15 JUN 2006 1 * 166166* *@00002* Process for joining substrates, and
conposite elenent Description 5 Field of the invention The invention
relates to a process for joining substrates in general and for jOInIng
substrates having electrical, sem conducting, nechanical and/or ébﬂU&dﬂm
conponents and to a 10 conposite elenent, in particul ar. Background of the
i nvention Joining techniques are used for a wi de range of technical

fields. By way of exanple, at this point reference may be nﬁmmwMﬂNM'me
formation of housings for electronic gonponents by neans o

exanple, electronic circuits are enclosed. 20 For exanple, theneisare known
processes in which conponents or integrated circuits on a sem conductor
chip or still joined to a sem conductor wafer are provided ng
and with electrical connection contacts. |If the nounting o‘mummﬁl Mﬂl’o
the integrated circuit and the joining of contact regions 25 of

t he housing contacts which lead to the outside are carried out W%lle |t is
still joined t8rrRreswafor, j@indmgntsubg treitecd Gind hempyfictd Se paneial | y
referred to as a wafer |evel packaging process. It is also known to
encapsul ate i ndividual chips or dies, known as single die 15 JUN 2006 2
packagi ng. Description

5 Field of'the invention

The invention relates to a process for joining substrates in
general and for joining substrates having electrical,
semiconducting, mechanical and/or optical components and to a

10 composite element, in particular.

Background of the invention

Joining techniques are used for a wide range of technical

15 fields. By way of example, at this point reference may be
made of the formation of housings for electronic componenté
by means of which, for example; electronic circuits are

enclosed.

20 For example, there are known processes in which components or
integrated circuits on a semiconductor chip or still joined
to a semiconductor wafer are provided with a housing and with
electrical connection contacts. If the mounting of the chip
or the integrated circuit and the joining of contact regions

25 of the chip to the housing contacts which lead to the outside
are carried out while it is still joined to the wafer, a
mounting method of this type is generally referred to as a
wafer level packaging process. It is also known to

encapsulate individual chips or dies, known as single die



These processes are used to adhesively bond conponents, for exanple, using
epoxy resins. However, a drawback of adhesive 5 bonding is a | ow chem cal
resi stance, poor optical properties and the risk of conponents being

soil ed with adhesive. Furthernore, adhesion |ocations are subjetdtiN 286 an
aging process which is acconpanied by & deterioration in the quality of
the join. 10 The fundanmentally known joi ning techni ques or processes al so
include what is known as bonding. A particular type of bonding is what is
known as anodi c bonding, in which a voltage is applied to an interface
under thePackpgAngft heat, is which forces charge carrier diffusion

Al t hough bondi ng processes have a nunber of advantages over epoxy adhesive
joining, their application is very restricted, mnaking theminflexible. 20
By way of Teraapbepcasséisc arendised ite diddwddardlygammsd ycommaiarits edfdn a
very tightl Ilnlted nunber of materials since the charge carriers have
to be proSigEELiPn PRENSHEPSIYalF S SEGS - e%&ﬂﬁW?r%ﬂﬂxﬁQ?Yﬁﬁﬁﬁrﬂf B S

requiges hgrial 8 wWaLCchneaRkann RlKadne TS JHef ggm
bondlﬁg |§éﬁ§? gu??able orhé wi de raﬁgetof appl’i cati ons. f%éﬁr ame 15 al so

true of owhdrthendiay pﬁo@@@@@@enmﬁrbhemmbﬁ@lﬂﬁﬁuknkprﬁih&&%ms do not
ol v Ry BULLGC e, SR-eadcaonseauanily sl alvs ANEr il been
t he raHQEpﬁécepp|wnabhoms,a&EO&EHnZQQGb$ a deterioration in the
quality of the join. |
20
The fundamentally known joining techniques or processes also
include what is known as bonding. A particular type of
bondiny is what 1s known as anodic bonding, in which a

voltage is applied to an interface under the action of heat,

15 which forces charge carrier diffusion.

Although bonding processes have a number of advantages over
epoxy adhesive joining, their application is very restricted,

making them inflexible.

20
By way of example, anodic bonding is disadvantageously
restricted to a very tightly limited number of materials,
since the charge carriers have to be provided in the
material. For example, anodic bonding typically requires
25 materials which contain alkaline metals. Theréfore, anodic

bonding is not suitable for a wide range of applications. The

same is also true of other bonding processes.

Furthermore, bonding processes do not involve any build-up
30 and consequently, they have hitherto only been suitable for
plane-parallel connections. This too considerably restricts

the range of applications.



5 10 15 20 Docunent EP O 280 905 describes a process for producing

pressure sensors in which a borosilicate glass layer is fornmed on a
silicon wafer. The glass |ayer is described as a 25 matri x W@ich covers the
correspondi ng sensor chips and a conductive | ayer. Fbmeveﬂ, Y 2006
borosilicate glass layer is fornmed by sputtering on the surface of the
silicon sensor wafer. It is. fundanmentally difficult and expensive to
produce relatively great |ayer thicknesses by neans of sputtering. 30

Al t hough a | ayer thickness of 5 mis nmepntioned, when using the sputtering
process this is typically associated wi®h considerabl e heati ng of the
substrate, which can cause further difficulties. 15 JUN 2006 3a Docunent
US 5, 825, 233 descri bes a mcrohousing for infrared chips, in which a |aver
of soldering agent is applied by neans of vacuum deposition and |ift-off
techni que or etching or by neans of a nmask. However, a sol dering agent
bringscwith 5 it the risk of contam nation. The docunent "Anodic Bondi ng
Techni que under Lowtenperature and Low voltage using Evaporated d ass" by
Wo- Beom Choi, 9th International Vacuum M croel ectroni cs Conference, St.
10 Petersburg, 1996 describes a process in which a glass layer is applied
to a silicon wafer by neans of el ectron beam evaporation. However, the
application of this process is |limted.

10

15

20

Document EP 0 280 905 describes a process for producing
pressure sensors in which a borosilicate glass layer is
formed on a silicon wafer. The glass layer is described as a

25 matrix_which covers the corresponding sensor chips and a
conductive layer. However, the borosilicate glass layer is
formed by sputtering on the surface of the silicon sensor
wafer. It is fundamentally difficult and expensive to produce
reiatively great layer thicknesses by means of sputtering.

30 Although a layer thickness of 5 um is mentioned, when using
the sputtering process this is typically associated with

considerable heating of the substrate, which can cause

.....



is In any event, there is still a considerable need for versatile and

i nproved joining processes. In any event, there is still a considerable
need for versatile and inproved joining processes. 20 Genefgl jdesgmgi ption
of the invention Therefore, the invention is based on the object

of providing a joining process which |33|nexpen5|ve and versatile to use
and 25 in particular works quickly and@®fficiently. A further object of
the invention is to provide a joining process which is substantially

i ndependent of the_ t material used in the conponents _or_substcates

to be jol?n%ﬂu‘BEn’éan 6art'|‘éal SRSFEIRSD FUMAP Rt or B etRY t1her2Ted

substratesyiyel 2AOLRACENOR] ealedf cEhedInEMnPadsnt 0L PraysUee@ By5 JUN
2006 3b joi ning process which has a high chem cal and/ or physi cal

stabi | i t ynefn$ he jb’ﬁﬁub}ﬁ‘dcéﬁ?éllééoél BEGanient 1% e%%ferl}%% Or(e%t%b%er
obj ect of JLhs, inuentig w£9kpr9$m@%ean o N i P %ﬁ%h iized hg@l | ows the

productlon 0 caV|t|es or voids. Yet a further obj ect entlon i's
to provi det achei nirly ofr cosssmihiathons suitable not only for electrical and
el ectroni c conponents but also for optical, electro-optical, 10

el ectromechani cal and/ or opto-el ectro- nechanlcal systens. 1 5 JUN 2006 4
The |nvenrmand@comeses“anpnocessnhong(ﬂaungpqu°lwm§ﬂrthmw Seseratess in

parti cul ar gay%%g ehgc%rlg ng Wl%%%d ﬁﬁﬂgﬁas W5Q9|‘§99/8$ ptéﬁ@]
conmponent3:° 5" Te subSFrates dre preféra om @ nmeteri al or
materi al International Vacuum Mlcronlectronlcs Conﬁerence, St.
10 Petersburg, 1996 describes a process in which a glass layer
is applied to a silicon wafer by means of electron beam
evaporation. Howaver, the application of this process is

limited.

15 In any event, there is still a considerable need for

versatile and improved joining processes.

t+H

In any event, there is still a considerable nead for
versatile and improved joining processes.
20

General description of the invention

Therefore, the invention is based on the object ofproviding a
joining process which is inexpensive and versatile to use and

25 in particular works quickly and efficiently.

2 further object of the invention is to provide a joining
process which is substantially independent'of the type of

aterial used in the components or substrzates to be joined

2|

30 and in particular is also suitable for sensitive substrates.

Yet another object of the invention is to provide a



conposites which conprise(s) glass, ceramc or sem conductor materials, in
particular silicon, Il11-V, such as GaAs or &Al,Asl X (VCSELs) , II-VI InP
(LEDs), and al so other organic or inorganic materials, suchtasJfbr2xanpl e
netals, e.g. 10 Kovar. In particular, after a first substrate has been
provided, a joining elenment is produc%’d by neans of structuring on a

firTst surface of the first substrate or is applied to the 15 first surface
of the first substrate. The second substrate may |ikew se be structured or
al ternat i velsy, ;Ry 8 cdiistiuchingd: o Th@ﬂmaéﬂ&ﬁl@asegaa%gugﬁgé%ewhas been
provi ded, the first 20 and second substTates are j ol ned ans of the

j oi ning elsgmeritl 1 tvh Partticculogn, amds wrisises ofa tH’ﬁe—%@é@ﬁ@ls'u@g@laﬂeJ pgn.
joined to a surface of the joining elenent, either tenporarily, e.g. to

of fer protection during further processing steps or. permanently. In this
way, a coﬁp@s@m@um-elogn‘mt* od. ghEa Jhre/rerré-‘tiiqral-'l%/ encppsuideed peihdoged
chip or gtr%c%%@ D REOduaRdd SR RN AL 0081 Lhepophpgle  die
t echnol ogy or as part o er pac aging. In thé case | evel
packagi ng, the first and second 30 substrat es are realized by a first and
a second \Qzafer,cres eCtIVE% A frane . Lﬁ{g_—pled by_ev ]goralon coating to
the first ‘S0r fadd 6P EhEF TSt MafeF A ® sehi Ronduetof 7RO or
subsequentprobieps shias tie puaddee eanck DnlyN 220G Ldtticpl i ghay of

| ateral |y adj acent, and/or |aterally pacefg)-sra art frame After the two

vl or s hatLohesR™ 6 REACPGTGFmER® RAFet S G AEa Y he  SFEEP- PR HFebd, i

partheul aglbytsawel@anical and/or opt_o-electro-mechanlcal .Systems.



between the frames to produce individual chips. 5 Advantageously,
therefore, a |l arge nunber of chips are housed simnultaneously5iJuNa208é ngl e
wor ki ng step. The housing is particularly suitable for electronic
conponents, especially for sem conductor, optical and/or 10

m cronmechani cal systens. The ranges of possible applications are extrenely
diverse; by way of exanple, the process according to the invention is
suitable in particular for the encapsulation of mcro 15 el ectronechani cal
syst ens ( VEWVB) 1DNREEGOFpPIrORIOSSPs Be@yoadavb)for joining at least two

m cro- el ECEEBEE‘EQE@'S(Ea'ihogfadr‘ii'cui\é&t SR 50 t‘?cric%‘ir,“’%%hg@ﬁ‘éu £i
sem conductor regions or éelenents on one the two SUbStrates {0 pe
j oined. | nméhhanapal i zrd/on,optiecgloicumpgnenesent forns, an optionally
tenporary stop for m cronmechani cal conponents, 20 such as for exanple
m crosw tches, or mcro-mrrors. The joining elenment is preferably a frane

or bongi ngThé agBbs¥ha€ds | Sralgpasidr@thi19n ke Fi-bat aSHafacsa Pfo PN Of e two
substrates and is permanently and fixédly joined to the first 25 substrate
during depesippshteThehiamonpr issi (sed glesls, r espanic oo séeidfondictsay f ace

of the substrate its layer thickness an rovi des _a suitabl e bondi ng
sur f ace. Tﬂ%£?¥é%£¥prﬁ%i FlRHRAS Stetyosr gFEFXaSFuFH PArFaAf fr 30

bondi ng sugdAted Qr (vteEek)MoNe -far ther (sbshrakes diko Qﬁrﬂé:uéjr?aﬂifc the
frame is applied by nmeans of a nulti-stage structuring process. 5 JUN
2006 6 |t PAs1PPEIBRIpalEreLF-aisy &u¢RNBEgESYS eKGPd of Makalo Ise'g-
deposif ed pL,gyaporation-coated onto the first surface froma binary
systemof materials, in particular glass or froma

In particular, after a first substrate has been provided, a
joining element is produced by means of structuring on a
first surface of the first substrate or is applied to the

1s firét surface of the first substrate. The second substrate
may likewise be structured or alternatively may be

unstructured.

