~; () *+e3eNFFAI | HI: MBMITNV  Schott d as 03SG.0180SGP  Process for joining
substrates, and conposite elenent Description s Field of the invention The
_invention relates to a process for joining substrates in general and for
“joining substrates having electrical, sen conducting, mechanical and/or
optical conponents and to a io conp05|te el ement, in particul ar. Background
of the invention Joining techniques are used for a wi de®P8Rg818€SEEchni cal
i5 fields. Bfhedf &flaskanple, at this point reference may be made of the
“formati on of housings for electronic conponents by nmeans o

exanpl e, electronic circuits are enclosed. 20 For exanple, Nmmmmmmwmﬂmm omn
. processes in which conponents or integrated circuits on a sem gghductor
Chlp or still joined to a sem conductor wafer are provided with a housing
and with electrical connection contacts. If the nounting oﬂ umm|mmmmmr the
integrated circuit and the joining of contact regions 2s o“mm o the
housi ng contacts which lead to the outside are carried out Whilgeht is
still joined to the wafer, a nounting method of this type is generally
referred to as Xrefess Ifeaﬁequjmumgls@qﬁm gnd j conp i e osvenent
encapsul ate individual chips or dies, known as single die 2 packagi ng.
These processes are used to adhesively bond conponents, for exanple, using
epoxy resinpesdevierdion a drawback of adhesive

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 components
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
electfical 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



~s bonding is 'a | ow chem cal resistance, poor optical properties and the
ri sk of conponents being soiled with adhesive. Furthernore, adhesion
_locations are subject to an agi ng process which is acconpanied by a
-deterioration in the quality of the join. to The fundanentally known
j oining techniques or processes also incl e what is known as bonding. A
particul ar type of bonding is what is known as anodi ¢ bonding, in which a
voltage is applied to an interface under the action of heat, 15 which .

*f orces char
of advant ag

g%égyﬁﬁﬁr di ffusion. Although bondi ng processes have a nunber
S over é%oxy adhesive joining, their application is very

restricted, making theminflexible. 20 By way of exanple, anodic bonding is
di sadvant ageously restricted to a very tiﬁhtly | imted nunber of materials,

since the cHAEFE PIPCEHSEhARE EHBE 15
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appl i cati onyonfiagsdme ai Soal Shetmiual, ofe sttdtemdmndicwy prmcEsseproperties
Furt her nore,__bondi ng ,processes do not invol ve any build-up. 30 and
consequent | S?ngt ﬁg“S‘? %&\f’é‘ ﬁ%ﬁéﬂp@n@rﬂv ﬁ’éaéTF%LﬁCP;tﬁcg “f’cFS“ g%lp‘éer al | el
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In any event, there is still a considerable need for r versatile and
i nproved j oPACKESHr ¥&dsded s Bocommadieden iprdederifonael dmvignttitem

Ther ef or e,
process whi

gﬁglggyeg%iggei C%sed'on t he object of providing a joining
n

his expensi ve and versatile to use and in particular works

qui ckl yoand efficiently. to A further object of the invention is to provide
a joining process ich is_substantially independent. of the type of
gei%uP e

mat eri al
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of the invention is to provide a joining process which has a“high chenica
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ows t ction o cavitles or Vvolds.
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.

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
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

- and consequently, they have hitherto only been suitable for

plane-parallel connections. This too considerably restricts

the range of applications.



~Yet a further object of the invention is to provide a joining process which
is suitable not only for electrical and a5 el ectronic conponents but al so
_for optical, electro-optical, electronechanical and/or
-opt o- el ectro-nechani cal systens. The object of the invention is achieved in
a surprisingly sinmple way by the subject matter of the independent clains.
30 Advant ageous refinenents of the invention are defined in the subcl ai ns.
4 w The invention proposes a process for joining at |east two substrates,
“in particular having electrical, sem conducting, nechanical and/or optical
conponents. s The substrates are preferably nmade froma material or
.material conposanesewdmich tlheapsi sesgtilhsa, copshderablesnaedoniduct or

materials, in partjcular_sjlicon, Il1:V, such as GaAs or (Al ~. sl _x
(VCSELs), | IV&AS3 7P 138 1MRAVef stP bR HR? BFGSRFESSr i norganic naterial s,
such as for exanple netals, e.g. 1 o Kovar . In particular, after a first

substrate has been provided, a joining elenent is produced by neans of
struct uri ng @gnerdl rdesepiptaiten off thike fingentibstrate or is applied to the
is first surface of the first substrate. The second substrate nmay |ikew se
be structured or alternatively may be unstructured. Then, after a second
substrat e hashdsefops oviigedinddier {dit Sis 20a 8808 second sHPstt abespaseifiohged
by neans of the joining elenent. In particular, a surface of the second
substrate i & jIFHEPT PEPRTT HRIR 1hel FOIPERTLEF FRRt VeBFRRble to use

tenporari | Y.arfa Gin G0l {01 D Ahi0kd O k1 PULALTLIEI DLOCEPSI NG St eps or
permanently. In thi's way, a conposite 2s elenent, e.g. a hernetically
encapsuttat ed or housed chip or die can be produced in a very sinple way
usi ng either, single die techno or_as part of wafer |eyel packaging. In
the case of ‘wa uer&l?eervecfeojpea%ia%% (r?%?le t*fév?rr‘t%s 0 ahd %%C%]FI%VJS%E sTbs? T are
realized. byproddgstwhiith ai seaaosist aved 411y eSpeehév@ e J¥ f13dej5¢ appl i ed
by evaporation coating to the first surface of the first wafer around each
sem conduct d2HgiPn WBied Uk dife OIMRERED @5 $Pprariire & be joined

mul tiplicityQf {atenaldyad ac r Y, p Qﬁg-.
After the tva\o vvalferE%[ halve beencsfglnﬁdélgf?%ﬁga%vx%af%%?%g%ﬁl %lm?%% a%ter
is diced, in particular by sawing, between the frames to. produce
Ihcn)gfs\é:jdual C:}A'el Salnoschpédrv%rgjae%etouosg yﬁhet hier{vegxgtrledn aisl, %{geppgv@ < é)fjcg:ﬂ'llfr?g are

process which has a high chemical and/or physical stability

of the join and ensures a permanently sealed. join.

20 Yet another object of the invention is to provide a joining

process which allows the production of cavities or voids.

- Yet a further object of the invention is to provide a joining
process which is suitable not only for electrical and
25 electronic components but also for optical, electro-optical,

electromechanical énd/or opto-electro-mechanical systems.

The object of the invention is achieved in a surprisingly
simple way by the subject matter of the independent claims.
30 Advantageous refinements of the invention are defined in the

subclaims.



-si mul taneousl'y in a single working step. The housing is particularly
suitable for electronic conponents, especially for sem conductor, optical
~and/or io mcromechani 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 systens (MEMS), mcro-optical systens (MOVB),
m cro- el ectronechani cal -optical systens (MOEMS) or conventi onal
"sem conductc}r re ionsc.or el ements aon one of the two, substrates to

3 of

be
joined. In th% EPFFHCET HEORIRET & AP Bed 3O 4fC obtiDnat vy
tenporary stsesfitaia il G GRan Gl O MO Sel ek SUG aselbogdanpk gy,
m croswi tches, or mcro-mrrors. The joining elenment is preferably a ?rama
or bondi ng FeEsRETRREhaNd/ aEpeRt i@l crrmarRan Yt surface of one of the two
substrates and is permanently and fixedly joined to the first as substrate
during deposition. The frane is raised with respect to the first surface of
t he subst r affhebpubssrhager athi pkabssalEnd mpdeyifdesn a sateabbhe dbonditgrial

surface. The frame provjdes, conpletely aqr at least ,in part, the 30 bonding
surface for GAESHE rghf'ﬁ_ﬁt ﬁ‘é’f‘g&ﬁ%&)atéﬁsq'n FHACuPAr SPRLERRIRFERE i s
applied by waaasigisa il bhrelA@aSIIMCIAY] NG PR-QCES/ch af bhabasyproven

particul arly advantageous for a frame to be deposited or evaporation-coated
onto the fi CeRledgf.adddSEdmla Filndly Inkst @BRE) naewt ialsy dthgardtganae

glass or fr i_tr.eous mat.erial. The glass used is in rticular a
silicate or %%]ogggﬁr\éjla%laltce%Sltéesrsl,alés.’g.Suﬁtuhe agsvgt;%rr aet’fad?ﬁjteoéﬁ%glsgl ass 8329
and/ or 1@018kb&arpr oduced by SCHOTT d as. One advantage of this

evapor ati on-coating or deposition process is the application of the
insulating glass layer at roomtenperature io up to approxi mately 150C, so

that there irs RArkiikehi-hood fe damage o RdatdQn 1L thersyhsiyads su face
even in the case of netal substratf:s..ln this context, reférence is al so
made to appﬁpéaﬂpgnglement is produced by means of structuring on a

first surface of the first substrate or is applied to the
15 first 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



~DE 202 05 830.1, filed on 04.15.2002; i5 DE 102 22 964.3, 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 Ol 559.0, filed on
"01. 16..2003 20 in the nane of the sane Applicant, the content of disclosure
of which is hereby expressly incorporatedsdy reference. Therefore, it is
preferable for the joining elenment or frame used to be a structured gl ass
layer which is, for exanple, 25 applled by evaporatlon coating and

