?ﬁ%f@ﬁh&@"&ﬁzﬁ]ﬁ‘)g&ﬁ%ani ng sol vent that is
preferably a sul phuric- or hydrogen-peroxi de- based RCA

solution. 14 Formati on of Anorphous Film 22 on Second
Wafer 16 - Fig. 3 fF As showmn in Fig. 3, a

hydr ogenafiee stadking pindudignvhent? the wafers amoherted dméemperatures
pollshed surface 18 of second wafer 16 by physica

_ pr(%‘fr b ag%&@%iigbﬁb@ &W@O"t%ﬁ deﬂa' GIRGSBI Esspcﬁ%fl gbAR!200°Cin a.

rimto m and nore preferably from

about

 vacuum chamber. When the desired temperature is reached, the spacers are pulled

~out radially so that the whole surfaces of the wafers come into contact. Anqdic

bonding process among the multiple wafers is then carried out at an applied

voltage of preferably from 100 to 1000 volts.

The bond achieved in this manner is characterized with both high

mechanical strength and good mechanical and chemical durability.

The reliable bonding at the low temperatures of this invention avoids

degradation or damage of pre-fabricated devices and integrated circuitry. It also

- minimizes or eliminates bonding-induced residual stress after cooling and can also

reduce the process cost.

First Embodiment - Figs.1to 8

13



10 to 20 run. During the PVD of anorphous film 22,
nei t her hydrogen nor any hydrogen-containing gas is

i ntroduced. The physical vapor deposition (PVD) of
anmor phous film 22 is achieved preferably by |aser

abl ati on, evaporation, ion beam deposition or
sputtering. Anorphous film22 is preferably conprised
of silicon, silicon oxide or silicon nitride.
Formati on of Sol Gel Film 24 on Second Wafer 16 - Fig.
4 As shown in Fig. 4, the opposite surface 20 of
second wafen {Hgl i?lusﬁgﬁaﬁ kst Prifn@ dCEABOG NS WRNbresent
such as, preferably sul phuric- or hydrogen-

per oxi de- based RCA solutions. 15 pEp A sol gel film24

~invenliQthen fornmed on the opposite side 20 of second

wafer 16 to a thickness of preferably from about 10 nm
to 10 gmand nore preferably fromabout 10 to 100
run. Sol gel film24 is applied preferably by spin-on,

_ chJM@%ﬁﬁgﬁ??Q{Mh pg@yggg; The solution for the sol ge

coat | I'm 24 incl ddes al kanol ,

As shown in Fig. 1, a first wafer 10, which may be a semiconductive

~ wafer or a conductive wafer, is conditioned in a chemical cleaning solution bath
comprised of preferably sulphuric- or hydrogen-peroxide-based RCA solutions at a

- temperature of preferably from about 50 to 80°C for preferably from about 2 to 20

minutes. This causes the upper and lower surfaces 12, 14 of first wafer 10 to become

hydrophilic.
Conditioning of Second Wafer 16 - Fig. 2

As shown in Fig. 2, a second wafer 16, such as a semiconductor wafer

or a conductor wafer, is polished on both its upper 18 and lower 20 surfaces so as to

have mirror finishes.

Second wafer 16 is then cleaned with a cleaning solvent that is

preferably a sulphuric- or hydrogen-peroxide-based RCA solution.

14
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organosol (methyltrinmethoxysilane (MIM5),
met hyl tri met hoxysilane (MIM5), nmethyltriethoxysilane
(MTECS), tetraethylorthosilicate (TECS),
phenyl tri met hoxysil ane (PhTMS),
met hacryl oxypr opyl tri met hoxysi | ane ( MEMO),
(3-gl yci doxypropyl )trinmethoxysil ane (GLYMO),
3- net hoxypropyl tri net hoxysil ane (MOPrTMS) and/ or
their m xtures), acid (such as acetic acid, '
hydrochloric acid or sul phuric acid), water and
FO?&II!M&MOJ‘AH&ID@O(!SM 2&9n§gmndwufpﬂolﬁars§agu&1 or lithium.
The wei ght percentage for the solution for the sol gel
-~ coating/film are: alkanol: preferably from about 20
~to 80 w.% and nore preferably fromabout 30 to 50

mt . (%; %Oé% (?%Irqgn pé ebf? @E(*r%g{glﬁ g%‘]ega%%i—%)hég %ﬂ?m% is formed on

0 0
b e AT S b o

water: preferably fromabout 10 to 80 wt. % and nore
thigrebe ofpieferhblynfrombahai2 A 0tron 30 2 m%ndamdreapiedttiabbafrosr about
preferably fromabout O to 5 w.%and nore preferably

10 &6 20 RROWurfhg! e PVD oflamorphous film 22, neither hydrogen nor any

hydrogen-containing gas is introduced.

The physical vapor deposition (PVD) of amorphous film 22 is

-achieved preferably by laser ablation, evaporation, ion beam deposition or

sputtering.

Amorphous film 22 is preferably comprised of silicon, silicon oxide or

silicon nitride.
Formation of Sol Gel Film 24 on Second Wafer 16 - Fig. 4

As shown in Fig. 4, the opposite surface 20 of second wafer 16 is
cleaned using a cleansing solvent such as, preferably sulphuric- or hydrogen-

peroxide-based RCA solutions.
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- waler st aygfigness.of FPrg’—(fjgrs i rofb kot 1

The sol gel coating/film24 on second wafer 16 is then
dried or tenpered at tenperatures ranging fromroom
tenperature to tenperatures below or equal to the

bondi ng tenperature, i.e. preferably fromabout 25 to
400C. The anorphous film 22 and sol gel coating/film

24 on second wafer 16 are then conditioned using a

. chem cal cleaning solution bath conprised of _

~preferably sul phuric- or hydrogen-peroxi de-based RCA
solutions at a tenperature of preferably from about

50 10 8QC[0k1RfiG] %39 e e%fJBHtth% @g) 'é‘lcféuﬁ(?ﬁf second
This caud@stthe up and vver sur second

vvafer 16 to becone hy btl on| n of Thlc{

H.f,lpdan _more

waf er 26, that is preferably glass or gI ass wth.

 prefribllyifroan abost 10t 100mdi.t i oned using a cheni cal

cl eaning solution bath 17 conprised of preferably
sul phuric- or hydrogen- peroxi de-based RCA sol utions at
a tenperature of preferably fron1about 50 to 80C for

preferably f ahgut n

First, g@%(ﬁﬁgo@ﬁhﬁhﬁ &pﬁﬁfzérgre %yzgls’%@’(ﬁﬁ paclésrl{%n or

28, 30 - Fig. 6 As shown in Fig. 6, second wafer 16 is
sprgiosgt i oned on top of, and spaced apart from first

wafer 10 using spacers 28 with the sol gel film 24

coated surface 20 facing first wafer 10.