Then, after a second substrate has been provided, the first

20 and second substrates are joined by means of the joining
element. In particular, a surface of the second substrate is
joined to a surface of the joining element, either
temporarily, e.g. to offer protection during further
processing steps or permanently. In this way, a composite

25 element, e.g. a hermetically encapsulated or housed chip or
die can be produced in a very simple way using either single

die technology or as part of wafer level packaging.

In the case of wafer level packaging, the first and second

30 substrates are realized by a first and a second wafer,
respectively. A frame is applied by evaporation coating to
the first surface of the first wafer around each

semiconductor region or subsequent chip, so as to produce a .



5 vitreous material. The glass used is in particular a silicate or
borosilicate glass, e.g. the evaporation-coating glass 8329 and/or

@018- 189 produced by SCHOTT d as. One advantage of this 15 JUN 2006
evapor ati on-coating or deposition process is the application of the
insulating glass |layer at roomtenperature 10 up to approxi mately 150C, so
that there is no |ikelihood of damage Or oxidation to the substrate
surface even in the case of netal substrates-In this context, reference is
al so nade to applications DE 202 05 830.1, filed on 04.15.2002; 15 DE 102

22 964. 3, mhltef108i05. 3. ZQQéralmﬁ-k&%a&%nﬁOQnﬂ/dﬁIﬂaiaﬂmﬂxyiﬁbéﬂK&! DE
102 22 958.9, filed on 05.23.2002. DE 102 52 787.3, filed on 11.13.2002;
DE 103 013B3BtOLTRrMEEd BALET. EHE2609 Yo lesst PéW?aﬁP@ea Jri@eshie AT cant |

the cont cpleol duschnsylecna! 1upLel ks Retell AXPLesslienconRPTalad by

ref erence ore era ejo n|ng el’enent” or
used to bBeawsénuchereﬂaQEQSSOI@yeﬂuwhldhdu&;dMQﬂ exdmal.e, 25 applied by

evaporatlon coating and st uct red t hr h a nask. 0 i thographic
processes’™ Y?J?t%ﬁ%gbfsgyusf: §*8 Bﬁ&to?egiag & DURBSIy ﬁggtﬂaﬁps\/\ﬁﬁg RoysRfin as
the lift- Q{&uiggﬁgbgggy mﬁlghSlhglguaggngﬂbagkbpknomn to the person skilled
inthe art, have proven suitable for the structuring. 30 However, it is

al so p055|ble to use masks which, for exanple, are adhesively jOIned to

the substyal housfhé ?Ersggﬁl‘i’.%ggﬁsﬁegu&@%% #ad 4R34 during the

evapor ation coa I ng-
components, especially for semiconductor, optical and/or

10 micromechanical systems.

The ranges of possible applications are extremely diverse; by
way of example, the process according to the invention is
suitable in particular for the encapsulation of micro-

1s electromechanical systems (MEMS), micro-optical systems (MOMS),
micro-electromechanical-optical systems (MOEMS) or conventional
semiconductor regions or elements on one of the two substrates
to be joined. In this application, the joining elemert forms,
an optionally temporary stop for micromechanical components,

20 such as for example microswitches, or micro-mirrors.

The joining element is preferably a frame or bonding frame
which is deposited on the first surface of one of the two
substrates and is permanently and fixedly joined to the first
25 substrate during deposition. The frame is raised with respect:
to the first surface of the substrate by its layer thickness

and provides a suitable bonding surface.

The frame provides, completely or at least in part, the
30 bonding surface for one or more further substrates, in
particular if the frame is applied by means of a multi-stage

structuring process.



The joining elenent according to the invention, in particular the glass
| ayer which has been applied by evaporation coating as a frame jp Zfld&' S
manner has a | arge nunber of advantages. 5 Firstly, glass has excelleéent
properties in terns of stability, hernetic sealing and chem cal
resistance, in particular to solvents, @acids and al kalis. These properties
correspond to those of a borosilicate glass. 10 The |ateral position of the
joining elenent is very accurate, in particular if photolithographic
structuring nethods are used. 15 The joining elenent can be applied with a
very accurate |ateral dinension and hei ght by evaporation coating. As far
as the | nyent9ssphavenbes t | i | S Wﬁ%nw tantially
i ndependent of_\/\?li ch st?ugfggkﬁgﬁf%%ng%@ﬁﬁ sfZdOISFael;rt erersm%r)cg, he
j 0i ni ng efepentsedr ofr graporat lva woatscedntat thew fdostt asipfade dfram a
assenbly, a r_le . _i-n atches.. 25 Furthernore,_the process
is very c?ggﬁtgnéy¥ﬁé§e %régkﬁgﬁﬁﬁéu|§F|§a§UF€a|%§ St 6 MEMB
i n whi ch caseeotibembtantalmy Teeeglhe sdeped ied iby pavadald:0m At dgt e
directly onto the, substrate conprising the MEMS or other conponent. 30 The
productio‘r’\rol?owlﬁlfjrﬁﬁ’é? glafRe &tPucthti RY2BPTERé oF-Feating alags
advant ageguss Yakdy b+ edoell 185 HOWaLeRREhY! YEBSTTS 14l 1alnd Ya AT E:
resi st masks are retained and ctan be

of this evaporation-coating or deposition process is the

application of the insulating glass layer at room temperature
10 up to approximately 150°C, so that there is no likelihood of
damage or oxidation to the substrate surface even in the case
of metal substrates. In this context, reference is also made
to applications
DE 202 05 830
15 DE 102 22 964

.1, filed on 04.15.2002;
.3, filed on 05.23.2002;
DE 102 22 609.1, filed on 05.23.2002;
DE 102 22 958.9, filed on 05.23.2002;
DE 102 52 787.3, filed on 11.13.2002;
DE 103 01 559.0, filed on 01.16.2003
20 in the name of the same Applicant, the content of disclosure

of which is hereby expressly incorporated by reference.

Therefore, it is preferable for the joining element or frame
used to be a structured glass layer which is, for example,

25 applied by evaporation coating and structured through a mask.
Photolithographic processes, for example using a photoresist,
in particular what is known as the lift-off technique, which
is fundamentally known to the person skilled in the art, have
proven suitable for the structuring.

30
However, it is also possible to use masks which, for example,
are adhesively joined to the substrate or are arranged

between target and substrate during the evaporation coating.



1 5 JUN 2006 8 renpoved again using-a solvent, e.g. acetone. Therefore, the
process is also suitable for tenperature-sensitive substratf , e.g.
pl-astic substrates or organic substrates. 5 Furthernore, the ghﬁﬁb 06 on of
the joining elenent or the structuring of the glass layer is carried out
W t hout aggressive etching gases and/or7 liquids, with the result that it
is also possible to use sensitive substrates. 10 In particular, the
foll owi ng techni ques are suitable for joining the two substrates or for
joining the second substrate to the frane or bonding franme: adhesive
joining, soldering and/or bending. 15 This clearly illustrates the

ext raor di Ths yj atinangagkeskntheccordeny @ thet iewlentiisn,t iextgar@dular
versatile with_regard to the connection techniques which can be enpl oyed,
but al so ke 9%a563%PHF§ Fhi clubStr REER EFPEEe bY EYRRPTet it dcading

bonded by n t he |aini , o€ if ri ne or
bot h subs?€§€e§r?éeng§ F?%§|Rg§§%?g§?% Fo?ggﬁgdp%ggggﬁ ?né@ﬁﬁé%}éaééq
al kals -free glass, such as AF45, AF37 or AF32 produced by SCHOIT das. |If

appropriate, j oi ning_el enent i applied or .evaporation-cqated onto each
of the ta%lr§€£%tr%#§g§ %%SAeFFﬁﬁéeﬁgdBrPP8EF&ﬁ8dFEaFFfmﬁoﬁ&éble material,
in particstabil COPPrhekngrae akkakihgohass chemivaedrben saaadiec Bondi ng. This

frame may, for exanple, be joined to the glass substrate by neans of what
i s known RBTEFFetRrbBAJPRGVERTtEe £R&AS 858 3dk34BSt r Ahesgs PEPeIGIeH ng

layer. As.apaLhenAathVenheeaBRdheLBORdL AY aPLNE] A8Ui t abl e processes

10
The lateral position of the joining element is very accurate,
in particular if photolithographic structuring methods are

used.

15 The joining element can be applied with a very accurate
lateral dimension and height by evaporation coating. As far
as the Inventors have been able to establish, this is even
substantially independent of which structuring method is
used. '

20
Furthermore, the joining elements or frames can be produced
at low cost as part of an assembly, e.g. at wafer level or in

batches.

25 Furthermore, the process is very clean and therefore
particularly suitable, for example for MEMS, ih which case
the frame may even be deposited by evaporation coating
directly onto the substrate comprising the MEMS or other
component.

30

- The production of the frame, or the structuring of the glass
layer, is advantageously carried out at low temperatures, so

that, for example, resist masks are retained and can be



i ncl ude fusion bonding, sol-gel bonding and/or low 1 5 JUN 2006 9

t enperature bondi ng. The person skilled in the art is thorqquh& %@filiar
with these processes. Nevertheless, a further benefit of the i on is
| inked to the above, since the evaporation-coating material or material of
the 5 bonding frane can be nmatched to t®Be desired bondi ng process
irrespective of the substrate material. Therefore, substrates nmade from
virtually any desired material can be conbined using virtually any bonding

process by. mads £, ﬁ%aiﬂeubgh Qgsofbgﬁgntgs§ wkhhhe gesult that o

conpl etely new application areas W th a~“huge potential "are oﬁean up. As
an aItenpquﬂsswlsnahsdlSumnablhefsnrtampemhthhe -Eeapd tise provided with a
nmetal li zati.on and then alloy-soldered or soft-soldered. If appropriate,

the bondiFHPS3 et i$ 95 B ?FGéFeaubB§rﬁ69SoPreﬁéﬁﬁPéc §URELErtss -chip
made froma sem conductor nmaterial, e.g. silicon, made from.an organic
material, from glass, in partlcular a silicate or borosilicate glass, e.g.
20 Bt of IBHELIEEMIRRI ¢h%n@€@¢ﬁﬂf€0@r0ﬁa§befDownmegablemsnused agemateri al

for the MslcAfny dorcibespecond substiate. The bLaMe;l g, Ln particular,

conti nuous ygon orned om st rarg acircle
or any'cﬂdggré&bxk5|emmhimgmyasaﬁ andfdotheigecand Subﬁttﬁéeréguitxeﬁbx and

per nanent | %gfd to the Lﬁane in a hernetlcalhg seal ed nmanner. This
results i atP onSBrSHoBLFhYS oFUPERERERSH ons i nsi de t he

frame, wth the flrst and second substrates being spaced apart from one

another, in particular 30 within the frane so that a void or cavity is
form®d. In particular, the following techniques are suitable for

joining the two substrates or for joining the second
~substrate to the frame or bonding frame: adhesive joining,

soldering and/or bending.

15 This clearly illustrates the extraordinary advantage of the
invention. Not only is it extremely versatile with regard to
the connection techniques which can be employed, but also it
is possible for substrates to be, for example, ahodically
bonded by means of the joining element, even if the material

20 of one or both substrates is not itself suitable for énodic
bonding, e.g. alkali-free glass, such as AF45, AF37 or AF32
produced by SCHOTT Glas. If appropriate, a joining element is
applied or eQaporation—coated onto each of the two
substrates.

