METHOD OF FABRI CATI NG M CROELECTROVECHANI CAL SYSTEM
STRUCTURES FI ELD OF THE | NVENTI ON The present
invention relates generally to sen conductor
fabrication and nore specifically to nultiple

waf er/ substrat e bondi ng. BACKGROUND COF THE | NVENTI ON
Waf er bonding is a key technology for naterials
integration in mcroel ectromechani cal systens (MEMS),
m cr o- opt oel ectromechani cal systens (MOEM),

sem conduct ors, n1croe|ectron|cs and opt oel ectronics.
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&ttt e OTT. ' 0 are
types of naterlals t ften used in these
applications. WO Ollﬁm* Bergstedt et al.

descri bes a nethod of bonding at |east a first nenber
to a second Si nenber through anodi ¢ bondi ng. WO
03/097552 Al to Wei et al. describes a nethod of

bondi ng two c@EIEDDEOF THE INMENTIONg an anor phous and

non- hydrogenated internediate 1 | ayer on one of the
conmponents and arrangi ng the conponents in spaced

The present invention relates generally to semiconductor fabrication

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-optoelectromechanical systems
(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 037097552 Al to Wei et al. describes a method of bonding two

components by depositing an amorphous and non-hydrogenated intermediate



relationship with the internedi ate | ayer therebetween.
U S. Patent No. 5,938,911 to Quenzer et al. describes
a process for producing glass coatings for anodic
bondi ng purposes. U. S. Patent No. 5,695,590 to WI cox
et al. describes an anodi ¢ bondi ng net hod between
Pyrex glass |ayers or wafers for nmaking a pressure
sensor. U S. Patent No. 5,820,648 to Akai ke et al.
descri bes an anodi ¢ bondi ng process between silicon
(Si) and glass substrates. U S. Patent No. 5, 866, 469

to Hays cribes a pro . CL :
layer HicPBY) Yo thori B e N o e U e o a pqents i spaced
conductivity substrate during anodic wafer bonding of
relationshipweith thy inddrarediate &iyepghargpbetigsens 989, 372 to Monoda
descri bes an anodi ¢ bondi ng net hod between

el ectrically conductive substrates. U S. Patent No.
5,516,388 to Miran et al. describes a sol-gel bonding

proce ree6i oY | {a00RLRIENES A W eSériied! 4 Rocess for
U S Pa 'elﬁ te{'{%ﬁog’ 978,’%10 tg%CI ar k e? al . descr ?%es a

net hod of _.repairin efects in joined ceram ¢ bodies
produging 885 APRipae B ARG IRPATIEPEDPSRY «

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.

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

process between silicon (Si) and glass substrates.

US. 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.

US. 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.



bodi es by using a paste prepared by sol -gel nethod.
SUVMARY OF THE | NVENTI ON Accordingly, it is an object
of one or nore enbodi nents of the present invention
to provide a nmethod of anodically bonding nultiple
waf ers and/or substrates sinultaneously at
tenperatures | ess than about 300C. Ot her objects wll
appear hereinafter. It has now been di scovered that

t he above and ot her objects of one or nore

enbodi nents of the present invention may be
acconplished in the following mnanner. Specifically,
at least first, second and third conmponents are

provi ded Widht Ro. ! £9% 410N €0 oflakbeetl bl SdescibéPad nadthod of
third conponents being conprised of a glass substrate

e B RS S P RERRY, A0, L e corami

sem conductive material. Each of the at |east first,

bodies by usigarphsthprapaceshpy selngd methrdg an upper and | ower
surface. The order of stacking of the at |east first,
second and third conponents is determ ned to establish
3 interfaces between adjacent at |east first, second

and third congpmgMARYADF THE BNVENTRENanor phous film
is applied to one of the conponent surfaces at each

Accordingly, it is an object of one or more embodiments of the present
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



interface conprising an adjacent: glass conponent; and

conductive or sem conductive conponent. A sol gel

with or without alkaline ions filmis applied to one

of the conponent surfaces at each interface conprising

an adj acent: conductive or sem conductive conmponent;

and conductive or sem conductive conponent. The | east

first, second and third conponents are sinultaneously

anodi cally bonding in the determ ned order of

st acki ng. BRI EF DESCRI PTI ON OF THE DRAWNGS The

resent invention wll be.nore cl u rst ood fromA

mterch% bﬁ’tWIeF’éwP‘ili@C%s@i' ileast ofirstaRerPn tﬁ‘ﬁgt FORPRRENS:

the acconpanying drawi ngs in which I|ke reference
hydrogenrérealasnatphbys e is applied toone of tesqonponant shefreastag each

regions and portions and in which: Figs. 1 to 8

mterfa%@hec%ﬁ{ﬁr%éy anl | Atfhdedt:e @afd I 8dmpoeée I afld erddadubBnd or
of the ‘present inv ntlon Figs. 9 to 16 schematlcally

ey rPRE X S PIALEHR 3 FERGH bk s sppte
illustrate a third Preferred enbodi nent of

to one of the component surfaces at each interface 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 elements, 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 illusirate a second preferred embodiment

of the present invention.



the present invention. Figs, 27 to 29 schematically
illustrate a summari zation of the invention. DETAILED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENT i nf or mati on
Known to the Inventors - Not to be Considered as Prior
Ar The following information is known to the inventors
and is riot to be considered as prior art for the

pur poses of this invention. Three comrercially
avai |l abl e technol ogi es which will be discussed in turn
are: a) silicon fusion bonding; b) internediate |ayer
bondi ng, including eutectic, glass frit, solder and
adhesi ve bondi ng; and c) anodic bonding. 5 Silicon

Fusi op. Bongdi ng | n i Li canaf usion, hondberrbl @hmbodiment of

t enpef$u egﬂgﬁﬁgfﬁﬁhﬁégggéﬁﬁ?%%ioC gnde?ioo C are

required to achieve sufficient bond strength. Bondi ng
the preséntiihvention.

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,.



conmpound sem conductors has been achi eved at
tenperatures around 500 oC. Wafer bonding at | ower
tenperatures has al so been reported, the bonding
quality, such as bond strength and bubbles in the
interface, is however not satisfactory for actual
applications. Internediate Layer Bonding In
i nternedi ate | 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 C
.. Sereenprinted frit bondi ng techni ques have been used
Sdunqum%gﬁ%y%@g sili con-based devi ces. However, the
bondi ng tenperature is above 400 OC. In addition,
glass frits normally contain | ead, which is not
desirable for environnentally friendly applications.
6 AnotThedilicow fueivn boriding, High tbopdratgraulaspirgt batween 700 °C
utilizes soldering and adhesive. Soldering and

and 1%66%%(3\/6 %ieiﬂlle'agt& g&ll@@@#ﬁﬁl&l&ﬁ: B&{wls%ngeﬂ%rﬁhﬂg &f NIV

oyed or sever al appl cations

comppRG FEEHFS t&i%ﬁ R R Aol g arppnd 500 oC.

reliability, bonding
Wafer bonding at lower temperatures has also been reported, 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-5i eutectic temperature

of 363 °C.