- The solution for the soi gel coating/film 24 includes alkanol,
organosol (methyltrimethoxysilane (MTMS), methyltrimethoxysilane (MTMS),
methyltriethoxysilane (MTEQS), tetraethylorthosilicate (TEOS),
phenyltrimefhéxysﬂéne (PhTMS), methacryloxypropjltrimethoxysilane (MEMO),

(3-g1ycidoxyprdpyl)trimethoxysilane (GLYMO), 3-methoxypropyltrimethoxysilane

~ (MeOPrTMS) and/or their mixtures), acid (such as acetic acid, hydrochloric acid or

sulphuric acid), water and alkali salts (such as sodium, potassium or lithium).
The weight percentage for the solution for the sol gel coating/film

alkanol: preferably from about 20 to 80 wt.% and more preferably

from about 30 to 50 wt.%;

organosol: preferably from about 20 to 80 wt(?)% and more

Preferably from about 30 to 50 wt.%;
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Third wafer 26 is positioned on top of, and spaced
apart from second wafer 16 using spacers 30 with the
PVD hydrogen-free anorphous film22 coated surface 18
facing third wafer 26. Spacers 28, 30 are placed at
~the edges of first, second and third wafers 10, 16,
26, respectively, once the first, second and third
wafers 10, 16, 26 are properly aligned. Spacers 28,
30 have a thickness of preferably from about 20 to 50
gm 18 After stacking and alignnment, the wafers are
" heat ed f at weenard doransteferably
400C an%gnnﬁe %% %pﬁgﬁﬁﬂ&ﬁgégﬁ?ﬁgﬁogbout 300C in 2& Y
vacuum chanber . Lnging First, Second and Third
ﬁo%b@‘i"s“i@“?@m?@t /nto Point Contact - Fi g. 7} As
shown in Fig. 7, the first, second and third maf? S
110, 16, waGerapreferablyugom dhous 10 smBA et % andiapye preferably from
_ respectlve central areas under pressure 32 of

aboﬂffﬁﬁymywy%jaﬁawabout 0.001 to 100 NV nR. The spacers
8, 30 are fhen renoved (see Fig. 8). Sinultaneous

Anod| ¢ Ben Eﬁl nﬂgo&g}@réﬁ%ﬁ&%@g}g’tqp% g éﬁ?&%&e];%efe;ably

16, 26 = with the spacers
28, 30 renoved, the first, second and third wafers

fron gboutd) toBwade si mul t aneousl y anodi cal |y bonded at a
t enperature

The sol gel coating/film 24 on second wafer 16 is then dried or
tempered at temperatures ranging from room temperature to temperatures below

or equal to the bonding temperature, i.e. preferably from about 25 to 400°C.

The amorphous film 22 and sol gel coating/film 24 on second wafer 16
are then conditionedl using a chemical cleaning solution bath comprised of .
preferably sulphuric- or hydrogen-peroxide-based RCA solutions at a temperature
 of preferably from about 50 to 80°C for preferably from about 2 to 20 minutes. This

causes the upper and lower surfaces of second wafer 16 to become hydrophilic.
' Conditioninig of Third (Glass) Wafer 26- Fig. 5

As shown in Fig. 5, third wafer 26, that is preferably glass or glass

- with alkaline ions, is conditioned using a chemical cleaning solution bath

17



of preferably from about 200 to 400C and nore

preferably | ess than about 300C at voltages of

preferably from about 100 to 1000 volts. Second

Enbodi nent - Figs. 9 to 16 19 Figs. 9 to 16 illustrate

a second preferred enbodi nent. of the present

i nvention. Conditioning of First Wafer 116 - Fig. 9 As

shown in Firg. 9, a first wafer 116, such as a

sem. conductor wafer or a conductor wafer, is polished

on both its upper 118 and | ower 120 surfaces so as to
coyigedrof ?mfe_lfablji ﬁﬂFISurid;i drdtydseseni-pditidebided RCA sahibns at a

with a cleaning solvent that is preferably sul phuric-

- icde- [ r [
b S L A M e e R b e
- shown in Fig. 10, a hydrogen-free anorphous film 122". :

-mipatesor ned  on one polished surface 118 of first wafer
116 by physical vapor deposition (PVD) in plasma to a
‘thickness of preferably fromabout 10 nmto 2 gm and
nore preferably fromabout 10 to 100 nm During the

_Staay% of Fin8codvalis:d THirahigters 10, 16126 heith Bydtera@8n30noFigany
hydr ogen-contai ning gas is introduced. 20

As shown in Fig. 6, second wafer 16 is positioned on top of, and
~ -spaced apart from, first wafer 10 using spacers 28 with the sol gel film 24 coated

- surface 20 facing first wafer 10.

Third wafer 26 is positioned on top of, and spaced apart from, second
wafer 16 using spacers 30 with the PVD hydrogen-free amorphous film 22 coated

surface 18 facing third wafer 26.

Spacers 28, 30 are placed at the edges of first, second and third wafers
- 10, 16, 26, respectively, once the first, second and third wafers 10, 16, 26 are
properly aligned. Spacers 28, 30 have a thickness of preferably from about 20 to 50

pm.

18



++r krk The physical vapor deposition (PVD) of

anor phous film 122" is achieved preferably by | aser

abl ati on, evaporation, ion beam deposition or

sputtering. Anmorphous film 122" is preferably

conprised of silicon, silicon oxide or silicon

nitride. First wafer 116 with anorphous film 122" is

then conditioned in a chenical cleaning solution bath

conpri sed of preferably sul phuric- or hydrogen-

per oxi de- based RCA solutions at a tenperature of

pr ef er abAftef sankiagaund Sigime)the waferpaed beatbd yto ftemypreratures
. about 2 to 20 m nutes. Conditioning of Second (d ass)
priféfily bdiveenP00:C ddd A50-ENAMNmbFe FieBeraBly les the€ @B6ut 300°C in a

waf er” 110 is polished on both its upper 112 and | ower

114 surfaces so as to have mrror finishes. Second

- VaGHTB~ s preferably glass or glass with al kaline

ions Second wafer 110 is then cleaned with a cl eaning
solvent that is preferably a sul phuric- or _
hydr ogen- per oxi de- based RCA solution. 21 Formation of -

Brifgmg (iet) Sedointl omd ZRird OVaf&Se A0 nid, D frdv Paik0Conthity. Fig2/ As
shown in Fig. 12, a hydrogen-free anorphous fihn 122"
Is forned

As shown in Fig. 7, the first, second and third wafers 10, 16, 26 are
brought into contact in their respective central areas under pressure 32 of -

preferably from about 0.001 to 100 N/m?2

The spacers 28, 30 are then removed (see Fig. 8).

- Simultaneous Anodic Bonding of First, Second and Third Wafers 10, 16, 26 - Fig. 8

As shown in Fig. 8, with the spacers 28, 30 removed, the first, second
and third wafers 10, 16, 26 are simultaneously anodically bonded at a temperature

of preferably from about 200 to 400°C and more preferably less than about 300°C at

- voltages of preferably from about 100 to 1000 volts.

Second Embodiment ~ Figs. 9to 16
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©

on one polished surface 112 of second wafer 110 by
physi cal vapor deposition (PVD) in plasm to a

t hi ckness of preferably fromabout 10 ran to 2m and
nore "~ preferably fromabout 10 to 100 nm During the
PVD of anorphous film 122", neither hydrogen nor any
hydr ogen-containing gas is introduced. The physi cal
vapor deposition (PVD) of anorphous film 122" is

achi eved preferably by | aser ablation, evaporation,

I on beam deposition-or sputtering. Anorphous film

122" isgpre l. r bl i b ' ent
or si 1 E e dpdiesEilla e proibiry ShboRinkREDt R ies
film122" is then conditioned in a chem cal cleaning

nvediam i on bath conprised of preferably sul phuric- or

hydr ogen- peroxi de-based RCA solutions at a
-tenperature of preferably fromabout 50 to 80C for ‘
preferably fromabout 2 to 20 mi nutes. Conditioning of
j _#309- Fig. 13 22 { As shown in

Conéﬁigwlf%ﬂgWiaﬁi%afe 130 is conditioned in a
chemi cal } cleaning solution bath conprised of _
preferably sul phuric- or hydrogen-peroxi de- based RCA

solutions at a tenperature of ?referabl fromabout 5
to 80C Asshown in Fig. 9, a first wafer 116, such as a semiconductor wafer or

- a conductor wafer, is polished on both its upper 118 and lower 120 smfaqes soasto .

have mirror finishes.