25
A frame made from anodically bondable material, in particular
comprising an alkali glass, is used for anodic bonding. This
frame may, for example, be joined to the.glass substrate by
means of what is known as direct bonding on to the glass

30 substrate using a bonding layer.

As an alternative to anodic bonding, other suitable processes

include fusion bonding, sol-gel bonding and/or low-



Therefore, at least a region inside the frane on the surface of the first
substrate remains free of frane material. Alternatively, however, it is
also possible to apply an open 1 5 JUN 2006 10 frame with i ntled rupt 2008hs in
the webs in order to vent the cavity. In particular, the thickness of the
frame is matched to the 5 particular application, with a cavity being
formed between the two substrates. Evaporation-coating thicknesses in the
range from 100 umto 1 m preferably from1l0 mto 2 Amor 4 m have proven

appropri atempetatli@cabevenBgt | epad peadd Galionsa 44 dHd nedPles it is
possible to achieve 10 thicknesses of froml mmto 0.1 Amor 10 nm and
t hi cknesseBorgpghlyofamédiar3wintdy $hese innfcadsesr dfevertdheldshowmh it s

al so possihle, to hi thi cknesses of. < Q. 5.'.m., The width of the bonding
surface ?r§3?§ g%ﬁ%?égr ggl %?leaﬁﬁwe s éLf‘ns]tlap‘rl]ﬁ%ﬁ?/ 'ﬁq}erﬁa{’)beod’%nl y by the
aspect rasincefthbeetapbrhoiohheositingt watRG iR106aSs snaddEh IcaE heharchi eved.
Wde frames _may have web widths of up to several m|linmeters or may even
take ®Tp tRendhbfrErepef SBB Bf PRECESHstCattde SAp9irsd Iandidimmrodesis t he

frame to cyet Jee i dt.haf. < .10 - ti m
or S 100 gﬁ]¥gsgg§%?cﬁl g?l ;H%rg‘agfg\gl:agkf F%%elrirﬁjit'o@?oeofé}rﬁqaef'n : esq{%rx%?ee%re

scenar i osmafle nfrepwiranes lyi anysdpssgield aaterdbcli eas web comtdiresi of < 100
nm or even of just, a LEW tensbof nm_ Unlike Zg) wi th, for. exampl e, .sinmple
screen priftifg*thafelYsHy PPBELFICPESTSSHnsYedS s FiS 2881 RYS he
materi al . efesendi 8y, t withechaveakion, thae ldddmeftebedltni agpiGanwdlsp be

used to produce good aspect ratios for
10 areas wilith a huge potential are opened up.

As an alternative or in addition, the surface of the frame is
provided with a metallization and then alloy-soldered or
soft-soldered. If appropriate, the bonding surface is

15 activated.

By way of example, a wafer or chip made from a semiconductor

material, e.g. silicon, made from an organic material, from

glass, in particular a silicate or borosilicate glass, e.g.
20 Borofloat 33, made from ceramic or made from metal, is used

as material for the first and/or for the second substrate.

The frame is, in particular, continuous, e.g. a polygon
formed from straight or curved webs, a circle or any other

25  desired formaﬁion, and the second substrate is fixedly and
permanently joined to the frame in a hermetically sealed
manner. This results in hermetic encapsulation or housing of
the regions inside the frame, with the first and second '
substrates being spaced apart from one another, in particular

30 within the frame so that a void or cavity is formed.
Therefore, at least a region inside the frame on the surface
of the first substrate remains free of frame material.

Alternatively, however, it is also possible to apply an open



30 mcrostructures/nanostructures, e.g. 3 M2 m= 3:2 using 'sinple neans.
Consequently, it is possible to achieve aspect ratios of > or > 1.5.

5 -JUN 2006 .11 Therefore, with the process according to the iTveHNTZ806 it
is advantageously possible to produce very narrow yet nevertheless very
thick or high franes, so that a sufficiamt 5 distance is produced between
t he substrates conbined, at the sane tinme, with a | ateral space saving.
Furthernore, the inventors have established that narrow franmes can be

bonded parg.icul arly well and with a, good io hernetic.seal. On_the other
hand, it r#érsa%eeewr'\l Ut FiatP BV ens Jagn'ég?o%eg?aﬁﬁ 8Fd§rgkas¥ePFaﬁ§ewith a
web wi dth fvixy. mor 10 mup to 1000 gmforns an effective diffusion
barrier foY gases, npoisture and aggressive nedia for hernetic housing, if
appropriate with a controll ed atnosphere. 15 By way of exanple, a MEMS,

MOVS, MOENG, Q1% sqﬁhgqggﬂg%§g Legkopof ra SLI GO .. D30 ris
arranged an hodééh 8? herneti ca yseﬁggpgﬁ atg %ni%h@aggb??y£°2g£gn
addi tison, partisylessidypd itaatpravi delthat , cawitiy nbéhegf fanmed o€t weeADr €

supporting.el ements .g.. su rting points or.regions, be arranged on the
FiTst sur tife WP (HPSHHEE o DR B WPTRTARE HRS { FARRKRERPSS piBf Bhabl y
bei ng realdnzRd front N SaMe d¥ 0CESS, hePrdsabDe PEOHUCHT R 1?5 3 hgn 231 rame.

The supporting el ements and/or frames conprise continuous frane shapes,
e.g. round, 4ol \WgoitalPTRVesy ARPIRRT ialie of partlke otbdvementshaped, e.g. |ines,

corners, runded. ;8GN T 995 o RISy ANck SHPSIANLI B L Ve 8L 25, shacer .
10 thicknesses of from 1 mm to 0.1 um or 10 nm, and thicknesses
of < 10 pum or < 3 um are particularly preferred, although it

is also possible to achieve thicknesses of < 0.5 um.

The width of the bonding surface may vary considerably, and
15 is substantiallyllimited only by the aspect ratio of the mask

for the structuring process which can be achieved. Wide

frames may have web widths 6f up to several millimeters or

- may even take up the entire surface of the substrate.

20 It is preferable for the frame to have a structure or web -
width of £ 10 mm, in particular < 1 mm or £ 100 um,
particularly preferably from 1 um to 500 um. In the extreme
scenarios of narrow frames, it is possible to achieve web
widths of < 100 nm or even of just a few tens of nm. Unlike

25 with, for example, simple screen printing, there is no

restriction imposed by grain sizes in the material.

According to the invention, the 1ift-off technique can also
be used to produce good aspect ratiocs for
30 microstructures/nanostructures, e.g. 3 um/2 pm = 3:2 using

simple means. Consequently, it is possible to achieve aspect

ratios of > 1 or =2 1.5.



30 It is preferable for the upper plateau of the bonding frame, i.e. a
surface of the evaporation-coating glass which extends substlédnturlioss
parallel in particular to the substrate surface, to serve as the bonding
surface. In this case, the 1 5 JUN 2006 12 applied frane has the function
of defining a predetermned distance Bétween the first substrate and one
or' more second substrates. 5 As an alternative, it is also possible to
produce an accurately predeterm ned angle of inclination during the
mounting of the second substrate with respect to the first substrate by
using a partial frame. An inclined design is advantageous, for exanple,
for opti czlem=fsse knovrh ashd Proresyiacabr VOSELEpatkaginyentianer dé&r iso

utilize partial_ _reflection af. the |aser for |.1ar diode. Therefore,
in thej%ﬁ#ﬁﬁ%%ﬁ%ﬁ%ﬁlxrﬁ???#@ﬁea%% %%%%%%esﬁ%gfrggggggr%gln particul ar
subst ant iplJer il d £l very i il dinesr ihidhr e8peeE, t 5o Bhat anosheficibnt

Furthernore, as an alternative, it is also possible for a side wall of the
frams t o WSUANQE d5 PIRFHFGR ReFFerR. ChEuFRerRdFesS| EOTR1PSLEsi BFeth6r

non- pl anal eurtfi &S vgng:l{r)ga* fé)@ézegl\'\%ﬂ%%gl 85%ing0 According to a

particularly preferre I'nement o e Invention, a plurality of franes
are nested inside one another. This increases the hermetic sealing and
relIab”Ié&%éﬁgékggg}Iéﬁéli§$gntors have established that narrow
frames can be bonded particularly well and with a good
10 hermetic seal. On the other hand, it has been found that even
a narrow frame or a glass frame with a web width of 5 um or
10 um up to 1000 um forms an effective diffusion barrier for
gases, moisture and aggressive media for hermetic housing, if

appropriate with a controlled atmosphere.

15
By way of example, a MEMS, MOMS, MOEMS, and/or a
semiconductor region of a silicon chip or wafer is arranged

- and housed or hermetically encapsulated in the cavity.

20 In addition, it is possible to provide that, within the
‘frame, one or more supporting elements, e.g. supporting
'points or regions, be arranged on the first surface of the
first substrate within the frame, this preferably being
realized in the same process step as the production of the

25 frame. The supporting elements and/or frames comprise
continuous frame shapes, e.g. round, polygonal or oval, but
also parts of frame shapes, e.g. lines, corners, rounded

sections, points, and substantially act as spacers.

30 It is preferable for the upper plateau of the bonding frame,
i.e. a surface of the evaporation-coating glass which extends
substantially parallel in particular to the substrate

surface, to serve as the bonding surface. In this case, the



Furt hernore, an adhesive for joining purposes can be introduced inside the
frame or between the nested franes. Alternatively, a predeteqm pgg Zﬁqsui d,
i.e. a predetermned gas which is not air, or a liquid and/or particles
is/are 30 introduced into the cavity and/or into the space between the
nested frames before the first and secoRd substrates are joined. The fluid
can flow through the spaces or passages and may conprise a cooling |liquid,
a sensing liquid, a color 1 5 JUN 2006 13 filter and/or one or nore

reaction gagesedThe amcam Praferablor MGs S M fmund hi ckpsgs: whichegnsur es
that the two substrates and/or conponents which are present s thereon do
not touchdéstanset between kdhehdismt stuistrator ant nope con parei satandy
preferred_ e di r{ent of the invention, interconnects, for exanple for the
contact- € ﬁggf’li 617 "of seni conductor elenents, are arranged on one of 10
the substrates, for exanple, the first substrate. It is preferable for the
glass layer in the formof the franme to be deposited by evaporation
coatifig oftSt RB PATEFEGHITErs 1t 46 BHAC RRSTiR Lo /AT #B® regions, are

hermeticablyybgdens LRaCUGR AN Sy 2R 1Y @%@éﬁ%ﬁ&é&%&{ﬁﬁg chd 1S

preferable for a portion of the interconnects to remalin clear on one or
bot h si demoufittihg wéb theo s@ldomi sulbsdqueare vcidrit astspesonnesttilon. f1tsts

preferable for_in each case one weh qr edge aof the fra 0 pe applied-
transver sﬁ\’%s&f?ﬁer gé’p&,stmtgo % P@rfdalg‘ntfgﬁag%'ngﬁ sl.nc,&fltrber@t ¥9RAneS has been
j oi ned toazghensagends, syt kakaphleer elar epdihed MgLonaashs 4dgad in a

hermetically  sealed manner into the cavity fromthe outside through the
framk? ThdinAiEievate¥CSErmpackagiog onlip (endamalty Wutl iMespartial

reflection of the laser for the monitor diode. Therefore, in
the joined state, the first ard second substrates are in
particular substantially paralilel or inclined with respect to
one another.

15
Furthermore, as an alternative, it is also possible for a
side wall of the frame to be used as a bonding surface.
Furthermore it is possible for non-planar surfaces to be
coated with glass.

20
According to a particularly preferred refinement of the
invention, a plurality of frames are nested inside one
another. This increases the hermetic sealing and reiiability
by a multiple.

