" #$%e3e\ O\ <<=4?Z@ dC6CTC 03SGE.0180SGP Schott d as 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

j oi ni ng substrates having electrical, sem conducting, nechanical and/or
Aptical conponents and to a 10 conposite elenment, in particul ar. Background
of the invention Joining techniques are used for a wi d83P&Rh§é88FGPechni cal
15 fiel ds. Bhawly Pfaxanple, at this point reference may be made of the

formati on of housings for el ectronic conponents by neans y r
exanple, electronic circuits are enclosed. 20 For exanpl Jsm”mmm,mm”%knom
processes in which conponents or integrated circuits on a sef con or
chip or still joined to a sem conductor wafer are provided w5 housi ng
and with electrical connection contacts. |If the nounting ommmmmmmmm mm t he
integrated circuit and the joining of contact regions 25 o m k t he
housi ng contacts which lead to the outside are carried out whilgght iS
still joined to the wafer, a nmounting nethod of this type is generally
referred to as Rroeegss fevecjopabhagswkspratess.and comppsbtenehement
encapsul ate indi vidual chips or dies, known as single die 2 packagi ng.
These processes are used to adhesively bond conponents, for exanple, using
epoxy resi sesdioVpyesn a drawback of adhesive 5 bonding is a | ow chenica
resi stance, poor optical properties and the risk of conponents being soil ed
wi th adhesiKkeldi@% HR@mIRVEREHIR| on | ocations are subject to an aging
process which is acconpanied by a deterioration in the quality of the join.
10 The fundanental ly known joining techni ques or processes al so include
what is kndiire asnomidi o . réll. paes | tol arprgpessf foonjioging shbhstigt&sown as

anodi ¢ bonding, i1 which,2 velLage L5,aPPLed 19, a0; ! Bl eli acg,inder the

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
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



15 which forces charge carrier diffusion. Although bondi ng processes have a
nunber of advantages over epoxy adhesive joining, their application is very
restricted, making theminflexible. 20 By way -of exanple, anodic bonding is
di sadvant ageously restricted to a very tightly limted nunber of materials,
since the charge carriers have to be prov#ded in the material. For exanple,
anodi ¢ bonding typically requires 25 materials which contain al kaline

netals. Therefore, anodic bonding is not suitable for a w de range of

applicatio WAl 5ame is also true of other bonding processes.
Furthernnrg%“B5%§F%g processes do not involve any build-up 30 and

consequently, they have hitherto only been suitable for plane-parall el
connections,. This too considerabl% restr%ﬁts.thﬁyraqgg of agﬁlicatifns. 3
I'n any evemtPeTHRTEPTLELET 1178 ‘_%iB‘_éraa S hee _f%‘? eFYBRPPRMGRd Tproved
j 0i ning prosessste %@@r@%oﬁysgéspﬁépm&&ew@, | AVEPAWRACK NET eh@hEsivae

invention is ba§ed'pn t he obj ect of providing a joining process which is
i nexpersi vebmrtingrkaitd | kow occhepieomt Feshataneal apoanr Rt yoatkpyopedties

efficiently, A further. obj j.ovent | i Ss ' a joining
process \/\hié}:rh&?tshesu S %n?? a‘?%’rﬁlg%%éégé%éénh%eeln?g o%]éjfﬁé;dt%)%ﬁogé%%g‘??al used in
t he conponenistldrsats] radiess 1 on bko¢at hedls asite | sulppatt ctib asini sgahgo
suitable for sensitive supstrates. 15 Yet another object of the invention
is to proviRlPEFOIHRHER ptDRSOMREIERRY 22 HGHeEHRRR t5P ald/ bRe physi cal
stability ofudecy o @ fhsures a permanently sealed join. 20 Yet another
object of the invention is to provide a joining process which allows the
productd on of cavities or voids. Yet a further object of the invention is

to provide [ oL ni rocess which is,suitable not only for electrical and
25 ol ect r ont 2 COMSHITR ALY BPQER 57 1BHRY caf CHATRUET oSh T RapSses dlso
el ect r omechad Gade angd O 1 ® PkRowh €£4 rFoi@LHGNI £aba by ¢ €IEr d{Be 0BFect of the

invention is achieved in a surprisingly sinple mag_by the subject matter of
t he i ndeperRRAA1RT ol FreWhap @ VEpewycotisaRed1 @ NGf +ReWihURN®i on are

defi ned in'&$f%§&gci§jgﬁplieé'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. Therefore, 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.



The invention proposes a process for joining at |east two substrates, in
particul ar having electrical, sem conducting, nechanical and/or optical
conponents. 5 The substrates are preferably made froma material or

mat eri al conposites which conprises) glass, ceram c or sem conductor

materials, in particular silicon, I11-V, 3uch as GaAs or GAl, ~sl X
(VCSELs), Il1-VI InP (LEDs), and also other organic or inorganic materials,
such as for exanple nmetals, e.g. 10 Kovar . In particular, after a first

substrate has been provided, a joining element is produced by nmeans of
structuring on a first surface of the first substrate or is applied to the
15 first suffiazmyoévehe, fthetesubsstale. aThensiedenabiebseedt Eomny |i kew se
be structured or aitern tivel¥ ngy.be unstructured. Then, after a second
substrate hASTRREH DrovfatBPTeRedt I PLEiB9 RAQCCREBRd substrates are j oi ned
by neans of the joining elenent. In particular, a surface of the second
substrate is joined to a surface of the joining elenent, either

t enpor a¥ i | yGereral idea¢fopt peot et the HOVEREienrt her processing steps or
permanently. In this way, a conposite 25 elenent, e.g. a hernetically
encapsul ated or housed chip or die can be produced in a very sinple way
usi ng ei t herhétrafbee (i Ehé ethiiehoyn ol sabapadt onf thaf eébjeevebfppesagdigg | n
the case of wafer |evel packagjng, the first apnd second 30 syubstrates are
realized byan?%?%?9aﬂﬁoﬁe§%c8hacﬁa+§r}n?EEﬁ%E%Y9e??¢ ¥erpahklestappfted by

evapor at i onag@ai hNBateitheati wetksughacr19f ahfecfistieMrigr around each
sem conduct or region or subsequent Cchip, so as to produce a 5

mul tiplkécity of laterally adjacent and/or |aterally spacedapart franes.
After the t waf ers ve beepn jpined to forma wafer assenbly,.the latter
o di ced. 1A RUPHRES GBYBGRCER hEC " TavhRaiOhnLe P nEoPISE B utethiRal vi dual
chips. 5 Adyaptegeowsiyh ibesebstentidalaygendepbrient 6bi§ﬁeat§F€0d§ed
sinultaneouslé ina single wor ki ng step. The housing is particularly
sui t abl e f oPakpBEERE OWFRACERPBRABNESTPEBRBEF aPYySTBFtERRPEOREUREOH O1BBEi cal
and/or 10 M5 0NECHAPL £aha 3¥S1E6M sINGuEBROES POrPOSALDLEVEPRLECRLLRRS AT
extrenely diverse;” by way o exanpfe, the process according to the
inventi®n is suitable in particular for the encapsulation of mcro 15

el ect ronechgnj cal steng. MB)., .m cro-optical ,systens (N oa e

i or o ol oot ToheRRRTIEE! SBIEFETE s FBE cHEVEREENR) 6 CRORGEHL Pong) Joining
sem conduct groé€8s OREi6h BAEMBNhSgRNCABAI A1 8RqY¥P pHPSiEAlesthBibety
joined. In this application, the Joining elenment fornms, an optionally

tenporary s®Bpther]iaierapéchafitaf eoppshmanestly 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 and/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.