“structured throu mask otoI| phIC proce for xanpl e using a
photoresistmuﬁﬁ gEFFFEMISF @ﬁ aggnthgqq %Haﬁiyzﬁﬁé ich
.I's_fundanmengghhy EBQM@stOAEH%rp%héoﬁw%kMQﬂ@}§ %dUEEH@éh R PY &orm &
“suitable for the structuring. 30 However, it is also p055|ble to use masks

whi ch, for wRéapl essambludh&sevdky tieai Aed ddeeghe isulpstrtdtaler dne sawiamed

bet ween tar n Str during the evaporatj on coating. The j oi ni ng
el enent acc%gérﬁﬁgtgﬁg er?%gengloﬁg°duce a cuIé#E#H1é% JFAS's | ayer which has

been appl|eddbaneagBOﬁauyontﬁ@&bﬁbgeasaalbm@ﬁEnmmmhhl@ﬂnﬁhﬂysIﬁ%ﬁéhd&ﬁ@&
nunber of adyantages. 5 Firstly, glass has excellent properties in terns of
stability, ReFHeFRBReSBELVndRafdSiREREcHPTKESPsE4% e, in particul ar to
sol vents, acids and al kalis. These properties correspond to those of a
borosilicate glass. io The lateral position of the joining elenent i,s very
accurate, iﬁhpahDHSthriBfpphbﬂchﬂahégraphtab§Erﬁ@tueﬂn@tm@mhmds are used.
i5 The 10|n|nﬂ ele nt can be ;ES i,ed with a very accurate |latera

R ofi

di mensi on ahd"ReFGHt by “8FSHSF OL o SEMAGORY F1F / a§EiH€aﬂn€5ﬁV%F% have

been abhbe tﬁlegbﬁgbhghlcgmlgyggeagen substantlally |ndependent of whi ch
structuring nethod is used. 20 Furthernore, the joining el enents or franes

can be produced at | ow cost as part of an assenbly, e.g. at wafer |evel or

i n bat ches. r r I
particul arl yﬁ%uﬁ&{%%l_? 6?3% seilteilﬁ‘p e %ﬁiﬁﬁ:}/gﬁgl %rg\h(?%gr%g%e [Eﬁ ?%Iosre br%ay
even be depwsyted égan@ﬂ&ponakaqncc@aslagcdrdenglyoonm@ iinesrsuibrat riat e

conprising the or ot her 30 The oduction of the frame, or
thgpstruc?u??+ﬁ$$iﬁi*ﬂaRﬁ§£ﬁf or §h8d9ﬁﬁ?8§££%5+9nc%ﬁﬁVéﬁ“but at | ow

t enper ag ur eéle@@réxﬁ@éhaﬁl@alewmle&bs r(ﬁgmgs , MBsksoabsr 1 @i Ned iyl GRmshe
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 element 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.



-8 renoved again using a solvent, e.g.. acetone. Therefore, the process is
al so suitable for tenperature-sensitive substrates, e.g. plastic substrates
or organic substrates. 5 Furthernore, the production of the joining el enent
or the structuring of the glass layer is carried out w thout aggressive
etching gases and/or liquids, with the resailt that it is also possible to
use sensitive substrates. io In particular, the follow ng techniques are
suitable for joining the two substrates or for joining the second substrate
"to the frame or bonding frane: adhesive joining, soldering and/or bonding.
i5 This clearly illustrates the extraordi nary. advantage of the invention.
Not only is 1t Hexd RIeh RISatdd My hhdeaidhdud heo£oNNessHhON: & eghni ques
whi ch can be enpl oyed, but also it is possible for substrates to be, for
exanpl e, an@@Pesityedherd@yapp TRk vfoatrd jwitd el Bimsit , sevbmceé ffrom a
material 20 trat is. not_litself suitable for anodic
bondi ng, e. 633%31 aISS{Sft%gt%a%g ggs)as%,ergiu% S’aslr?l\% ,tlﬁgf%rg %IF oE ucRd™ by
SCHOTT @ as viltfreappr aatcatianl a T flgseheyentid sSirappldtetbWlar a silicate
evapor ati on-coated gnt.o each of the two substrates. 25 A frane nmade from
‘anodi cal | y Ben@BE AT IASF pdi 19 ciRf CHRATAG RN HPA IR i9kRess, is

used for anedhe BARYIAIGohH-S Y 3R TRYa iR sg?@rﬁfeﬁgt Q;blapa i&@%&&%ge% | ass

gl ass substrate by nmeans of what “is known as onding on to t
30 substrat efusig avepediatg draymat Ay ar aldpersidtiiore oo @i ics bomei ng,

ot her suitabhle.processes dnclude fusian bondi ng,, sol-gel bonding and/ or | ow
9 tenper at ulr%gp%gﬁ ing The tg‘éar sl&ﬁs%tlllrﬁj qq‘r?s[%&aé’retr ig‘i‘st PO UGHIRS TR TS ar
with these ppoeesapprodavertdiel asneod fay the henreld ti Hind hel kdvEddd o S
| inked to the above, since the evaporation-coating material or material of

the s bondi AGTARENETc & IE SHErc & the (TP Tedte F it ¢ Yiitbcigs sthe case
irrespectiverofethe %‘rﬁ%%'%:&%tr%sjmtﬂ Iis TEehQ € rFUR A ﬁss de, 10

virtually any desired material can be conbined Using virtualTly dany bondi ng
process by meapppaéficehidonsi ni ng el enent(s), with the result that conpletely

new appl i cat o o_ar with, uge potential are opened up. As an
alternativebgrgph ggdsgﬁo&/ Qﬁgegu%Pa@é'&é;Zpﬁ@'frane is provided with a
metal | inzati or aod thensal oyrsaledeird ooy, 30ftoo30l dered. | f appropriate, the
bondi ng surface is i5 activated. By way of exanple, a wafer or chip nade

froma seni PBndlet 88 ARPeri alf1le@dyonsid5.@3n20@R&de from an organic naterial,

fron1g|ass,DEnlggrE?cgg%(9a $ihi-gats Qs ?grg%bchate glass, e.g. 20
Borof | oat 33, nade fromceram ¢ or nadé fromnmet'al, is used as material for

the first and/op2f6r U7BE.Secdidesubst nat.e3 .Blo@2f;rane is, in particular,
ht or curved webs, a circle or

conti nuous, _e. a_po on far from.strai
any ot her Zgﬁdgg?r8g %%gnﬁti%ﬁgggnﬁntﬁé'§§c3%83substrate is fixedly and
20 in the name of the same Applicant, the content of disclosure

of which is hereby expressly incorporatéd 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.



~permanently joined to the frame in a hernetically sealed manner. This
results in hernetic encapsul ati on 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 frane nmaterial. Alternatively, however, it
is al so possible to apply an open 10 frame with interruptions in the webs
“in order to vent the cavity. In particular, the thickness of the frane is
mat ched to the s particular application, with a cavity being forned between
_the two subgheatjesnib¢apQledidrN «teirdid Hc kRS Siesrdrt fidle, rangeafe e 100
~Cmto 1 ~ nkepreferably from10 ~~mto 2 ~~mor 4 ~m have proven

appr opri at e *P6r IERE SaBAVYEFe M icHe diagh ReeshERitsied P RRGAAE 197 q%atlng
possi bl e {03Ch1 @¥anke0 kNl ILTREHA HAOM b HBd Gufhplr dB AadhiuBean

t hi cknesses of < ~mor <3 ~,mare particularly preferre ugh it

i s al sospossible to achi eve thi cknesses of < 0.5 ~Cm The width of the

bondi ng surface ry considerahly, .and i5 is substantially limted only
by the aspe% §g§% ?afﬁe%ﬁf %ﬁﬁ?sﬂHQRﬁﬁﬁﬁqﬁ]ﬁﬂwﬁﬁﬁﬂf i ch’can be
achi eved. wsgapfinawes maymave @%@M hs DfcHemilcdis @t aidd | i ers or
may even take up the entire surface of the substrate. 20 It is preferable
for the fraRBrtécHaps &osEolaEmts oroisly wingt lrldalis.1ThaRe inrqrentiad ar
e lonm Of <5y loVE Bt A v R @ANL M ks 10 500 S m I
the extrene® scena I'0S of narrow framnes, §%€ to achieve meb

wi dt hs 10f < 100 nm or even of just a fem/tens of nm Unlike 2s with, for
exanpl e, nRIe screen rlntl there i,s no restriction inposed by grain
si zes in thg fat@Feapl 85& C%chbtPﬁeIQ$ﬂ%ﬂﬁ(ﬁ}eqﬂ%§I%%tvgﬁﬁ FEHRFue
can al so bejdsgdrtecpiaduce @%@%d%ﬂ@ﬁagﬁéﬁﬂf55éﬂ%ﬁé%ﬁrlng methods are

mi crostructures/nanostructureées, e.g. . 3:2 using . sinple
means. Cons&ggdntly, it is pOSSIb|e to achleve aspect ratios of > 1 or >_
1.5. 11 Therefore, with the process according to the invention, it is

advant ageousl y possible to produce very narrow yet neverthel ess very thick
or hi ghsframge, jsentihat edemehiti clapnbed ahpitiadc ariith pr aduged.drirseen the

substrates conbined, .at the sane tine, with a | ateral space saving.
lateral dimension and height by evaporatlon 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, in 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 framef 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