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

environmentally friendly applications.



qual ity and ot her problens. Anodi ¢ Bondi ng Anodic
bondi ng provides a hernetic and nechanically solid
connection between glass and netal substrates or

bet ween gl ass and sem conductor substrates.
Conventionally, the substrates are heated to a
tenperature of 400-450 OC wth applied vol tages of
400 volts to 1200 volts. Electrostatic forces and the
mgration of ions lead to an irreversible chem cal
bond at the boundary |ayer between the individua
subst r ahether Eafreana@iteodfon dondief sulistiatsnutilizbe ssldering and
substrates, borosilicate glass internediate |ayers

adhesh] Sgﬁitel&’igx%gqqd-rmegiv%%ng%éa{?ﬁ%ﬁ%@tﬂ%cﬁn@E&n}ﬁer_ature and

conven y produce several coating techni ques
uch as sputtering, yapor., deposi.tion, or, coatjing wth
have i’ﬁﬁ‘ﬂ cf‘ﬁ‘f‘i’]&b’%é cfgr |58|ga@¥ f‘f@{ﬂﬁlﬁ?‘?@ws .ﬁ%EY?reﬂ‘?Pﬁ geﬁhngl&&ﬁs are
deposition always involves the formation of thick .
limitedoby i owggassig, dievt lposiioping noeuraghi longriarm tedlabilityip bapding
fromtinme to tine, leading to frequent servicing and
quaﬁtgrla%grgtﬁgr @hsons. 7 Problens Known to the Inventors

> Not to be Considered Prior Art The follow ng are
probl ens known to the inventors and are not to be

Anodic Bonding

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 cleaning operations.



considered as prior art for the purposes of the
present invention. For current bonding techniques, the
waf ers/ substrates are bonded at high tenperatures
which | ead to residual stresses due to the differences
in the thermal expansion coefficients of the
substrates, danmage of the netal electrodes on the
substrates, as well as limted materials in the
bondi ng stack. However, high tenperature normally
yi el ds hi gh bonding strength. For |ow tenperature
bondi ng, the work reported so far is limted to only
bondi ng two el enments, either glass to conductor anodic
bondi ng or conductor to conductpr bopndi ng. Wen
Problems|Kridvey &y thednienig 4 Pe & SEELYHRE A process i s
of ten done sequentlally Present Inventlon The t hrust
of one or nore enbodi nents of the present invention is
to provide a process of anodically bonding multiple

waf er ?@&io%h%%@ tﬂr@ﬁl?ﬁls&rﬁjv%‘ kd BRepVENHraind Q% not to be

t enperat ures erably from about 400 to 200C
and nore prgfggabl | ess an ab ané% 0C, and
consideres Asi PTG bEPT bR AP HRYPSER 8f Hn 8|V|dua

process step is sinple and easy to apply with the
current processing

For current bonding techniques, the wafers/substrates are bonded at
high 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 sequentially.

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 substrates



principles. The invented process can be carried out at
| ow cost. Bonding Processing Steps Applicable to Each
Enbodi nent The bondi ng processi ng steps of the
i nvention are described bel ow which may be related to
t he enbodi nents descri bed 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/
substrates are pre-treated in the chem cal 260°Gypnd
: cl | NG/15% HeBR YA fuFess @ leUbtfamblys fiein aboati K to 260°0pn
mn“ﬂuﬁ§§@%gg%}perSX|de%%gged soﬁﬁtions or an organic

solution at, a t e referabl ehWRRA uty. Fhch
more prefety 155 tBEPBPOETY Fr S BSOS Bosore g pakty 2

chemi cal cl eani ng/ hydrophilic solutio are then .
individithliphamss etepl isysimgleland fask do\aRpkY ,W‘Fﬁfﬂ“&&#&ﬁ‘e PIEeeRine

anor phous and non- hydrogenated thin filmis applied on

principld3e TR vafifd0frodess @ar betcarriat ouf atdgwwaber / subst r at e.
The exi stence of hydrogen in the filmis undesirable

as it has a high affinity with oxygen. The cheni cal
bond between oxygen and hydrogen will reduce

Bonding Processing Steps Applicable to Each Embodiment

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/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 bonding quality between the conductors and/or
gl ass waf ers/substrates. The anorphous filmis
preferably deposited by physical vapor deposition as
will be used hereafter for purposes of illustration.
Appl i cabl e anorphous filnms preferably include
silicon, silicon oxide or silicon nitride. The
physi cal vapor deposition is achieved preferably by
| aser abl ation, evaporation, ion beam deposition or
sputtering. Prior to deposition, the wafer surface is
ul t r asomianaddphous eande don-Hyslreginaged thivafilmgist aprlies on the
or without alkaline ions is preferably achieved by
surfacéBFQ'cSﬂduétHFEf Ia9§wafergBlilyiatg. The solution for the
sol gel coating/filmincludes al kanol, organoso
(met hyl tri nmet hoxysil ane (MIMS), nethyltrimethoxysilane
(MIMS), nethyltriethoxysilane (MIEQCS),
Lﬁtegf,l Fj%hgyé;gg:ttﬁmh OQS,Igﬁl i\%&t@%@gﬁ%%e :filI]hoiS undesirable as it has a high
nmet hacryl oxypropyl tri net hoxysi | ane ( MEMO) ,
affinitgfiviﬁh yRy £ox The ehyinjdal bord betyein arygen@GMMF)drogen will reduce
- met hoxypropyl tri met hoxysi l ane (MeOPr TM5) and/ or
| ' i Lz gfefh/ substrates.
theboh@?k%?ﬁ?%??%ﬁi%?H@%fgngﬁﬁgﬁﬁgﬁ%ﬂgggd), maté} and
al kali salts (such as sodium potassiumor lithiun).

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



The wei ght percentage for the solution for the sol gel
coating/filmare: al kanol: preferably fromabout 20 to
80 wt.% and nore preferably fromabout 30 to 50 wt. %
organosol : preferably fromabout 20 to 80 wt. % and
nore preferably fromabout 30 to 50 wt. % acid:
preferably from about 0.00001 to 0.1 wt.% and nore
preferably from about 0.0001 to 0.01 w. % water:
preferably fromabout 10 to 80 wt. % and nore
preferably from about 20 to 50 wt.% and al kali

phenyl%‘?%%feﬁroa Fl?/cir%; gf}lméy o aheylloyprop§litinethandilame EMEMO),

prefer I oin ab;')]tj_tl 0to 2 W. % The thickness of
L el. c in [ :
(S-glyctsfl@?amr?ﬂfg}ﬁlmeg@%ﬁ%?e (GLIRRl 2ERR pr e i tocysilane
ol ge i1 ms used include nethyltrinethoxysilane .
(MeOP¢EMEBpndyfet their mirturashagid (468 ap mfé@s’f)ﬂ‘iﬁyﬁ/’fﬂ‘é‘?b&‘s feigljor
solution with or without alkaline ions. The thickness
sulphu®ic ac#§, Whiefand aliggissalis ¢gsuch as sodium, potassium or lithium).