20 such as for exanple mcroswitches, or mcro-mrrors. The joining el enent
i.s preferably a frame or bonding franme which is deposited on the first
surface of one of the two substrates and is pernmanently and fixedly joined
to the first 25 substrate during deposition. The frane is raised with
respect to the first surface of the subst4ate by its |layer thickness and
provi des a suitable bonding surface. The franme provides, conpletely or at

| east in part, the so bonding surface for one or nore further substrates,

in particul i f ' | i o tigs S cturing
process. B JRERISTERASoR0  FroledE R Clofhliy de "l a0 Sl
deposi t ed ulemapted | oin quattetcwldo hdeiddreslesirfcde feenrhcaonbducaingsyst em
of materials, .in particular glass or froma 5.vitreous material. The gl ass
Used s | n EARARS 289¢PF| BREACRL SOPRRRTITt 6 gl ass, e.g. the
evapor ati on-coating gl ass 8329 and/or (G018-189 produced by SCHOIT d as. One
advant age of this evaporation-coating or deposition process is the
appl i cati orflg suhstined@sagiregprgeissablydrade fFrma awperdadr eripagprial
approxi matel y 150C so.t.hat the i o |ikeli .Q a Ldation
to the subscf(%lnégfoeSls%t?r aélécglvgﬁmpﬁ(E?ﬁzsga%ieA% ! rreor%gnlsf'ﬁt?g:t r@%&%%kgﬁékﬁ?s
context, raffienicad,s ial partdidalhe sppicseal i DIS-DE SAEh G 83Bslorfil ed on
04.15.2002; 15 DE 102 22 964.3, filed on 05.23.2002; DE 102 22 609.1, filed
on 05.23. 2083A1.PE: -1 0VESELSE, ol T1Y] ebPBn(BEDSE, Jpd; abEe 1998y 989aRICT | | ed
on 11.13.2 ;s &éﬁg il n,Q1 ) 1 n of the
samne Appligg%t%£§%e co%%g%?ggga%%éc?%%%r%Qo¥&€h%gﬁﬁgggh%?%%ggéxgggésIy
i ncor poo at efowyr v ef erence. Therefore, it is preferable for the joining
el enent or franme used to be a structured glass layer which is, for exanple,
25 applied by evaporation coating and structured through a mask.
Phot ol i t hograpbd £t PEQTLE S ESEté Pl a ERBAPL Estiss PPaBle PAOS Ob€6Hh Shrotvdeal t acul ar
what is known as the lift-off technique, which is fundanentally known to
the person 3®iTing ¢hempeRt af f PHRAVECHH NENMRRTE aBF eSFERCERELIREr @Bt Bri ng. 30
However, itgc] | SQr i bke Leh, fof e e
adhesi vel y f%?%g top%%% QEb%%gaﬁgf%gagggsg?%g%g%% %%tﬁgggiggrgétt%ﬁd
substrat e difreyg s$imefavapof athenfivati sgbstraifde Thensagordieaebhstaater di ng
to the invention, in, particular the glass |ayer which has been applied by
evaporatiod“%%a??%ﬁw gedb?rﬁﬁﬁu?5u¥ﬂ soﬁaﬂiﬁgrﬁﬁglggrﬁrﬂ@ynﬁﬁber of
advant ages.ypstusth¥ed gl ass has excellent properties in terns of
stability, hernetic sealing and chem cal resistance, in particular to
sol vents, acids and al kalis. These properties correspond to those of a
borosi li cat as h ral L] f | 0L i el Nk:.l.§,very
accur ate, iﬁh%%ftg%ﬁégr;}?e%ﬁéﬁos??%gg%%%gﬁ%gs %%@t%?%ﬂ%g%%thggg g%ggﬁsed.
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



15 The joining elenent can be applied with a very accurate | ateral

di nensi on and hei ght by evaporation coating. As far as the Inventors have
been able to establish, this is even substantially independent of which
structuring nethod is used. 20 Furthernore, the joining elenents or franes
can be produced at | ow cost as part of arPassenbly, e.g. at wafer level or
in batches. 25 Furthernore, the process is very clean and therefore
particularly suitable, for exanple for M in which case the frame may

VB,
even be de it.ed by r-af,l t] i t S _
conpri si ng%}qﬁet%%\}?lotsygﬁelraéﬂc%po en% 5 é%ﬁg%%é%c%%%f&héeﬁ r%crlre, or
the struct wgeng: dfrdntess glraitert ayjes , tws wallant dgeneisbeert ajoimed oud Ebdrh oav
tenperatures, so that, for exanple, reslst,nafks,are ref ai ped and can be

8 renoved ST RAFIRFRL%oItLatE]E L THerRATr EC UL 3% DY o3RG 5
al so sui t alll & i P UM - SENSHddée SURSIT @S Erfps Pl astic substrates

or organic substrates. 5 Furthernore, the production of the joining el enent
or the strstuaritagesfushe dikssefoyer a slawge inwmbrr of t ¢olps agjge ckeised

et chi ng gases d/or liquids, wih #hqwrrS{gt é@al it is also possible to
use sensitiﬁ&?éﬂhﬁﬁﬁgﬂ Y 3 P PET AUTEPEP Y HEFR1 1 owi ng t echni ques are

suitable for joining the two substrates or for joining the second substrate

to the frame or bonding, frane: adhesive joining, soldering and/or bondi ng.
15 This cl 819 Y1qusing rig e xhcelarhor el @bt 2HRCBFORMe i nventi on.

Not only is,/d I i gt h t chni ques
whi oh can B R e ey P e e o PP e R B T or
exanpl®m anmoioehdghdminckeld dysteams of the joining elenent, 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 d asghd fr ORF pbBsiBlbOhphdcet BB tartss edtilenRd yOliverse; by
evapor ation-coated onto each of the two substrates. 25 A frane nmade from
anodi cal | y wathcblexamsileni she propassi 2ese¥diarhpia iy IBVERLRER 1§l ass, is

used for an -ééé¥¥“¥npﬁgrgpkaﬁé%aggrn@ﬂe éﬁ%aéﬁﬁﬁggi n % _k&b?%d to the

gl ass substTdate by nea I'S”known as ect bonding on to the gl ass
30 subsd r atel ersi rignerHadidiang syayems AMEMS) AlnBrr@midpie dad aystiensbdmoMsap,
other sui tab) & Pr.9eeR3e% LAk YdS, TSt on, Ponl g Sl B d9eanglen, o

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.



9 tenperature bonding. The person skilled in the art is thoroughly famliar
w th these processes. Nevertheless, a further benefit of the invention is
linked to the above, since the evaporation-coating material or material of
the 5 bonding frane can be matched to the desired bondi ng process
i.rrespective of the substrate material. Therefore, substrates nade from
virtually any desired material can be conbined using virtually any bondi ng
process by neans of the joining element(s), with the result that conpletely
new application 10 areas with a huge potential are opened up. As an
alternative or in addition, the surface of the frame is provided with a
netal | i zat 1 Dn el pievenl payt sohberky advanfagesohsiefer. al fraper oprbate, the

bondi js 15 activated. K B | . waf hi d
From a sem dhitRAted o erasrratich-So4res gkt Birah ShEkafe ProBrfal
from gl aSS,biﬂhﬂﬁré#Q&éxﬁlroﬁ MatéEPAEs Or iROp RSt E6PAL §LaSS, of- BrokOa

Borofl oat 33, nade fromceramc or made fromnmetal, is used as material for
the first antbegodmrmateriatontheudbasatesedhesfianparsicuhapant ftliaate
conti nuous, _e..q. | n forped from aj v , Lrcle or
any ot her i%gd%%f$%§9%%$§%t?g%ggan%'?heéééc%ggﬁgﬁ %%#étgg?ggﬁgx%g?§gand

per manent | ys3 » n@sd for tGe1$+ 28 pro@ubed nBy i salibyT sedhed omsnatvadbiage
results in hermetic encapsul ation or housing of  the regions inside the
frame, witHEheRis reY2RAER 5ERBNECREHRY r aF c4CPRP hb 1 SPaREACaPEr £5f FBf one

another, inyparileulan 3P vhé hiﬁ‘sﬁf‘étiﬁé‘_”&lé@stf‘%eﬁ ¥Pi o8k Eéﬁ{#}éi‘ai‘_ﬁre

formed. Therefore, at least a region inSide the frame on the surface of the
first substumteo rapprosifacelyfl50a¢e sat ehitl thareetnandveikelhboederf it

is also possible to appl n_open 10 frape with interruptions pfn_.the_webs
in order to Vem: the @§%¥?€?°?n€%aPP?c%P%??P? 8 ¢ Fg Res 9%? %ﬁekﬁ?aﬁést
mat ched to ¢hemStfBréhsst aact8ppl Icathos, cvhtbxa, ca¥féyeheengsf al spdmaaeveen

the two substrates, Evaporation-coating thicknesses in the range from 100
~mto 1 VinfOoprRPEE@BFIORPom 10 ~mto 2 ~mor 4 Vim have proven

appropriateDﬁ2%O£h@sigggefenﬁifggdoﬁpg%[Egg%gﬁﬁi In principle, it is

possi bl e to achieve t hi cknesses of from to 0.1 ~mor 10 nm and
t hi cknessespBf162 122 ~960r3 < Biteddaoe par2BcROaRty preferred, although it is
al so possible to_achieve thiggfgases of < 0.5 Vim The width of the bonding

surface mayP¥atY? cons? 82r bl d°2507s23ub8Pantially Iinited only by the

aspect ratiggofosheangsk, §0rfineqsbruesupsNgoppocess which can be achieved.
Wde franes may have web wdths of up to several mllineters or may even

take up thePBntP? e53u78Acd, ofitwd eubsird8e2082ilt is preferable for the
frame to haye f,$tEHCLL5€0T e 88 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.