~Furthernore, 'the inventors have established that narrow franes can be
bonded particularly well and with a good to hernetic seal. On the other
hand, it has been found that even a narrow frane or a glass frame with a
“web width of 5 ~ mor 10 ~. mup to 1000 ~. mfornms an effective diffusion
barrier for gases, noisture and aggressive8nedia for hernetic housing, if
appropriate with a controll ed atnosphere. 15 By way of exanple, a MEMS,
MOMS, MOEMS, and/or a seniconductor region of a silicon chip or wafer is
"arranged an ed or_herneticall ncapsul ated_in_the cavit 20 |
2adi tron, 1 PRVEE R I R o TRERE U BT ne e REO PR e BHEOSE - nbpe
_supporting elREsS,i€. fsSUPPDEdHIE POF Nt SmPers €9L&NSenbet @reanged on the
first surface of the first substrate within the frane, this preferably
bei ng real i ZBPSHFATRS sdhed prvkashl Gt PPPASTRHRS pPHIVEFRBAC oSUPRBT 2EEHF ane.
The supporting el ements and/or frames conprise continuous franme shapes;
e.g. round, polygonal or oval, but also parts of frame shapes, e.g. |ines,
cor ner s,5 r oufhwethessrineon st hegyrdy ctainch sobstlaat j alhingcel asespacer she30 |t
is preferabl ecfort t he up rtslgl at.eau t he bondi ng, f(ﬁarre, i,e. a surface of
t he evapor at§ o CoHt i Cgﬁea € \FHEF A% TURTEHET aP 1y BEFRPYEI in
particul ar taydhesSuhstdadei Sirda6es 4103 A6F VEL@sidde Pordi fge SHEERLE thit:
this case, the 12 applied frame has the function of defining a
predet er m néd: 1sdissSshao ikt e Hesq | senssubee ratestmatehe or nore second
substrates. 5 As an alternative, it is also possible to produce an
accurately predeterm ned angle of inclination during the nounting of the
second substImatparniitduleaspeatie tfoIhewing stectubkiuas eay 151 twb e pesti al
frame. An inclined design is advantageous, for exanple, for optical.caps,
known as to J9HdiRA %\Y&ﬂuhb%’ﬂéarg‘?%gmj FOF of R LD Wi 1 $9PHArti al
reflection guddiedrasals fide thanDnt Aot ode. £ 08 ef Qi s iVl t{@iﬂlﬂh@ed
state, the first and second substrates are in particular substantialTy
paral | el or SHderiew wndY aedpaedind one another. 15 Furthernore, as an
alternative, it is also possible for a side wall of the frame to be used.
as a bonding surface. Furthernore it is possible for non-planar surfaces to
be 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 bhe, for example, anodically
bonded by means of the joining element, even if the material

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



-coated with glass. 20 According to.aparticularly preferred refinenent of
the invention, a plurality of frames are nested inside one another. This

i ncreases the hernmetic sealing and reliability by a multiple. 25
“Furthernore, an adhesive for joining purposes can be introduced inside the
frame or between the nested frames. Alterratively, a predeterm ned fluid,
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 bet ween t he

"nested frames before th ir.st a second suhsit.r d The fluid
nested frames. Belons, thg (el an Socond subsliples ared ofed The f1ul

.a sensing | it@idrdughleolremilikd fwlltthertlﬁmﬂ Pr s s NN d2830d 1 ks gases.

"The frame pr ef er abl has a m ni num t hi ckness whi ch ensures that the two

substrates andrderc At $Twiheh iaventriegents slikaddir ddaabauch one
another in ts &cRoyged e%ra?ﬁ:‘iﬂa %%Orc%'arEQ.nEf rf?at%@ e W2l é}rfélﬁrc@q:he

enbodi nent the i nvent I nterconne exanple
cont act eonnbomldangoffmmm candbet oratelhere s, tl'a:r eiﬁnrm‘cgekcbmn@q:ﬁcess t he

substrates, .,for exanple, the firs substrate referable fqr the
gl ass IayerlFﬁeﬁﬁch&WF18F the FP% %edﬁﬁ?' SAHOHTHRT ng

on the intepgeRNgebs vietiBatyt ey efetsqrr,e@tma{t%a:sltal r!:a[r?@ié)%ml?j_rr?ed
hermetically led i5 through the frane or enclosed by the frame. It iIs

preferabl e B6ing partied 1ot apye omcdngoprastess EY ardns clfedrheon mlrm
both si des flehmg%twgih Ev?.t%l lt?lw %%%%ﬁ%u% atcoréntnfgﬁl.etfecinnecu Oné)llcaitslodq

preferable I'nea case one web or €0

t ransvepsel grebshwieapeachuge pbeehmleﬂtem@onﬁﬁﬁﬁﬁi1ﬁ§1er t he frane has been
joined to the second substrate therefore, the interconnects lead in a
hernetically seal ed manner into the cavity fromthe outside through the

franme. The hgt ghCcQARBEHEtABYE b 1R0L AN drAt &R |9 ARlcRloFO LRy tfr‘%@rlel Yis

with respect to the first substrate and may, in 2s this manner, extend
t hrough t hepjrovaidad elishent meselfihaatiion 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 Borofloet 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, eontinuous, e.g. a polygon
formed from straight or curved webs, a circle or any other

25  desired formation, 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 alsoc possible to apply an open



~1S possible to produce a laterally or. vertically running electrical
connection through the hernetic encapsulation. If appropriate, the frane,
after production on the first 30 surface of the first substrate, or nore
-specifically after application by evaporation coating, is planarized, in
particul ar abrasively, by means of chem cab- mechani cal polishing or another
sui tabl e process. This advant ageously 14 conpensates for unevenness
caused by the thickness of the interconnects, therefore resulting in

“uni form bondi ng. Fyrthernore, alignnment elenents or aids can be produced on

5 the first [&GMeade tor 1REETHRF dck O P i I O th At e i kP t he

.second surfag&ikying on the opposite side fromthe first surface. Alignnent
aids of this typé, for exanple in the formof franmes, points and/or |ines,
are advant ageous for the alignnment of |ens systens or other optical or

nmechani cal i,.Q cQ nents. Further.npre, it | referable for. .a.. further
joining el er%élnpatméggélap?%dd&glgd tonlct ngsssegonz:rgeuﬁraaénee of° tnﬁaetChEd to the
first. sybst patreiculer tpelhack isw,f adeH kereofity mhandert Jofed Jadvwdgl i city
of 15 substrates to be joined to forma stack. This too_ is preferably
carried out YHE 67Ot FUPRE TRLESng BYR RN Gt e k@ agfiesughipihe | n

t he text whi ol a1 olhhe d nyenti i i i | t he
basi s of exgﬁgﬁgrfggﬁgégpngﬁ&2¥hﬁd“aptﬁﬁfﬁ%ﬁ#%ﬁ§gq?gﬂ%ﬁgfg?ﬁafﬂgiﬁb%ﬁﬂahich
i denti cal anrdusi, nhkeae plrevent sppreppricriedgbmittie iadevdnealt ircefeat ence

synbol s and _t he .features qQf the various exenplary . odi nent's, can be
coni ned wi FREGHE RIS Rer 1B IRAF SR Leas iy i GiP S ks W SAHSS n ¢ he
drawi ngs: Fit@d ckaedssBowrdiragfamMaid ¢ cS@chi ofdlod 11lousid, atdren s Hafoutdies 20

production of a substrate assenbly in various process stages in accordance
with a firsPfexedpl &Ry c&ntsodi WENETEf PR licwé@itlivopreferred, although it

is also possible to achieve thicknesses of < 0.5 um.

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

for the structuring process which can be achieved. Wide

frames may have web widths of 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 -

lwidth 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 lift-off technique can also
be used to produce good aspect ratios for
30 microstructures/nanostructures, e.g. 3 um/z pm = 3:2 using

simple means. Consequently, it is possible to achieve aspect

ratios of > 1 or 2 1.5.



~15 Fig. 2shows a plan view of nested bonding franes ona substrate in
accordance with a second exenpl aryenbodi nent of the invention, Fig. 3shows a
di agrammatic sectional illustration on5line A-Ain Fig. 2,Fig. 4shows an
-enl arged excerpt of region CinFig. 3,Fig. 5shows a diagrammtic plan view
of nestedbonding frames on a substrate iniaccordance with aiothird

exenpl ary enbodi nent of the invention, Fig. 6shows a diagranmatic secti onal
illustration online D-Din Fig. 5 Fig. 'ishows a diagrammtic plan view of
"a waf erhaving a | arge nunber of bonding franes ini5accordance with a fourth
exenpl ary enbodi nent ofthe invention, Fig. 8ashows an enl arged excerpt from
region E 'nE‘hQre%»oE'eg Bhshans. the SAP Av&idinfao htﬁe V!Lﬂﬂer&:%ﬁ%f@ er
whi ch has been applied by evaporationcoating, Fi g. 8cshows t sane as Fig.
8b, but fol Iadmatmqa«@IaOﬂJtslo'f fpcasa[bllé g.o Qs:mﬁw:@ i 130 reeamrEd W Gyesect i onal

iIIustration excerpt fr hef urt.h | ar odi mentaft er

bondi ng, Fi g™ %gx\%egsdlvgéya S gﬁ‘ @%In %%etg? 1ifar(ﬁ:hl Vet et
with intsercaa@e@hs:emlsc@;ﬁw&éaeejme@rrﬁetrmf SUAH Al De SRR, idt the
accordance with a3ofifth exenplary enbodi ment of the invention, Fi g. llshows
an enl ar ged SéR€eltpfof Wi 6n 185HRlg SPEFY BaiForm of a secti onal
illustration online HH, 16 Fig. 12a shows an enl arged excerpt of region
Gin Fig. 10 in the formof a sectional illustration on line K-K, Fig. 12b
'shows the s@mrtasrkoge,l2aecafineend oysahariez atd tablSitsdpd £ He g nak¥ @hows

ei ght exarrpl es of shap Fig. 14 shows results of a

f th bondi f
TOF- SI M5 neddar&feer %S % te Ir‘l:g’ljr@[r YriWerds GOk Witdy e $°% r uct ur ed

gl ass IlayerﬁermetEbgsea@ sbelws;h@ R elee- maq@sqmoqlamrpff&mﬁ e even
exenpl ary embodi nent of the invention, Fig. 17 shows a photo-m croscope

i mge of a 3eWeATRYekERPLaPy enSddisrerragie titth isnwelt osittamE [(ule: o

di agrammati ¢al | pi-ct I h_iL5 e .