The weight percentage for the solution for the sol gel coating/film
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



nanoneters to mcroneters, that is preferably from
about 10nmto 10m and nore preferably from about 10
to 100 nm The coated wafers/ substrates with sol ge
coating/filmare then dried or tenpered at
tenperatures ranging fromroomtenperature to
tenperatures below or equal to the bondi ng
tenperature, i.e. preferably from about 25 to 400C
Prior to bonding, the wafer surface is pre-treated in
organic or inorganic solutions to achieve hydrophilic

.surface property, That.is e ers/sybstrates a
solutiy i o5 AR FHaRRGEa e AT BKRT R hyih SR PRBes from

sol utions, such as sul phuric- or
nanonistelrsdg enicpemeter s dhdtds preferRbly SoruebenisiOom thlYpgandmore
solution at a tenperature preferably between about 50

preferhBly3Rm@buPI®{EIonn. from about 5 to 10 minutes. The
chgnical cl eani ng/ hydrophilic solutions are then

flushed enpl oyi ng dei oni zed water, for exanple. The
multiple wafers are then stacked horizontally on top

of each other with the to-be _bonded surfaces facing, .
each dikepatdwalersisubstrgigiaith ) &g E‘?ﬂné'kg?.%?lprf‘r% dried
to avoid wafer contact during vacuum ng, the wafers

or temdp&ed 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



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 | ess than about 300C in a
vacuum chanber. When the desired tenperature is
reached, the spacers are pulled out radially so that
t he whol e surfaces of the wafers conme into contact.
Anodi ¢ bondi ng process anong the multiple wafers is
accuridyerincarddretb aubidatwafer apptacedluring tvageumingr dleemalidry are
from 100 to 1000 volts. The bond achieved in this

separegtlﬂggrf% ts%actgir:]% PIaREd Bl 'R E vt ng@g Hal §aceRCkAR & Bhickness of

good nechani cal and chem cal durability.
Th el igbl e _bonding at the |low tenperatures of this
mee’iahlel’e{ﬁ? 0&’\9365%% H’gbr adation or damage of
pre-fabricated devices and integrated circuitry. It

also mnimzes or elimnates bondi ng-induced residua
stress after cooling and can also reduce the process

cost. KftéSitaBORE HndEaMigrmdntgthel wiafer8 at@ hEatgd . to teinpefatures

illustrate a first preferred enbodi nent of the present
preferably between 200°C and 400°C and more preferably less than about 300°Cin a
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. Anodic

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. 1 to 8

13



invention. Conditioning of First Wafer 10 - Fig. | As
shown in Fig. 1, a first wafer 10, which nay be a
sem conductive wafer or a conductive wafer, is
conditioned in a chem cal cleaning solution bath
conpri sed of preferably sul phuric- or

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

Elg Pe i)%e 1;&}&?@]@%&%&?% iﬁ?g ?}réée@%hggrggégi%&%?cg?f \Pgé Present

such as a sem conductor wafer or a conductor wafer,
inventon.. pol i shed on both its upper 18 and | ower 20 surfaces
so as to have mrror finishes. Second wafer 16 is
then cleaned with a cleaning solvent that is
preferably a sul phuric- or hydrogen-peroxi de-based RCA

‘Rmdﬁﬁﬁﬁéﬁy?ﬁgfﬂé?g?@g?kéqn of Anorphous Film 22 on Second

shown in Fig. 3, a hydrogen-free
anor phous film 22 is formed on

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



one polished surface 18 of second wafer 16 by physica
vapor deposition (PVD) to a thickness of preferably
fromabout 10 nmto 2 gmand nore preferably from
about 10 to 20 nm During the PVD of anorphous film
22, neither hydrogen nor any hydrogen-containi ng gas
is introduced. The physical vapor deposition (PVD) of
anor phous film 22 is achieved preferably by | aser
abl ati on, evaporation, ion beam deposition or
sputtering. Anmorphous film22 is preferably conprised
Formatibn 8ff Amephoussiilr 2D on Gxdotd Vaefersld + Egn3ni t ri de.
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 cl eansing sol vent

such as, preferably syl phuric- or hydrogen. .
per oxi 518%1%6“ %@\%s 8&)?4}85?}'%% aﬂ‘%‘é’ﬁ‘og% E"hpi F3isSqrmed on
then formed on the opposite side 20 of second  wafer

one pdlshed surfabe tkabsecond vafer & by Iphysicahyamssdepesitiop (FYD)do a
m and nore preferably fromabout 10 to 100 nm

thickness of preferably from about 10 nm to 2 um and more preferably from about

10 to 20 nm. During the PVD of amorphous 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.

15



Sol gel film24 is applied preferably by spin-on,

i mrersion or spraying. The solution for the sol gel
coating/film 24 includes al kanol, organosol

(et hyl tri met hoxysil ane (MIMS), nethyltrimethoxysil ane
(MIMS), nethyltriethoxysilane (MIECS),
tetraethylorthosilicate (TEQS),

phenyl tri net hoxysi | ane (PhTMS),

met hacryl oxypropyl tri met hoxysi | ane (MEMO) ,

(3-gl yci doxypropyl )trinmet hoxysilane (GLYMO),

3. Tt Roxfpr A0 ) TELROKYSLA A0Sy GYEFRINELIANSS OF second

hydrochloric acid or sul E_huri c acid), water and
wafer dbktl i tatknesy of grefesablyditom apewbddi wm Bt 10 Wk gy more
The wei ght percentage for the solution for the sol gel

preferfHong AbottN0 131160 nad.kanol : preferably from about 20
to 80 wt.% and nore preferably fromabout 30 to 50

Wt . % organosol: preferably from about 20 to 80
w.(?)%and nore preferably fromabout 30 to 50 w.

% 16 _acid; preferabl Jom about. 0.,00001 to 0.1 W. 9
a?1d moeke gﬁl’ efﬁg} 28 {5 a)épileg pre erably by~ spin-om, Unfnefliod® or

spraying.

The solution for the sol gel coating/film 24 includes alkanol,
organosol (methyltrimethoxysilane (MTMS), methyltrimethoxysilane (MTMS),
methyltriethoxysilane (MTEOS), tetraethylorthosilicate (TEOS),
phenyltrimethoxysilane (PhTMS), methacryloxypropyltrimethoxysilane (MEMO),
(3-glycidoxypropyl)trimethoxysilane (GLYMO), 3-methoxypropylirimethoxysilane
(MeOPrTMS) and/ or their mixtures), acid (such as acetic acid, hydrochloric acid or

sulphuric acid), water and alkali salts (such as sodium, potasstum or lithium).

The weight percentage for the solution for the sol gel coating/film

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.%;
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fromabout 0.0001 to 0.01 wt. % water: preferably
fromabout 10 to 80 w.% and nore preferably from
about 20 to 50 wt. % and alkali salts: preferably
fromabout 0 to 5 w.%and nore preferably from about
Oto 2 w. % The sol gel coating/film24 on second
wafer 16 is 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. The anorphous film 22 and sol

gel coatinglfi 4 0 I A gﬁl&%npreferabl
condi?cil‘g‘n%%f rgilj%]gé%mc%eoﬁnﬁcéi g?@é\gilné@s/ola{ljti on bath
conprised of preferably sul phuric- or

from abyatr (YR 9 8,03 é: based RCA sol utions at a tenperature
of preferably fromabout 50 to 80C for preferably frgm
about watdropRferablyufrers. abbit 30 te 80 3% tand mpprepreiergbly from
| ower surfaces of second wafer 16 to becone

@R &L Gng Condi tioning of Third (4 ass) Wafer 26-
ab"“t}»luy%. 5 {Aé’s own in Fig. 5 third wafer 26, that is

preferably glass_ or,gl ass ' L BE A j
condi ?ﬁﬁh é&p‘ﬁsP TeffT blg'h%ﬂ%nc %%%Ir% géﬁ !Sﬁ%fltg 0 u(t@ irhéﬁrébg]treﬁerf 1731y

from about 0 to 2 wt.%.