First wafer 116 is then cleaned with a cleaning solvent that is

preferably sulphuric- or hydrogen-peroxide-based RCA solutions.
Formation of Amorphous Film 122" on First Wafer 116 - Fig. 10

As shown in Fig. 10, a hydrogen-free amorphous film 122 is formed

on one polished surface 118 of first wafer 116 by physical vapor deposition (PVD)

~in plasma to a thickness of preferably from about 10 nm to 2 pm and more

preferably from about 10 to 100 nm. During the PVD of amorphous film 122/,

neither hydrogen nor any hydrogen-containing gas is introduced.



preferably fromabout 2 to 20 mnutes. This causes the

upper and | ower surfaces 132, 134 of third wafer 130

to becorme hydrophilic. Third wafer 130 is preferably

glass or glass with alkaline ions. Stacking of First,

Second and Third Wafers 116,110,130 Wth Spacers 146,

148 - Fig. 14 ‘As shown in Fig. 14, second wafer 110

i s positioned on top of, and spaced apart from first
~wafer 116 using spacers 146 with the PVD hydrogen-free

anor phous film 122" coated surface 118 faci ng second

waf er 11The Phiysidalvabipor IRobitiopo FYIDprd damorplapisofilm 1227 is

and spaced apart from second wafer 110 using spacers
AcHE i P O@edi € u [ ositi
ad%%%idg rgﬁ%%!ggevglg%?‘;m ng dtC[{’n %%%@91236{ gé%g}: (jad;% osition. or

146, 148 are placed at the edges of first, second and.

- SPYHETE. wafers 1.16, 110, 130, respectively, once the

first, second and third wafers 116, 110, 23 130 are
properly aligned. Spacers 146, 148 have a thickness of
preferably fromabout 20 to 50 m After stacking and

al i gnmemmokpieowefiled 322rie phefaiadly tompeRpe bakilces, silicon oxide
preferably between 200C and 4000C and nore preferably

. . about 300C in a vacuum chanber. Bringing
Or-éﬁ‘?‘é}‘?}&%‘g%ond and Third Wafers 116, 110, 130 into

Point Contact - Fig. 15

First wafer 116 with amorphous film 122’ is then conditioned in a .
chemical cleaning solution bath comprised of preferably sulphuric- or hydrogen-
peroxide-based RCA solutions at a temperature of preferably from about 50 to 80°C

for preferably from about 2 to 20 minutes.
Conditioning of Second (Glass) Wafer 110 - Fig. 11

As shown in Fig. 11, a second wafer 110 is polished on both its upper

112 and lower 114 surfaces so as to have mirror finishes. Second wafer 110 is

preferably glass or glass with alkaline ions

Second wafer 110 is then cleaned with a cleaning solvent that is

preferably a sulphuric- or hydrogen-peroxide-based RCA solution.
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As shown in Fig. 15, the first, second and third
wafers 116, 110, 130 are brought - into contact in
their respective central areas under pressure 152 of
preferably fromabout 0.001 to 100 N nR2. The spacers
146, 148 are then renoved (see Fig. 16). Sinultaneous
Anodi ¢ Bondi ng of First, Second and Third Wafers 116,
110, 130 - Fig. 16 As shown in Fig. 16, with the ‘
spacers 146, 148 renoved, the first, second and third
wafers 116, 110, 130 are simnultaneously anodically

bo | ¥ m about 200
Forp BRArE Phoriads FPEL 21 bl EEPIRE Pie 12T “300C
.. vol tages of preferably from about 100 to 1000 volts.
- 24 Third Enbodinent - Figs. 17 to 26 Figs. 17 to 26
illustrate a third preferred enbodi nent of the present
{ i nventAsshovén foFig 12,cnhydrogenfieesamyyfhes Film 122Fig formed
17 As shown in Fig. 17, a first wafer 210, such as a

on %ﬁ@g@ﬂﬂ@&ts‘%&ﬁ%@fﬁQ ofOdecnd l‘-‘\ﬁﬂéﬁtﬂﬂ MR8k sicalSvapor deposition

conditioned in a chem cal cleaning sol ution bath

ri.sed .of prefera [ G- '
eViaRadERn & o, FirErERSE Preflo B g0 gm to 2 pm and more
tenperature of preferably from about 50 to 80C for . )
prefaralblyr fpmy abown Qe 100 nrpoDagingihe P¥D. ofrgmorphos film 1227,
the upper and | ower surfaces 212, 214 of first wafer
neithb® hiy@rogen nor any hydrogen-containing gas is introduced.

The physical vapor deposition (PVD) of amorphous film 1227 is
achieved preferably by laser ablation, evaporation, ion beam deposition or

sputtering.

Amorphous film 122” is preferably comprised of silicon, silicon oxide

or silicon nitride.

Second wafer 110 with amorphous film 1227 is then conditioned in a

‘chemical cleaning solution bath comprised of preferably sulphuric- or hydrogen-

peroxide-based RCA solutions at a temperature of preferably from about 50 to 80°C

for preferably from about 2 to 20 minutes.

‘Conditioning of Third (Glass) Wafer 130 - Fig. 13
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become hydrophilic. Conditioning of Second Wafer 216 -
Fig. 18 As shown in Fig. 18, a second wafer 216, such
as -a sem conductor wafer or a conductor wafer, is
polished on both its upper 218 and | ower 220 surfaces
so as to have mrror finishes. 25 G~ Second wafer 216
is then cleaned with a cleaning solvent that is
preferably sul phuric- or hydrogen-peroxi de-based RCA
sol utions. Formati on .of Anorphous Film 222" on Second
Wafer 216 - Fig. 19 As shown in Fig. 19, a

hydr ogen-free anorphous film 222" is fornmed S on one
pol i shed surface 218 of second wafer 216 by physica

vapor deposition PVD) in. plas t.a .a thickness of .
pr ef er aBisyshovgiiny 5 tllgiﬁ ng% 13@68 Cﬁﬁgélonea in'a chemical
preferably fromabout 10 to 100 nm During the PVD of .

clesmimy pblutionf bdthn @afprisednefi preferablydswpbwrieoer hygrogen-peroxide-
hydr ogen-containing gas is introduced. The physica

basY@ AR A A&RRGsHd 8N a (E¥Per &l &GP pRBRMEDLY | frdf2abbutish to 80°C for

achi eved preferably by | aser abl ation, evaporation,

- pre%ggblg F@cr)an?agl%gl? iggooﬂ) Alinul! rciagl%si ﬁﬁgq{ﬂme? Ushdf foleQf_suéfaces

y-conprised of con,”“siltcon oxid

132, 134 of third wafer 130 to become hydrophilic. Third wafer 130 is preferably

glass or glass with alkaline ions.
Stacking of First, Second and Third Wafers 116, 110, 130 With Spacers 146, 148 - Fig. 14

As shown in Fig. 14, second wafer 110 is positioned on top of, and
spaced apart from, first wafer 116 using spacers 146 with the PVD hydrogen-free

amorphous film 122 coated surface 118 facing second wafer 110.

Third wafer 130 is positioned on top of, and spaced apart from,
second wafer 110 using spacers 148 with the PVD hydrogen-free amorphous film

122" coated surface 112 facing third wafer 130.