| eakti ght negg }éﬁstqs Bg)t 39?&1 gﬂegc?\rﬁdlmt& |a('§ln tﬁ%re%lt n\(gieﬁés b%LIraLeThofV\%Y a
substrat e 2gamde,f modstetal andl taggm&tsls\ierleymemat ffe;:suhﬁftnfe&h& howmyia),sade
a silicon, ceram c.or glass substrate. A photoresist 4 has been applied to
the subst r aPBP3CRERGCa WEJFBC@S§°PE5M 166 AE@YFENSS S skilled in the art and
patterned by photolithography. In this case, the | ayer of resist represents
a mask whi ch adheres securely to the 2s substrate. Alternatively, it .is

al so possi bBP¥ wayusé axshpdew ma¥EMS, MOVE:i MPENSsk amld/chr daoes not adhere

securely. T r 9.L9;Fig Ib a-.contin ous l.ayer. | ass 6

conpri si ng F%@igégélg?% ?or]ig SSFTRG 6 gésllgé’fbc appl | géeﬁ:y %oag\fgﬁ’@rea?ti on
coating to &hé mhuhstdabe Beamdttibalmboteﬁba@lssﬂa‘tedRe.fnerthlen@aﬁrQ\&/yt.O Fig. lc,
t he photoresist 4 together with the sections 8 of the glass |ayer 6 which
are present thereon are 17 renoved by neans of acetone. The secti ons 10

re”a|n25|Xe@hYaﬂQhﬂ@QntOlEh@s”EBQE1§§QSEBab§o%1d£hEiaEr0%@%& tkaown as
the lift-off process and is oné W th which the person $kil él |n the art is

fam liar. SfR@rn@r r PRy ﬂD\Am@DeFEgppbuthgatele@mmﬁs esgt heusgbstuage 2 with
astructurdg sla er. |nth form of

_ g f

illustrate eglons(we i 51‘%{}%% gfle%&‘? ﬁﬁﬁétf Fblﬁ]fgf:ﬁ A% thg

anodi cal | y boﬁdedswsthatbomjtngnf tagerlmenN ender ptr@fefrabmy peigghposite

el ement 20, the, bonding |ocations being denot ed bg account of the

t hi ckness o’r"eal'ﬁ%%ﬁ‘ﬁ‘? 1 oFhe ngamBnBtr AGeFFaffiEeR02Sat 3vPF9dH}Gt9\Pf1hO§ kBeght

H, whigh i 8-80L. 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



~is significantly greater than H is fornmed so that a sem conduct or
conponent 18 on the top substrate 12 is at a distance fromthe netal
substrate 2. Referring once again to Fig. Ib, the glass layer 6 is applied
-20 by neans of el ectron beam evaporation. Al though this process has been
known for years, it has hitherto been usetl2primarily for the mechani cal and
optical surface treatnent of plastic or glass spectacle | enses, which only
i nvol ved the application of areal |ayers. 25 Hi gh evaporation-coating rates

of up to 4 ~ mn, dn parcticular > 10 .nm m r.>.100 nnim ar e, possi bl e
b th the evABBRAERoR-CaR TS i £ B39 i n S Tt DI SrTASRy 00
- nmmn is parkitarlcar b tiedie thRd £ 1 Hits S @xefedand Une XA Mdre SPMELLL 1 NY
rates by a nultiple and nakes the use of this process of huge interest for
t he appli casbbstaesesdi ng to the invention. This is because sputtered

| ayers conprising single-conponent systens, e.g. 18 Si 02, can only be
applied with sputtering rates of a few _ nanoneters per mnute. The

foll owi Bg pasaamt elseathetiete,i dtondenalfser ddesicad itn@roduigd ags | ayer 6-to
be applied to the tal substrate 2: BIAS tenperature during the

evapor at i on2CEYHEERLYs BFFESHFTHG G &N S Satin: 1NR:-1PThisatr g the

Furt her nor epo@nBhal oFURSE &l@ofdMshib =2 3 308 H QUHMRSS (f theOerwdB i S
used, and an evaporation-coating gl ass whose coefficient of thernal

expansi on ( €FFskrasembychedngo at penteed] fsuwestr fre hcdndiest desidre i1p _
subst~:r~ate . 12 in a mderfatel%ﬁ%ila-t r mal Jmnner is selectr- ~d. The CTE
of the i 5 gPaY8RE99§918 3 87 SAPRE\Mhi &P Ta St ioxi et aRP ¢ Sri%EhSTis to t he
CTE of 1si | i s9AdibsHOGL NSRS e dkesting t,hdd Bieplore have idiesgaveared t hat
the gl asses 8329 or (018-189 produced by SCHOIT G as_are 20 particularly
sui t abl e f oFeéb&FLAG Ot Sy L8 NEICTOo TS Y S hEdAde apdtestaiire THese

evapor at | Ontﬁgagbﬁ_‘ﬂe@ asses, haye %&r‘%&c%ﬂrx!de%_lgé{rogx)ﬂ HhANGe 4R SUMENLS,

noi sture (85, 85% 1000 h) and tenperature Furthernore, the gl asses
have very gpetdtiheipwi sebliantiklpyopertildel evennatlined sl tthe meerpdalr 6o (<
-100C), and conse ntly appear suitable for use for superconducting

el ectronic 88%8??@%?’??'01 t he ot her hand, the glasses al so can be used at

hi gh tepperatures (> 300C) and therefore in particular also for power

el ectronics_such as power CMOS conponents. 30 Figs. 2 and 3 show an

ar r angenent FESRPRIBPAE - f 88r ABoRditegnatdmes 1104 &t @lBro®ossddtled fiawsiade one

anot her , whi¢h.deLi i {,-apygl eLrants samonent 118,0n A4 substrale 102.

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 ailr, 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 ligquid, a sensing liquid, a color



~19 Referring now to Fig. 4, an epoxy -adhesive 124 is applied in the region
of the franmes 110a to 110d, with the surface of the frames bei ng covered
‘with adhesive and the space between s the franes being filled with
-adhesive. This increases the strength of the join. Furthernore, the franes
accommodat e t he adhesi ve nore successfullyw3and sinplify the adhesive
joining process. to If appropriate, the adhesive is applied in vacuo, in
order to inprove the way in which the spaces suck in the adhesive.
"Furt hernore;_.t %Bplunﬁfity of franes serve as a crack stop to increase the
mechani cal 1'0ad-Hed NPT i Ty BT HETonpoRi ¥258Fement and to increase
the reliability. In this i5 case, the plurality of frames, in each case
having a smaller web width b, is nore |ightweight and stable than a single,
solid frame Bfe thiemgRrafqzabiehas i MBI cf i Algnedd vl Fhgensures

punctiform rdd elTRId %@QS §h'|9 i 8

" supporting the to%ﬂeggcbvgrate t;rl anc%jprfcg}r@%nsur %é%%%g%%%?ﬂiaﬁ%i%%&%ti n

t he regison afherdemrcapomentt Aidh avree arnatitged imstide hdwsdondtangefranmes 210a
to 210d. 25 The supporting el enents 226 and the supporting franme 228 are
not joined to the top substrate 212, but rather the latter nerely rests

| oosely on tpla%ardiqi%ertrd ng o 1Q11H- Gy ©A0EL Bfed CeiSoqihént ObE oy Hg text
30 explains an exenpl ary enbodi ment for “m cro-optical el ectromechani cal

syst ens ( MOEMSENtA ot ugtugrebrylesss s ubst retansi? for uske esntaptsubstrate
to house i S ars art of . a wafer, |evel packagin rocess. A cavity
i's 20 reg%% r%él(?ec{%n Ot%éjqf]osﬁesnll lnCQO%a%ucathé pealc%l?e‘n%%’d H ¥ st alug%e__ et e%%tofl
The cawuiot y alHeowsibstr@tenpticaaleseingslent Shesutiras sissordenses and/ or
mcro-mrrors to function. 5 On account of the optical function of the

gl ass substrate 302, conventional processes are not suitable for this
application @r ;af ¢ urahl 81t Qff &nany i NEXPeRAL Ve SOl | %%f NOUGNE 1o me
mat eri al -renovi ng processes, such as etching,” grinding, ultrasonic

machi ni ng, $andebldescigmigest Qyr essipmyaddirors aoat jorg noni pilee prodececcawdt s £,
such processes | d . have an adverse effect on the high-quality, optjc

i nner surfaé® Wﬂ%h hs?uésattr%ﬁre 3—’32 SRR efbre I oegﬁlegcheorr??‘%ljec%)]njv%?ﬂ["?%n,
the bongi ng tSirouehued Frapl iced dekaidd dinidie Urard. .19 pldtistiies a

silicate glass substrate 302 having a multiplicity of rectangul ar w ndow
sections 30§Preécﬁ’%tﬁd%§\m%fe§theor+“%@$w%rﬁﬂ St RAE 9 tPpe or

phot or esi st ;304 <The ! her TREEGRAN 63l ANCRPTEeS AlednG SHbsirate 302 are

mat ched to the secon(? substrate 312, con wafer, having 20 an CMOS

i mage sensorcodb@cfdbn.Filg. i%) prEfersilist rfatre i302dch patderared wish ngr tdibge
evapor ati on-goatin | ass 8329 and.is thereb ravided wth a | arge nunber
of franes vmotcfh%%’eh irgﬁte %‘IQ e~.alﬂpqllr?dt Iﬁréﬂiﬁ?y Y He S J5siRS i Lig'sztri‘es a
pol i shed Boratkeabnddcwaf enrtCIELh2 FRRY Washiddern 14 318 &lo afhel A BARS
and a thickness of 500 ~, m The photoresist 304 in Fig. 7 and 8a has

al ready beeRUBFFHetar &R REs & Nfed PARFHCRN SR 3D 5o R metchrad itdow
section 303segﬁgdrﬁﬁhﬁErCQ%Eanh%O%BQﬁﬁﬁsfIQﬂrthe 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 possible 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