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 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 16 to become hydrophilic.
Conditioning 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
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conpri sed of preferably sul phuric- or

hydr ogen- per oxi de- based RCA solutions at a

tenperature of preferably from about 50 to 80C for
preferably fromabout 2 to 20 mnutes. Stacking of
First, Second and Third Wafers 10, 16, 26 Wth Spacers
28, 30 - Fig. 6 As shown in Fig. 6, second wafer 16 is
positioned on top of, and spaced apart from first
waf er 10 using spacers 28 with the sol gel film24
coat ed surface 20 facing first wafer 10. Third wafer

comprfed § Brnﬁgplﬁ)tﬂlé-(lﬁ }@fdrogﬁdgéﬁﬁ@cﬁﬂbmdrRCArs@lﬁﬁons ata

secon usi ng spacers 30 with the PVD

o BRI (D PR BV 2

t he edges of first, second and third wafers 10, 16,
minutp§  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
Rm 18 After stacking and alignnment, the wafers are

Stacki%%‘ﬁ%t LR oA MNEBER1S] €, 2BIYith Shiens280 Crand
and nore preferably l'ess than about 300Cin a

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



vacuum chanber. Bringing First, Second and Third
Wafers 10, 16, 26 into Point Contact - Fig. 7 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 NNnR. The spacers 28, 30 are then
renoved (see Fig. 8). Sinultaneous Anodi ¢ Bondi ng of
First, Second and Third Wafers 10, 16, 26 - Fig. 8 As
shown in Fig. 8 wth the spacers 28, 30 renoved, the
first, Aftecsacking rhdt dligronevetf dreswhfers bbe h2@edrte temperatures
si mul taneously anodi cally bonded at a tenperature of
t ¥ in a
A N S A RS
about %OO to 1000 volts. Second Enbodi nent - Figs. 9
vacu d{@n ¥ Figs. 9 to 16 illustrate a second preferred
enbodi nent of the present invention. Conditioning of
First Wafer 116 - Fig. 9 As shown in Fig. 9, a first
waf er 116, such as a sem conductor wafer or
Bringing First, Second and Third Wafers 10, 16, 26 into Point Contact - Fig. 7

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?.

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. 9 to 16
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a conductor wafer, is polished on both its upper 118
and | ower 120 surfaces so as to have mrror finishes.
First wafer 116 is then cleaned with a cl eaning
solvent that is preferably sul phuric- or

hydr ogen- per oxi de- based RCA sol utions. Formation of
Anmor phous Film 122" on First Wafer 116 - Fig. 10 As
shown in Fig. 10, a hydrogen-free anorphous film 122
is formed on one polished surface 118 of first wafer
116 by physical vapor deposition (PVD) in plasma to a

t hi ckpess,of _preferagbly fr :
or o Figeet & ABfu AR bR PR ed Gon BT Bne oA present
PVD of anorphous film 122', neither hydrogen nor any
inventopdr ogen- cont ai ni ng gas i s introduced. 20 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" B Yrgogprised of silicon, silicon oxide
Cbnﬁhé%%gﬂflg%ﬁg%?{??%ef%ﬁgfst waf er 116 with anor phous
film2122' is then conditioned in a

As shown 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 surfaces so as to

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 Filim 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 pum 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.
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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

to 80C for preferably fromabout 2 to 20 m nutes.

Condi tioning of Second (d ass) Wafer 110 - Fig. 11 As

shown in Fig. 11, a second wafer 110 is polished on

both its upper 112 and |ower 114 surfaces so as to

have mrror finishes. Second wafer 110 is preferably

gl ass or glass wth alkaline ions Second wafer 110 is

then cligapdgsihl Rapo€|depositions @PVBNtoft habrpkous film 122" is

preferably a sul phuric- or hydrogen-peroxi de-based RCA

. sol utian 1. Fo [ Fi: . it

achie i SR, o TEE Mt "CRATIANN TIon Heesy position or

hydr ogen-free anorphous film 122" is forned on one
sputtgsilg. shed surface 112 of second wafer 110 by physi cal

vapor deposition (PVD) in plasma to a thickness of

preferably fromabout 10 nmto 2~Lm and nore

preferably fromabout 10 to 100 iMm. During the PVD of

anor phopsrhhddy 4142122 B Préfeesblpyonggrad ndisilisay, silicon oxide

hydr ogen-contai ning gas is introduced. The physica
Orgﬁggpg&ﬁggposition (PVD) of anorphous film 122" is

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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achi eved preferably by | aser ablation, evaporation,

i on beam deposition or sputtering. Anorphous film
122" is preferably conprised of silicon, silicon oxide
or silicon nitride. Second wafer 110 with anorphous
film2122" 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 fromabout 50 to 80" C for
preferably fromabout 2 to 20 mnutes. Conditioning of

G : h
Pormatfg ofgn{oﬁ?l}%agﬁ%\gllﬁr %‘0%011 |rt1|’l@n2§lgﬁir\? 2 2mrr: 2a|F| g.

cl eani ng sol ution bath conprlsed of preferably
sul phuric- or hydrogen-peroxi de- based RCA sol utions
at a tenperature of preferably fromabout 50 to 80C

for peehewabinyFifs Mnadbalrogenfore20naoiphetie £ilmTHA2E is formed
causes the upper and |l ower surfaces 132, 134 of third

on onég%gﬁ e;tg?uffgc%) §EOTE é@g(ﬁ{cp Rbd skt qw‘ﬂi}' Fﬁ%%ﬂe{ra};&odé}&mmon

ass or ass wth al e ions
Sta Ki ng of eco

(PVD) imp fxgesi Prg ggbelﬁ TIRII?\ ou Bers 1656 r;i]a%’d more
preferably from about 10 to 100 nm. During the PVD of amorphous film 1227,

neither hydrogen 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 122” is then conditioned n 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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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 anorphous 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
hydr ogen-free anorphous 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, 23 130 are properly aligned. Spacers
146, 148 have a thickness of preferably from.,about, 20.
Lo 50 A shawmin Eigckh Ag WAt oI ciS ConEHIPRE B € chfigical
heated to tenperatures preferably between 200C and _

cleanifO88lutiog Bh eopipeisedadl prefeablyt idphatiouor BYG®gen-peroxide-
vacuum chanber. Bringing First, Second and Third

based \sfﬁfﬁ rs%l%ﬂtg}sg&ll% éteﬂrﬁﬁzrétﬂ}@ P PrBler&BIPI RS abduitd50 5 863C for

own | e first,” second and third wafers
116, 110, 13Q are. br.ought .. nto contact | '
preferslgfutit thovi on 20 PHRLAS. TRBruRrobe P dediEjdwer surfaces
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,
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preferably from about 0.001 to 100 N n2. The spacers
146, 148 are then renoved (see Fig. 16). Sinultaneous
Anodi ¢ Bonding 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
waf ers 116, 110, 130 are sinultaneously anodically
bonded at a tenperature of preferably from about 200
to 400C and nore preferably | ess than about 300C at
vol tages of preferably from about 100 to 1000 volts.