25
Furthermore, an adhesive for joining purposes can be
introduced inside the frame or between the nested frames.
Alternatively, a predetermined fluid, i;e. a predetermined'
gas which is not air, or a liquid and/or particles is/are

30 introduced into the cavity and/or into the space between the
nested frames before the first and second substrates are |
joined. The fluid can flow through the spaces or passages and

may comprise a cooling liquid, a sensing liquid, a color



vertically with respect to the first substrate and may, in 25 this manner,
extend through the joining elenent, so that it is possible to produce a

| aterally or vertically running electrical connection throug% t@ﬁ B rmetic
encapsul ation. |If appropriate, the franme, after production o ¢ HEN 120Bst 30
surface of the first substrate, or norelspecifically after application by
evaporation coating, is planarized, in particular abrasively, by neans of
chem cal - mechani cal polishing or another suitable process. This

advantage@g?k rlagdggm.%Qgpc%ﬁr&g&ﬁgﬁgﬁégg{cgﬁﬁggvenness caused by the

t hi ckness the 1 nterconnects, orere ing in uniform bonding.
Furthernore, alignnent el enents or aids can be produced on 5 the first
surface o na §econd su%fagﬁypf t he first, substrate mﬁth.%?e second
surface | §PRgTBATENETSEERENY 1T T FOMITHR THTQtiST (HLER ATRHERt ai ds
of this typer tee exenghestiratidie drd/Mofcdnpismte Poinien andd gyrdiags, are
advant ageous for the alignnent of |ens systens or other optical or

mechahi caFheIgoBoAPoRE’t SOUTHY (e iathen i threfhauand State. . further
joining elenent to be produced on the second surface of the first.
substrate, i.e. the back surface thereof, in order for a nultiplicity of

i 5 substratesrtfnbetpobn@dritd dulEmly Fhrader rBY et itendref efrabl y carri ed
out prior to the dicing and further _increases the throughput. In the text
whi ch fol 1B¥EREERB | ﬁﬁ‘gﬁtric(?me'é:té(plfﬁrm?d‘qm?%rfé’r FhtRY2GT t he basi s

of exenpl ag¥neALOEhNBRL et dhit tir! 1eRAReHO the WAWNES d MU
identical and simlar elenents are provided wth identical reference
symbdf s abide substrates, for example, the first substrate.

It is preferable for the glass layer in the form of the frame
to be deposited by evaporation coating on the interconnects,
so that the latter, at least in regions, are hermetically lad

15 through the frame or enclosed by the frame. It is preferable
for a portion of the interconnects to remain clear on one or
both sides of the web, to allow subsequent contact-
connection. It is preferable for in each case one web or edge
of the frame to be applied transversely with respect to the

20 interconnects. After the frame has been joined to the second
substrate therefore, the interconnects lead in a hermetically
sealed manner into the cavity from the outside through the
frame. The interconnects may run not only laterally but also
vertically‘with-respect to the first substrate and may, in

25 this manner, extend through the joining element, so that it
is pdssible to produce a laterally or vertically running

electrical connection through the hermetic encapsulation.

If appropriate, the frame, after production on the first
30 surface of the first substrate, or more specifically after

application by evaporation coating, is planarized, in

particular abrasively, by means of chemical-mechanical

polishing or another suitable process. This advantageously



the features of the various exenplary enbodi nents can be conbined with one
another. 25 30 Brief description of the drawings In the draw pgs | a- e
show di agrammatic sectional illustrations of the production gg ﬂ“%@@@trate
assenbly in various process stages in accordance with a first exenplary
enbodi ment of the invention, 1 5 JUN 2Q0Q6 15 5 10 15 20 25 30 Fig. 2 shows
a plan view of nested bondlng frames on  a substrate in accordance with a
second exenplary enbodi nent of the invention, Fig. 3 shows a diagramatic
sectional illustration on line AAAin Fig. 2, Fig. 4 shows an enlarged .
excerpt(ﬁompgﬂsﬂt¢$ifermgﬁV%nnG$§ causeduBYathe afhaflvaerE pEahilei ew of

nested DONALNGLAES O@hereggéyaésﬁi@lggcgﬁd&qggo%tQoﬁdlhg'rd exenpl ary

enmbodi nent e T hvention I'agf amati ¢ sect ronal
illustration on line DDin Flg 5,

Furthermore, alignment elements or aids can be produced on

5 the first surface or a second surface of the first substrate,
with the second surface lying on the.opposite side from the
first surface. Alignment aids of this type, for example in
the form of frames, points and/or lines, are advantageous for
the alignment of lens systems or other optical or mechanical

10 components.

Furthermore, it is preferable for a. further joining element
to be produced on the second surface of the first_éubstrate,
i.e. the back surface thereof, in order for a multiplicity of
15 substrates to be joined to form a stack. This too is
preferably carried out prior to the dicing and further

increases the throughput.

In the text which follows, the invention is explained in more

20 detail on the basis of exemplary embodiments and with
reference to the drawings, in which identical and similar
elements are provided with identical reference symbols and
the features of the various exemplary embodiments can be

combined with one another.

25

Brief description of the drawings

In the drawings:

Fig. la-e show diagrammatic sectional illustrations of the
30 production of a substrate assembly in various

process stages in accordance with a first exemplary

embodiment of the invention,



Fig. 7 shows a diagrammatic plan view of a wafer having a |arge nunber of
bondi ng franmes in accordance with a fourth exenplary enbodi qngnyu,@fzguﬁt he
invention, Fig. 8a shows an enlarged excerpt fromregion Ein Fig. 7,
Fig. 8b shows the sane as Fig. 8a, but with a glass |ayer which has been
appl i ed by evaporation coating, Fig. S shows the sane as Fig. 8b, but
following a lift-off step, Fig. 9 shows a di agrammatic secti onal
illustration of an excerpt fromthe fourth exenplary enbodinent after

bonding, 4. ;0 shows a N A %g‘gﬁ&h%?&@” EWsQEa2BAXEEPE o fEAML WAl er

yi
with interconrects which covered by "evaporation®coating in
accordance wWith a 4isitbsexenpl iiyaeabsdafreat watht hesenmadt eramplagy 11

shows an enl arged exc %Et of region Gin Fig. 10 in the formof a sectional
illustration on |iHEPHHReNE PFUNS06BVEBEEPY: 12a shows an enl ar ged

excer pt qflg‘erl on Gin Fél%wéoa'cE‘laéPérm‘%QEm:0Eeét§@ﬁ5&°ﬂ§iub££&§&5ﬁt bgn on
line K-K, Fig. 12b shows the sane as Fig. 12a after a planarization step,

5 Fig. 13 shows ei ghine)xamdlis Bigshapes of the bonding .franme , Fig. 14
shows re%&"’i!gt.s 4Of a TOF- Ssl;l'll\éswsrreaaguér?fgrgéd excerpt of region C in
Fig. 3,
Fig. 5 shows a diagrammatic plan view of nested
bonding frames on a substrate in accordance with a
10 third exempiary embodiment of the invention,
Fig. 6 | shows a diagrammatic sectional illustration on-
line D-D in Fig. 5, -
Fig. 7 , shows a diagrammatic plan view of a wafer
having a large number of bonding frames in
15 accordance with a fourth exemplary embodiment of

the invention,

Fig. 8a shows an enlarged excerpt from regioq E in
Fig.. 7
Fig. 8b shows the same as Fig. 8a, but with a glass
20 layer which has been applied by evaporation
coating,
Fig. 8c shows the same as Fig. 8b, but following a

lift-off step,
‘Fig. 9 shows a diagrammatic sectional illustration of
25 an excerpt from the fourth exemplary embodiment
after bonding,
Fig. 10 shows a diagrammatic plan view of an excerpt
from a wafer with interconnects which have been
covered by evaporation coating in accordance with a
30 fifth exemplary embodiment of the invention,
Fig. 11 shows an enlarged excerpt of region G in
Fig. 10 in the form of a sectional illustration on

line H-H,



Fig. 15 shows a photo-m croscope inmage of structured glass |layers, 10 Fig.
16 shows a photo-m croscope image of a sixth exenplary enbodi nent of the

i nvention, Fig. 17 shows a photo-nicroscope i mage of a seventh1%xXeNplgy y
enbodi nent of tie invention, and Fig. 18 diagrammuatically depicts a wafer
with is perforated mask for a | eaktightsness test. Detail ed description of
the invention Fig. la shows a substrate 2 made fromnetal. Alternatively,
20 the substrate 2 may also be a silicon, ceram c or glass substrate. A
photoresi st 4 has been applied to the substrat 2 Uusing a p ocesg known to
the perséidskildded FHPthEmtdveedfXerhRl Bg pRELOPI ghbﬁrgbﬁy. Pnifhis
case, the layer of H&SHSin [HPILUUSiSnaBSk1MEeRa0dbRr 68 $eRErRLX, L0 the
25 substrate. Alternatively, it is also possible to use_a shadow mask or
coveri ng Figsk MaH creldoes tive sadireras sBtar el 92 FHEAT RePeRRAAYZRBLPRG. | b, a
conti nuous | ayer ofst%l ass 6 conprising the evaporation-coating glass 8329
. is applied by 30 evapé?ation coating to the substrate 2 and t he photoresi st
4. Refermirg n@w to Fi g.shaws tdiggiphadxamsles dft shapésrofii thet henddnagti ons
8 of the glass layer 6 which are present thereon are 1 5 JUN 2006 17
rempved by neans offZ&&.one. The sections 10 remain fixedly joined to the
metal substratg 2.. Thi ' b I £k = ess and is
one with Vcﬁ%the persgﬁﬂéﬁfﬁﬁﬁﬂt?ﬁgq? eaZ??Fi§I¥§nﬁ%?g§?e§é§gferring now
to Fig. iFdg.wWidt renmai nsshaows e phitstfmtierogcope image of structured

glass layers,
10 Ei§. 16 shows a photo-microscope image of a sixth
exemplary embodiment of the invention,
Fig. 17 shows a photo-microscope image of a seventh
exemplary embodiment of the invention, and
Fig. 1é diagrammatically depicts a wafer with

15 perforated mask for a leaktightness test.

Detailed description of the invention

Fig. la shows a substrate 2 made from.metal. Alternatively,
20 the substrate 2 may also be a silicon, ceramic or glass
substrate. A photoresist 4 has been applied to the substrate
2 using a process known to the person skilled in the art and
' patterned by photolithography. In this case, the layer of
resist represents a mask which adheres securely to the
25 -substrate. Alternatively, it is also possible to use a shadow

mask or covering mask which does not adhere securely.

Then, referring to Fig. 1b, a continuous layer of glass 6
comprising the evaporation-coating glass 8329 is applied by

30 evaporation coating to the substrate 2 and the photoresist 4.

Referring now to Fig. 1lc, the photoresist 4 together with the

sections 8 of the glass layer 6 which are present thereon are



wWith a structured glass layer in the formof a bonding frane 10. io As
illustrated in Fig. le, a- covering substrate 12 nade from s{éi n'@é .
anodi cally bonded to the bonding frane 10 in order to form a dgﬁbg te
el enent 20, the bonding |locations being denoted by 14. On account of the
t hi ckness or height H of the bonding f¥&ne .10, a cavity 16 with a height
H", which is not 15 significantly greater than H, is fornmed so that a

sem conduct or conponent 18 on the top substrate 12 is at' a distance from

t he netal_ subst e 2 ferrin e again_tq.Fi o, gl er 6
Is appli ed m%\f)e%?g %ené%aslﬁe%fgél %E?Fgﬁgbeg‘%%e\%aeﬁ%rl&r%or}.obﬁet g&grﬁ%dﬁ%r ocess
has been joiwed ftos glearmsetal babshréher o BThdis psedews nwr kinpwif @rs tthe

mechani cgl, and poptical surface,treatment of plastic _or glass.spectacle
lenses, v i SHhPTARET S eantnbs GBI FEAE! ORISR EaPaEays: S5 1365 g
evapor at i1a{ls coat | 1§ fahesiF.up to 4 mmin, in particular > 10 nmmn or >

100 nmMm n, are possible with the evaporation-coating glass 8329 (degassed
~Durarg. Approximately 500 rimnmin is particularly preferred. This 30

Sl R SERE A R T R R A

this pro n app at'l on accor 0 the
inventiongichhi$ dsrbetarse goasst Bagdr! ayetheC @i NG Diondh &gt EFHagRent
systens, e.g. 15 JUN 2006 is Si02, can only be applied with sputtering
rates of ¥ few nanoneters per minute. The followi ng paraneters are set in
order for-the continuous : ' '

10 As illustrated in Fig. le, a covering substrate 12 made from
silicon is anodically bonded to the bonding frame 10 in order
to form a ccmposite element 20, the bonding locations being
denoted by i4. On account of the thickness or height H of the
bonding frame 10, a cavity 16 with a height H’, which is not

15 significantly greater than H, is formed so that a
semiconductor component.le on the top substrate 12 is at a

distance from the metal substrate 2.