-30 exanple, AZ with a thickness of 10 ~,m the photoresist beirig exposed
and devel oped in what is known as a mask aligner and then being cured by
means of what is known as "softcure” This allows a subsequent |ift-off
“process, for exanple, in 21 acetone. Fig. 8b shows the wafer surface,
whi ch has been evaporation coated wwth a Layer of glass in a subsequent
process step. 5 The negative i mage whi ch has been structured using
phot or esi st has been evaporation-coated with a 5 ~, mthick glass |ayer
“fornmed from ] a i L] rat e, of roxi,.mately .1 ~ m per,_.m nute.
The subsequé:%%s&\rgfa;t%es c?%q:lto%}evt\\fe%l c?vﬁ%sé:catulsc?%lo%)%oqe ttﬁ%y%}%%ﬁ%%/ C|E)€ tpl%eot ected
by the to pHelteresinsiectaSK therdfftate treeavapRy afr africfmin Nghrgdiass. i n t hese
regi ons cannot come into contact with the substrate 302 but rather is
deposited on the photoresist mask. In the uncovered | ocations 305, the

| ass 8329 i iLed diyr 0 - EQQ%
?egi ons of t%ﬁ%%%@scﬁ%éd%d]lgg?%hgye%}%%h@?ﬁa%ﬁsf%ﬁ(Jal% t nausié]g?ﬁ; _
renovedsby rbang iafsta shirffizcef fort ec lemicguel storf ddd © HurhEo sel rdthesydetxates, st
i s dissolved,i etone. The deposited glass . in the regions, 305 w thaqut
phot omask Zgng‘ng" s S&TPe S %%ﬁea & oé’n&qeorwclsr?g:edéaﬁ SF =M ddtSire
in the formfaksa RRirfiaxeqf AhaRGIMRG EAMRS F1Anifd GyRC Svetdile in
waf er. excerpt followng the lift-off process step. 25 Referring now to Fig.
9, the struéhgr E@rRoPsf fFames3 Ref&ts3end/on Hdmeghoditaladyapgmaabus &or

second substat %ﬁéfme‘éﬁ' o2 hRgludes it l%'ﬂh%]rt % %fida”Pg;er ?neé&oa{nsﬁtcf?‘él&
The result is therefore a multiplicity of opto-electroni¢c 30 conposite

el enentis 32C@ompionlenaise housed at wafer level. Finally, the individual
conposite elenments 320 are separated by dicing along sawi ng tracks 326. An
i ndi vi dual conposite 22

Furthermore, it is preferable for a further joining elemeﬁt
to be produced on the second surface of the first substrate,
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 detall 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,



~el ement 320 of this type, having the .opto-electronic - conponent in the
formof the inmage sensor 318 on a sem conductor substrate 312 is
illustrated in section in Fig. 9. 5 Raised, passive optical conponents in
‘the formof |enses 322 are arranged over the sem conductor substrate or the
waf er 312 on the inmage sensor 318 and insiide the hernetically encl osed
cavity 316. Furthernore, two micro-mrrors 324, to which may be novabl e,
are arranged in the cavity 316. The transparent Borofl oat 33 substrate 302
‘i s anodi acl |y bonded by neans of bonding . ocations 314 to the bondi ng frame
310 the hefgft B of vii oh SR & Hher Siba e i HE (e R DIOT he
.optical conponents 323 anths¥Z4telhe RAAEAHCR WIRTHTR] | Sddny sadrith a3

| east partially transparent housing with a cavity height of |ikew'se
approxi mately 5 ~. m f @mbodd memige@fsdisorlmEgit i9%e i cro- | enses 322 and.
mcro-m.r. . J.nrs,324. 20 ount. .of r.aocess accordi.ng tq the

i nventi on, Fﬁ 'oati cal fu%th?)gv% i dtlﬁgllsagr%ns#rlact esegﬁtals%l%;]ozﬁgﬁlst reahcrleogrl1 on" of
the cavisty 316 renai ndiswbai-antimaldliyy.urei,npai red. The frames produced in
accordance wi.th the invention have the 2s further advantage that the saw ng
track 326 réddiréd for theS O&sn&nc&?%'raéﬁ%dn CIEFPE B (IR & dhe
following variations afg passible: 30 If the substrate 302 is to be joined
to a further.glass substrate, for exanple for alloy-soldering or for anodic
bondi ng, a Baadi g | ayer i shappsl iredimgiremmead: iichedarf tvigd qff ssesgsdt ep. For
this purpose, a netal .l ayer as_baondin 23.l ayer, i s _deposited by neans of
physi cal vapor depositb%l}rgﬁfg( 6Bf‘e6°'r ¢ gn‘isé‘léﬁ&§aaﬁ:§r de csq%ﬁd%ﬁc%?%)%?}lc?r a
pol ysi hbcon bondi ng | ayekd exdeplsiryeénppdiRrit off QW3 idvedtismay the
bondi ng layer is structured during the lift-off process in_a 5 working step
t oget her wi FA9thé& frame 316NOVFe 2aRdaBE PHRELTy Seat Ismadarililed te@t jon #n
control l ed atnospherejwhkhpapprgdetigr msned gas conposition and a -
predeterm ned pressure, in particular in the case of hernetic io bonding,
so that theFéavities 316 harewa eodtirgirestedrnd 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 region 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 diagramhatic 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 seétional illustration on

line H-H,



-predet erm ned at nosphere. Furthernore, gases, biological and/or sensor
| i qui ds, and/or particles, can be enclosed in the cavities 316. 15 Fig. 10
illustrates an excerpt froma silicon wafer 402 having a multiplicity of
-sem conductor regions 418. The sem conductor regions QL8
are.contact-connected by interconnects 4306 A bonding franme 410 has in each
case been 20 applied by evaporation coating over the alum numinterconnects
bel onging to a sem conductor region, by neans of the process according to
“the inventign corresponding_to the stggs illustrated i.n Fig.. '3:10 Iq?_
Alternati veFgd -t G neBPYGnAS: EEIREY SCh FRIS® T, - S (B b 19 1 o U 25
.tungsten. The webs 411he0 rédlth Wi ah skettndma rachaiad milorb @xdilicnd rene, 410,
are arranged transversely over the interconnects 430. In this way, it is
possi bl e i nFpart el ashpys the Boare B§ 1Bo I asL 9% e MIPRAIZSE IR been
applied by evaporatiogt% ating to cover structures which cannot be
~anodi cal | y bonded, such as the interconnects 430 on a substrate 402. The
result ks hedigetiocal |y sealstdweoedpage examiard icfllsAtapsd ofa the?2bonding
hernetically seal ed | eadt hrough for the interconnects 430 to pass through.
After joining to a toﬁréﬂﬁstrate and dicing along the saw | ines 426, a
nul tiplicityigf hernetical kyoercapsuvhaied chi P diMP Wl GAMARES resul t.
Fig. 11 shows an enl arged excerpt of region Gin Fig. 10, in the formof a
sectional iFigstia&tion on BhewsHaHphokiogmirZpssiapes iamgsnial gadustourgst of
region Gin Fig. 10, igaio &ge Eorn1of a sectional illustration on line K-K
prior to joining to t A ng §ubsStrate. In this exanpl e, the interconnects
430 haye a rehatingel y greakhblisCkngister-nmitir@¥cofe Armag® & o Wixth
transversely with respect to the plane of the draw ng. The thickness of the
i nter connects 430 | ed®K6™PRETY5CREPRATEST OF FPheundVERtC-eau surface 415
of the bondgng faame 410 dupbhg Lhenevananalian ¢ealinge R & dadaa to
Fig. 12b, to ctonpensate for the refatively extensive topography and to.
produce a suitabl e pl exampbemgi rgb2difneare of] dtiewaurserftdcsm,485d the | atter
is planarized by._ngeans of a.CMP_process. .Furthernore, it. can.also at the
samb (i me bELSTGAPT i cant |y CLACAABES CrOA LeYaite S Pom &35 ¢4 4 Vim A

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



~correspondi ng procedure can al so be adopted for any other nonpl anar
substrate. Furthernore, it is conceivable 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 from above (not shown). Gven a
| ower thickness of the interconnects, typically of 30 400 nm it is if
appropriate possible to dispense with a planarization step. 25 If an
anodi cal |y bondabl e gl ass, such as in this exanple 8329, is used for

“coverin rposes,. the frame can in turn _be anodically bonded to a tg
su\l:/)st Ir a?e?ugg‘f‘??é(sefloﬁ’%ﬂeﬁ&st fot aﬁ:e&'\ﬂn%es TS?SLﬁ‘atcséjfcfrb‘?ny]\Paﬁedrt?suf efsjt’éecgg)f ried

_out on gl asgokakar $of @heeehetbdMstihatsa832% Whhahs Ranvediaen Jdepsidt ek bhe

evapor ation qoating. Fig. 14 shows the results of 'a TOF-SIMS neasurenent,
in which tolih&-edlinPrrgessi angl dt efeawid wWrighorthy nersawpurkiaried) i ne.