130 aré$propirty afiginall Spatdrs 14471198 ha¥é atthicRAedsiof preferabilp frdfn about
- illustrate a third preferred enbodi mrent of the present
vention. Conditioning of First Wafer 210 - Fig. 17
20“)%£]§homn in Fig. 17, a first wafer 210, such as a
sem conductor wafer or a conductor wafer, is
conditioned in a chem cal cleaning solution bath
conprised of preferably sul phuric- or
hydr ogfterpstadiing endadphniRGA, dol wafasaraheated to temperatures
tenperature of preferably from about 50 to 80C for

prefeltﬁ’%@fﬁé'tﬁmeﬂ( ZMOMWC%ntd%g& ﬁM&HB?SIESSTﬂibﬁ aﬁéﬂﬁﬁﬁ)"c in a

upper and | ower surfaces first wafer

vacuu%r:{' 911amber.
Bringing First, Second and Third Wafers 116, 110, 130 into Point 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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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 Second wafer 216 is
then cleaned with a cleaning solvent that is
preferably sul phuric- or hydrogen-peroxi de-based RCA
sol utions. Formation of Anorphous Film 222" on Second
Wafer 216 - Fig. 19 As shown in Fig. 19, a
hydr ogen-free anorphous film 222" is forned on one
pol i shed surface 218 of second wafer 216 by physica
ThirdV@erBdggoﬁsvf’i' N7 iP¥D) in plasma to a thickness of
—y—frggrabﬁ—r 10nmto 104m and nore
preferably fromabout 10 to 100 nm During the PVD of
anor phous film 222', neither hydrogen nor any
hydr ogen-contai ni ng gas is_introduced. The y ﬁl
vapor kigpoi to Zniltusype arthisdapiskated emberimen e present
achi eved preferably by | aser abl ation, evaporation,
inventi6A, beam deposition or sputtering.

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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Anor phous film 222" is preferably conprised of
silicon, silicon oxide or silicon nitride. Formation
of Sol Gel Film 224 on Second Wafer 216 - Fig. 20 26
As shown in Fig. 20, the opposite surface 220 of
second wafer 216 is cleaned using a cleansing sol vent
such as, preferably sul phuric- or hydrogen-
per oxi de- based RCA solutions. A sol gel film?224 is
then fornmed on the opposite side 220 of second wafer
216 to a thickness of preferably fromabout 10nmto
10m I I a 1 0. SRk is
gol £ e PpFaieP Bk AR o' debiing Norieh
I mrer si.on_or spraying. The, sol uti faor .the sol ge
preferebla(twlfrﬂq-mr%ﬂr %?emﬁré’?d&?l?ééﬁ% F@A Bﬁagﬂ%m
(met hyl tri nmet hoxysil ane (MIMS), netnyltrimethoxysilane
(MIMS), nethyltriethoxysilane (MIEQCS),
tetraethylorthosilicate (TEQS)

Formalh# Athér??%}s@l’h}' 324" 3N Sebdnlad TG~ 216 - Pif%/'Elg
nmet hacr yl oxypropyl t ri net hoxysi | ane ( MEMO) ,

(3-gl yci doxypropyl )trinet hoxysl | ane (GYMD),
3- met hoxypropyl tri net hoxysi | ane

As shown in Fig. 19, a hydrogen-free amorphous film 222" is 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 222/,

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

sputtering.

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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(MeOPrTVMs) and/or their m xtures), acid (such as
acetic acid, hydrochloric acid or sul phuric acid),

wat er and al kali salts (sodium potassiumor lithium.
The wei ght percentage for the solution for the sol gel
coating/filmare: 27 al kanol: preferably from about 20
to 80 w.% and nore preferably from about 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 wt.% and nore

pref gsg‘%‘:o%‘mf i B3 g@,%felcg)ﬂ?ﬁﬁé stiffabe 930 vf secind wasfer 216 is

pr ef rom“about to 80 wt.% and nore

preferably from about 20 to 5 9 . alkahid i
cleanedSeging. 4 SORERGOI FHoH< gty PHIpALY SHIFRSIcE i Shydrogen

preferably fromabout 0O to 2 wt. % The sot gel
peroxid6®akédBCA dalu@@%. on second wafer 216 is then dried or

tenpered at tenperatures ranging fromroomtenperature
to tenperatures bel ow

A sol gel film 224 is then formed on the opposite side 220 of second
wafer 216 to a thickness 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 (MTEOS), tetraethylorthosilicate (TEOS),
phenyltrimethoxysilane (PhTMS), methacryloxypropyltrimethoxysilane (MEMO),
(3—g1ycidoxypropyl)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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or equal to the bonding tenperature, i.e. preferably
fromabout 25 to 400C. The anorphous film 222" and so
gel coating/ film224 on second wafer 216 are then
condi ti oned using a chem cal cleaning solution bath
conprised of preferably sul phuric- or
hydr ogen- per oxi de- based RCA solutions at a tenperature
of preferably from about 50 to 80C for preferably from
about 2 to 20 m nutes. This causes the upper and
| ower surfaces of second wafer 216 to becone
hydrophi lic. 28 ngdi tioni f j 0 " &%rabl
226 I %rf%%&i&g@’h%%‘ gﬁd"&g%@ t%?,w gq'té%lgsﬁlgféé\?ﬁZZG Y
is polished on both its upper 228 and | ower 230

from abeut BAteS0 wt.%as to have mirror finishes. Third wafer

226 is preferably glass or glass with al kaline ions.
Thi 1 ¢y el 3R6fcrsbly Heom clbeah @l taidiwh%canehmarg preferably
solvent that is preferably sul phuric- or

h epns hernoxi de- based RCA sol utions. Formati on of
fromabx?égf’gﬁ%ﬁ%a’%@m 222" on Third Wafer 226 - Fig. 22 As

ot deibprefiigdgoireed 000 EEQTTBERRHE miorg Rigsbly
226 by physical vapor deposition (PVD) in plasma to a

from abduit 0l008t 0 001 ptdher ably from about 10nmto 10m and
nmor e

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 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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preferably fromabout 10 to 100 nm During the PVD of

anor phous film 222", neither hydrogen nor any

hydr ogen-contai ning gas is introduced. The physica

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 preferably conprised of silicon, silicon oxide

or silicon nitride. Third wafer 226 wi th anorphous

film222" is then conditioned in a chem cal cleaning
Conditsodinid ofaMirdaqGlnse)aVpfet 2260- Big. Pt ef er abl y sul phuric- or

hydrogen- peroxi de-based RCA solutions at a

tenperature of preferably fromabout 50 to 80C for

preferably fromabout 2 to 20 m nutes. Conditioning of

23, o AR JB G 50 PEdCBA 228 ORI eh el dp upper

cl eani ng solution bath conprised of preferabl )
228 asdi|Iptver 1230 surfings roogen-tpehane gurropfinighescAayl wafgnL26 is
at a tenperature of preferably fromabout 50 to 80C

preferhBy glis@hr @k with Akaliad@is. 2 to 20 m nutes. This
causes the upper and | ower surfaces

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

preferably sulphuric- or hydrogen-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 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 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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252, 254 of third wafer 250 to becone hydrophilic.
Fourth wafer 250 is preferably glass or glass with
al kaline ions. Stacking 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
waf er 216 is positioned on top of, and spaced apart
from first wafer 210 using spacers 260 with the so
gel film 224 coated surface 220 facing first wafer
210. Third wafer 226 is positioned on_ t, of .. :
sp %Cﬂ%?f AR Giiaroony is pmﬁmablwmrépﬂmohﬁﬁgﬂ" §%‘§§ﬂ ?’é‘ldzeaz
Wi Ke PVD hydr ogen-free anorphous film 222' coated
surface 218 facing | ower surface 230 of third wafer

or silicon rr@le. Fourt h wafer 250 is positioned on top of, and
spaced apart from third wafer 226 using spacers 264
with the PVD hydrogen-free anorphous film 222" coated

surface 228 of third wafer 226 {36 n Ul it in a
25QﬂﬁﬁpQ&mﬁSZRBﬁﬂbzaBPﬂiﬁﬂmdé@“6?%05%ﬂ%@ the edges of

first, second, third and fourth wafe 210, 3,
; 1@30- fes%g%&i ¥SihYcorapeised b préfersbly SulRNECA R ]Yhi“r’éé‘6
chemical Glegipe , 216, 226, 250 are properly aligned,

\ £ 50 to 80°C
peroxide—‘:?fs%Elel{(%Azsglotitio%g St a%%p@ﬁx\f@r@oftﬂ}bféﬂidysﬁmﬁ abou

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

i y - ide-
Jeaning solution bath comprised of preferably sulphuric- or hydrogen-peroxide
C

0°C for
based RCA solutions at a temperature of preferably from about 50 to 8

the upper and lower surfaces

preferably from about 2 to 20 minutes. This causes

252, 254 of third wafer 250 to become hydrophilic.