width of < 10 mm in particular <_ 1 nmor <_ 100 Vim particularly
preferably froml ~mto 500 Vim In the extrene scenarios of narrow franes,
it is possible to achieve web widths of < 100 nmor even of just a few tens
of nm Unlike 25 with, for exanple, sinple screen printing, there is no
restriction inmposed by grain sizes in the7material. According to the
invention, the lift-off technique can al so be used to produce good aspect
ratios for 30 mcrostructures/nanostructures, e.g. 3 ~m2 ~m= 3:2 using

si npl e means. Consequently, it is possible to achieve aspect ratios of > 1
or > 1.5. 11 Therefore, with the process according to the invention, it
i s advant ageesis] yimissi ¢l éndft P OSHIER VG T Yo Nielie olmyett heverihepassivel yr
thick or high franes, so that a sufficient 5 djstance is produced between

the substrdtts Tt nRCRWVRHE B B9eR, 2BPHPD PHIFAROTHEL? sG9R hid
Furt her nor e, 4 tiwffaﬁ?(é?nirl?rtglhggvrﬁ‘aﬁ?é@%éé heth 4Pt NABOW bf a0BSakBighs.

bonded particularly wel wth a good 10 hernetic seal. On the °ther

hand, i% has been found that even a narrow frane or a glass frame with a

web wi dth .5 ~mor 10 ~mup to O ~mforns_an effective diffusion
barri er fo?gjgﬁ%tefs?," n%#%?%;?éa%n%x%%gf%%%ieﬁo%ﬁ?%e of™ heF HB i%£ housi ng, if
appropri at estvdbin B E QM kthé ic adEMBONG T £nd 16h&yiva)y Hésbxeapte, nMENS,
MOVS, MOEMS, and/or a semiconductor region of a silicon chip or wafer is
arranged arRRHBLEEERBrtRcFPkTeRET | y2edad a2 HiRt kS t hERRS® | PYOPSPL1as

addition, 408 Bossh e {980 ¥t de h0Abs; YILILE Lhgsframe, one or more
supporting el ene S, €.Q. Supporting points or reglons, be arranged on the
first surface of the first substrate within the frame, this preferably

bei lized jn th , tep,as th duct i f_the 25 f .
The suppor 1 BHERERY PAHHY 77 (S Arels CHIPRTRE CHATRtOLS TPAtemGRUpRES,

e.g. round, i PobyHOIR1LF DFaphobwliEheSrBhis Of rhcedPisdapecho@sJarei nes,
corners, rounded sections, points, and substantially act as spacers. 30 It

is preferapigedor the upper plateau of the bonding frame, i.e. a surface of
t he evaporation-coating gl ass which extends substantially parallel in
particular to the substrate surface, to serve as the bonding surface. In
this case, The joiRimppéletefit ateEn has applicdcvioh afveefi acograte
predet erm ned di stance befween the first substrate and one or nore Eecond
substr at es_ 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, 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 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



5 As an alternative, it is also possible to produce an accurately
predeterm ned angle of inclination during the nounting of the second
substrate with respect to the first substrate by using a partial frame. An
inclined design is advantageous, for exanple, for optical caps, known as so
“i ndi vidual VCSEL packaging", in order toButilize partial reflection of the
| aser for the nonitor diode. Therefore, in the joined state, the first and
second substrates are in particular substantially parallel or inclined with
respect to t . t he as i Vi L.LelSaa

possi bl e fo?gépgggégﬁéﬁ?1%?f¥%e§f%§%%g?%’b%' égééggggéboﬁﬁ?%%fgﬁ?fagg?

Furt her nor eptrécess pbssabée $witabhe pfanatempetatesetsehgitbaeed W th gl ass.
20 According to a particul arl referred refinenent of the inventjion, a
olural ity oFpPGFRSSE, ¢ BoBIRPHLT (EUBRETSREE HGF. OTHRRLF rERREEERt S
hernetic sealing and reliability by a nultiple. 25 Furthernore, an adhesive
for joining purposes can be introduced inside the frane or between the

nest ed $ranBsrtirmenat i Ve yprodpeedeneefi bhe jPiningi ebemanpredetkeni ned
gas which is_not air, or.a_Jliqui nd/or_particl Ik S e introduced
into the ca%???c%%ﬁ}%g ?%t%h?h%i%% cga§%¥m£%nc§ﬁg§%ésé§% ?g%%EEbefore t he
first and sggopdssipst eatkingr asesnedd/dheliyuidsganithovhéhresghtt bRat
spaces or passages_and may, conprise a cooling liquid, a sensing liquid, a
color 13 #Fli8rakpe/BPsehkler tapheer 8aReE bhvEaseRStTRESRr ane preferably
has a m ni mum t hi ckness which ensures that the two substrates and/or
conponents which are present 5 thereon do not touch one another in the
housedist at &n pecoidihgri othepbrliovwingl yephriguesdarabeditehieoforhe

i nvention, lnterconﬂectg, for egangle for the.contacttgonnecti n of

sem conduct 6P B BFehPS, LEP SUPPERGERS oRT 0h8” of C1D et BEbEFFEPEs, for
exanpl e, thgubttshteubst tRéerrihel 6rppehaiagl erbme :t Rehekase anﬁﬁngn t he
formof the frame to be deposited by evaporation coating on the

i nt er connece8ldepingaandher| hepdingat |east in regions, are hernetically

|l ed 15 through the frane or enclosed by the franme. It is preferable for a
portion of the interconnects to remain clear on one or both sides of the
web, tosal | Dhisubleguent itbusachtesnnket erhrabrdinapyebdvabhktegéonfi hheach
case one web or edge of the frape to be agﬁéied tranﬁxgrsel

_ .Y with rgsgect
to the 20 i WEEFRbARARCt YOt APREY tHietFr SHET Be¥RTPBENEE VotPhECIBEGNG®

the connection techniques which can be employed, but also it
is possible for substrates to be, 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 evaporation-coated onto each of the two
substrates.

25
A frame made from anodically bondable material, in particular
comprising an alkali glass, 1s 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-



substrate therefore, the interconnects lead in a hernetically seal ed manner
into the cavity fromthe outside through the frame. The interconnects nmay
run not only laterally but also vertically with respect to the first
substrate and may, in 25 this manner, extend through the joining el enent,
so that it is possible to produce a laterdlly or vertically running

el ectrical connection through the hernmetic encapsul ation. |If appropriate,
the frame, after production on the first 30 surface of the first substrate,

or rmore Squérﬁrééﬂﬂlyr@fﬁcﬁ{d | IRl 100 By eVRPPIa | O CRAtdRg 14S.
pl anari zed, 1 particular abrasively, by nmeans of chem cal - mechani ca
pol i shi ng drhamidlelry sianiabiar priocestshe éi proacdesse agaddeseytheldsspnpensat es

f or unevenngss .caused by, the_thi ckness of the interconnects, therefore
el T e S S e (e (PeaPlon ife THERET RS hRe SBSVE! 5¢C can
be produceded the dvdSdrSti SraCeodH img SREOOE SUrdAGRaOéri e &f I She
substrate, with the second surface lying on the opposite side fromthe

first surfRending ghiramg eardoimatrlked ype, thordesaref Lrrding PEPAFDP
frames, poi {C};{Iﬁeééléiéz?{vé '&P%h@rﬁu@e’%{%%gﬁé’t‘ériﬁ. U hfe fgﬁ@?“éuﬂéﬁ%e;ég

systens or er- opt’lcal or mechanic 0 conponents. Furthernore, |
pr ef er abl e riade af fani tyertyal Ty renel déeehted andee piatiucan loe ¢drebieednd
surface of the first substrate, i.e, the back surface thereof, in,order for

a multipli $FIPDIVHERHHEY 1316 PeRIHRT | B PSES$ oPY JRFRES sPhckle THPEP1RS i s

preferably cpimdod(QUl PIEOItAO t&Guth CLRG ABEbLELEEY hdkT 885 ESchPEon
t hroughput. In the text which follows, the invention 1s explained in nore