The neasure t arac I; the profile of the elenent concentration: of
t he gl ass fgggeég é%i%%ﬁéégggﬁnstancy for the glass frane of ¢ to of the
| ayer thickness was determned. 15 Fig. 15 illustrates

phot oresi st-structured gl ass structures formed from gl ass 8329 whi ch have

been deposi RE4®BY 1B8FapbFatPof 18oatPng YERd! IFRFFS He 155 -SHHISt1dE 2o Fig
16 shows a gogROg g%§ab%qre@ta Qs@awa%gza iB0%9{d %rn?’%ﬁ'-éb%cfrﬁiti%q?g%rﬁ@

i nterconnects 530 and a glass~trane 510 evaporati on-coated over t

simlar to the fifth exenplary enbodi nent. 25 The thickness of the

i nterconnects 530 i's 200 nm and the thickness of the glass frane 510 is 4
~m In this sixth exenplary enbodi nent, the top substrate has been’

anodi cabl y hendeguearacthotih @ipl.anar,i aaldode rSiep.sulktdrtates 16 e@ddey from
apparent that_a bonded join is_present only in the regions 540 and 542
whereas it Ras1FRBodsi BRPedtsaprydbeededhédédiy Aanding Heameyildnsis ardatd

546 in the ¥,CeBihY20hchBBslRECEERRAREE! 023 neRBAAHY Aod2NUg Hesi Jgndeed
denoted by 14. On account of the thickness or height H of the
bonding frame 10, a cavity 16 with a height H’, which is not

1s significantly greater than H, is formed so that a
semiconductor component 18 on the top substratellz 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.



~26 attributable to the unevenness of ‘the surface or plateau face _ of the
glass frane 510 caused by the interconnects. Fig. 17 shows a
conposite.element 620 which is of simlar s structure to the conposite

~el ement 520. In the case of the conposite el ement 620, the glass frame 610
was planarized prior to the anodi c bondi ng8 The glass frane 610 was applied
by evaporation coating with a thickness of 4 ~mand then polished down to a
t hi ckness of approximately 2 Vim The to thickness of the interconnects 630
“is likewse 200 nm It _is clearly.apparent th the entire surface of the
gl ass frane ‘i Sasoﬁa%éf, %\ﬁi Fﬁ’p)tiﬁ(?%r g&%?’t S gteglﬁlgr RS cq%ﬁ&gewof t he
_cavity 616 washdrtdeks pde iimsse frame ©610 has ri web i5 width of 300 ~m

and a size of 3 Mrmx 3 nm Furthernore, |eaktightne,ss tests were carried
out on tree glass layer 8329 as follows. 20 A silicon wafer was provided

wWith an et ching RI0RBRK- dd st ratedsd i fﬂ%#@r b VRl eLod;

di vi ded intol%?ne per orat% areas 98 (1 cmx 1 cr : T]%]e i%ﬁ%v‘?%ﬁg}ﬁg%%%i ng
bet ween & he didss latdn 6 tihe loe egsp Mosd viaw | etk fmerma osubotrave as: f ol | ows.
2s 1st row. hole spacing 1 mm 2nd row. hole spacing 0.5 nm 3rd row. hol e

spacing 0.2 mm All the square holes 99 had an edge length of 15 Vim 30

After the unstadicidiRd-packsunfaae; afnd herawdelr N been £ogéed with an 8
~m (specinen A) or 18 ~m (specinen B) |layer of the glass 8329, the wafer

was then dr\Pusssvee a517ing ghe evppndraticanss in the perf ok@f edbareas. The
success of the etching _ was easy to observe under a transmtted |ight

m croscope. It is possible to achieve leak rates of at least s < 10-' nbar
1/ sec. Rar t Hwheanplay,y £nadilmtenihstacdsd iamidleak seefidenenighisyedl et a
| eak rate of < 10-e nbar 1/sec throug‘p the gl ass |ayer and therefore for

the hernmeti & CRHY .15 (15 e NGB ITERATR ORI 1RO RS TRF YrfFons

despite consiglarmallie Ul nohmdihe Wadadi Sr idigk it he; easiement i the
‘respective nmeasurenent area is al so amazing. There was no change in the
gl ass strucmatelesarpsdinadre coradid/mnite Wie 200C. sUGstFiatthekrhote,a r esi st ance

and stabili asur-ement.s re carried out. on the glass.fr in
accordance \t}‘my%%%ﬂscﬁﬁ%’sé} lmgtﬁ'lreersm u%I & azilrneergilvsensellne ab‘fés]ir}e aé(]g% oI'fabtflée 1
Speci may degjlgisa iswEs 8323 iprDIKY WG HpId-0nMNazGp et ssldds to
HClequi val ent cl ass! m /g][~, 09/ g] HG 10.0113noneAcid DI N
12116Mat eri & 1/GATSI bl ecl assr enpval sur f acechanges| ng/ dnz] ar ea
[cnR2]1 WD. 42 x 40Unchanged~~as material Al kali DIN I SO
| Mat eri al Tot al Corment s/ vi si bl e695 ~renpval surfacechangescl ass[ ng/ dn®] ar ea
[ cre] A21222 Us ingUrigitengedes tresttey,i dihes Invemtdrshéesteeati s tedmedpeartsnn the
skrlled In'%‘%s%%% % %% EQEG018—189 produced by SCHOTT Glas are
20 particularly suitable for coating metal by thermal or
electron beam evaporation. These evaporation-coating glasses
have an excellent 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 110a to 110d, nested inside one another, which delimit

an electronic component 118 on a substrate 102.



-enbodi nents descri bed above are to be understood as exanples and that the
invention is not restricted to these enbodi nents, but rather can be varied
i n nunerous ways w thout departing fromthe scope of the invention. 29
“"Patent clains: 1. A process for joining at |east two substrates, in
particul ar having electrical, sem conductiiBg, mechani cal and/or 5 optical
-conponents, conprising the steps of providing a first substrate, producing
a joining elenment on a first surface of the first substrate, providing a
"second substrate, and io joining the first and second substrates by neans
of the joining element. 2. The process as clained ir, claiml1, in which the

.j oi ning el emefferira ndepesi tted Ry .t he fan & oSé#faai}féﬁfvé h@zj‘ |i§tap§l§é@3£ﬂ ate
and is joined to the first substrat e mhlle it is being deposite 3. The

process as P& FegirR &fe tée thanssedddiend Iidfs, Withwileh surfdes mhg
: el ement I S %Rgl 'f?erte% tb%?.hfgl rc%vesrléﬁf %Jq.% chﬁljec# % fé_I{Cft e Es;%a{caet E."D yween

evapor ation coating. process as claine one precedi ng
cl ai s, 5in whlecﬁramielsam:ung pipllieed wi.th emmmata ommmtﬂﬂtgrmd&&.n@l ni ng

I t 25 The pr s as .clainmed. in one of the ceding clains, in
\ihle(r:rﬁnone oF Pgtggﬁ% F?ﬁenéoﬁnengﬁt%h&rré‘oﬁleodﬁ?d fllr%éTfecFe a9Renmada Ry the

el ement on pRBeblkS! mewef %‘ﬁ%c%fsstflﬁ‘hfy' %%Td %li?rﬁatlrla-'ﬁ‘f £ a@hemq,eorfebg_t egigas

clainmed in one of the preceding clains, whi‘ch a plurality of
frames are RppFEé€d-.-by evaporation coatlng as the joining el enent.

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 thé region of

the component 218 are arranged inside the bonding frames 210a

to 2104d.

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



-7. The process as clained in one of the preceding clains, in which the step
of producing the joining el enment conprises deposition of a binary material.
system by evaporation s coating. 8. The process as clainmed in one of the
-“preceding clainms, in which a glass layer is applied by evaporation coating
and structured through a mask to formthez2poining elenent. io 9. The
process as clainmed in one of the preceding clainms, -.i.n whi.ch the joining
el enent is structured by neans of the .Lift-off technique. i5 10. The

“process as clained.in one of the preceding claing, in whjich the joining
gl em&*?\tS and FEAEIZECOR tl"ipéltsé‘n%r?sad’he R?&qucﬁquoamls%?@elr%%lj or bonded.