Referring once again.to Fig. 1b, the glass layer 6 is applied

20 by means of electron beam evaporation. Although this process

- has been known for years, it has hitherto been used primarily

for the mechanical and optical surface treatment of plastic
or glass spectacle lenses, which only involved the
appliéation of areal layers. '

25
High evaporation-coating rates of up to 4 um/min, in
particular > 10 nm/min or > 100 nm/min, are possible with the
evaporation-coating glass 8329 (degassed Duran).
Approximately 500 nm/min is particularly preferred. This

30. exceeds, for example, sputtering rates by a multiple and
makes the use of this process of huge interest for the
application according to the invention. This is because

sputtered layers comprising single-component systems, e.g.



5 glass layer 6 to be applied to the netal substrate 2: BIAS terrperature
during the -evaporation: 100C Pressure during the evaporation: %g 4 nbar
Furthernore, a netal substrate 2 with a surface roughness of OJWVQQB
used, and an evaporation-coating gl ass whose coefficient of thernmal
expansion (CTE) is matched to the netal8substrate 2 and/or to the top
substrate 12 in a noderately dila-thermal manner is selected. The CTE of
the 15 glass 8239 is 3.3 ppm K, which approximately corresponds to the CTE

of sili COBlOQS'@&'BﬁWSbéeaéﬁﬁ.éd Uﬂ@h' B%ﬁﬂt@&in@aﬁt@ss%v%r gl hat the
gl asses 8329 or (018-189 produced by T das are 20 particularly

sui tabl e ﬂéPo@GéﬁFﬁgPﬁétapnywethernar or electron beam evaporation. These
evapor ati on-coating gl asses have an excellent resistance to solvents,

noi sture (85, 85%, 1000 h) and tenperature (T<Tg). Furthernore, the

gl asses hahe fméﬂ_pwgngdptaliemrémm@alﬁecaeuormpefﬁdas £ &Y ethaétcdOv bous
tenperatures (<_-100C), and consequently appear suitable for use for

super Eondge¢BSrglarest Isoﬁioc beompEeSGs Lot hen@siddersubftipte e: gl asses al so
can be used at high tenperatures (> 300C).and therefore in particular also
for power electronics such as power CMOS conponents. 30 Figs. 2 and 3 show
an arrangéidft tempprasumg flogrdi nigo trdien @ vapoanas.ot:0a t o UAMRE nest ed i nsi de

15 SN 26618 erdRr b st BeBR g 8 an "apoxy adhedi MAF i 5 applied
in the region of the franes 110a to 110d, wi'th the surface of
10 Furthermore, a metal substrate 2 with a surface roughness of
< 50 um is used, and an evaporation-coating glass whose
coefficient of thermal expansion (CTE) is matched to the
metal substrate 2 and/or to the top substrate 12 in a
moderately dila-thermal manner is selected. The CTE of the

15 glass 8239 is 3.3 ppm/K, which approximately corresponds to
the CTE of silicon.

Using intensive tests, the Inventors have discovered that the
glasses 8329 or G018-189 produced by SCHOTT Glas are

20 particularly suitable for coating metal by thermal or
electron beam evaporation. These evaporation-coating glasses
have an excéllent resistance to'solvents,.moisture (85°, 85%,
1000 h) and temperature (T<Tg). Furthermore, the glasses have
very good thermomechanical properties, even at low '

25 temperatures (< -100°C), and consequently appear suitable for
use for superconducting electronic components. On the other
hand, the glasses also can be used at high temperatures |
{> 300°C) and therefore in particular also for poWer
electronics such as power CMOS components.

30
Figs. 2 and 3 show an arrangement comprising four bonding
frames 110& to 1104, nested inside one another, which delimit

an electronic component 118 on a substrate 102.



the frames being covered with adhesive and the space between 5 the franes
being filled with adhesive. This increases the strength of the join.

Furthernore, the frames accommodate the adhesive nore succeﬁiﬂgjlépgnd
simplify the adhesive joining process. 10 If appropriate, dhé% ve is
applied in vacuo, in order to inprove tthe way in which the spaces suck in
t he adhesive. Furthernore, the plurality of frames serve as a crack stop
to increase the nechanical |oad-bearing capacity of the conposite el ement
and to increase' the reliability. In this is case, the plurality of franes,
in each case having a smaller web width b, is nore |ightweight and stable
than a si Rgferrisel inbw ranwief. tdhe SAHIE) AINEH: b df fy B; g R@ﬁﬁ*éagmow to
Fig. 5, punctiform supporting el enents 22 20 and a supporting frame 228
for suppoFBEngegRe™: @épé'r@?stfrréﬁ@szﬂzomctd ckl@hsuwwith the sawfage hef ght H

in the regign h .are d inside the bonding franes
2102 to 570d- Q%E%hg’%ﬁﬁ%@%&%?’éﬁé‘n?@%@g‘%aa?%e&é%p%%ﬁ‘f? tWerR 228

are Aot Fbenédamest beingp fSliekr atieh?2 Bihdultve atTels thectaidds cuerel y
the foll ow ng

rests-loosely on,.th Ref.er,ring now to Fig. 7 and 8a to 8c,

text 30 BXPFAPHE 56 LREnpCAry SHBGHSTEARETorthh (AR [2efommodate. the

el ect r oneghnakeek mpTterRcCMIENRL 1A Wstiyied gl @ss acﬁ{gjssj.t\;éi;[/agc%z?fpirf%

i s-used as top substrate to house inmage sensors ™ as part of a er vel
packagi ngPpPeEESs. A cavity is 1 5 JUN 2006 20 required in the housing as a
"spacer"” and a "sealing element". The cavity allows, mcro-optica

el enments, such as
10 If appropriate, the adhesive is applied in vacuo, in order to

improve the way in which the spaces suck in the adhesive.
Furthermore; the plurality of frames serve as a crack stop to
increase the mechanical load-bearing Capacity of the
composite element and to increase the reliability. In this

15 case, the plurality of frames, in each case having a smaller
web width b, is more lightweight and stable than a single,

solid frame of the same total web width B.

Referring now to Fig. 5, punctiform supporting elements 226
20 and a supporting frame 228 for supporting the top substrate

212 and for ensuring the cavity height H’ in the region of

the component 218 are arranged inside the bonding frames 210a

to 210d.

25 The supporting elements 226 and the  supporting frame 228 are
not joined to the top substrate 212, but rather the latter

merely rests loosely on them.

Referring now to Fig. 7 and 8a to 8c, the following text

30 explains an exemplary embodiment for micro-optical-
electromechanical systems (MOEMS) . A structured glass
substrate 302 is . used as top substrate to house image sensors

as part of a wafer level packaging process. A cavity is



m cro-lenses and/or micro-mrrors to function. 5 On account of the optical
function of the glass substrate 302, conventional processes gl B@t
suitable for this application or are unable to offer an |nexpen¥ e2006
solution. Although material -renoving processes, such as etching,

grinding, ultrasonic machining, sand bl%gting or pressing can 10 in
principle produce cavities, such processes would have an adverse effect on
the high-quality optical inner surface of the substrate 302. Therefore,

accor di ngréguikedi AveheoRoukifg Bendi Ngpsiddset Wi 5 el B by bei ng
built up. 15 Flg 9 illustrates_a silicate glass substrate 302. having a
nultlpllc?%9m6F rec?&ﬁgGPXFtW|ﬁééww§eCMNﬂ¥9ﬁﬂR?lQQ%ﬂﬁNQWﬁRﬁﬁ seeeh ons 303

bei ng conpl 8L 8LyenQYEr 8 aLEN RROLORES digr momechani cal
properties of thg substra?% 382 are ngﬁ%heg to t e second substrate 312, a

silicon wafer, having 20 an CMOS i mage sensor 318 (cf. Fig.. 9). The

substrate_ 302 is atterped usi,ng_the evaporation-coating glass 8329 and is
t her eby p?%v?‘a%‘auﬂﬁ P’Sr SBtﬁGgrﬁeﬁUBth’-PQmS’sf wilteh Hars gibstFate m 1 n

this exa e [ d I er(CTE: 3.3
ppr K) e ‘té?lg‘r'réitig?%a& TpBHebssd Bol! SR IS o (

phot or esi 2#PBDAat hoR| g FrgnunshlratoabLfégdy apedmexpensive exblamtidras a

rectangulﬁi or § smgggrgg?gg§m§?§ﬂga$%ﬁggw%%%ct|ggﬁgg%i Eﬁ resist coating

conpri ses, exa I'CKNesSs O tOI’ esi st

bei ng emynﬂmﬁingd dbushepﬁﬂcimamhahlhg kaawa @&a&uﬂm§< gy s iaffl cdhen
bei n is known as "softcure” This allows a

cured b .neanf
subsghuedeﬁﬁf%@6+? 5r858 Ecefﬁ?véﬁéﬁﬁkesuFﬁ PTOCRINESBOWE have an

adverse effect on the high-quality optical inner surface of
the substrate 302. Therefore, according to the invention, the

bonding structure is applied by being built up.

15 Fig. 9 illustrates a silicate glass substrate 302 having a
multiplicity of rectangular window sections 303, each window
section 303 being completely covered with photoresist 304.
The thermomechanical properties of the substrate 302 are
.matched to the second subsﬁrate 312, a silicon wafer, having

20 an CMOS image sensor 318 (cf. Fig. 9). The substrate 302 is
patterned using the evaporation-coating glass 8329 and is
thereby provided with a large number of frames with a height
of 5 um. In this example, the substrate 302.is a polished
Borofloat 33 wafer (CTE: 3.3 ppm/K) with a diameter of 150 mm

25 and a thickness of 500 um.

The photoresist 304 in Fig. 7 énd 8a has already been
structured and has a rectangular recess 305 around each
window section 303. The resist coating comprises, for

300 example, AZ with a thickness of 10 um, the photoresist being
exposed and developed in what is known as a mask aligner and
then being cured by means of what is known as “softcure”.

This allows a subsequent lift-off process, for example, in



acetone. Fig. 8b shows the wafer surface, which has been evaporation-
coated with a layer of glass in a subsequent process step. 5 The §?Rﬁt|ve

i mage which has been structured using photoresist has been
evaporation-coated with a 5 mthick glass layer formed from8329 with a
deposition rate of approximately 1 m pet minute. The subsequent surface or
the w ndow section 303 of the cavity is protected by the 10 photoresi st
mask, so that the evaporation-coating glass in these regions cannot cone
into contasécwhth the substrate 302 but rather is deposited on the
photoresi st mask. In the wuncovered |ocations 305, the glass 8329 is
deposited directly on the substrate 302. 15 Then, those regions of the

deposi ted asg,. | ch are_on the resist e renmoved by, nmeans of
alift- ofg% Bi %ﬁg&é"ﬁh; tRi ?rpﬁ}l&g?ge't g %seg?eﬁn iSVaR WY in
acet one. ccﬁl@edepﬂﬁht ediglagsoirngt Besr agi a%&%quéﬁ@tﬁﬂ&@@% 20

remai ns on the substrate 302 and fornms the desired structure in the form
of a frat rixe oReBRhVRgiPRreReYhiED. hasgbesa §W§N§Q4ﬁ?@wﬁ%#ngmcerpt

fol I ow ngykhEcteft s0f ﬁas£%9ﬁ6§§8§E§Qt1%i Ref&r Qﬁtﬂ'?vg tsoéi.dn $hi dl%faggnd

structured Borofloat 33 I's then ano bond to s
substrat egBd9s lapeérhfonoeddésom ARROI phithi tay ddpasrm;;mnsefm ©1318. The

520 whi IR RITR R 41 LubifePoF cUSP3cB] nAPey SOAR RN A oA |

el ement s J2RHew es6epont 803 By €hei BEVALYNG SRR AHACKY, 33 An

|nd|V|duaI conposite
photoresist mask, so that the evaporation-coating glass in
these regions cannot come into contact with the substrate 302
but rather is deposited on the photores1st mask. In the
uncovered locations 305, the glass 8329 is deposited directly
on the substrate 302.