Spacers 146, 148 are placed at the edges of first, second and third

wafers 116, 110, 130, respectively, once the first, second and third wafers 116, 110,



or silicon nitride. Formation of Sol CGel Film 224 on
Second Wafer 216 - Fig. 20 26 As shown in Fig. 20,
the opposite surface 220 of second wafer 216 is
cl eaned using a cleansing solvent such as, preferably
sul phuric- or hydrogen- peroxide-based RCA sol utions.
A sol gel film224 i's then fornmed on the opposite side
220 of second wafer 216 to a thickness of preferably
fromabout 10nmto 10m and nore J preferably from
about 10 to 100 nm Sol gel film224 is applied
13Qaef progbily ahiygnabiSpacars 1461148 hiave a dhicksgss af praferabhefrom about
solution for the sol gel coating/film 224 includes
20@& eﬁ{, organosol (methyltrinmethoxysilane (MIMS),
tri met hoxysilane (MIMS), nethyltriethoxysilane
(MIEQS), tetraethylorthosilicate (TEOS)
phenyl tri net hoxysi | ane (PhTMS),
- net hacryl oxypropyl tri met hoxysil ane §NEND
( 3- gl yci Atsy siadang and; atigrimesnts theaweafegGateMpated to temperatures
3- met hoxypropyl trinet hoxysilane (MeOPrTMS) and/ or

préfbgibly Batieti 290°C Akl £000S 48l AsrcAsretdrsblgdésd than about 300°C in a
hydrochlorlc acid or sul phuric acid), water and

Vaéhhﬁﬁ%wﬁ glts (sodium potassiumor lithium. The

pefcentage for the solution for the sol ge
coatlng/fllm

_.Bringing First, Second and Third Wafers 116, 110, 130 info Poi_nt Contact - Fig. 15

As shown in Fig. 15, the first, second and third wafers 116, 110, 130
are brought into contact in their respective central areas under pressure 152 of

preferably from about 0.001 to 100 N/m?2.
The spacers 146, 148 are then removed (see Fig. 16).

Simultaneous Anodic Bonding of First, Second and Third Wafers 116, 110, 130 - Fig. 16
As shown in Fig. 16, with the spacers 146, 148 removed, the first,

second and third wafers 116, 110, 130 are simultaneously anodically bonded at a

temperature of preferably from about 200 to 400°C and more preferably less than

" about 300°C at voltages of preferably from about 100 to 1000 volts.
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N,
. N

are: 27 al kanol: preferably fromabout 20 to 80 wt %
and nore preferably fromabout 30 to 50 wt. %
organosol : preferably from about 20 to 80 wt. % and
nore preferably fromabout 30 to 50 wt.% acid:
preferably from about 0.00001 to 0.1 w.% and nore
‘preferably - fromabout 0.0001 to 0.01 wt. % water:
preferably fromabout 10 to 80 wt. % and nore '
preferably from about 20 to 50 wt. % and al kal i
.salts: preferably fromabout 0 to 5 w.% and nore
preferably fromabout 0 to 2 w.% The sol gel
coating/film 224 on second wafer 216 is then dried or

ThiRIRRbSdimbnd EPREI Biis'®s rangi ng fromroom tenperature
to tenperatures below or equal to the bonding
tenperature, i.e. preferably fromabout 25 to 400C.
The anorphous film 222" and sol gel coating/film 224
on second waf er 216 are then conditioned usin

" cheni cal Figr-eintong dbistiaton third prefiad swlog diment of the present

pref erably sul phuric- or hydrogen-peroxi de-based RCA

inveatiohi ons at a tenperature of preferably from about -
50 to 80C for preferably fromabout 2 to 20 m nutes.
Thi s _

Conditioning of First Wafer 210 - Fig. 17

As shown in Fig. 17, a first wafer 210, such as a semiconductor wafer
or a conductor wafer, is conditioned in a chemical cleaning solution bath comprised
of preferably sulphuric- or hydrogen-peroxide-based RCA solutions at a
temperature of preferably from about 50 to 80°C for preferably from about 2 to 20
minutes. This causes the upper and lower surfaces 212, 214 of first wafer 210 to

become hydrophilic.

- Conditioning of Second Wafer 216 - Fig. 18

As shown in Fig. 18, a second wafer 216, such as a semiconductor

~ wafer or a conductor wafer, is polished on both its upper 218 and lower 220

surfaces so as to have mirror finishes.
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causes the upper and | ower surfaces of second wafer
216 to become hydrophilic. 28 Conditioning of Third
(dass) Wafer 226 - Fig. 21 As shown in Fig. 21, a.
third wafer 226 is polished on both its upper 228 and
| ower 230 surfaces so as to have mrror finishes.
Third wafer 226 is 'preferably glass or glass with
~al'kaline ions. Third wafer 226 is then cleaned with a
“cl eaning solvent that is preferably sul phuric- or
hydr ogen- per oxi de- based RCA sol uti ons. Fornmation of

Anmor pho u&%,c__gﬁ(!{ %g@? 21@ nis Tihleh 108" widhb a clEérﬁn% ARt that is

shown in 2, a hydrogen-free anorphous fTlm 222"

on 0 ol i shed rfa 8 qf th|rd waf er

Pr%eﬁﬁf%ﬂwﬂvéﬁ e Re BOt) SOIHOM: asrm ¢ o a

t hi ckness of preferably from about 10nmto 10m  and

‘nmore 3 preferably fromabout 10 to 100 nm During the .

PVD of anorphous film 222", neither hydrogen nor -any
Forhi€ib® geAms Rk Flind 22 08 Senil M @{2168(131‘? Tive physi cal

vapor ‘deposition (PVD) of anorphous film 222" is

achi eved preferably by | aser ablation, evaporation,

i on beam deposition or sputtering. 29 Anorphous film

222 is e{se;heor“%? | F%‘go | ?fgr(())gfensfnleé gx%grp}?clnlsl fiin 255 Iig formed

on one polished surface 218 of second wafer 216 by physical vapor deposition |

- (PVD) in plasma to a thickness of preferably from about 10nm to 10pm. and more - |

preferably from about 10 to 100 nm. During the PVD of amorphous film 227,

neither hydrogen nor any hydrogen-containing gas is introduced.
The physical vapor deposition (PVD) of amorphous film 222" is
achieved preferably by laser ablation, evaporation, ion beam deposition or

sputfering.

Amorphous film 222 is preferably comprised of silicon, silicon oxide

or silicon nitride.

Formation of Sol Gel Film 224 on Second Wafer 216 - Fig. 20
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or silicon nitride. Third wafer 226 w th anorphous
film222" is then conditioned in a chem cal cleaning
sol ution bath conprised of preferably sul phuric- or
hydr ogen- peroxi de- based RCA solutions at a
tenperature of preferably from about 50 to 80C for
~preferably fromabout 2 to 20 m nutes. Conditioning of
Fourth (G ass) Wafer 250 - Fig. 23 As shown in Fig.
23, a fourth wafer 250 is conditioned in a chem ca

~ cleaning solution bath conprised of preferably

sul phury g Y #1088 NeR &S pese sulfase 2 (RGPsesohditwafens 216 is
at a téxr?psg}og‘tyxhre &o prefer@kﬂy from about 50 to 80C

for pr efer abl urithic$ hydrogen-
cleaned ¥&iBgt he&l Sunr %%‘gfémyn %@554 of thirde

_ wafer 250 to become hydrophl lic. Fourth wafer 250 is
perogideftesabR({_Agéclsdons: gl ass with al kaline ions.

' St acking of First, Second, Third and Fourth Wafers

210, 216, 226, 250 Wth Spacers 260, 262, 264 - Fig.

24 30 As shown in Fig. 24, second wafer 216 is

posi i oneg o0 diRPa#d is R folhed BAAAE oppasite bidarm20fdf satond

waf er ng spacers 260 wth the sol gel film 224

afeclE ogltGego a Itl;lckness of preferably from about 10nm to 10pm. and more

- preferably from about 10 to 100 nm.

Sol gel film 224 is applied preferably by spin-on, immersion or

spraying.