20 det®l | oareds with sa duexapptenyiahbate nepesedndPwi th reference to the
drawi ngs, in which identical and simlar elements are provided with
identical reference synbols and the features of the various exenplary _
enbodi ment sa€ agn bttt thege Wbt himnedahoiber . tRé Biredcedestrihéi bnané ihe
drawi ngs In the, drawi ngs: Fi | a- e show di agrammatic sectiona

g. ; |
i | lustrati dECBFIedhev SR 7 dieict bh?BF 1 e sabdt HhaeR ALiRnpPyl AT sdr Pbus
process st ag@%%—'%bf&&?é&i.anff dpbfogrisfs! EXEMPbREYnEEoAESEAt 1 0f the

i nventi on,
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.d.
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 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 also possible to apply an open



to 15 20 25 30 Fig. 2 shows a plan view of nested bonding franes on a
substrate in accordance with a second exenplary enbodi nent of the
invention, Fig. 3 shows a diagrammtic sectional illustration on 5.line A-A
in Fig. 2, Fig. 4 shows an enlarged excerpt of region Cin Fig. 3, Fig. 5
shows a diagranmatic plan view of nestedlfonding franes on a substrate in
accordance with a 10.third exenpl ary enbodi nent of the invention, Fig. 6

shows a diagrannatic sectional illustration on line DDDin Fig. 5 Fig. 7
shows a di p. f g of, bondi ng
frames in 1 accor nc%ﬁ%%%#ﬁ%ﬁ?ourt%@egéﬁp éé% %ﬁbé %gn?gg?gé%e{hg

i nventi on, é&@ntﬁa shows an enl arged excerpt fromregion Ein Fig. 7, Fig.
8b shows the sanme as Fig. 8a, but with a glass 20.1ayer which has been
applied by evaporation coating, Fig. 8c shows the sane as Fig. 8b, but

fol I owi ng %ﬂﬂéérﬁﬁéuféﬁp  tid I h DclehO¥S & diRg" APERL | £5SREEERE&! to the

illustration 25.an excerpt fromthe fourth exenplary enbodi nent after
bondi ngg  Firpriicelonsapp Hi car bomat Wit ancaviewy ope tmg ekerned heoweanwaf er

W th |nterc nects have en_cover vapor.at iL..on ating j
accor dance a??h i j%h?§?¥ t%ﬁenﬁY%?OP n%gglgé% S§ ec$%%%% ?oﬁ? tﬁ%. 11

shows an entagediexterPd oh €0l 0fm G pheFefablP fhomheof mnof2aumesti onal
illustration on |ine HH, 16 Fig. 12a shows an enl arged excerpt of region
Gin Fig. 1® ﬁ%'t@%y$d?ﬁ??ﬁna§3%€?P5h%PelFPHSFP%t?BﬂV%ﬂeth%nﬁﬁK Fig. 12b

shows the %%551 5 anggi zat L 90 ShER: + 8 EbHiedsd Shows
ei ght exanpl'e J{J‘?aﬁflapes %?aé% %f%g%ng raneb %?g é %oméeresults of a
TOF- SI M5 neebiclenesses Fof. fd&mshows aop@olo#m1cro$00nm i amgetbickhesseéar ed

| ass layers, 10 Fig. 16 shoms a phot o-nm croscope i e of a sixth .
xonpl ary etbodi Horfh T2 hes | 1) GRET R Pl o035 nBHEL S FRd: o2 EPBSRobE

i mage of a sevensd pé(@@ﬂ)ﬁéytcgn@@ﬂimttﬂickﬂésbééje@flQno eanmFl g. 18
di agrammatically depicts a wafer with 15 perforated mask for
| eakti ghtness test. Detail ed description of the invention Flg | a shows a

substrate Zypdg;degmaetal pAAKOALL¥ELY, B0y DEr9UbShERRE 201PY ghgo D

a silicon, ceramc or glass su otoresis een ed to
the substrate 2ubist axgt ba pr'pckisi kedwonlyp bhetperaspeskitéeﬂoiofthheamashnd
patterned b ghotolltho raph In this case, the Ia er. of resist represents

a mask whi choGdHe? 3L ERCHETYI 1 RFPRESS5WELER Fale eA?‘F%Jr‘?l‘é? velydeit is

al so DFSS'bf?aﬁ&sHﬁ%ydhé@@dﬁ&bmﬁ§&tﬁé 6PVEH B BBFKr¥N a1 UoRscops aehere
secure
Y 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 lift-off technique can also
be used to produce good aspect ratios for
30 microstructures/nanostructures, e.g. 3 um/2 um = 3:2 using

simple means. Consequently, it is possible to achieve aspect

ratios of > 1 or =2 1.5.



Then, referring to Fig. I b, a continuous |ayer of glass 6 conprising the
evaporation-coating glass 8329 is applied by 30 evaporation coating to the
substrate 2 and the photoresist 4. Referring nowto Fig. lc, the

phot oresi st 4 together with the sections 8 of the glass |layer 6 which are
present thereon are 17 renoved by neandlof acetone. The sections 10
remain fixedly joined to the nmetal substrate 2. This process is known as
the lift-off process and is one with which the person skilled in the art is
famliar. 5 Referring nowto Fig. 1d, what remains is the substrate 2 with
a structured glass layer in the formof a bonding frame 10. 10 As

i |l ustrat edtherdigre leyitsh cove rpnocssthsacabed 1129 neclet fie oimeeht tom, i 5t is

anodi cally bonded to the bondi frame 10.in order to forma conposite
el enent 20,a‘f‘ﬁ’enttﬁﬁf’o‘? Y RATF IS be? R ATHOT LY BATTeH %%'count of the

thickness afe-Rethd1dtSivdRe BoNel Nar T AR Afamés Caybtind6 aM &bt £ibebabt
H, which is not 15 significantly greater than H is forned so that a
seni conduct®d¥sttamgonehtpudiured Heetweer uike rsitlesivates geombgned ange them

the netal substrate 2. ferrin e in . Flg. I'b, the glass |ayer 6
is applied %“ebytlrr@%’nswg% et eic t?%ﬁ%eﬁ%%a%%‘?la{#bn. Al t hough this process
has been known for years, it has hitherto been used primarily for the

mechani cal and optical surface treatnent of gl astic or glléass spect acl e
a

| enses, whi EHRRIMOTRo0l MR TREEREDTT BRYSreHFaRf behed Jfhak naErey gp

evapor at i ong QA d Nehf BESDHMAP - M Ty W1 PasRdCMER & doam mn or >
100 nmmn, are possible with the evaporation-coating glass 8329 (degassed

Dur an) 10 Apprexmeti @l 5edD0 ¢ml phe oshemrharndl ait yhas cbeen efiourfhi thap even
exceeds, for exanple, sputtering rates by a nultiple and ke he use of
this proces3 Ib?rn% eflf"’r‘fﬁ)eer%gtaf a?%efﬁ?)%?i%%o% ES o‘?’%ﬁi% ? %h‘ém ot
invention. ilHismigp besauseo st ferrs ARYef Se€OIPE | 81 NBusSi 8G9l BasPIPONESE

systens, e.g. 18 Si 02, can_only be applied with sputtering rates of a
f ew nanonet#R2ePerNPd Slidee IR FIFTONF HYC pacdhet Eps BeemekiciRowrHRy. f oF

the contin 9l 258 | AYETa OcdQe P R Lefdotonipe netal substrate 2: Bl AS
t enperat ure ]?(?%g the evaporati on:gji(%%C é’ress@rle during the evaporation:
10-' nbar

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



so Furthernore, a nmetal substrate 2 with a surface roughness of < 50 ~mis
used, and an evaporation-coating gl ass whose coefficient of thernal
expansion (CTE) is matched to the netal substrate 2 and/or to the top
substrate 12 in a noderately dila-thernmal manner is selected. The CTE of
the i5 glass 8239 is 3.3 ppm K, which apprfoxi mately corresponds to the CTE
of silicon. Using intensive tests, the Inventors have di scovered that the
gl asses 8329 or (018-189 produced by SCHOIT G as are 20 particularly

sul tabl e oo ¢PAld NErdid fadYehdictutile Bin CbLCAL LML DA YAPAEBLEAnedhese
evapor ati on-coati ng gl asses have an excellent resistance to sol vents,

nmoi st ur e ( 8% st@hige 10OOwden arite t Bimpetr aswbet {ded @nd Fome her nmore shdeogflasses
have very goad thernomechani cal properties, even at |ow 2s tenperatures (<
-1000), and® S tly appear suitable for use for superconducting

el ectroni c conponents. On the other hand, the glasses al so can be used at

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

el ect r oni cAS RN st eIl 1 MOSHe obp RERP sPOSHLl] @sto PHAEuGe sBBw an

ar r angenent i S bandi S~d1 Lpsi de one
anot her, vWﬁééﬁ%éﬁ?%?gbéé?%ﬁectrd%?céégﬁgo%%ngﬁ%%gn%%ggpsﬁﬁg%ﬁ t%ﬂéoz. 19
Ref erri ng mowttoidd gof dthansepoxy sulbestraee 1R4thsrappécedtonthdefiegton of

the franes 110a to 110d, with the surface of the franes bei covered with
adhesi ve artPREr RN RY Hot BB R PR ab B Bei By FRFLLESH SRS LaRebPve.