15

Then, those regions of the deposited glass layer which are on
the resist mask are removed by means of a lift-off technique.
For this purpose, the photoresist is dissolved in acetone.
The deposited glass in the regions 305 without photomask

20 remains on_the substrate 302 and forms the desired structure

in the form of a matrix of bonding frames 310.

Fig. 8c shows the wafer excerpt following the lift-off

. process step.

25
Referring now to Fig. 9, the structured Borofloat 33 wafer
302 is then anodically bonded to a second subétrate 312,
which-incluaes a multiplicity of image sensors 318. The
result is therefore a multiplicity of opto-electronic

30 composite elements 320 which are housed at wafer level.

Finally, the individual composite elements 320 are separated

by dicing along sawing tracks 326. An individual composite



1 5 JUN 2006 22 elenment 320 of this type, having the opto-electronic
conponent in the formof the image sensor 318 on a sem conductor substrate

312 is illustrated in sectionin Fig. 9. 5 Raised, passive qg%]@
conponents in the formof |enses 322 are arranged over the se JUSEBR ¢ or
substrate or the wafer 312 on the inmagé2sensor 318 and inside the
hernmetically enclosed cavity 316. Furthernore, two mcro-mrrors 324, 10
whi ch may be novable, are arranged in the cavity 316. The transparent

Bor of | oat e32nfuhstznat @ B8Ghis B wlvdihg bomeesb by- radsronigondi ng
-locations 314 to the bonding frame 310, the hei ght H of which, at 5 m is

greater tREAPCRENTS ifeitdin iR dié’tq cldfla%rﬁﬁ?ﬁéPﬂfs?*P,QZO%n%i 324. The
Cesul Ui s enhermlical luasalal Al Leas pait Lally 1 apepal gt dhovsi ng
y m t

I
with a caV|P§ of ew se apprOX|na |nag sensor
318, the mugroglenses 322 and mcro-mrrors 324. 20 Cn account of. the
process according to the invention, the optical function of the substrate
gla555302 in the region of the cavity 316 renmi ns substantially

uni npai r egg 1 The , f HAERS vor AP¥GeG 1 &%ﬁﬂf%%ﬂ“ﬂﬁé@@nﬁ@@”ﬁ%&@egaﬁlfzthe

25 further advantage that fhe sawi ngtrack 326 required for t di crng can
remai n cl exe. aFyepgecOVer ﬁ@@'ﬁ@muﬂmnﬁyqnnnzﬁuhﬂﬁIQ#Qa@ms@h@lwafeﬁ I f the

substrate3§9 bStE% QEm?b'@%%s 1§u2%ﬂpglg% U strate I%fgﬁexanple

for all oy-sol derin r Sanodi on |ng ayer plied
prior to Ehelbsbﬁ-&hhltgreuﬁssEﬁrﬂheﬂﬁdrdfﬂﬁhdﬂﬁjﬁﬁﬁimftf&i@JBi@yer as

bondlng
10 which may be movable, are arranged in the cavity 316.

The transparent Borofloat 33 substrate 302 is anodically
bonded by means of bonding locations 314 to the bonding frame.
310, the height H of which, at 5 um, is greater than the

15 height of the optical components 322 and 324. The result is a
hermetically sealed, at least partially transparent housing
with a cavity height of likewise approximately 5 um for the

image sensor 318, the micro-lenses 322 and micro-mirrors 324.

20 On account of the process according to the invention, the
optical function of the substrate glass 302 in the région of

the cavity 316 remains substantially unimpaired.

The frames produced in accordance with the invention have the
25 further advantage'that the sawing track 326 required for the

dicing can remain clear.
Furthermore, the following variations are possible:

30 If the substrate 302 is to be joined to a further glass
substrate, for example for alloy-soldering or for anodic
bonding, a bonding layer is applied prior to the lift-off

process step. For this purpose, a metal layer as bonding



1 5 JUN 2006 23 layer is deposited by neans of physical vapor deposition-
(PVD). or chem cal vapor deposition (CVD), or a polysilicon b@ﬁdumwszyer

i s~ deposited by nmeans of CVD. In this way the bonding |ayer is structured
during the lift-off process in a 5 working step together with the frane
310. The anodi ¢ bonding can be carried DUt in a controlled at nosphere with
a predeterm ned gas conposition and a predeterm ned pressure, in
particular in.the case of hernetic 10 bonding, so that the cavities 316

have a copgyg],l ed aggosgfggei-,?r Rbagd aENpIRRElRl Rﬁé[;idlerdéﬁcﬁntﬁ%??s

bi ol ogi cal and/or sensor |iquids, and/or” particles, can be enclosed in the
caviti es 8BWD) 16r Fchemiogall mppradepoamtemer(;ﬁvmr,omraasmqlotmlmicm 402

havi ng a i plLi of _senico t n T cond or
regions 4H%n%regcon éﬁtggonngcfeggé BYn %%%%n%§§%§m23g%'ﬁ§b d’ﬁbq%rane 410
has in easbndfse beper 28 apphcedrbgl duapagatihen lddat-ioff @rercedre ial wni num
i nt erconnects, belonging to a sen1conductor reglon by means of the process
accordi ng"eokiRe ?E?%ng?gﬂtESFrgébﬁnHPﬁg LEg™t ROt eps illustrated in Fig.
la to id. Alternatively, the interconnects nay conprise gold, tungsten or

- titanium 25 tungsten. The webs 411 to 414 which formthe rectangul ar

bondi ng fThmeanQ@lCab@n@Lnﬁngeu beapaveisd pusvén eheontmoddeshnect s 430.

h I f h b I
{ram 4100 WP EHHES Bheh BoBr PAR By LU8RoRas! STBEANEASTL 6o fer St 1 uct ures

whi ch canppéadeeniodéd apt¥sbandedinsgshricular ln,the case of hermetic
10 bonding, so that the cavities 316 have a controlled and

predetermined atmosphere.

Furthermore, gases, biological and/or sensor liquids, and/or
particles, can be enclosed in the cavities 316. |

15
Fig. 10 illustrates an excerpt from a silicon wafer 402
having a multiplicity of semiconductor regions 418. The
semiconductor regions 418 are contact-connected by
interconnects 430. A bonding frame 410 has in each case been

20 applied by evaporation coating over the aluminum
interconnects belonging to a semiconductor region, by means
of the process according to the invention corresponding to
the steps illustrated in Fig. la to 1d. Alternatively, the
interconnects may comprlse gold tungsten or titanium-

25 tungsten. The webs 411 to 414 which form the rectangular
bonding frame 410, are arranged transversely over the

interconnects 430.

In this way, it is possible in particular for the bonding or

30 glass frame 410 which has been applied by evaporation coating
to cover structures which cannot be anodically bonded, such
as the interconnects 430 on a substrate 402. The result is

hefmetically sealed coverage, in particular with a



as the interconnects 430 on a substrate 402. The result is hernmetically
seal ed coverage, in particular wwth a 1 5 JUN 2006 24 hernetiqq%l seal ed
| eadt hr ough for the interconnects 430 to pass through. After Vﬁﬂ 0& o a
top substrate and dicing along the saw lines 426, a multiplicity of
hernmetically encapsulated chips with outer contacts result. 5 Fig. 11
shows an enl arged excerpt of region GRA Fig. 10, in the formof a
sectional illustration on line HH Fig. 12a shows an enl arged excerpt of
region Gin Fig. 10, in io the formof a sectional illustration on |ine

K-K prior to jaini to the to bstrate [ e
interconh&&@épiﬁ?#ﬁiuf%f%%ﬂzﬁ%%éﬁ%F%ﬁékﬂf?%?%%%egggﬁ?gﬁel%ﬁ%g 8?02tﬁ1and
run trangueiksenrolid reapactjdinihe () anecop sliest daoei agd dheinfi ckness
of the interconnects 430 led to the i5 fornatjon of an uneven%glateau

surface 21906F thee FohdiiRes 4fire U TP ARHCIRE QY apOFREFbR2L04t i ng.
REferrin%d&%ﬁf&ié@é&(ﬁﬁ¥§st%léH”%?HE%“ébﬁéﬁcE@eré§&PélVe'y extensive

t opography and to pro a suitable planar bonding 20 frane pl at eau
surface 415, the latter is planarized by neans of a CWVP process. :

Furthernore, it can al so at]Fhe %ﬁne tinme QE g%%gifiéanﬁlﬁ.thigged. for
exanpl e Figm 33 @Y 3R RIGHSESHTRY Pr ocedqt?? Fahal 59 b addPt ed
for any Qihero AP ahafesubsidati. 1 fautdeio®rén 1inésycencei vable for the
25 bonding frane to be abraded to beyond the surface. 431 of the

~interconnects 430, so that the interconnects 430 can be contact-connected
I ;g{“cgf’ﬁ}éﬁgg.”%as s A VED A J MRl Gk NeE S O 1 bheT b SFEQNNEB! Sin
10 the form of a sectional illustration on line K-K prior to
joining to the top substrate. In this example, the
interconnects 430 have a relatively great thickness or height
of 2 um and run transversely with respect to the plane of the
drawing. The thickness of the interconnects 430 led to the

15 formation of an uneven plateau surface 415 of the bonding

frame 410 during the evaporation coating.

Referring now to Fig. 12b, to compensate for the relatively
extensive topography and to produce a suitable planar bonding
20 fréme plateau surface 415, the latter is planarized by means
of a CMP process. Furthermore, it-can also at the same time
be signifiéantly thinned, for example from 5 pm to 4 um. A
corresponding procedure can also be adopted for any other
nonplanar substrate. Furthermore, it is conceivable for the
25 bonding frame to be abraded to beyond the surface 431 of the
interconnects 430, so that the interconnects 430 can be

contact-connected from above (not shown) .

Given a lower thickness of the interconnects, typically of
30 400 nm, it is if apprbpriate possible to dispense with a

planarization step.



30 400 nm it is if appropriate possible to dispense with a planarization
step. 1 5 JUN 2006 25 If an anodically bondabl e gl ass, such aquguﬁ@@%
exanpl e 8329, is used for covering purposes, the frame .can in turn be
anodi cal |y bonded to a top substrate. 55Ehe followi ng text provides results
fromvarious tests carried out on glass |layers fornmed from gl ass 8329

whi ch have been deposited by evaporation coating. Fig. 14 shows the
results of a TOF-SI M5 neasurenent, in which 10 the count rate is plotted
as a funciffoanofnodd cagdm dandpitlienglafe neechraseht Ehafaerempies the

profile o e .el t GRAL e} S i s
const ancyfela%rg’t ﬁg 8’1@%95 ff%%grre o%ﬁggi%jlorg?%%g’l g%/lg% %%%‘@Eﬁ%%@ i%aglgpg Be
det er m nednodifckildy bondddisia a eomphmikytasitsd - st ruct ured gl ass structures
formed from glass 8329 which have been deposited by evaporation coating

following the lift-off step. 20 Fig. 16 shows a conposite el enent 520

having a BeokLeabwidg $ehst %ﬁtcﬁri%ys PUb U TH ST EQANS6d 51 330 @ﬁgté gl ass
frame 510 evaporation-coated over them simlar to the fifth exenplary

enbodi nentar2iedheuthiork gdss sofl ayter s rficammuash feots $B30s$ sS82DY winichnbatée

t hi ckness. of tge'glg S f%gn%V510i%§x4rn A this sixth exenplary
enbOdinenP?ePh °p 5 Sgs Pale WIs s & %§ﬁ1y bonded on without a

pl anari zation step. 30 It is clearly apparent that a bonded join is present
oty Tn e T8 s Y Tt d S E 10 e RS Shrement, PLa aten
10 the count rate is plotted as a function of the sputtering
time. The measurement characterizes the profile of the
element concentrations of the glass frame. A thickness
constancy for the glass frame of < 1% of the layer thickness
was determined. '
15
Fig. 15 illustrates photoresist-structured glass structures
formed from glass 8329 which have been deposited by
evaporation coating following the lift-off step.
20 Fig. 16 shows a composite element 520 having a Borofloat 33
substrate 502 and interconnects 530 and a glass frame 510

evaporation-coated over them, similar to the fifth exemplary

embodiment.

25 The thickness of the interconnects 530 is 200 nm, and the
" thickness of the glass frame 510 is 4 pm. In this sixth

‘exemplary embodiment, the top substrate has been anodically

bonded on without a planarization step.