The solution for the sol gel coating/film 224 includes alkanol,
organosol (methyltrimethoxysilane (MTMS), methyltrimethoxysilane (MTMS),
methyltriethoxysilane (MTEQS), tetraethylorthosilicate (TEOS),
phenyltrimethoxysilane (PhTMS), methacryloxypropyltrimethoxysilane (MEMO),
(S-egcidoxypropyl)trimethoxysilane (GLYMO), 3-methoxypropyltrimethoxysilane
| (MeOPrTMS) and/ or their mixtures), acid (such as acetic acid, hydrochloric acid or

| sulphuric acid), water and alkali salts (sodium, potassium or lithium).

The weight percentage for the solution for the sol gel coating/film
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surface 220 facing first wafer 210. Third wafer 226 is
positioned on top of, and spaced apart from second
waf er 216 using spacers 262 with the PVD hydrogen-free
anor phous film 222' coated surface 218 facing | ower
surface 230 of - third wafer 226. Fourth wafer 250 is-
positioned on top of, and spaced apart from third-
waf er 226. using spacers 264 with the PVD hydrogen-free
anor phous film 222" coated surface 228 of third wafer
226 facing fourth wafer 250. Spacers 260, 262, 264 are

pl aced the of. , wk bfdafdre preferabl
fourth %ﬂ‘rbo&'sp%%%,gﬁglé‘,o%%%‘?utzg%?g:Bgsggcl?gt ively, oﬁce Y
the first, second and third wafers 210, 216, 226, 250
fromeatwub B8 e PP Wtabii gned. Spacers 260, 262, 264 have a
thi ckness of preferably from about 20 to 50 m Aftetr
st acki ngganskokl prefenalrly frarhabaut 80 0 8P aviéanshmoge preferably
~tenperatures preferably between 200C and 400C and

o ﬁﬁ; alloy. | ess than about 300C in a vacuum
fro C éﬁ%gp%gq Br?ngi ng First, Second, Third and Fourth

- Wafers 210, 216,,.226, 250 j ' A = I
re shotidprgiegabigatom Byt POBOSTITOL PR mort frefémbly
fourth wafers 210, 216, 226, 250 are brought into

fromcatrte©000h te A8 Wtisspect i ve central areas under
pressure 270

| water: preferably from about 10 to 80 wit.% and more preferably from

about 20 to 50 wt.%; and

alkali salts: preferably from about 0 to 5 wt.% and more preferably

from about 0 to 2 wt.%.

The sol gel coating/film 224 on second wafer 216 is then dried or
| 'tempered at temperatures ranging from room temperature to temperatures below

or equal to the bonding temperature, i.e. preferably from about 25 to 400°C.

The amorphous film 222" and sol gel coating /film 224 on second wafer
216 are then conditioned using a chemical cleaning solution bath comprised of
preferably sulphuric- or hydrogen-peroxide-based RCA solutions at a temperature
~ of preferably from about 50 to 80°C for preferably from about 2 to 20 minutes. This

causes the upper and lower surfaces of second wafer 216 to become hydrophilic.
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of preferably fromabout 0.001 to 100 N n2. The
spacers 260, 262, 264 are then renoved (see Fig. 26).
Si mul t aneous Anodi ¢ Bondi ng of First, Second, Third
and Fourth Wafers 210, 216, 226, 250 - Fig. 26 As
shown in Fig. 26, with the spacers 260, 262, 264
renoved, the first, second, third:and fourth wafers
210, 216, 226, 250 are simnultaneously anodically
bonded at a tenperature of preferably from about 200
to 400C and nore preferably |less than about 300C at

| _ Comdmmrdn%ﬁrvwg‘kryzz&-oﬁgabbut 100 to 1000 volts.

Sunmary. - Figs. 27 to 29 Figs. 27 to 29 sunmari ze the
present invention. 32 flIS Fig. 27 shows a first
silicon wafer 302 bonded to a second gl ass substrate

met hod O SHES Y St P AORA T gt 2275 PORREECRL LY e Bpper

first glass substrate 308 bonded to a_second, gl ass

- 2285 and tlower 2900surfases (591 ay tarkVShBUE 0L jtinighss. Jhdrd; pafer 226 is

. accordance with the method of the present invention.
preferably glass or glass with alkaline ions.

Third wafer 226 is then cleaned with a cleaning solvent that is

preferably sulphuric- or hydro gen-peroxide-based RCA solutions.

Formation of Amorphous Film 222" on Third Wafer 226 - Fig. 22

As shown in Fig. 22, a hydrogen-free amorphous film 222 is formed
on one polished surface 228 of third wafer 226 by phjfsical vapor deposition (PVD)
in plasma to a thickness of preferably from about 10nm to 10um. and more
preferably from about 10 to 100 nm. During the PVD of amorphous ﬁ]m 2227,

neither hydrogen nor any hydrogen-containing gas is introduced.
The physical vapor deposition (PVD) of amorphous film 2227 is

achieved preferably by laser ablation, evaporation, ion beam deposition or

sputtering.
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Stacking of First, Seco

Fig. 29 shows a first silicon wafer 314 bonded to a
second silicon wafer - 316 using sol gel 318 in
accordance with the nmethod of the present invention.
As one skilled in the art woul d recogni ze, nore than
four conponents nmay be sinultaneously anodically
bonded in accordance with the teachings of the

present invention. The nethod of the present invention
may by used with/in the follow ng appllcatlons/flelds

of use.and nmarket potential, for n1cr ide
el ectyq i@l 229y 9% pmeH@WO%%ﬁgg?%h Sﬂlcon o
opt oéAT ectronechani cal system (MOEMS) packagi ng;

m crof |l ui dic and Bi o- MEMS; 33 sem conductors;

_(ﬂSﬂmqnmﬁQﬂﬁectronlcs 3D I C device fabrication;

optoel ectronics; substrate fabrication; her nmetic and

vacuum seal i ng; and encapsul ati on. Advant ages of the
Present | nvention

Third wafer 226 with amorphous film 2227 is then conditioned in a
hemical cleaning solution bath comprised of preferably sulphuric- or hydrogen-
¢
0°C
xide-based RCA solutions at a temperature of _preferably from about 50 to 80'

pero

for preferably from about 2 to 20 minutes.

Conditioning of Fourth ( Glass) Wafer 250 - Fig. 23

" As shown in Fig. 23, a fourth wafer 250 is conditioned in a chemical
. ) ide-
cleaning solution bath comprised of preferably sulphuric- or hydrogen-peroxide
°C for
based RCA solutions at a temperature of preferably from about 50 to 80

eferably from about 2 to 50 minutes. This causes the upper and lower surfaces
pr

252, 254 of third wafer 250 to become hydrophilic.

Fourth wafer 250 is preferably glass or glass with alkaline ions.

. Third and Fourth Wafers 210, 216, 226, 250.With Spacers 260,

262, 264 - Fig. 24
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The advant ages of one or nore enbodi nents of the
present invention include: 1. reduction in the
bondi ng tenperature, i.e. |less than about 300C,
resulting in lower strain and | ower residual stress;
2. greater choice of materials for bonding; 3. may
si mul taneously bond nultiple wafers/substrates; 4.
pre-fabricated devices and integrated circuitry forned
~in accordance with the present invention are not
easi |y degraded or damaged; 5. bondi ng-induced stress
pr obl ens\sadtoevn Godid. 74, acendi wifer 246;is @ositioned smdfapgof, and
time is shortened and the production efficiency is

spa%:é;f é[gegf iﬁ%a |ﬁ§é1i %?fek b0 ﬁ?ihg%gaégrs boewRihahe Rbl &d1 R 12aoated

ernet | nd vacuum sealing at |ow

_ enperature. (| es n about 300C); 8. the process
_ sw%@gggﬂgpglgrfgéhwgff&g&good bondi ng quality such as

hi gh bondi ng strength and bubble-free interfaces; and
~10. cost effective process. J Wiile particular
enbodi nents of the present invention have been

Third wafer 226 is positioned on top of, and spaced apart from,

second wafer 216 using spacers 262 with the PVD hydrogen-free amorphous film

292’ coated surface 218 facing lower surface 230 of third wafer 226.