Thi's incr eaéﬁaﬁ%ééﬁ@,“%@r W xdM1é O Por FYpt DEETDESps | MRNOKANES

accommodat e the adhesive nore successfully and sinplify the adhesive

j 0i ni ntp pr otiedividual ERPrbppackagingt, athesrderi coappiiedei pavhead, in
order to inprove the way in i ch t S e i Q. i .
Furthernnrgaaﬁﬁ%c% Uta ?t%h%rf?g%ﬁegggeggé §%§§E§¥a§k5§§039$§§%ﬁ§¥%asénthe
mechani cal tipad; bewed ngcaePactihy dirsbeananpesché ehbesenatasdate increase
the reliability, In this i5 case, the plurality of franes, in each case
havi ng a srﬁqurécq\%rV\flereﬁt%r}t}%i}mrgar%hﬂ\e?éh}ngﬂ-.angéamght R&APECEi Rl e,
solid frame,0f iLhs.sépe total web width B. Referring nowto Fig. 5,
punctiform supporting elenents 226 20 and a supporting frane 228 for
supportsng the top substrate 212 and for ensuring the cavity height H in
the region gof the conponent 218 are arranged inside the bonding_franes 210a
to 210d. 258%55h§ﬂB%g$ti%§ %?e%%ﬁ?%niéhvﬁnlehéssﬁ§EBrP?ﬁalg#Sn£°Ezé are
not joined &p3éhRalPPosUbREr Btemedlde BEtusalihgs AhBohaihgr stieEgby.rests

| oosely on them Referring nowto Fig. 7 and 8a_to 8c, the follow ng text

30 expl ai nsFaprtsERPTar it ehPoRPARRP1E of ORi BPB-BHRIRAI BLEERFBREERaREC Al

syst ens (thgg%edﬁw§£ﬁu%igégq gl ass substrate 302 is used as top substrate
to house image sensors as part of a wafer |evel packaging process. A cavity

is 2forequired in the housing as a "spacer” and a "sealing element". The
cavity allogs, moro-optical elenpnts, such.as.gicreslensge 2pdLRL
invention, a plurality of frames are nested inside one
another. This increases the hermetic sealing and reliability
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



5 On account of the optical function of the glass substrate 302,
conventional processes are not suitable for this application or are unable
to of fer an inexpensive solution. Although material -renoving processes,
such as etching, grinding, ultrasonic machining, sand blasting or pressing
can so in principle produce cavities, su@R® processes woul d 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 i 9.1 Llust S L) ass substrate 302 having
a multipli cfllt]{/{%%safrg%;tg%%g% %r&\'?virél o%v g%%ﬁ%é\lga%%igééach wi ndow section 303
bei ng conpletely covered with photoresist 304. The thernonmechani cal
properties of the substrate 302 are matched to the second substrate 312, a
silicon wafere WM PR SFARMDS 3 FrefyMERHEYR BHECReSS FyRich) engyges

substrate 30Z¢ Sppatdws Nech4si-ded NEn8YSPOLEEHH ORI WRI-H! 288 $3E9eAPd is
thereby provided with a |arge nunber of frames with a height of "5 Vim In
thi s exanpltherdrn sibstotateodclR ¢me sapothehetn Bohef housed3shater (CTE: 3.3
ppm K) with a dianmeter of 150 mm 25 and a thickness of 500 um The
photoresist 304 in Fig. 7 and 8a has al ready been structured and has a
rect angul ara¢esesing 0o ad opatlt Pagha il ydpie Betté@nembB3dinéet r €8i 8hecoat i ng
conprises, for 30, exanple, AZ with a thickness_of 10 Vim the photoresist

bei ng exposEYVeRel oy el BPRECPPRGRES - | EOKnBFRAMRLE af FRskPEI FRERCEAD t hen
bei ng cur ededppy 0b £ Woahi &SndROVy 351 efGht §UT re JPESnGLAOYR Bne of
subsequent lift-o0 process, for exanple, In 21 acetone. Fig. 8b shows
the wafer stiné asehswhaicds haSobeexamphepr ghe ohirsht sdbattata. | ayer of gl ass
in a subsequent process step. 5 The negative inmage whi ch has been
structured using photoresist has been evaporation-coated with a 5 ~mthick
gl ass | ayerrf of gBgh-é £ ORBBLr -t bhd §EROSI 1ap8rT dhetRé AEPMOXENBLE! Frdmem
per mnute. The subsequent surface or the w ndow section 303 of the cavity
i s protect ede bye t heredl pedt bY eaVaPoratkonsgoahiRdt pe EhapbRhereAneeatFng
glass in these [ c j n Lt h e 0 ut
Cather T's dpoifodny FREPSE (aLTLeRte R EEGIoE, Pk nahaL AT ored
305, the glEssodF2o%thes flegosi dedeniclesédybpnthbefsabst r at ei80Rrefiérdhea,

t hose regiops of the deposited glass | ayer which are on the resist nmask are
omeved by Heare RATLEGROE oFRe IAPErealRColl £, EhRaP tlSatrEh hpf apbs ot

i's dissolveghtn ac&bonss the FEPostbesd] 9bassubBedliént €8bRP8-805 W t hout
phot omask 20 remains on the substrate 302 and forns the desired structure

in the forneofinechiboni xIof ipoprehgrabheetoglin Fagh gasehons whk oufedge
excerpt followin he Lift-off_process, step. 25 Referring now o, Fi 9,
OPM%%%r%¥?me t%3be ?é?fﬁﬁ Fga? verseB .w1#by9%8%8c% Fo ghe

t he structured oat wa en anodi ca é 0 a Second
substrad e 3iZtenbbhetts| UNESen thet £fpanei hiisobeebjeisedsoostBé8sedbrd

result is therefore a nultiplicity of opto-electronic_3p co osite,eliﬂgnts

320 whi ch oFWPREXRER HRCTEFRFe| oWRe . 1BFREFPYICFRE #RAfVIRLAI PEBRBbFR
ggﬁggg}fe32Qe£1@aS££ﬁﬁ@£eﬂn@a hel BgvatPNEreAWRE bheskde 32Rrodgni BHEVI dual
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



22 el enment 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 section in Fig. 9. 5 Raised, passive optical conponents in
the formof |enses 322 are arranged over the sem conductor substrate or the
wafer 312 on the inmage sensor 318 and indéde the hernetically encl osed
cavity 316. Furthernore, two micro-mrrors 324, 10 which may be novabl e,
are arranged in the cavity 316. The transparent Borofl oat 33 substrate 302

i s anodical |y bon y. [ i, O, ; ing franme
310, the heﬁ%w&ﬁg%?eghﬁﬁ?&%&%n%% é%%?‘g?%%ryﬁﬁz%ﬁ%%@nﬁgghﬁ)gﬁ%gof t he
optical conmpoterdcenie anctiddefde reswlting in hembedrodbdydismeal ed, at

| east partially transparent housing with a cavity height of |ikew se
approximately 5 ~mfor the i mge sensor 318, the mcro-lenses 322 and
mcro-mrr PLGOHE 05£SS1 @S COLAl PodibEed N¥ENt i ON,
the opti calOEE u%%%%% he subs% ?%%ée'ﬁlg?hgéss&goézl?ﬁ ?%13 l?ggllson of the cavity
316 renmi nstiselbfizet | st facsi opaa reecoihestirbaes @f othe eflirst asebs tuatce,

with the invention have the 25_further advantage that.fhe_ saw track 326
required fo lg%egﬂ?c?%@P%gns?Eﬂ%?% Y%%?.O%U??%e?ﬂB?%}t?h%l$%lfg n€he
variations £fespPossrPhee. 391 1dnhéer sabss rat ecBOZ tHpéP berj exansléoin

further glass substrate, for exanple for _alloy-soldering or for anodic
bondi ng, a Bemdierm| @f cframeappetpravd/ep Lhees; f areffdyrpkagecys efOr For
thi s purpos a(%i’rf Y, oRgll 1 S} of
physi cal va%%? exéﬁ#?+gﬁgfFgéggoggéﬁen$c§? ég%§% %é%ggg?i%%eﬁ%g%gﬁgggia
pol ysi 16 conchopothemt & ayer i s deposited by neans of CVD. In this way the
bonding layer is structured during the lift-off process in a 5 working step
together with the franme 310. The anodi ¢ bonding can be carried out in a
control | ed ptpPsEhRELe M 1H ﬁsp;?féﬁéﬁéméeﬂoﬁaé £QPPRSH 8N 2R dlement
predeterm ned pressure, in particular in the case of hernetic 10 bondi ng,
so that theteabétpreesddded hanethe conteond| sdrbadeppédeher fined avhatpakee.