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

] 260,
Stacking of First Second, Third and Fourth Wafers 210, 216, 226, 250 With Spacers

262, 264 - Fig. 24
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preferably fromabout 20 to 50 m After stacking and
al ignnent, the wafers are heated to tenperatures
preferably between 200C and 400C and nore preferably

| ess than about 300C in a vacuum chanber. 31 Bringing
First, Second, Third and Fourth Wafers 210, 216, 226,
250 into Point Contact Fig. 25 As shown in Fig. 25,
the first, second, third and fourth wafers 210, 216,
226, 250 are brought into contact in their respective
central areas under pressure 270 of preferably from

about AQ. 4@t th ERY W sébondhwafepariéris pélion2d n Keptohrand
then renoved (see Fig. 26). Sinultaneous Anodic

spaced%%%’g{ %%gl?%igb&%eﬁ’zgﬁﬁ%g Xg;—éﬁﬁg 86 FtHRRE b MA18Y 2242 ted

own in Fig. 26, with the
spacers 260, 262, 264 renoved, the first, second,
surfacq B30 facingdirsonnter 2Wf er s 210, 216, 226, 250 are
simul taneously anodically bonded at a tenperature of
preferably from about 200 to 400C and nore preferably
| ess than about 300C at voltages of preferably from

about TAQQ {afek0%s is positioned on top of, and spaced apart from,
second wafer 216 using spacers 262 with the PVD hydrogen-free amorphous film

222" 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 222"

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

preferably from about 20 to 50 pm.

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

vacuum chamber.
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volts. Summary - Figs. 27 to 29 Figs. 27 to 29
sunmari ze the present invention. 32 Fig, 27 shows a
first silicon wafer 302 bonded to a second gl ass
substrate 304 using anorphous silicon 306 in
accordance with the nethod of the present invention.
Fig. 28 shows a first glass substrate 308 bonded to a
second gl ass substrate 310 al so using anor phous
silicon 312 in accordance with the nmethod of the
present invention. Fig. 29 shows a first silicon wafer
o e 8 | BLoinksPIgt Sohtact -
Bnngmgg St{% ?’2 ]Z%r a%%gﬂmﬁ%h(‘%@ 2\rrg{ %ggf of the present
i nvention. As one skilled in the art would recogni ze,
Fig.25 nore than four conponents may be sinultaneously
anodi cal | y bonded in accordance with the teachi ngs of
the present invention. The nethod of the present
invention may by used with/in the follow ng
appl pfsasfhbm Tiih €35 sheOfirsysecant thied kad foutth rWafalrs 21516,
exanple

226, 250 are brought into contact in their respective central areas under pressure 270

of preferably from about 0.001 to 100 N/m?2.
The spacers 260, 262, 264 are then removed (see Fig. 26).

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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m cro el ectromechanical s ing; m

opt oel ectr omechani cal sys?ZLsgbégsg$)pggﬁga?hng’ mere
m crof | uidic and Bi o- MEMS; 33 seniconducto?S'g’

m croel ectronics; 3D |C device fabrication;

Sggaﬁhsctronlc§; substrate fabrication; her metic and
. seal ing; and encapsulation. Advantages of the
resent |nvention The advantages of one or nore

engodlnents of the present invention include: 1

rg uction in the bonding tenperature, i.e. less fhan

about 300C, resulting in lower strain and | ower

resid - :
e ggl stress; 2. greater choice of materials for
Fig. 27 shows a first silicon wafer 302 bonded to a second glass

substrate 304 using amorphous silicon 306 in accordance with the method of the

present invention.

Fig. 28 shows a first glass substrate 308 bonded to a second glass

substrate 310 also using amorphous silicon 312 in accordance with the method of

the present invention.

Fig. 29 shows a first silicon water 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

may be simultaneously anodically bonded in accordance with the teachings of the

present invention.

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

microfluidic and Bio-MEMS;
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3. may simultaneously bond nultiple wafers/substrates;
4. pre-fabricated devices and integrated circuitry
formed in accordance with the present invention are
not easily degraded or damaged; 5. bondi ng-i nduced
stress problens after cooling are mnimzed; 6. the
bonding tine is shortened and the production
efficiency is increased; 34 7, the nethod of the
present invention is applicable for hernetic and
vacuum sealing at |ow tenperature (less than about
300" C); 8. the process costs are reduced; 9. good
SEBHEN CHH& ity such as high bonding strength and
bubbl e-free interfaces; and 10. cost effective
rpfcoededronis; | e parti cul ar enbodi nents of the present

i nvention have been illustrated and described, it is

?IchewaéQMicﬁﬁohj mt the invention, except as defined
y the follow ng clainms. 35 CLAI M5

optoelectronics ;
substrate fabrication;

hermetic and vacuum sealing; and

encapsulation.

Advantages of the Present Invention

The advantages of one or more embodiments of the present invention

include:

1. reduction in 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;
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W clairift: 1. A nmethod of sinultaneously bonding
conponents, conprising the steps of: providing at

| east first, second and third conponents; at |east one
of the first, of a glass substrate and at | east One
second and third conponents being conprised of a
conductive or O the first, second and third
conmponent s bei ng conprise 5 sem conductive material;
and the at |east first, second and third

si mul t aneously anodi cally bonding e of from about 200

§ o thPp 8t M il aaebroisdpihliedbls fackéragtatand vacuum
'errpgl?%{d]are toea%OOOC. 2. The (r?e?tﬁ)hod of claiml1,

. wherein the anodi c . bondi ng d-se60nducted at a
Seahn&*%?ﬁ%@rt%‘lﬁ’le@tﬂfe &eesg ?Ih%noasgété)%ooc. 3. The nethod of
claim1l, wherein the anodic bonding is conducted at a
B othie gyecast costs ava 12886RA 100 to 1000 volts' 4. A met hod
of sinultaneously bondi ng conponents, conprisin he
8! %Eﬁdqﬁdndiﬂg Qitialiityguah dsehigh bonding steengthl anvdi bubpledree
cornponents; at |east one of the first, second and

. third,conponents being conprised of a glass substrate
interfagesiald * oast one

10. cost effective process.

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.
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36 of the first, second and third conponents being
conprised of a conductive or 5 sem conductive
material; each of the at |least first, second and third
conmponents having an upper and | ower surface;
determining the order of stacking of the at |east
first, second and third conponents to establish
i nterfaces between adjacent at |east first, second and
third conponents; 10 applying a hydrogen-free
anor phous filmto one of the conponent surfaces at
each interface congg@gﬂﬂﬁ an adj acent: gl ass
conmponent ; and conductive or sem conductive comnmponent;
applying a sol gel with or without al kaline ions film
to one of the conmponent 15 surfaces at each interface
conprising an adj acent: conductive or sen conductive
We claim: conmponent; and conductive or semi conductive
conponent; and sinmul taneously anodically bonding the
at |least first, second and third & the steps of:

1. A method of simultaneously bonding components, COMPrisint

i ; ne of the first,
providing at least first, second and third components; at least O

. : ¢
¢ the first, second and third components being comprised of a
o s

5 semiconductive material; and

. rd
sly anodically bonding the at least first, second and thir

simultaneout
at a temperature of from about 200

i i of stacking
components in a determined order

to 400°C.