_11. The proegsmeas Cl aineedavlt9ne10fowshe miraeeHitd ¢d BidFamedO-d N Mg had he
joining el enent and the second substrate are joined by nmeans of anodic
bondi ng, fuBi6EChéRdiSEs a6/ FemisaietiMig Ty de tlapdrid@ur e bondi ng. 12
The process as clained in one of the preceding clainms, 2s in which the
first and second substrates conprise a first and second wafer, '
respect svel pn acewuhitplofcitiie @ptliaadr dhinetadirncentt jeoiglidkys eherentscar e
produced on_the first suyrface of the first wafer, and 30 after the first
and second WAPer SCRYFEEERRL BIREESEES Gf A tafer RIGHASE GiHeS waf er

assenbl y isaﬂb@?@aEEBQ ioRdideduala gl RS or il L iHE%ﬁHﬂg¥¥€5§Biéﬁi§§?Kiin

one of the preceding clains, in which a cavity Is formed between rst
and second 8ubbprghemaded iiadsirésovias parcessel,. Stwh mocsshiag .clai ned in
one of the rec ging c& En%b i.n whk hnyntercoanﬁ}s re arran ed on the
first surfaée of tHe Hirst sunst race: éhxll(?’tﬁear] ir%]'ahs et%iEnt 'esssalprbqiceadlto
the finst sthfaeenbypeeapaiodiicen cedlriRg,i Buslchbrddeaye wanldataddiain
interconnects are at | east partially covered. 15. The process as clained in

citL of. thBIBPEEEPAGSEIaioRs Hien PARNCRVERE tntitdGiflecieax i a2 &fal | y
or vertical [yet e{lggah}aft@e 3091 NiTAQ rRlrBIRNT 2ol rHingThe RARCESR A% Al MBI N

one of the preceding clains,
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 substrate 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 substraté 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 and 8a has already been
structured and has a rectangular recess 305 around each
window section 303. The resist coating comprises, for

30 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



~in whichthe joining elenent is planarized after it has been produced on
the first surface of the f~ rst substrate. 20 17. The process as clainmed in
one of the preceding clains, in which alignnent el enents are produced on
“the first or a second surface of the first substrate, the second surface
being on the opposite side fromthe first2gsurface. 2s 18. The process as
clainmed in one of the preceding clains, in which a nmultiplicity of
substrates are jointed to forma stack. 19. A conposite elenent, in
“particular having electrical, 30 electronic, sem conducting, nechanical

and/ or opti 85F*€Bfiponents, and in particul ar produced using the process as
.clainmed in one of the preceding clains, conprising 32 a first substrate,
a joining element on a first surface of the first substrate, a second
substrate, Fhg-.-fBbsshaws $é&comafeubsurdtes bailvigl diardann mEmEtidre s

j oi ning el enent.. .20.,.Th QNpOSi t |Lenent_ as ¢l.ained i.n claim19, in which
!the joigni' ngggfigﬁgnf”litg %eggg;i% e(?fgﬁﬁtaﬁes ' §t Sgldorsfeé]%%erb"f %35 Ss[tep.
substrate andei segaitned tfallee whilcsl heidhHdedt esthktdiked R igeposite

el ement as. clained in one of the preceding clains, in which the joining

el enent i s RPPFPEESEELt RSt Pesh ey@Prids 1R 1R ftltdulisty afe Wiick

evapor at | 0Ng§Qakl Ayl r22mebNE LAMAAY GRkLIPHeAS A AlEd dd gne of the
precedi ng clfail ns, |K which a frane is applied by évaporation coating as the
j oi ni ng el eapptrox2Bat&hy Gompogpielre ménarpent The cukiswephdant ene fdfce ker the

recedi ng 2o.cl.ains, in whi one or nore _supporting elepents.are arranged
ot he {1r sPiBPraBECchRonath PL tBenSarats Wh 7 St St Rt enent. 94,
The corposi pRoebeBBAktamagkai @ed tha toR® Ok v HAtaceidtt A | AIdEs  Mhi ch

conprises a glurality of nested franes as the joining elenent. 25. The
conposi te eFBREAt T&FLENE REATOR GRECOAITRe CPNEGEM My 181 dihes SUbstwteh 307

joining ele t i ses . i.par t f e 2
conposite eﬁggeﬁgegggcﬁgiggggfﬁ%gﬁe%gf%%%E?%%gfgggﬁgﬁtﬁgﬁﬁf,q?hxaﬁﬁch t he

j 0i ni ng el ementveorpr iisestdoatsr BOBYr ethe g33syl @8R dyerdepdsitBEie diamadiyt e
el ement as claiped in one of _the preceding clains, in which the joining

el enent is gPrEgguFB Shyah€and?5 of the lift-off technique.

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 includes 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



~28. The conposite elenent as clainmed: in one of the preceding clains, in

whi ch the joining elenent and the second substrate are adhesively joined,
sol dered or bonded to one another. to 29. The conposite el enent as. clai ned
-in one of the preceding clains, in which the joining elenent: and the
second substrate are joined by neans of apedi c bondi ny~, fusion bonding,

sol gel bonding or | owtenperature bonding. 15 30. The joining el enent as
clainmed in one-of the preceding clains, in which the first and second
“substrates cg rise _a first and second wafer, respectivel 20, a

mul ti plicit 60 el 18F ddjide &MPS oif i e B iRt el 8F Y ERRER on t he
first surfacemplodeh® fird Hhahiciin ANGHANE LI dih &1.LBY S, 218 joined to a
surface of the second substrate. 2s 31. The conposite elenent as clained in
one of the peadedindyctosi mbstrae Gi2a icavilthustradtadreih laeem tie fir st
and second substrates and inside the frame. 32. The conposite el enent as
claimed in ¢clai'm31l, in which 30 the cavity is hernetically sealed. 33. The
conposi se el enent as clained in one of the preceding clainms, in which

i nterconnects which are at |east partially 34 covered by the joining

el enent ar e RELELAYe @3GF 1iVie ORIt Ls FOMREISHT & He filstf bl dtensey. 32%he
conposite el lsai iR 0 f $ﬂﬁl j i i ich the
interconnecFSQEE%gﬁgg%gﬁgggﬁifﬂg}g%ggfica ‘3&?ﬁﬁg%§ﬁ”%%e ?%?ﬁ?ﬁ%qg¥%%§nt.
35. The conpdgi pa ¢éhenemagas senasiored lisn aonke iofsitdee tpree dedineg: iddadl 1B, i N

whi ch at Ieastlone surface gf th%4 inin% el enent 1o is planarized. 36.

The. conpositEIEEERe T VadYc Paitre d T RSTECSE t YD WY FIH S 24 m whi ch
al i gnmenat ekBAeR! hag’ Beacddde@ ,0R rehe rfidnsleOrim tIRCIGAM Surface of the
first substrate, the second 15 surface being on the opposite side fromthe
first surface. 37. An internediate product for producing the conposite

el emanF as %‘h@' g?:gn's ag'%?ltofBotrla lB':':L%C%%' le(\slt@'ar{:_% 3 Ray t":clcolgi‘%ralq y1ng

el ectrical, electronic, sem conducting, Zo nechani cal and/or optic
conmponent s, boodpdi diyngeanki pst benbshatlecaa ijomini3ng elcen®rt oonddd rStame
surface of éh% fig;t sybstrat e, tggghpinin% el ement being designed in such
a manner that %t h&RFi PEESBGLE: Pt & 'h&Y Gi B 5 FLEELETd st e by
means s of heRght brOkReNdpeh eBBNkompdBend S okt A0SR SlLMBM 16 a
conprising a nmultiplicity of conposite elenments as claimed in one of the
precedi ng charrstikspréhyasealednedtt oot protthielly3t 3@ spivenis dicefs img
structure fgt.joLni : rat-es .yhi is_appli.ed by evaporatio

coating as gagﬁa%ekggé%§ggﬁgga% ?ﬁbé&ﬁ%?@geoﬁpégogﬁ“atfékhén#“b%%ﬁbﬁFFfin
particul ar 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



~ 35 accordance with a process and/or for producing a conposite _ elenent as
clainmed. in one of the preceding clains. 40. A process for joining
substrates having electrical or 5 optical conponents, in particular as set
“forth in one of the preceding clainms, in which a first and a second
substrate are provided, in a first step, a@3frane is applied to at |east one
surface of the first substrate, glass being used as material io for the
frame and the gl ass being applied by evaporation coating, and in a second,
“subsequent trat d or. bonded to

f f h d
The T SRy 3 ey L R o R L b S e e o et

_and inside t(wem) 50fxr mmlc@_ Amd@@t&mmvnl N gard igailvd i havdmg
el ectrical or optlcal conponents on a substrate, in particular as set-.

forth in on@oéltdltqgelﬁryééfemﬁwgﬂetﬂ%lr&ed IRIANPDEP | Pt ‘@xetelaﬁd
substrate, %ﬁ]é%?l%ﬁ TR A 61, Nas dtﬁ%fured E@-@é%&& | Ch

first substrate ame conprising a stru gl'ass

been. appl i edronk iena Eirest itogeddetn mg, thanthe2sfraanei3lig regi on i n which a
surface of the frame is joined or bonded to a surface of the second
substrate, a cavity being fornmed between the first.and second substrates

i nside the fhaMnodAAbonding can be carried out in controlle '
. A3. AFnS. A@ Al @ Al , ?. AllN@ E Al @Al f.AS. AGS. A@Al@ A@AlSAl,, A@ A @A
S. Al S Al , A@TNSPMe@ Aith & rpr@d@tmrstwesl Ala® ASBRIS IS IMTSEIE & OkV W P

zupkt al W cal cal sal ealealeghenlealealoaloalanl caleale el aals A Al nalend o2

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 comprise 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

hermetically sealed coverage, in particular with a
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)![F&%ioqq(ﬁﬁﬁéfcopnects 430, so that the interconnects, 430 can ,
V@AJESH=10! 2F10% & ()- 0l "10% & () -, . z#10% & () - 9- 109% & ?) - +%10‘VE§ ()-1(10%
& ()-z0% @B t-connected from above (not shown) .