e oncl osedt -t hie ok Bt Bxe8 ThSheBFT 06, oMy Rpr Ain AL BRLLLEL R or o

si i comns waf eabd0rabeyi bg Be NMibinedi tot Foph asestaokduThbds tegi bas 418. The
sem conductor regions 418 are contact-connected b%,interéonnects 430. A
bondi ng frapEeiaPaRlY FATELRA eukcPhHeeh 50 &RBI FeH1BY BBdpbFEEPSH coating

over the al um.pugsi Bt €REOPREGLESHBREONTI Ng t0 a sem conductor region, by
means of the process according™ to the invention corresponding to the steps

illustrated in Fig. lato ld. Alternatively, the interconnects may conprise
gold, tungsten_or titaniun® ungsten. _The.,webs, 411 414 i ﬁ formthe
rect angul ar %oﬁﬁ?n e¥€aﬁglﬁ 0,ogggwgrr%%%eﬁnY?éﬁéegrégl?xg%égng e o
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,



i nterconnects 430. In this way, it is possible in particular for the
bondi ng or 30 glass frane 410 which has been applied by evaporation coating
to cover structures which cannot be anodically bonded, such as the

i nterconnects 430 on a substrate 402. The result is hernetically seal ed
coverage, in particular with a 24 hermd®i cal |y seal ed | eadt hrough for the
i nterconnects 430 to pass through. After joining to a top substrate and
dicing along the saw lines 426, a nultiplicity of hernmetically encapsul ated

chips with er, contacts i t_of
region Gi nbo Q. in th‘lé C?&gr m OQE'LA;I'I g%%&o%%%?%%ﬁ%ﬁ%ggoﬁ%ﬁég ﬂ?H.
Fig. 12a shows an enlaargm}sten@tﬁé pin cdceepdancd wit ki g. sdfond nedémp hery or m
of a sectional illustration on line K—dHﬁrlor to joining to the top

substrate. In this exxRREneHe $hilthe 1M have a relatively great
thickness of;deight of 2 “‘ﬂBﬁﬁ“hr&&héféﬁﬁaﬁiéeédcﬂiéﬂaie§P§§§t£§t18§ dhane
of the drawi ng. The thickness of the Tnterconnects 430 led to the 15
formation of an unevehing aAdmuinmuriace2415 of the bondi ng frame 410 during
the evaporaftion goating. qﬁerrlqg o%é % c;gb g ens tf for the
rel atively Bdensive topodraphy FAFTHEaUTE e R ¢ b¥%g Bondi ng 20
frame plateau surfacer#ds,3fthe latter is planarized by neans of a CWP

process. Furthernore, it can also at the sane tine be significantly
thinned, fofi®xa¥ple from3howsna Ahagrapmat +erPEAPoHHPHgOproeetefie can
al so be adopted for r,s r i
concei vabl e for the 2 1%? 5%3&?0 b%egiéa g% g% %ggén éﬁﬁ% %b??ace
431 ofid he |nterconnebhsrdB@xempﬂahﬁtemhedlmwnmcoﬁnEhesiﬂﬁ@nthonbe
cont act - connected from above ég ds G ven_a | ower thkn ss, of the
i nterconnect:3- tYpically ofP? hgr ?El?fsﬁﬁb?%ﬁ?}a} PoLEF bt 87t g7
di spense with a pl anatigath.oh shepig. 525 I f an anodically bondabl e gl ass,
such as in this exanple 8329, is used for covering purposes, the frame can
in turn be Bh®ditally bondelows & @b®9§@%@@¢hﬁeplgnTﬁéeWopfoﬁnﬂ@fﬁéxt
provides results from d a e formed from
gl ass 8329 whi ch have g%%gégﬁ%g %éd8@££%€a%g$%?ﬁgﬁg ogf?%gg i

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 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. 14 shows the results of a TOF-SIM neasurenent, in which to the count
rate is plotted as a function of the sputtering time. The neasurenent
characterizes the profile of the elenment concentrations of the glass frane.
A thickness constancy for the glass frane of < 1% of the |ayer thickness
was deternmined. 15 Fig. 15 illustrates pBétoresist-structured gl ass
structures forned from glass 8329 whi ch have been deposited by evaporation
coating following the lift-off step. 20 Fig. 16 shows a conposite el enent

520 havi ng @ Bor o] subs and-bnt 5 a; gl ass
frame 510 e@laf'orlgall oﬁ%%%% e%poévﬁeféﬁezc?n%m mégrgf ?ﬁg&éis?tﬁge%légyfﬁ
enbodi nent. 25 The t hiloknsmm off tdese it Bomahnerlss S8t icn 260 hime akdK{ he

t hi ckness of, the glass frane 510 is 4 um In this_sixth exenplary .

enbodi ment Fidhe 14b TS athe BATGRR Hibdi EaF | 5 LOR R DRROF LFREEOR

pl anari zation step. 3&4}5, is clearly apparent that a bonded join is present
only in the regions 540 "and 542 whereas it was inpossible to produce a
bonded § oi rFig. thi regi onsslds agitgls cexamplhes vo£i shagesf of heh¢ nperdéngect s
530. The | ack of bond%lp i s indeed 26 attributable to the unevenness of
the surface or platea te of the gl ass frame 510 caused by the
interconnectsg. Fig. 17 shoykows COegEBt & coBl £NE0F - $218s wheéabutremeht sim | ar 5
structure to the conposite elenent 520. Ip the case, of the coggosite

el ement 620F19 helYyl ass fr aPROWA A vRROYP AREFTORECRE | HPage Pheshhgrired
bondi ng. The glass fr $1 }Y@IS applied by evaporation coating with a

t hi ckness of 4 ~n1an&£gﬁ%n d% |s%éd down to a thickness of approximtely 2
Vim The 10Fidi ckéess of tiieowsitargiorneantcB89cope | ikage sef 280shnthlit is
clearly apparent that the entire surface of _.the glass %rarre 610 i s bonded,

with the result that SEHERHRLY CEPRLHPR bt OF nE R aliY§™ 618 nas fornmed. The
gl ass frarreFﬁ?lQ fas a web JdBows di No1ebt SOR:cPbaB8pa $hE§e 0bf 3a MBe¥eBtAM
Furthernmore, Teaktightness tests were carried out on the glass |ayer 8329
as follows. 20 A silievempbiey emRogimentedf wihh ZRVeRrEhPRg 8Rép mask. As
illustrated,jn Fg. 18, the. . Iyl LNt o N} orated areas
98 (1 cn1xq%i hjigThe indi@%%@%%&E%%%¥%glge¥%§£%t%h% ﬁ%Fgg a%% in the areas
was vats ed from row tpertorased ahdsksfo?5a lse¢akbightneéssspastng 1 nm 2nd
row. hole spacing 0.5 mm 3rd row. hole spacing 0.2 nm All the square hol es
99 had an edge length of 15 Vim 30 After the unstructured backsurface of

the waf er @é‘t@fﬁéﬁ%@é@ﬂiﬁ% 16n 39z 8end {sPERENBA A) or 18 ~m (specinen B)
| ayer of t S en dry-etched as far as 27 the

glass in the perforated areas. The success of the etching

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



was easy to observe under a transmtted light mcroscope. It is possible to
achieve leak rates of at least 5 < 10-' nbar 1/sec. For this exenplary
enbodi ment, a helium | eak nmeasurenent revealed a | eak rate of < 10-e nbar
1/ sec through the glass |ayer and therefore for the hernetic cavity. 1o The
hi gh strength of the glass |ayer regi onsldespite considerable bul ging of
the wafer during the neasurenent in the respective neasurenent area is al so
amazi ng. There was no change in the glass structure even after conditioning

at 200C. 1 r0or. sist d b r rried
out on thesr{rlégs‘;s&f: lglg?reﬁ?anﬂ%c%%r Oﬁé] tiﬁ%l #\ﬁ% ﬁ%hjzélrg%ﬁgiﬁ g?%gg en in
Tabl e 1. jl&ﬁl'eablteo khépm@&aﬂarsmmmn TBE2 Medees®l Ns known as the
RO Ut O REOLOIT TR S Tna L s TEAS W Y2 S &h 28RL e A %Rl TRy 1n
12116Mat er il d of s Cosmedyh 51 vAs1 bl ecl assrenoval sur f acechanges[ ng/ dne] ar ea

[cn2] 1 WD. 42 x 40Unchangedas material Al kali DI N
ISCWhte&iaITotaICbnnents/visibIel695reanaIsurfacechangesclass[ng/dn?]area

[ cnR] A2122 x 14Lhcha edas ter [t will clear t h [sSQn
skilled in %ﬂ SEH% the Igjﬁ%odi%enﬁé %Ieg%l}‘?lblﬁ o@%eaé)%é Er%?e 2
under st 0od @t 1exandt Bsc tlited hgladHelayyenin othe SESph 6ES4rbsh@ingortawse
enbodi ments, but rather can be varied in nunerous ways w thout departing
fromthe séHbe of the invention. 29 Patent clainms: 1. A process for
joining at |east two substrates, in particular having electrical,

semi conducting, mechanical and/or 5 optical components, conprising the
st eps of pn@wiiﬁl&p%rdte@tisuhggral@. Prodver byg asjbshrage el 2npade ohram
first surfacg}of t he % qgﬁérate rOVIﬁ% 92 econ subs% at e, d 0
joining the®¥ }%ﬁnah% %%% hefs s??%? angCBF 9" T 3TN g %?eﬁﬁ
The processt@stétii aregompo s ©é Ne leméit Wd phth@ebbﬁdﬂn@gwé:@ﬂmﬁsl Belng

deposited on the first surface of the first
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
15 significantly greater than H, is formed so that a
semiconductor component 18 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
application 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.