Fourth wafer 250 is positioned on top of, and spaced apart from, third
wafer 226 using spacers 264 with the PVD hydrogen-free amorphous film 2227

coated surface 228 of third wafer 226 facing fourth wafer 250.

Spacers 260, 262, 264 are placed at the edges of first, second, third and
fourth wafers 210, 216, 226, 250, respectively, once the first, second and third wafers

210, 216, 226, 250 are properly aligned. Spacers 260, 262, 264 have a thickness of

.prefer'ably from about 20 to 50 pm.

After stacking and alignment, the wafers are heated to teniperatures
preferably between 200°C and 400°C and more preferably less than about 300°Cin a

vacuaum chamber.
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illustrated and described, it is not intended to [imt
the invention, except as defined by the follow ng
clainms. 35 (i( 36 CLAIMS W claim 1. A nethod of
si mul t aneously bondi ng conponents, conprising the N
- 'steps of: providing at least- first, second and third
. conponents; at | east one of ‘the first, second and
third conponents being conprised of a glass substrate
and at | east one of the first, second and third '
. conponents being conprised of a conductive or
. Sem-co LV F i 0, bie 226, 138amto PoinsContact -
B”WQE%5%85g%%%ﬂh??ﬂP%ﬁﬁﬁ%%ﬂgﬁﬁgh%%@fng an upper and | ower
~ surface; determ ning the order of stacking of the at
Fig.3%ast  first, second and third conponents to establish
i nterfaces between adjacent at |east first, second
and third conponents; applying a hydrogen-free
anor phous:- filmto one of the conponent surfaces at
each | A SSHAGLIFBENT, Shdfirstseastidydlind and|fash wafers 210, 216,
conponent; and conductive or sem conductive _
onent ., A ' : ] Arehouhd @l feassune 270
26, BB P b ERE e i e T daeh
interface conprisin | acent: conductive or
Ofpsémﬁ@WﬁﬂHE@bOBtQ@%h%bﬁ@ﬁﬁghgnd conductive or
sem conductive conponent; and sinultaneously
anodically bonding the at least first, second and
third conponents in the determ ned order of stacking. -
The spacers 260, 262, 264 are then removed (see Fig. 26). o

Simultaneous Anodic Bonding of First, Second, Third and Fourth Wafers 210, 216, 226,

250 - Fig. 26

As shown in Fig. 26, with the spacers 260, 262, 264 removed, the first,
second, third and fourth wafers 210, 216, 226, 250 are simultaneously anodically
bonded at a temperature of preferably from about 200 to 400°C and more

preferably less than about 300°C at voltages of preferably from about 100 to 1000

volts.

Summary - Figs. 27 to 29 |

- Figs. 27 to 29 summarize the present invention..
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2. The method of claim1, wherein the sinultaneous
anodi ¢ bonding of the at |least first, second and
third conponents is perforned at a tenperature of from
about 200 to 400C and an applied voltage of from
about 100 to 1000 volts. 3. The nethod of claim1,
wherei n the sinmultaneous anodi c bonding of the at

|l east first, second and third corrponents is perforned
at a tenperature of |ess than about 300C. 4. The

met hod of claim1l1, wherein the so[ gel wth or wthout
~alkaline ions filmis applied to the interface
surface of the conductive or sem conductive

~conponents; and the hydr,ogen-free ys 4 iskeandlotass
appl i ebigt @7t FwWsn Akt ‘%ﬁ‘rf” & 3 el tﬁ%}) the: g

conductive or sem conductlve corrp nents:
substFAEBON R aﬁnorﬁ}ttmsrmhm3‘8ﬁ inp peg %‘Ce g‘?‘ %‘%ﬁgd of the
hydr ogen-free anorphous filns are applied by physical
osition; and the sol gel with or w thout
Preseﬁ?ﬁa{el ﬁgﬂl ons fi I ms are applied by spin-on, imrersion
or spraying. 6. The nethod of claim1l, wherein the
hydr ogen-free anorphous filns are applied by physical

vapor deposition achie | aser % nd e¢lass
evapor Eig. &8, shaws Bt (SEEB PRRELT sJBut tegipl%ga i A )

met hod of claim1, wherein the hydr ogen fre H%rﬁh&%sd of

| __ substfréﬂe"ﬁoadlﬁ) ﬁfmgram@hoﬁs silicon g2 ingicFor C"oi@“

l[icon nit The nmet hod of claim1, wherein the

- or w thout alkallnelonsfllrrs are forned
‘the pft}%ﬁ{gg“’ so{’ '

ution conprised of: 37

Fig. 29 shows a first silicon wafer 314 bonded to a second silicon wafer

316 using sol gel 318 in accordance with the method of the present invention.

As one skilled in the art would recognize, more than four components

i i i i f the
may be simultaneously anodically bonded in accordance with the teachings o

present invention.

The method of the present invention may by used with/in the
following applications/ fields of use and market potential, for example:
B ‘micro electromechanical system (MEMS) packaging;
micro optoelectromechanical system (MOEMS) packaging;

microfluidic and Bio-MEMS;
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met hyl tri met hoxysi | ane (MIMS); nethyl triethoxysil ane
(MTECS); tetraethylorthosilicate (TEQCS)
phenyl tri met hoxysi | ane (PhTMS);
‘et hacryl oxypropyl tri net hoxysi | ane ( MEMO);
(3-gl yci doxypropyl )tri met hoxys- ilane (GLYMO); _
3- met hoxypr opyl tri net hoxysi |l ane (MeOPrTMS) or m xtures
“thereof; an acid such as acetic acid hydrochloric
acid or sulphuric acid; water; and alkali salts such-
~as-sodium potassiumor lithium 9. The nethod of
claim1l ein the sol gel with or wthout alkaline
ioﬁ§n$?T%%ﬁ§%Eh have a thickness of from about 10nm -
to 10pm 10. The nethod of claim1, wherein the sol
gemigiPelRCBPNiGFt hout al kal i ne ions filns each have a
t hi ckness of from about 10 to 100nm 11. The net hod of
¢l T Hevidedaleriicatiphe conponents are cl eaned and S
‘treated to render their upper and |ower surfaces
hy - haiceef ore application of the hydrogen-free
_ angégﬁgﬁéb%F?ns and the sol gel with-or wthout
alkaline jons filnms. 12. The nethod of claim1,
mh%ﬂ@qgafﬂﬁéﬁh?%ast one of the first, second and
third conponents bejng comprised of a glass substrate
a1 bernietis) AN CHI RSP B B |

encapsulation.