1, wherein the anodic bonding is conducted at a

2 The method of claim

temperature of less than about 300°C.

ding is conducted at a voltage of

3. The method of claim 1, wherein the anodic bon

from about 100 to 1000 volis.

isi teps of:
4. A method of simultaneously bonding components, COMPTISIE the step

i ; one of the first,
providing at least first, second and third components; at least

substrate and at least one

second and third components being comprised of a glass
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15

20

20 conmponents in the determ ned order of stacking. 5.
The method of claim4, wherein the simltaneous anodic
bondi ng of the at least first, second and third
conmponents is perfornmed at a tenperature of from about
200 to 400C and an applied voltage of from about 100
to 1000 volts. 37 6. The nmethod of claim4, wherein
the sinultaneous anodic bonding of the at |east

first, second and third conponents is perforned at a
tenperature of l|ess than about 300C. 7. The nethod of

of theicf(i)ﬁit n%e%fm&’hﬁ{c? ItRird hc%rﬁg%ne@@ beinlhcpyibéd@ifita abkdhdtive or

mis appliedto the interface surface of the

. duct
iSRS SO TR s

interface surface of either the: conductive or

having emippedad Joreersorfasient s; or gl ass conponents. 8.
The net hod of claim4, vvherel n the hydrogen-free
AerBbAy thd BBdar of appekingdof iye phyleast firsy sgeopnd and third
dep05| tion; and the sol gel with or wthout alkaline

compog}g gs {o és@b]ﬁﬁ%te@ﬁ%é BE&WRn SRljdteRb at leASPERISE @8cod and third

components;

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;

and

simultaneously anodically bonding the at least first, second and third

components in the determined order of stacking,

5. The method of claim 4, wherein the simultaneous anodic bonding of the at least
first, second and third components is performed at a temperature of from about 200

to 400°C and an applied voltage of from about 100 to 1000 volts.
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9. The nethod of claim4, wherein the hydrogen-free
anorphous films are applied by physical vapor
deposition achi eved by |aser ablation, evaporation,
ion beam deposition or sputtering. 38 10. The method
of claim4, wherein the hydrogen-free anorphous fil ns
are conprised of silicon, silicon oxide or silicon
nitride. 11. The nmethod of claim4, wherein the so
gel with or wwthout alkaline ions filnms are forned
froma solution conprised of: nethyltrinmethoxysilane
(MIMS);  nmethyltriethoxysilane ( MTEQS)
tetraethylorthosilicate (TECS);

phenyl trimet hoxysil ane (PhTMS

6. The rm@ﬂhgérqﬂc@w,mrpm ﬂ@tm F%altq@/b?r’ldmg of the at least

(3-gl yci doxypropyl )trinet hoxysilane (GQLYM);
first, s@eotilt drekthirdo@ehponenss isqey Kirfredet @NeOPeTABYe of lepd thapabeut
thereof; an acid such as acetic acid hydrochloric
ggpec@ci d or sulphuric acid; water; and

7. The method of claim 4, 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

glass components.

8. The method of claim 4, 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.

9, The method of claim 4, wherein the hydrogen-free amorphous films are applied
by physical vapor deposition achieved by laser ablation, evaporation, ion beam

deposition or sputtering.
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al kali salts such as sodium potassiumor lithium 12.
The nmethod of claim4, wherein the sol gel with or
wi thout alkaline ions filnms each have a thickness of
fromabout 10nmto 10m 13. The nethod of claim 4,
wherein the sol gel with or without alkaline ions
films each have a thickness of fromabout 10 to 100
nm 39 14. The nethod of claim4, wherein the
conmponents are cleaned and treated to render their
upper and | ower surfaces hydrophilic before
| e SoaBEph fifhsl are
10. Tﬁ%@h@%ﬁﬁ rcg&nhqopﬂ%¥gﬁgg$@§fkal ne |gH§H§ﬂﬁﬁtﬁB
The nethod of. claim4 er ei. he at |east one of the
compmgedsgf silicon, C%&axg%(¥&ﬁ@ s being conprised of
a gl ass substrate al so |ncludes al kaline ions. 16. The
nmet hod of claim4, wherein the conponents are cl eaned
and treated to render their upper and | ower surfaces

11. Th@yrﬂé@xléﬁl df Gaibei owhelan dhe golt ;i@ véith beasithditradkalinesieas fidims
and third conponents 17. The nethod of claim 4,

are foré%%%%:g])%h% gglu%%n cSﬂ‘l}f:nesgﬁro?t second and third

are sp apart using spacers just before

the sinmultaneous ano |y bonding ste
methyltrimethoxysilane ( M%l\%% y 9 P.

methyltriethoxysilane (MTEOS);

tetraethylorthosilicate (TEOS);

phenyltrimethoxysilane (PhTMS);
methacryloxypropyltrimethoxysilane (MEMO);
(S-glycidoxypropyl)trimethoxysilane (GLYMO);
3-methoxypropyltrimethoxysilane (MeOPrTMS) or mixtures thereof;
an acid such as acetic acid hydrochloric acid or sulphuric acid;
water; and

alkali salts such as sodium, potassium or lithium.

12. The method of claim 4, wherein the sol gel with or without alkaline ions films

each have a thickness of from about 10nm to 10pm.

13. The method of claim 4, wherein the sol gel with or without alkaline ions films

each have a thickness of from about 10 to 100 nm.
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18. The nmethod of claim4, wherein the sinmultaneously
bonded conponents are enployed in a sem conductor
device, an electronic device, a

m cr oel ectronmechani cal systemor a

m cr o- opt oel ect romechani cal system 19. A nethod of

si mul t aneousl y bondi ng conponents, conprising the
steps of: 40 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 5

sem conductive material ; each of the at |east first
14. Theemethodanfi clakinrd Whessin dhe SOMPARERE ans ‘E}Biﬂ-fff and tresfed to

surface; determ ning the order of stacklng of the at
rended ahsik fippat andekond amdadehi hydrophilporefirs applestiabl p&fthe
i nterfaces between adjacent at |east first, second and
{—}QJIP Gwth QUi Bie ions films.
hydmgér‘rﬁo?%ﬁou H?@t 0 So%gi g%%dhgaconp%ynﬁlt s uraiugages at
each interface conprising an adjacent: gl ass
conmponent ; and conductive or sem conductive conponent;

15. The method of claim 4, wherein the at least one of the first, second and third

components being comprised of a glass substrate also includes alkaline ions.

16. The method of claim 4, 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.

17. The method of claim 4, wherein the at least first, second and third components

are spaced apart using spacers just before the simultaneous anodically bonding

step.

18. The method of claim 4, wherein the simultaneously bonded components are
employed in a semiconductor device, an electronic device, a
microelectromechanical system or a micro-optoelectromechanical system.