15 substrate and is joined to the first substrate while it is being
deposited. 3. The process as clainmed in one of the preceding clains, in
which the joining elenment is applied to the first surface 20 of the first
substrate by evaporation coating. 4. The process as clained in one of the
preceding clains, in which a frane is appl8 ed by evaporation coating as the
joining elenent. 25 5. The process as clained in one of the preceding
clainms, in which one or nore supporting elenents are produced inside the
joining ele t t fjrst f. f i : The
process as %rfgaﬁ'rre%%nl nra}?lc:)L ebc%f aﬁ{all%gig@g&%\rgb%é{ege}tﬁﬁ%%&%ﬁofa%gl%wal ity of
nest ed franesnanetappl ped minevaporati on coating as the joining el enent.
30 7. The process as clained in one of the preceding clainms, in which the
step of producing the joining el enment conprises deposition of a binary

nmaterial syshenkbhyl S¥HRGT BhiShe e £83h+8TseB. ilN6r@EPCEEE BEeCLahtBHublsONe
of the preceding clainms, 1n which a glass layer is applied by evaporation

coat i ngs andgtassclayed €htough apphsrdt bof bhen makal ofubPAgrarendnt. 10 9.
The process as clainmed in one of the preceding clains, in which the joining
el ement is structured by neans of the lift-off technique. 15 10. The
process as BIASneémpsraterefdthengr ehedetngpotatisn:i n whiohethe j oi ni ng

el enent and_t he second substrate are adhesively joined, sol,dered or bonded.
11. The proRE8gsysecfared FhReoR¥aBPTeheCPi ecedi ng cl ai ms0 28PRK which the
joining elenent and the second substrate are joined by nmeans of anodic
bondi ng, fusion bonding, sol-gel bonding or |owtenperature bonding. 12.
The processFastbeamned, i a natabdf suhetpateedi wythbl ai aprfasgei nowghohssehet

first and d substr at i first and d_yaf
respect i vel 5, o Hill tRpRPERty =B Phr EVaPPY=GPACERATI BonPhg-cl ERRRPS are

produced oncbberitishtsutf gaermhlt BRphhssbnWater) apdm3@chktetot baefirst
and second wafers have been joined to forma wafer assenbly, .the wafer

assenbl y ismGFéédSPhFBrﬁhGi3i€H§V°€hFBSFhe Bep 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 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.



13. The process as clainmed in one of the preceding clains, in which a
cavity is fornmed between the first and second substrates and inside the
frame. 5 14. The process as clained in one of the preceding clainms, in

whi ch interconnects are arranged on the first surface of the first
substrate, and the joining elenent is appPied to the first surface by
evaporation coating in such a manner to that the interconnects are at | east
partially covered. 15. The process as clained in one of the preceding
claims, in which the interconnects extend laterally or vertically through
the joining elenent. 15 16. The process as clainmed in one of the preceding
cl ai ms, i n Réfietrine nov ntadghal enentan sepbay cadlzesiwé t ©24 i 1s happbeed in
produced on the fiyst surface of the first substrate. 20 17. The process as
D ot e i GHe TAGIRR: OF CoB, HOET S WeO% | 10 v G Y TURIERT SHERESRSSr o
produced onfdierfdmsd 1 iy SESHELS Ui B8 a@he s e TARET tBEIDSHAESE Cpet Ben
second surface being on the opposite side fromthe first surface. 25 18.
The processthes framerdoe inonblbied hel ph cadiee aigve | aThss incygaeds athe

mul t plici ty, of sUbsiE alies ALe, T G LRoL0r e SEAGKs 190 AnfORPOS! L6

el ement, in paf?$cular aving el ectrical, 30" el'ecttoni Cc, Sém conducti ng,
mechani cal @diE®ivepideal seorPonenl By amd &imphify ctharaghediced]osniggt he
process as claimed in one of the preceding clains, conprising 32 a first
substrate, REFSF$Png el ement on a first surface of the first substrate, a
second substrate, the first and second substrates being joined by neans of
the s joining elenent. 20. The conposite elenent as clained in claim19, in
whi ch tthe jBf mprrepeherne, | shelepdlseside obs téppiiedtisuvicee, ofnt bedéirse
substrate and is joi,ned to the first substrate. 1Qk21. The ¢ osite

el enent as t1& FEY THE oY of ™ e  F i FRACTRi FECK i W white n3TRE=T B8F hi ng

el enent is Ppptheendee | hend i pBlrS1H ERCEF Of rdhes f b&Ble SWBSAT 8&cRYstop to
evaporation coating. 15 22. The conposite element as clained in one of the
precedi ng clzgPease nthmirechanioat 1eadppraeingycanapbidt Pbntedati ng as the
J oi ning el enfph o P Jf&nv\%ﬂgpgﬁati_eoeir?&?@éséstﬁéafgfga El?@f.ointé‘ﬁis
preceding 20 clains, in I ch one or nore supporting elenents are arranged
on theidirstasey fete pfutdkifyrof Sudisésat enweadbhncabe havinggaebeakbér

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 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



24. The conposite elenent as clained in one of the preceding z5 clains,

whi ch conprises a plurality of nested frames as the joining element. 25.
The conposite elenent as clainmed in one of the preceding clains, in which
the joining elenent conprises a binary 30 systemof materials. 26. The
conposite el ement as clainmed in one of tR® preceding clains, in which the
joining el enent conprises a structured 33 glass layer. 27. The conposite
el enent as clainmed in one of the preceding clains, in which the joining

el ement is gqgg§ f Aif1-0ff hni g The
conposite e’]sée#r%&f#éégﬂélb%}llne |%&o£ea%1b£t héeé%(f%{(-:edi{ﬁg %I alélgr%}%?% whi ch the

j oi ni ng el exteagnierstrd. ttiee sexohidy salbbdws}l eniero cobescak| gleoened, soetdeasd or
bonded to one anot her. 10 . The conpopsite elengnt as clainmed in one of
the precedi™FT? AGRSES AR Th THEEF ¢ +ﬁ?@F%I%ﬂgﬁ?nﬁﬁﬁo?he second substrate
are joined by neans of anodic bondi ng, fusion bonding, sol gel bonding or

| ow-tenperature bonding. 15 30. The joining elenment as clainmed in one of
the prexediQm ateount oh Wie cPptheal | Furchhen sef oblde sgbass afelsEbABRi se a

first and seepnd yal&les LESPOSEbIEYes 20 HULILRILONIY 26, | BheLal 1Y

adj acent j ol it ng S are arranged on first surface o he first

waf er, and dhlicaticey 6f eapatsnalbbe | 0d nefifép ansimérpensivéhsosetbod.
substrate. 25 31. The conposite element as clainmed in one of the preceding
clai ns, in AwhPRPUSD CBRTYLPL FORAELPHRTRERS TR, f PRSE ARdSEEROAD: substrates

and insi de %f%h&{f%fﬁ%fgéﬁggﬁiGQHggﬁiﬁfhﬁleggﬂa BPast 8hgedyi Prekai Ay3dani n

$
whi ch 30 the cavi rmetically sealed. 33. The conposite el enent as

cl ai neto i n Dmepointiplerecedicg chwibsesi nswhhchropessesnwevld havehanre at

| east partiall 34_covered the J oini el enent _are_arran n e
first surfa%%v%¥s?h%ff??%togugg?r%}%.—§ﬁ§fgﬁ% %ﬁﬁ%ggﬁt%n% En%ﬁﬁgggec%gined
in one of ttige psEicEEage 5362 ai Theréfoid| CActbedingetoonnecisventeofl, the

| aterally or vertically through the joining elenment, 35. The conposite
el ement as RPRGiRY FRIOAEUBE tReaPPbiedihy being bullt 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 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 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



clainms, in which at | east one surface of the joining elenent 10 is

pl anari zed. 36. The conposite elenent as clained in one of the preceding
clains, in which alignment elenents are arranged on the first or a second
surface of the first substrate, the second 15 surface being on the opposite
side fromthe first surface. 37. An intefdediate product for producing the
conposite elenent as clainmed in one of the preceding clains, in particular
having el ectrical, electronic, sem conducting, 20 mechani cal and/or optical
conponents, 4 dsing a first substrate, a joining element on a first
surface of the Tirst substrate, the joining el enent being designed in such
a manner that the first substrate can be joined to a second substrate by
nmeans 25 of_the j.oining elenment, 38. st acked, conposi t e el enent .