Advantages of the Present Invention

The advantages of one or more embodiments of the present invention

include:

1. reduction m the bonding temperature, ie. less than about 300°C, resulting
in lower strain and lower residual stress;

2. greater choice of materials for bonding;

3. may simultaneously bond multiple wafers/substrates;

4. pre-fabricated devices and integrated circuitry formed in accordance with
the present invention are not easily degraded or damaged;

5. bonding-induced stress problems after cooling are minimized;

6. the bonding time is shortened and the production efficiency-is increased;

Y



13. The nmethod of claim 1, wherein the conponents are
cleaned and treated to render their upper and |ower
surfaces hydrophilic before bonding the at | east

first, second and third conponents. 14.  The nethod of
claim11, wherein the at least first, second and third
conponents are spaced apart using spacers just before
t he: si mul t aneous anodi cal | y bonding step. 15. The '
met hod of claim 1, wherein the sinultaneously bonded
conmponents are enployed in a sem conductor device, an
el eCieQhbhod @ sEpredentiivaaiacistapiplicitda fadiermesit emil sacuum
a mcro- optoel ectronmechani cal system 16. A nethod: of

si mul,t aneousl v _bonrdi HRARBHES, conprising the
Seﬂ&k&%&°85?“§?8¥?&? %kg@mfeast@ﬁpfgét, second and third

conponents; at |east one of the first, second and

t hBr thequngrsheptis arsdeAycedonpri sed of a gl ass substrate

-and at- | east one of the first, second and third

cogpgoedt borkting gjuatignpnils e bighabeudivgcstiangtiorand bubble-free

sem conductive material; each of the at |east first,

. & ’gn@nd third conponents having an upper and |ower
uﬂe@%r%ice; determ ning the order of stacking of the at

least first, second and third conponents to establish
iniéﬁ?ﬁ%@%xﬁg?ﬁﬂgﬁﬁ%djacent at least first, second 38
and third conponents; applying a hydrogen-free

anor phous filmto one of the conponent surfaces at.
each interface conprising an adjacent: gl ass

‘conponewhile partkabduahbudinents sEntheopisetti inyention have been

conponent; applying a sol gel with or without alkaline

illue S bl BebQiRC L nblifhterkRAPRNIBRI: thel ihAGEENAbxcepeds defined

ce conprising an adjacent: conductive or
em conductive conponent; and conductive or
bYti‘%%I@Bﬁ‘@tg&ﬁql%' conmponent; and si mul t aneously
anodi cal l'y
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j bonding the at least first, second and third
conponents in the determ ned order of stacking at a
tenperature of from about 0 to 400C. 17. The net hod
of claim 16, wherein the sinultaneous anodi c bondi ng
CLAIMS of the at least first, second and third conponents is
perfornmed at an appli ed vol tage of from about 100 to
Wecfalm-l-ooo volts. 18. The nethod of claim 16, wherein the
5i mul t aneous anodi ¢ bonding of the at |east first,
second and third conponents is perforned at a

1. A met ({:&fﬁﬁl gllflar{mgel&bﬂn%ﬂ hanPab S \&oooﬁgp&?&q Itpk% rql%at least
first, sec n81 gﬁiﬂc 1op ;8 'F%e‘é', tlhﬁtfl ’f%?t?@n§ ap r RoRgNts being
comprise % ?n gf tgs mponents being
compnse% ag B‘Hﬁﬁ’%gr s H%' % tGIaa ire second and third
componef e@{&lp r e gmnl g ? cklng of the at least
first, secon rﬁngd% 8?’1“8@4‘ TS mt C % &l lea F rst, second

d third
zl?rfacel; Tﬁ%g%%gl erfa‘ mcD:O Pr@;l% n
I

semlcond

en
compone G @5 Fgaatﬁg??eea

compone ICRYy B'y 0 sly anodically
bonding “i%)dr @%ﬁ%@ %60 B EOPPYTIE %P@%@‘Aﬁ”ﬂé’&?%‘ﬁﬁ Stackino-

: vapor deposition achieved by |aser ablation,

9 The m Va@ﬁé?’“’gﬁ%\%on b am d 05|t| on or S ut8(§ st'f"rst second
and third r% cg}eogfﬁls eﬁ{@q %Br& %}frog? 1':1 o‘?Pd an applied
voltage o R%ri de. 23. The net hod of cI ai m 16,

vvhereln the sol gel with or without alkaline ions

3. The methodTgf 85k E O\Ll%c"rgm t|:18 rsr}multaneous anodic bonding of the at least first, second

and third components is performed at a temperature of less than about 300°C.

cg{s); m gone of the
semlconductlve

n e "component
eﬂ ef édet conductive or
Jacep

4. The method of claim 1, wherein the sol gel with or without alkaline ions film is applied to the
interface surface of the conductive or semiconductive components; and the hydrogen-free
amorphous films are applied to the interface surface of either the: conductive or semiconductive
components; or giass components,

5. The method of claim 1, wherein the hydrogen-free amorphous films are applied by physical
vapor deposition; and the sol gel with or without alkaline ions films are applied by spin-on,
immersion or spraying.

6. The method of claim 1, wherein the hydrogen-free amorphous films are applied by physical
vapor deposition achieved by laser ablation, evaporation, ion beam deposition or sputtering.

7. The method of claim 1, wherein the hydrogen-free amorphous films are comprised of silicon,
silicon oxide or silicon nitride.

8. The method of claim 1, wherein the sol gel with or without alkaline ions films are formed from a
solution comprised of:




a solution conprised of: nethyltrinmethoxysilane
(MIMS);  nethyltriethoxysilane ( MIECS);
tetraethylorthosilicate (TECS);
phenyl tri met hoxysi | ane (Phﬁ\/s) ;
met hacryl oxypropyl tri nmet hoxysi | ane ( MEMO);
(3-glycidoxypropyl)trinmethoxys- ilane (GLYM,;
methyltrigethaxys r'\’ép % rimethoxysilane (MeOPrTMS) or mi xtures
methyltrigthexyailsne (MIEORi d such as acetic acid, hydrochloric
tetraethylgehepilisptedTEQRUr i ¢ acid;: water: and alkali salts such
phenyltriraathewgilang (PAEMESsi um or Iithium 39 24. The nethod of
methacryloxyprapyismefiixyeiane (MEMEY] gel with or without al kaline
(3-glycidaxyprepylitiimethexysn IanaASLYMO); t hi ckness of from about 1
3-methoxgprepylimethmeysiage (MBEPREVRI nejktucasdnereals, wherein the
an acid sudy agrgetiqpéig hydroghlprioatid al suphurfe atidns fil ms each have
water; ang  t hj ckness of from about 10 to 100 nm 26. The
alkali saltpEugioap sadium. gofassiem oHdleNn t he conponents are cl eaned
and treated to render their upper and | ower surfaces
hydrophi lic before application of the hydrogen-free
9. The m&ﬁ’@ﬂpﬁﬁcﬁhﬁmﬂvl‘M'%erafﬁdhetsﬁlaggdf["ﬂ‘g@fl withquh aliseling g films each have a
thickness £f fraimj abeuf Hinen toi 10men.

10. The method of claim 1, wherein the sof gel with or without alkaline ions films each have a
thickness of from about 10 to 100nm.

11. The method of claim 1, wherein the components are cleaned and treated to render théir upper
and lower surfaces hydrophilic before application of the hydrogen-free amorphous films and the
sol gel with or without alkaline ions films.

12. The method of claim 1, wherein the at least one of the first, second and third components
being comprised of a glass substrate also includes alkaline jons.

13. The method of claim 1, wherein the components are cleaned and treated to render their upper
and lower surfaces hydrophilic before bonding the at least first, second and third components.

14. The method of claim 1, wherein the at least first, second and third components are spaced
apart using spacers just before the simultaneous anodically bonding step.

15. The method of claim 1, wherein the simultaneously bonded components are employed in a
semiconductor device, an electronic device, a microelectromechanical system or a micro-
optoelectromechanical system.