30 It is clearly apparent that a bonded join is present only in
the regions 540 and 542 whereas it was impossible to produce
a bonded join in the regions 544 and 546 in the vicinity of

the interconnects 530. The lack of bonding is indeed



a bonded join in the regions 544 and 546 in the vicinity of the

i nterconnects 530. The lack of bonding is indeed 1 5 JUN 20061%6 U
attributable to the unevenness of the surface or plateau face oﬁ *ﬁ@mglass
frame 510 caused by the interconnects. Fig. 17 shows a conposite. el enent
620 which is of simlar 5 structure t@é he conposite element 520. In the
case of the conposite elenent 620, the glass frane 610 was pl anari zed

prior to the anodic bonding The glass frane 610 was applied by

evaporatl hi ckn of 4 i p tQ a
t hi ckness%zcgbg%&r%gﬁma ely % lﬁﬁ ‘f%%gi St‘ﬂfg%zﬁ ssugﬁgfﬁe8kn§g§‘g8 ta§e630
is likewgre tH) JTasd tfisméEl sﬁdsl&a@@é@rwttﬁéaintaecaﬁhb&essurface of the
glass frame 610 is bonded, with the result that a hernetic closure of the

cavity 616 was formed. The glass frane 610 has a web is width of 300 mand

a size Ofp i3 MK shdWR JUESHSEORE, ’eiégé(r'&{;??é n@ﬁmeﬁso\@eg@mﬁigg ed out

on the ss |layer 8329 as I con wafer was provided with
an etschi rsg:mcztpnmastko e ¢d>rhp.r5$xta¢ egllemedy 95208, Inheba@teseQEfwahedi vi ded

into nine erf. d areas cm Th nd|V|d al aci_ng

bet ween (IS5 < HRT T h%zg‘g'r a%r&eﬂ“‘?r%ﬁbrgﬁﬁﬁ g%‘aflol | ows.
25 1st rewidwl® Sﬂ%?wﬁilad-léfrboﬁ@ihg owh@%ﬂa%a@raﬁeosﬁoms% m\éfd hol e
spacing 0.2 nm All the square holes 99 had an edge length of 1

After théawmsztapmiaum baoksing acttiofa ttiel skaiess hafl Hepm and then

polished down to a thickness of approximately 2 pm. The

10 thickness of the interconnects 630 is likewise 200 nm.

It is clearly apparent that the entire surface of the glass
frame 610 is bonded, with the result that a hermetic closure

of the cavity 616 was formed. The glass frame 610 has a web

15 width of 300 pm and a size of 3 mm X 3 mm.

Furthermore, leaktightness tests were carried out on the

glass layer 8329 as follows.

20 A silicon wafer was provided with an etching stop mask. As
illustrated in Fig. 18, the wafer 97 was divided into nine
perforated areas 98 (1 cm x 1 cm). The individual spacing
between the holes within the areas was varied from row to row
as follows.

25 1st row: hole spacing 1 mm
2nd row: hole spacing 0.5 mm

3rd row: hole spacing 0.2 mm.

All the square holes 99 had an edge length of 15 um.

30 After the unstructured backsurface of the wafer had been

coated with an 8 um (specimen A) or 18 um (specimen B) layer

of the glass 8329, the wafer was then dry-etched as far as



coated with an 8 gm (specinmen A) or 18 m (specinen B) |layer of the glass
8329, the wafer was then dry-etched as far as 1 5 JUN 2006 27 tﬂ ﬁbﬂ @
the perforated areas. The success of the etching was easy to obSer ﬂder
a transmtted |ight mcroscope. It is possible to achieve |eak rates of at
| east s < 10' nbar.1/sec. For this exenplary enbodiment, a helium |eak
measurenent revealed a leak rate of < H3% 8 nbar 1/sec through the gl ass

| ayer and therefore for the hernetic cavity. 10 The high strength of the.
gl ass layer regions despite considerable bulging of the wafer during the
measurenent in the respective nmeasurenent area is al so-amazing. There was
no chande'd rg%Hes g’r%s"sh%tﬁ’%f%?%t%@eﬂraﬁﬁerTESnHPFFSﬁFantheZ@GG ipg

Furt her i t e Il out on the
Mt éfs}ti%cf‘orglﬁ%%%%ﬁ@ bt éytP§ﬁ§ EEHEB ECmiERbEIcehe

glass frame in N T SO. resu t are given N Table 1.
1 5 JUN 2006 28 Table 1: Specinen de5|gnat|on. 8329 water DI N

I SOConsunpt i . onNa2 nts 7 ui val ent cl ass / ] 41qg/ 9] HGB

10, 0113n0He S0P T NP LS THONERE T U THOK CRFER SPvRL: brast

cl assy enw al surfseLchA88€S For this exemplary embodlment, a hellum
leak measurement revealed a leak rate of < 10™° mbar 1l/sec
through the glass layer and therefore for the hermetic

cavity.

10 The high strength of the glass layer regions despite
considerable bulging of the wafer during the measurement in
the respective measurement area is also amazing. There was no
change in the glass structure even after conditioning at
200°C.

15
Furthermore, resistance and stability measurements were
carried out on the glass frame in éccordance with DIN/ISO.

‘The results are given in Table 1.



[mg/ dnR] area [cnR] j 1 WD.42 x 40Unchanged | as material Alkali DIN

| SOvat eri al Tot al Conment s/ vi si bl e 695r enoval surfacechanges cl ass[ ng/ dn] ar ea
[cn2] A21222 x 14Unchanged as material s It will be clear to tHe& peysam
skilled in the art that the enbodi ments described above are to be
understood as exanples and that the invention.is not restricted to these
enbodi nents, but rather can be varied igg nunerous ways W thout departing
fromthe scope of the invention. 1 5 JUN 2006 29 Clains 1. A process for
joining at |east two substrates, in particular having electrical,

sem conducti ng, nmechani-cal and/or 5 optical conponents, conprising the
steps of  providing a first substrate, producing a joining elenent in the
formof athbaseien a first surface of the first substrate, a binary system
of materials, a glass or a vitreous material being used as 10 material for
the frame, and the binary. systemof materials, the glass or the vitreous

mat eri al il IS M A AR A O coatT 1y,  proviarng a secornd
==?pgeecz. et e sih L{tﬂlcg)? .?;t{ﬂi};]

subst r atje&5~=aH ot Ag—the— d second substrates by neans of the

- Water DIN ISO Consumption Na,o Comments
719 of HC1 equivalent
class (ml/g] [pg/g]'
HGB 1 0.011 3 | none .
Acid DIN 12116 Material Total Comments/visible
class |  removal surface changes
[mg/dm?®] area [cm?®]
T 1w 0.4 2 x 40 _ Unchahged
as material |
Alkali DIN ISO Material Total Comments/visible
| 695 ' removal surface changes
class [mg/dm’] area [cm?®]
A2 122 2 x 14 Unchanged

as material

5 It will be clear to the person skilled in the art that the
embodiments described above are to be understood as examples
and that the iﬁvention.is not restricted to theée
embodiments, but rather can be varied in numerous ways

without departing from the scope of the invention.



15 joining elenent. 2. The process.as clained in claim1, in which the
joining elenent 'is deposited on the first surface of the first substrate
and is joined to the first substrate while it is 20 being degdsiJundggg.
The process as clained in one of the preceding clains, in which the
joining elenent is applied to the first surface of the first substrate by
evaporation coating. 25 4. The process & clainmed in one of the preceding

claims, in which a frane is applied by evaporation coating as the joining
element. 1 5 JUN 2006 30 5. The process as clained in one of the preceding
clainms, in which one or nore supporting elenments are produced inside the
joining elenent on the first surface of the first substrate. 5 .6. The
process as claimed in one of the preceding clains, in which a plurality of
nested frames are applied by evaporation coating as the joining elenent. 10
7. The process as clainmed in one of the preceding clainms, in which the

step of péﬂﬂjging the joining el enent conprises deposition of a binary
mat eri al $ystem by evaporation coating. 15 S. The process as clained in
one of the preceding clains, in which a glass layer is applied by
evaporati @n COAt ppgcagd r&tr w{xggi_édﬂ% GBS JQD tRhE | oi ning
el enment. 9. The process as clained in one of the preceéﬁng'clalns,

' particular having electrical, semiconducting, mechanical and/or

5 optical components, comprising the steps of
providing a first substrate,
producing a joining element in the form of a frame on a
first surface of the first substrate, a binary system of
materials, a glass or a vitreous material being used as
10 material for the frame, and the binary system of materials,
thelglass or the vitreous material being applied by
evaporation coating,
providing a second substrate, and
joining the first and second substrates by means of the

15 joining element.

2. The process as claimed in claim 1, in which the joining
element is deposited on the first surface of the first
substrate and is joined to the first substrate while it is

20 being deposited.

3. _ The process as claimed iﬁ one of the preceding claims,
in which the joining element is applied to the first surface
of the first substrate by evaporation coating.

25
4, The process as claimed in one of the preceding claims,
in which a frame is applied by evaporation coating as the

joining element.



20 in which the joining elenent is structured by neans of the [lift-off
techni que. 10. The process as clained in one of the preceding ql5aiJP'ﬁ,2006i n
whi ch the joining element and the second substrate are 25 adhesively

j oi ned, soldered or bonded. 11. The progéss as claimed in one of the
preceding clains, in which the joining~elenent and the second substrate
are joined by neans of anodic bondi ng, fusion bonding, sol-gel 3o bonding

or Iom#tengera;tgg bonding. 12. _The prqcess as clainmed in one of the
precedi ng 2fai nbS PROGAFEh3ChELALFEE afd Wil b RFetedingnptatesa
first and secehtich35neaber morespagpbyeling kot 2006 3 daqubsi P%L-Eé'i&y of
| ateral ly gﬂ%acent.%oinhn% el ements are produced on the first surtace of
the first et O BhaTaft BNePReORi FBE AAdssecordans % thaefbeeh j oined to
forma wadebsesseably, the wafer assenbly is diced into individual s
chips. 13. The process as clainmed in one of the preceding clains, in which
a cavity is forned between the first and second substrates and inside the

frame. 10; 14. Fhe S i i of: the preceding claips, in
whi ch i nt er connect sﬁg(?gga?rg%gg%g%ﬁ&gh%ﬂf ?)?%t ,%sfur éecébro%ceét]ﬁ% f?]ra‘:éjtms'
substrat e, 1anthi¢R 3 dPhingléteneht ngstagplfirechetso areherfplristd s f ace by

evaporati i in n .that the interconnects are at | east
WL o NeSHENG JBNDEL 13

partially covered. 15. The processS as-C a4 fted SR TORE of t he pr ecedi ng
cl ai ns,

10 7. The process as claimed. in one of the preceding claims,
in which the step of producing the joining element comprises
deposition of a binary material system by evaporation

cocatring.

1s 8. The process as claimed in one of the pPreceding claims,'
in which a glass layer is applied by evaporation coating and

structured through a mask to form the joining element .

9. The process as claimed in one of the preceding claims,
20 in which the joining element is structured by means of the
lift-off technique.

10. The process as claimed in one of the preceding claims,
in which the joining element and the second substrate are

25 adhesively joined, soldered or bonded.