19. A method of simultaneously bonding components, comprising the steps of:
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15

20

applying a sol gel with or without al kaline ions film
to one of the conponent 15 surfaces at each interface
conpri sing an adjacent: conductive or sem conductive
conmponent; and conductive or sem conductive
conponent; and sinmul taneously anodically bonding the
at least first, second and third 20 conponents in the
determ ned order of stacking at a tenperature of from
about 200 to 400C. 41 20. The nethod of claim 19,
mherein the sinul taneous anodi ¢ bondi ng of the at

%ﬁd]II% ? atsﬁlcs? r%gccﬁ{l:p?ﬁc? Wit ‘E gﬂgﬂfssatj I8ad? %‘ht—:» O TR first,

an a ‘tage of from ut 100 to 1000
volts, 21. The net od of cl ai
second Pl HiAGOMPAEE LeIBS AOTIRGEEH q]f Reslas subisfiale ¢ g least one
second and third conponents is perforned at a
of the éingtesetomdeand thids componenth deging o préed The emdwstive or
of claim 19, wherein the sol gel with or wthout

semicGhd@tivaemafiflf ddch dSthed@plehidfits®, {deenil MrRY HAE® components
surface of the conductive or sem conductive

having ann%%rf)%p 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
components;
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;
simultaneously anodically bonding the at least first, second and third

components in the determined order of stacking at a temperature of from about 200

to 400°C.
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and the hydrogen-free anorphous filns are applied to
the interface surface of either the: conductive or
sem conducti ve conponents; or glass conponents. 23.
The nethod of claim 19, wherein the hydrogen-free
anor phous filns are applied by physical vapor
deposition; and the sol gel with or wi thout al kaline
ions filns are applied by spin-on, immersion or
spraying. 42 24. The nethod of claim19, wherein the
hydr ogen-free anorphous filns are applied by physica

vapor, deposit.i on,achi eved by. | aser abl ati .

20. TS BRspGT RS iy o, "Bl Sim f g Db RObondin 2 the at
The nmethod of claim 19, wherein the hydrogen-free

least Gysbrospenband thied spmpepapipisperformed af abappkied velgge of from
oxide or silicon nitride. 26. The nethod of claim 19,

aboutmoneinood fisltssol gel with or without al kaline ions
filme are formed froma solution conprised of:
nmet hyl tri net hoxysil ane (MIMS); nethyltriethoxysil ane
( MTECS) ;

21. The method of claim 19, wherein the simultaneous anodic bonding of the at
least first, second and third components is performed at a temperature of less than

about 300°C.

22. The method of claim 19, 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

glass components.

23. The method of claim 19, 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.
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tetraethylorthosilicate (TECS);

phenyl tri nmet hoxysi | ane (PhTMS);

nmet hacryl oxypropyl tri met hoxysi | ane (MEMO) ;

(3-gl yci doxypropyl )trimet hoxysilane (GLYM);

3- met hoxypropyl tri met hoxysi |l ane (MeOPrTM5) or m xtures

thereof; an acid such as acetic acid, hydrochloric

acid or sulphuric acid; water; and alkali salts such

as sodium potassiumor lithium 43 27. The nmethod of

claim 19 wher ei n the sol gel with or wthout alkaline

i ons each a_thi of from about 10 to
24. The Retbg "5, S0, 5 WHErEn o B roprmsin PRE Lo S e

with or without alkaline ions filns each have a
appliedhby lphgsisalofapfar glapsisision adyigvedilgolasghablagon ewapegatipy ion

of claim 19, wherein the conponents are cl eaned and

beam Hepadigeh bPspiitesidsy. their upper and | ower surfaces
hydr ophi li c before application of the hydrogen-free
anor phous filnms and the sol gel with or w thout
al kaline ions filnms. 30. The nmethod of claim19,

25. Tltm %g}hgdt&e cﬁlm 96l Swhglne?n o&letﬁfdrfolgereﬁ-tﬁ’eesael%gpp o%rgdflhns are

comprised of silicon, silicon oxide or silicon nitride.

26. The method of claim 19, wherein the sol gel with or without alkaline ions films
are formed from a solution comprised of:
methyltrimethoxysilane (MTMS);
methyltriethoxysilane (MTEOS);
tetraethylorthosilicate (TEOS);
phenyltrimethoxysilane (PhTMS);
methacryloxypropyltrimethoxysilane (MEMO);
(3-glycidoxypropyl)trimethoxysilane (GLYMO);
3-methoxypropyltrimethoxysilane (MeOPrTMS) or mixtures thereof;
an acid such as acetic acid, hydrochloric acid or sulphuric acid;
water; and

alkali salts such as sodium, potassium or lithium.
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conmponents being conprised of a glass substrate al so

i ncludes al kaline ions. 31. The nmethod of claim 19,
wherei n the conponents are cleaned and treated to
render their upper and | ower surfaces hydrophilic

bef ore bonding the at least first, second and third
conponents. 32. The nethod of claim19, wherein the at
| east first, second and third conmponents are spaced
apart using spacers just before the sinultaneous

anodi cally bonding step. 44 33. The nmethod of claim

27 B o B BT B ROBS S RREAE R B8 i
a

devi ce, m croel ect ronmechani cal systemor a

each haveraghisknessi af draroabontinalto $henem 34. A net hod of
si mul t aneousl y bondi ng conponents, conprising the
steps of: providing at least first, second and third
conmponents; at |east one of the first, second and

: 0 . . - of . .

28. T o GRUFRBRATLSE iccBfh BRI EBFWIA oruMhARRUAT) fol fims
conmpopent s bei ng conprjsed of a conductive or 5

each haggia gisiaf dramapBeytll o0t the at |east first,
second and third conponents having an upper and | ower
surface;

29. The method of claim 19, wherein the components are cleaned and treated to
render their upper and lower surfaces hydrophilic before application of the

hydrogen-free amorphous films and the sol gel with or without alkaline ions films.

30. The method of claim 19, wherein the at least one of the first, second and third

components being comprised of a glass substrate also includes alkaline ions.

31. The method of claim 19, 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.

32. The method of claim 19, wherein the at least first, second and third components
are spaced apart using spacers just before the simultaneous anodically bonding

step.
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15

determining the order of stacking of the at | east
first, second and third conponents to establish

i nterfaces between adjacent at |east first, second and
third conponents; 10 applying a hydrogen-free

anor phous filmto one of the conponent surfaces at
each interface conprising an adjacent: gl ass
conmponent ; and conductive or sem conductive conponent;
applying a sol gel with or without al kaline ions film
to one of the conmponent 15 surfaces at each interface

33, THeOMRENG B cRimar), 3aRRbinCHR ikl tiBeSlisly Bohded dugipovients are
conmponent; and conductive or sem conductive

conponent;_45_h e he ast_fir Yooly!
S W R S L o
and third conponents into contact in the

microglgetaprrerhanieH geytemr orat WPT?Q’FO"&%I%B‘FWF@IZ g)’%ﬂt age
to the at least first, second and third conponents to
simul taneously bond the at least first, second and
third conponents.
34. 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 and third
components;
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;
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35. The nethod of claim 34, wherein the heating the at
| east first, second and third conponents is perforned
wi thin a vacuum chanber at a tenperature of from about
200 to 400C. 36. The nethod of claim 34, wherein the
heating the at least first, second and third
conponents is perforned within a vacuum chanber at a
tenperature of |ess than about 400C 46

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.

35. The method of claim 34, wherein the heating the at least first, second and third

components is performed within a vacuum chamber at a temperature of from about

200 to 400°C.

36. The method of claim 34, wherein the heating the at least first, second and third
components is performed within a vacuum chamber at a temperature of less than

about 400°C.
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