16. A method of simultaneously bonding components, comprising the steps of: providing at least
first, second and third components; at least one of the first, second and third components being
comprised of a glass substrate and at least one of the first, second and third components being
comprised of a conductive or semiconductive material; each of the at least first, second and third
components having an upper and lower surface; determining the order of stacking of the at least
~ first, second and third components to establish interfaces between adjacent at least first, second




27. The nethod of claim 16, wherein the at | east one
of the first, second and third conponents being
conprised of a gl ass substéfte al so i ncludes al kal i ne
ions 28. The nethod of clal m 16, mherein t he

h
and thlr onen S ar ’%%?F\éﬁg and treat FF? OHS gt%gt%gggérpgth compoenent

surfaces e%ﬁh || grschef cp P”S’@%@@n J& t marsa CB gductlve or
semlcon 5' Elﬂp q@ol eyl Hr Whizout alkal gtroqsl g1tto one of the
componeg eiaﬁprla ?Hf‘%n%laé %@H con q.ntve ;conductlve
compone |v% o rSE

i ORon t BBy eou anodically
bondlng rts W‘g%n%'ts iy glﬂeﬁm;%éarragqrrpftspgkmg ata

temperatlérfa r? GY QP Bé conponents are enployed in a
senm conduct or devi ce, an el ectronl C deV| ce, a

m.crpe Ctr mechani cal st em or
17. The %:g USﬁ}od!& Iq?gfiﬁa fgp at least first, second
and third g3rhpIeR éaae Wﬁ@%@na ﬁTﬁ%@ﬁ%fmebﬂ?ﬂ*ﬁt fﬁ)%@ 1478 volts.

steps of: providing at least first, second and third

18. The agh%r}ems’lﬁ ngeas OrFrueLgtgf L e f'd{gfsbto Secg eﬁ?%}@"ﬂﬁecond
and third SOTEPSEN S BpTey Pgraf of %&B%%afgﬁ %1.%

conmponent s belng conprised of a conductlve or

smcnuctlve mat eri al Ieast .
19. The pare:r]: 8(’1%% \WI ut gd to the
 interface & %%ce Pﬂvfmva st % rﬁ tth% fy Fogen-res
amorpho i 14 o R Ve o AU NG RGeSt Aspicghauctive

componentﬁtcgrgfagéé:gmﬁgn ®n adJ acent at least first, second
and thlrd conponents applying a hydrogen free

mto 0 e of, the co ent urfaces
20. The yﬁl A-foe ngous rgg are applled by physical
vapor dep@g Bn@ﬂ% theaﬁal QS % h8|.1t agfl@lmecgaﬁalj $\Ake applied by spin-on,

immersion o AREHI ; applying a so[ gel with or without alkaline
ions filmto one of the

21. The method of claim 16, wherein the hydrogen-free amorphous films are applied by physical
vapor deposition achieved by laser ablation, evaporation, ion beam deposition or sputtering.

22. The method of claim 16, wherein the hydrogen-free amorphous films are comprised of silicon,
silicon oxide or silicon nitride.

23. The method of claim 16, wherein the sol gel with or without alkaline ions films are formed from

" a solution comprised of:

* methyitrimethoxysilane (MTMS);

methyliriethoxysilane (MTEOS);

_ tetraethylorthosilicate (TEOSY);
- phenyltrimethoxysilane (PhTMS);
methacryloxypropylitrimethoxysilane (MEMO);

(3-glycidoxypropyl)trimethoxys- ilane (GLYMOQ);
3-methoxypropyltrimethoxysilane (MeOPrTMS) or mixtures thereof;
an acid such as acetic acid, hydrochioric acid or sulphuric acid;
water; and

alkali salts such as sodium, potassium or lithium.



conponent surfaces at each interface conprising an
adj acent: conductive or sem conductive conponent; and
conductive or sentconductlﬁf conponent; heating the at
| east first, second and rd conponents; bringing
the at least first, second and third conmponents into
contact in the deternined order of stacking; and
in e to the at |east first, second and
24. The E ﬁof 36%% el ’et"ofhg|SHh9?'é[Ht§'o‘EfsW'§f‘°Hbﬂ'&alt’ﬁé°%ﬁ filmg ggeh have a
thickness;qf frof ahodt WhtPH™hi rd conponents. 40 32. The net hod
of claim31, wherein the heating the at |east first,
second_and t |rd co one ts i performed withipn a
25. The ‘?'Jﬁ’f € 5?#6 r Whereln Qg%t"ﬁ eord’f”thPPbﬁ'\k%'tS‘&d?“szﬁﬁ'st‘%?Ch have a
th:ckness TROMBd of claim 31, wherein the heating
the at Ieast flrst second and third conponents is
26. The 1 ggnﬂe Wi t hi cuun1chanber at ate erature of

i W mp palgapedand nder their
R L ki e
the sol gehw f’ﬁW@‘%\‘ta 'l*ﬂﬂ'?%ﬁtfé'o'ﬁsly bondi ng conponents,
corrprl sing the following steps. At |east first,

co nd third conponents are provide
27. The methoé1 amm 16, wherein the at least one of the first, seconc’fli and third components

being comprised of a glass substrate also includes aikaline ions.

28. The method of claim 16, wherein the components are cleaned and treated to render their
upper and lower surfaces hydrophilic before bonding the at least first, second and third
components.

29. The method of claim 16, wherein the at least first, second and third components are spaced
apart using spacers just before the simultaneous anodically bonding step.

30. The method of claim 16, wherein the simultaneously bonded components are employed in a
semiconductor device, an electronic device, a microelectiromechanical system or a micro-
optoelectromechanical system.

31. A method of simultaneously bonding components, comprising the steps of: providing at least
first, second and third components; at least one of the first, second and third components being
comprised of a glass substrate and at least one of the first, second and third components being
comprised of a conductive or semiconductive material; each of the at least first, second and third
compenents having an upper and lower surface; determining the order of stacking of the at least
first, second and third components to establish interfaces between adjacent at least first, second
and third compenenis; applying a hydrogen-free amorphous film to one of the component
- surfaces at each interface comprising an adjacent: glass component; and conductive or
semiconductive component; applying a sol gel with or without alkaline ions film to one of the
component surfaces at each interface comprising an adjacent: conductive or semiconductive
component; and conductive or semiconductive component; heating the at least first, second and
third components; bringing the at least first, second and third components into contact in the
determined order of stacking; and applying a voltage to the at least first, second and third
components to simultaneously bond the at least first, second and third components.



conprise: at |east one glass conponent; and at | east
one conductive or sem conductive nmaterial conponent.
The order of stacking of t @ecorrponents is determ ned
to establish interfaces betWween the adjacent

conponents A hydrogen- free anorphous filmis applied
at_each interface

32. The % o(irl1 fng J&;gn m&@@%@‘ﬁm Sug{a{gngcag bf,":@yq{secogﬁ@nd thlrd components is
Peffmm% @&YE\F “'6'r°h§ E:%tr?o*& pipdire by RBAYE 208 tg&P0°§e| |

|ne ions filmis

33. The 1'r cl@ fhgg@@g the at loapt firsl §$c§1§g @nd thlrd components is
perform ||n|asyqq r?hQE]‘J r?ttemeﬁrr%‘{f%f) \pes Hian abarh498retuct i ve
conponent and conduct ive or sem conductive conponent.
The conponents are sinultaneously anodi cally bonded
in the determ ned order of stacking. Fig.1l




ABSTRACT

METHOD OF FABRICATING MICROELECTROMECHANICAL SYSTEM

' STRUCTURES

A method of simultaneously bonding components, comprising the
following steps. At least first, second and third components are provided and
comprise: at least one glass component; and at least one conductive or
semiconductive material component. The order of stacking of the c;mponents is
determined to establish interfaces between the adjacent components. A Hydr’ogen—
free amorphous film is applied to one of the component surfaces at each interface
comprising an adjacent: glass component; and conductive or semiconductive
component. A sol gel with or without alkaline ions film is applied to one of the
component surfaces at each interface comprising an adjacent: conductive or
semiconductive component; and conductive or semiconductive component. The

components are simultaneously anodically bonded in the determined order of

stacking.

Fig. 1