11. The process as claimed in one of the preceding claims,
in which the joining element and the second substrate are

joined by means of anodic bonding, fusion bonding, sol-gel

30 bonding or low-temperature bonding.
12. The process as claimed in one of the preceding claims,
in which

the first and second substrates comprise z first and second

35 wafer, respectively,



in which the interconnects extend laterally or vertically through the
joining elenent. 20 16. The process as clainmed in one of the preceding
cl-ainms, in which the joining element is planarized after it hak5hggn,
produced on the first surface of theﬁiirst substrate. 25 17. The process as
claimed in one of the preceding claims, in which alignnent elenments are
produced on the first or a second surface of the first substrate t he

second surfa h e iy t S rf 30 18.
The procese SeLT e aed Tnons or e PRe Torsbi e ol afakad ek ER e
nultlpI|C|Py06ﬂc§db§mr§bés’ar§tjswmﬁat?cpﬁcnh&fm1?$ackafé9 éndogpgf:;g
el ement, i t I % trica el ectronic condu
nechanlcalg E%% k%% ?ICE? %ﬂg §5§%560§?£f§§) %ﬁéﬁ?% na%%l?ﬂ pafPt FefPad
produced uwaﬁgrtbsspnhdgssuas walfatrmed damsne of di&E@FﬁﬁﬁélﬂﬂdEb§&H§l-
conpri sing flrst substrate, a joining element on a first surface of the
first gubs ﬁé s the joining elenent being a frame nade froma binary

system of naterlals, a glass or a vitreous material, and the joining

el enent bej lied to the first surface of the flrst substrate by
evaporatio%QCoa&Bﬁgprﬁc &8ofd §EB%PF9tén:BT??R?fﬂh%npfﬁﬁﬁ%%%%nﬁléuﬂ%irates

being j oi ned wyigRasscafitheis| ebhinBe YRMn HE: fhesCcmoside ghement as
claimed in claim19, in which the joining elenment is deposited on the

first surfScRSpFafRg and inside the frame.
10

14. The process as claimed in one of the preceding claims,
in which interconnects are arrang=sd on the first surface of
the first substrate, and the joining element is applied to
the first surface by evaporation coating in such a manner

15 that the interconnects are at least partially covered.

15. The process as claimed in one of the preceding claims,
in which the interconnects extend laterally or vertically
through the joining element.

20
16. The process as claimed in one of the preceding claims,
in which the joining element is planarized after it has been

produced on the first surface of the first substrate.

25 17. The process as claimed in one of the preceding claims, -
in which alignment elements are produced on the first or a
'second surface of the- first substrate, the second surface

being on the opposite side from the first surface.

30 18. The process as claimed in one of the preceding claims,
in which a multiplicity of substrates are jointed to form a

stack.

13. A composite element, in particular having electrical,

35 electronic, semiconducting, mechanical and/or optical



is first substrate and is joined to the first substrate. 21. The conposite
el enent as clainmed in one of the preceding clains, in whichldgurrgpore
supporting elenents are arranged on the first surface of the first
substrate within the 20 joining el enent. 22. The conposite el enent as
claimed in one of the preceding claigps, which conprises a plurality of
nested franes as the joining element. 25 23. The conposite el enent as
claimed"in one of the preceding clainms, in which the joining el enent
conprises a structured glass layer. 30 24. The_conposite el enent as

cl ai med i AOBRENENLEhe 2pPedddPAFticMdinms PHGAUGRE S Hed | Brei PP THETR . i S

sl oLhArquE. SRS LN B006 53 I6T THe Conpocy (2 o1 Bhbnt as ol ai med

in one ofatherprecsebdsngatel,ains, in which the joining el enent and the
second substrate__ar adh%si vel y j.oi_ned %ol der e]{d r bonded ta one anot her.
ment. on & F urrace e

s 26. The®coRpBalPedPlRENt °Fs crArfsd SHGE S fﬁ% pr Eeedi AP i AT, in
whi chs t hethei nbhgisgerdemeand behags ec drdreustdat fromre himawed arskdde
joining is.a % gn.gioduged bé means gi agpdkg bqndif fus'oqhbondjq
sol -gel bBhdF g OF 1B t SREFatar & BordintyS 15 27 *The 3 ity as
cl ai ned i elenenof behagpeeeédiedg tockaensidst whirfaddeof itlsd Mivktsecond
substrates conprise ,a first _and second.

substrate by evaporation coating,

a second substrate,

10 the first and second substrates being joined by means of the

joining element.

20. The composite element as claimed in claim 19, in which
the joining element is deposited on the first surface of the

15 first substrate and is joined to the first substrate.

21. The composite element as claimed in one of the preceding
claims, in which one or more supporting elements are arranged
on the first surface of the first substrate within the

20 joining element.

. 22. The composite element as claimed in one of the preceding
claims, which comprises a plurality of nested frames as the

joining element.

25
23. The composite element as claimed in one of the preceding
claims, in which the jbining element comprises a structured
glass layer.

30 24. The composite element as claimed in one of the preceding

claims, in which the joining element is structured and the
structuring is a structuring produced by means of a lift-off

technique.



wafer, respectively, is a nmultiplicity of laterally adjacent joining

el ements are arranged on the first surface of the first wafe { d t he
joining elenents are joined to a surface of the second subst gt N 2066 3.
The conposite elenent as clained in one of the preceding clains, in which
a cavity is formed between the first 3hd second substrates and inside the
frame. 29. The conposite elenent as clainmed in claim31, in which 25 the
cavity is hernetically sealed. 30. The conposite elenent .as clainmed in one

of the prescedi Mhe Acigtsitd athindht HLICOMRES SiMhbER dFecat #:%@éédw ng
partially _covered by _the joining elenent are arranged on the first

surface of ?ﬁ@sﬁlﬁﬂ:%ﬁﬂﬁhrﬁhﬁaJQ?PlﬂBu?kﬁW&m%l%@deFQﬁEﬁ@CQEdCEabﬁQuatﬂ one

of the precedaBgieGhallRF jdiha)i G 1idE-dNEr GonNecs s, xLend, ﬁe&gga' ly or
vertically through the joining elenent. 15 JUN 2006 34 32. e conposite

el ement as clainmed in one of the preceding clains, in which at |east one

surfage obgt herhai g'oﬂ%o@ﬁc@@lerde%*pla@%lazﬁ%da}] 3%néf hee CQHQgﬁJé»{eSeSi

as claimed_in one he preceding clains al 1 gnnen enen are
arranged GA2ERE; fPPsMhléﬂléh§96@ﬁ@l§9rﬁ%M¥mQﬁtt&mﬁfﬁh%tsggmmdramb$tr$ME

second suglacechelngaon Lhe qRAGSELE sy de Joamidis iistysulace 040 34. An

i ntermedi ate product produci ng t A& Corposi te enen as c ainmed in one
of the préasedingbondimg, ifausion bondlng, sol-gel bonding or low-

temperature bonding. E

10
27. The joining element as claimed in one of the preceding
claims, in which | |
the first and second substrates comprise a first and second
wafer, respectively, | |

15 a multiplicity of laterally adjacent joining elements are
arranged on the first surface of the first wafer, and
‘the joining elements are joined to a surface of the second

substrate.

20 28. The composite element as claimed in one of the preceding
claims, in which a cavity is formed between the first and

second substrates and inside the frame.

29. The composite element as claimed in claim 31, in which

25 the cavity is hermetically sealed.

30. The composite element as claimed in one of the preceding
claims, in which lnte*connects which are at least partially
covered by the joining element are ar*anged on the first

30 surface of the first substrate.

31. The composite element as claimed in one of the preceding
claims, in which the interconnects extend laterally or

vertically through the joining element.



particul ar having electrical, electronic, sem conducting, mechanical

and/ or optical conponents, conprising 15 a first substrate, a joining
elenent on a first surface of the first substrate, the joinigg'&lenent
being a frame formed froma binary system of materials, gla dYN 006
vitreous material, and the joining &l4enent being applied to the first
surface of the first 20 substrate by evaporation coating, and the joining
el enent being designed in such a manner that the first substrate can be
joined to a second substrate by means_ of, the jaining elemsnt. 25 35. A
stacked conmposite EIERRN S cONPITRF n§Za M tiHl i'é1 (™ St conpatTe” et'&hent s
as cl ai med dimsoneiwfwhiheh psecedaay onkaisny Safdsc o fareng gigledin® ehemamot her .
36. The use qf a structure in the formof a frame formed 30 froma binary
system oflsrrﬁlér‘?aérl”sz,e%' glass or a vitreous material for joining two
substyrates which is applied by evaporation coating as a spacer between two
substrates or as an ali nnen;nelenent, i,n parti.cular in accordance. with a

process and/ orf ForCPRRIRIET AgS 2SBeRpod st £3& £héE 4 BPTICEGRE of

the precedifignC! aidBehilén JUN: 2006085 B emethy QGRS ai-@inged MG IsdbsiFat es
having electrical or optical conponents, in particular as set forth in one
of the mrecedarPrd FwEiacn ohi EResLaThitr SLPHIFaE SediRd S tG ate are

provi ded,g ik 2 d igSin$tER. c Re f 6988t ScaRRldced At alhd Gasisonsr Sitd ace of
the first substrate, glass being used as material for the frame and the
gl as® being applied by evaporation -

34. An intermediate product for producing the cohposite
element as claimed in one of the preceding claims, in
particular having electrical, electronic, semiconducting,
mechanical and/or optical components, comprising

15 a first substrate, '
a joining element on a first surface of the first substrate,
the joining element being a frame formed from a binary system
of materials, glass or a vitreous material, and the joining
element being applied to the first surface of the first

20 substrate by evaporation coating, and
the joining element being designed in such a manner that the
first substrate can be joined to a second substrate by means

of the joining element.

25 35. A stacked composite element, comprising a multiplicity
of composite elements as claimed in one of the preceding

claims which are joined to one another.

36. The use of a structure in the form of a frame formed

30 from a binary system of materials, a glass or a vitreous
material for joining two substrates which is applied by
evaporation coating as a spacer between two substrates or as
an alignment element, in particular in accordance with a

process and/or for producing a composite element as claimed

W
w

in one of the preceding claims.



coating, and 10 in a second, subsequent step, a surface of the second
substrate is joined or bonded to the frame, a cavity being fofﬁeﬂnbam&Een
the first and second substrates and inside the frame. is 38. A conposite
elenent, in particular having electrical or optical conponents on a
substrate, in particular as set forth in one of the preceding clainms,
~conprising a first and a second substBate, at |east one frame which has
been applied to a surface 20 of the first substrate, the frame conprising
a structured glass |ayer which has been applied by evaporation coating,
and a join'gg region in ich a surface of the frame is joined or bonded

to a surf of At RECSBEBNHCS uBSLFRARE, SIPSEIEAAS VaydinGy SGHed I5et v@%en t he

first and seeopdl sohséiains, insigle-dha,f4am 9. rArPRO¢RSSHEOL ] PhDi NG at
|l east two substrates, in particular having electrical, sem conducting,
mechani cal PERFSHdID e GMscall e 8fA3GRent s, conprising the steps of providing

a first substrajesipsoduchng gek8hal BUrEeMRAl 208 3. hgegsurface of the
first substrate, providing a second substrate, and 15 JUN 2006 36 j oi ni ng

the first and sEeondfsudstFaees byLinamss isf appéiedoitni By dleermentonea
plura'itY'éﬁrfﬁééQﬁffiﬁ@9§iP§£”9uBEBQH%%q @&a%gebgghgiE%ed?%%n%%kérial
for the frame and the glass being applied by evaporation
coating, and |
10 in a second, subsequent.step, a surface.of the second
substrate is joined or bonded to the frame, a cavity being
formed between the first and second substrates and inside the

frame.

15 38. A composite element, in particular having electrical or
optical components on a substrate, in particular as set forth
in one of the preceding claims, comprising

. a first and a second substrate,
at least one frame which has been applied to a surface

20 of the first substrate, the frame comprising a structured
glass layer whiéh has been applied by evaporation éoating,
and |

a joining region in which a surface of the frame is
' joined or bonded to a surface of the second substrate,
25 a cavity being formed between the first and second

substrates inside the frame.

39. A process for joining at least two substrates, in
particular having electrical, semiconducting, mechanical

30 and/or optical components, comprising the steps of
providing a first substrate,
producing a joining element on a first surface of the first
substrate,

providing a second substrate, and



5 40. A conposite elenent, in particular. having electrical, electronic,
sem conducting, nechanical and/or optical conponents, in particular

pr-oduced by the process as set forth in one of the precedygng¢@¢§B,
conprising 10 a first substrate, a joining elenment on a first surface of
the first substrate, a second substrgke, the first and second substrates
being joined by neans of the joining elenment, and is a plurality of nested
frames being provided as the joining elenent. : :

joining the first and second substrates by means of the
joining element,
a plurality of nested frames being produced as the joining

element.

40. A composite element, in particular having electrical,
electronic, semiconducting, mechanical and/or optical '
components, in particular produced by the process as set
forth in one of the preceding claims, comprising

10 a first substrate, _ |
a joining element on a first surface of the first substrate,
a second substrate,
the first and second substrates being joined by means of the
joining element, and

15 a plurality of nested frames being provided as the joining

element.