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

planarization step.
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5 The following text provides results from various tests
carried out on glass layers formed from glass 8329 which have

been deposited by evaporation coating.

Fig. 14 shows the results of a TOF-SIMS measurement, in which
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
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109 () +Y10%&'() "10%& () F109%&' () - @@15@&f() #109%&' () - @1[)f)|)))***dE:/
10 10; 109& ()-:!109%& () - y8'10%&'() , 6109&' ()-S5f10%& ()- O 109& ()- **

*8;&;;;?Yréf%ggggzpé§oc%§%g%%ﬂéf %L%%ﬁﬁe§¥_§2 which is of similar

10@ &$169& Ly r#EtQY® Ep- zhﬁygbﬁﬁaﬁla&'t(e) el@rﬂaﬁ%&s(z)o- @In the case of the
109& () - 2" 10%& / " 0#0$0dE: /
109&! 8 - 1 69EP ;3 @16@@“‘6}% @10&(%6( ?qésfo%a(‘)e ELPodi@ s PhrERg: 17

172923|3pmvé§1§ﬂ19é&tﬁk éhgdg%igégggné) Fhe glass frame 610 was applied
| -)109%& ()-L!'1-)10%7& ()-L!'l-)109%00& ()-L3, SlO%&f()
by evaporation coating with a thickness of 4 um and then

polished down to a thickness of approximately 2 um. 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 pm.

30 After the unstructured backsurface of the wafer had been

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

of the glass 8329, the wafer was then dry-etched as far as
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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 accordance with DIN/ISO.

The results are given in Table 1.
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T 1w 0.4 5 x 40 Unchanged
as material
Alkali DIN ISC Material Total Comments/visible
695 removal surface changes
class [mg/dm?] area [cm?]
A2 122 2 x 14 Unchanged
as material

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 invention is not restricted to these
embodiments, but rather can be varied in numerous ways

without departing from the scope of the invention.
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joining element.

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

being deposited.

3. The process as claimed in one of the preceding claims,
in which the joining element is applied to the first surface

20 of the first substrate by evaporation coating.

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

25
5. The process as claimed in one of the preceding claims,
in which one or more supporting elements are produced inside
the joining element on the first surface of the first
substrate.

30 |
6. The process as claimed in one of the preceding claims,
in which a plurality of nested frames are applied by

evaporation coating as the joining element.
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11. The process as claimed in one of the preceding claims,
20 in which the joining element and the second substrate are
joined by means of anodic bonding, fusion bonding, sol-gel

bonding or low-temperature bonding.

12. The process as claimed in one of the preceding claims,
25 in which
the first and second substrates comprise a first and second
wafer, respectively,
a multiplicity of laterally adjacent joining elements are
produced on the first surface of the first wafer, and
30 after the first and second wafers have been joined to form a
wafer assembly, the wafer assembly is diced into individual

chips.
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14. The process as claimed in one of the preceding claims,
in which interconnects are arranged 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 -

10 that the interconnects are at least partially covered.

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

15
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.

20 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.

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

stack.

19. A composite element, in particular having electrical,
30 electronic, semiconducting, mechanical and/or optical
components, and in particular produced using the process as

claimed in one of the preceding claims, comprising
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a first substrate,
a joining element on a first surface of the first substrate,
a second substrate,
the first and second substrates beihg joined by means of the

5 joining element.

20. The composite element as claimed in claim 19, in which
the joining element i1s deposited on the first surface of the
first substrate and is joined to the first substrate.

10
21. The composite element as élaimed in one of the preceding
claims, in which the joining element is applied to the first

surtace of the first substrate by evaporation coating.

15 22. The composite element as claimed in one of the preceding
claims, in which a frame is applied by'evaporation coating as

the joining element.

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

joining element.

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

joining element.

25. The composite element as claimed in one of the preceding
claims, in which the joining element comprises a binary

30 system of materials.

26. The composite element as claimed in one of the preceding

claims, in which the joining element comprises a structured
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glass layer.

27. The composite element as claimed in one of the preceding

claims, in which the jolning element is structured by means

of the lift-off technique.

28. The composite element as claimed in one of the preceding
claims, in which the joining element and the second substrate

are adhesively joined, soldered or bonded to one another.

29. The composite element 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 bonding or low-temperature bonding.

30. 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,

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.

31. 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.

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

the cavity is hermetically sealed.

33. The composite element as claimed in one of the preceding

claims, in which interconnects which are at least partially



- #3a] $cK $10%& ()-cK $10%& ()-cK $10%B& ()-cK $10%& ()-#3a| $YI Q01

(" 109KI&' ()-cK $1098& ()-#3a| $cK $10%B& ()-cK $10%B& ()- cK $10%B& ()-cK
$109%6& ()-Y23458| obU41l @ 1099& () - 10KYLOKIAOKY% | . 109&KK%& ()- , S1OYKYE () -
S F+109K9&' ()-( )! 109%K%& () - 8G=Np| [ : bu41l S1099& ()- 109& ()- L109B&' ()-
1098& ()-y "10% & ()-z( 109& ()-p/m-'|[:bu4l  SYUBL09& ()- # 1090& ()-

1098 ()- f$L0%& ()- @$10% % & ()-( Vi$10%%& ()-']h|[:busl

S5f 1098&' ()- 2! 109%& ()-z 0! 1098& ()- @ 109%& ()-s L-10%& ()-(

- & & 1099&' ()-hkvU4l. 1Y.(1Q%.& () 10%1) m& () - 1094.0%0% ; 10984 (

8' | 10084 () CPVeredubE g5\7{32‘9‘\9‘8&11‘5emfnfo‘?lﬂ’:)emsii‘r(r)"‘mge on tjh éﬁirgt

.1 10%) m&! ()sﬁk§§é@"/@¥&tﬁ)a f%%@%h%&t(r)ate" 110%) m&' ()-( J 1Y

(109& () - | [[:vodl — 0 110 S Us-#10%) & ()-S ( 10%0) & ()-z
@4:10%1) &' () - y Y O%r)rr& () '>s #10%).& ()-y| obUdl S

10%) &' () - 19

(
o rohema <) 39 M) BRELT b QNI O MRS 8 it é;g@t#g/;gfg&ééalgg

10%) n&s() - cla%m)sn&lﬁ) w(ulc}i th@%:.&té)rc%hn]e[cd@sUékterﬁ m%m&y()oxz

& 10%r) m& () - @10%) )r'llw M m&' (),- S&.10%m) m&' () -y(

S, | 10%m) mg&’ (’FIH&FFleIhrOPS 1696) AR NIGELEOR . ()- D,/ $10%)) & () -z +
10%M) &' ()- 9*- 10%) m& ()-( C ''$10%B)8& ()-fWKYZ] pvU4l | (10%#) #& ()-F

| (10%##& ()-F @.0%) m& () - 10m) mlOm) nlOm) m 8 ! 10%m) m&' () - (

10%m) m&' () - 8p[.: vo4é co@)%%@%‘iﬂ.ﬁf&e@): alsS3UBOIBAD/E'n( one 'blEO%ﬂr)err&I(e)c-eding

S@L0%r) me; L! 10%) M& & ()-EZ ab NA41 1Q mLO
3 1%7?3/m rrf&)c%)“ﬁ}‘ses t wﬁ?ﬁrﬁh % % a%ﬁ‘?&g%’ffza 25 ?’% e

@ 9BYAAY W &s(biahskhzNA4l 10 , s 109%& ()- , 9" 10%?/«&' () Z $10%&'
$1090& ()- , 1008& ()-( @O%& ()--B|[: NA41 10 196 109%GG& () - #M 109848 () - |
. M 10%9& ()-z y310%& ()- ,m 1099@& ()-( y, 1098@& ()-Bu|[: NA4l 10

S5M 109%8&' ( '- 21 & d +g.3 & 0 (
f1 9% 109K % Wygf& U%%PO 1§f %ﬁfﬂ&k afog/a/%{%%d( )1§ O% Q:'/Gé%e )pn:(ecedlng
claims, in which alignment elements are arranged on the first

or a second surface of the first substrate, the second

15 surface being on the opposite side from the first surface.

37. An intermediate product for producing the composite
element as claimed in one of the preceding claims, in
particular having electrical, electronic, semiconducting,

20 mechanical and/or optical components, comprising
a first substrate,
a joining element on a first surface of the first substrate,
the joining element being designed in such a manner that the
first SQbstrate can be joined to a second substrate by means

25 of the -joining element.

38. A stacked composite element, comprising a multiplicity
of composite elements as claimed in one of the preceding
claims which are joined to one another.

30
39. The use of a structure for joining two substrates which
is applied by evaporation coating as a spacer between two

substrates or as an alignment element, in particular in
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S preceding claims, in which |
a first and a second substrate are provided,
in a first step, a frame is applied to at least one
surface of the first substrate, glass being used as material
10 for the frame and the glass being applied by evaporation
coating, and
in a second, subsequent step, a surfaze of the second
substrate is joined or bonded to the frame, a cavity being

formed between the first and second substrates and inside the

15 frame.

41. A composite element, in particular having eiectrical or
optical components on a substrate, in particular as set forth
in one of the preceding claims, comprising
20 a first and a second substrate,
at least one frame which has been applied to a surface
of the first substrate, the frame comprising a structured
- glass layer which has been applied by evaporation coating,
and
25 a joining region in which a surface of the frame is
. joined or bonded to a surface of the second substrate,
a cavity being formed between the first and second

substrates inside the frame.