Compr i s ng BeI 45 THENT C0F RebpRo e T Sert b ohEr dPReh FROBRE OB he
precedi ng GHTE] WHED & Eay&t N6l Paddei ANt HghseFlesO. plbeebisSesOépa
structure for joining two substrates which is applied by evaporation
coati nf as BheRrREFtHee wHeade vish Seibshaateaen rsEEUGRUEEA gwdERY el enent, in
particul ar j i S r reduci pg.

Composi t o o B A el L B e B L O P P cess
for joini ngkadstIayes fovhed £rect83Zal withSa ofpépcaitionpoaeatsft in

particular as set, forth in one of the preceding clains, in ich a fjrst
PG & SecomPRIBSIAISL N b F GRF TN S E Tt CuSeeuiohe | PuFEare SppFhed to

at | east ong; i ag&cOfoh hfod i 66t RUDSAVAL S 19! 3PS OELEY Hyednas material
10 for the frame and the gl ass being appli'ed by evaporation coating, and in

a secomd, spicEoresisttepska sortfhae oietércaperantosubsatine gtagsi hed or

bonded to the frame,.a cavit eing forned between t jrst _and seco
substr at es %.%F?rﬁﬁ%&??%eci%x?gaﬁ%.e4ﬁPt%\%%%%%%Ft%le e%%%t?usﬁgﬁ%g?igg?ar

havi ng el echiit CohtipEr 0P | E8bo €DOEPANENT ShONpRoBHBEET At emask. pant thal ar as
set forth in one of the preceding clains, conprising 20 a first anpd a
second subsiieR¥ered 1RcRE1oR: ?génet%ﬁi%%aﬁ%sa%%%nl%pﬁ?P%ﬁlF%dadéﬁ??5%¥ of
the first sybstpatepibhpafLaggyconprising a structured glass |ayer which
has been applied by evaporation coating, and 25 a joining region in which a

surfaces of the frame is joined or bonded to a surface of the second
substrate, 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 substrate 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



a cavity being formed between the first and second substrates inside the
frane.

AH, LAl LA H A?. Al . AH?. AH?. A 5R AHe. AH. AHR. A5R. AHR. A, 5. AHR. A5?. AH?. A5?. AHR. A
5R AHR AHR. A, 5e. AH, . AH, . A5. A5, .A . AAIR A A AH?. A 5y. AHR A[,Y

R* "wW(*M T*_" UGzupkf a\ W ca] ca] ca] ca] ca] c&Eca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal cfa] ca] ca]ca]ca] ca]cfa]ca]ca]caU calc<a]ca]calca!#8;# $ M S=k! ? Av
gt# c}xsnid_Z]c]ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca

ca] ca] calc calc a |5 1+9r .
]u0>]z| []E} x]sn(lﬂdé_%rgﬂ:%ﬁaﬂaﬁlég 1:%’?%%] 1:%%(’:%1 %aTréeat] B2 V) taJ ca] ca] ca] ca]
ca] ca] ca] cjompordwa] tr] ciag cidrm] of] clag cihdgy NEBR@DT dX0800h &
o ol st abetlcabechast gl ealsal eebegd el embeaboghonalan) eal ool <
N J )
’(*} &gﬁu( d)_LZJ% f:i])%%] c%] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!
*rEk b+ F, L8, --5. ./ {/[}[/]000007118&2(2T2223 ni d
ca] ca] ca] caleRied c%%%%}%%] B %%%%afé%ﬁ’%%f%%%g%ﬂ-lcgﬁégﬁ%}g%gg%%%%%:%%g} gg}
ca! 333334>44he SHPPIINGES® 7dv Sk BONE YOO Ebndustor substrate or the wafer
;;<><}xsnid _Z]c] ca&ca] ca] ca] ca] ca] caica] cal ca] ca] ca cagca] cal caﬁ:}a] ca] cal] ca

] ca] ca] ca] chl¢aPraflea] tBRga] caleal ca 8 aaBdrkmide-=the\ BeXNOEHCRLIYER@ GAFAA

A( B) B* BBB Ed a C C ¢ a caJ ca] ca
] ((:a% ca]ca] ca ca?(ééé; ca cg%}za% %gi cgl}l%g]}lgg%'gg% ca gg% %%%E%%%ﬁ%%%%%% G]GHH} | @
{29 I kKo h xhay s nindvalbté cadre] eatanged] ta] th¢capeatyapta] ca] cal cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! LLL2MMVMV NNNNOOO- Ph
PPQ QQQQ RbRR S(S) SST) T, TNT} xsni d_Y]] c”a] ca] ca] ca]ca] ca] ca]ca]ca] calca]calc
a] ca] ca] ca] g cai&%a}éﬁit cebeaftadeabsabeBsepded] sopcalcaheai M1TGThTTTTTT
U'usuU U* U- UOU3UUUS t XXXXYYRzZUZ} xsni d_Z] ] ] ca] ca] ca] ca] ca] ca] ca] ca] c
a] ca] ca] ca]eended chy cagens caf chpedied) tarehjeBfc i%a}@a}bé] EQPééPHa%ééT@a! U
Y4 \\ 4] 5] Z [ R P abbbbpc XsRi a c a] ca] ca
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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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5
Fig. 11 shows an enlarged excerpt of region G in Fig. 10, in

the form of a sectional illustration on line H-H.

Fig. 12a shows an enlarged excerpt of region G in Fig. 10, in
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 pm 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 frame plateau surface 415, the latter is planarized by means

of a CMP process. Furthermore, it can also at the same time

be significantly thinned, for example from 5 pum to 4 pum. 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 appropriate possible to dispense with a

planarization step.
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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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hA$1OAhm&églI;hed 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 pum 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
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It is possible to achieve leak rates of at least

5 < 10”7 mbar 1l/sec. For this exemplary embodiment, a helium
leak measurement revealed a leak rate of < 10°® mbar 1/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 accordance with DIN/ISO.

The results are given in Table 1.
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Specimen designation: 8329
Water DIN ISO Consumption Na,O Comments
719 . of HC1 equivalent
class [ml/g] [ug/gl
HGB 1 0.011 3 none
Acid DIN 12116 Material Total Comments/visible
class removal surface changes |
[mg/dm?] area [cm’]
1w 0.4 2 x 40 Unchanged
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

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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partlcular having electrical, semiconducting, mechanical and/or

5 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
10 joining the first and second substrates by means of the

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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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

5 coating.

8. The process as claimed in one of the preceding claims,
in which a glass layer is applied by evaporation coating and
structured through a mask to form the joining element.

10
9. The process as claimed in one of the preceding claims,
in which the joining element is structured by means of the

lift-off technique.

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

adhesively joined, soldered or bonded.

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.



10A #10% & ()-3 GLO% & ()-s 10% & ()- 10 10 10# 109 ()-" 10% ()-$05nC0C
A #10% & ()- A #10% & ()-3A #10% & () - #3am#A #10% & ()-A #10% & ()-A

#109% & () - 5>?ELWKeKOC A #10% & (A #10% & ()-A #10% & ()-A #10% & () - A
#10% & () - #3am#A #10% & () - XY_f rmoeAOC A #10%t3ami#A #10% & () - A

#109% & ()- (A #10% & ()-A #10% & () - #3am#8d{} FOC A #10%tA #10% & () - #3amiA

13. The process as claimed in one of the preceding claims,
in which a cavity is formed between the first and second

substrates and inside the frame.

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 one 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 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

first substrate and is joined to the first substrate.

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

surface of the first substrate by evaporation coating.

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
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
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

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

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 Sﬁbstrate 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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accordance with a process and/or for producing a composite

element as claimed in one of the preceding claims.

40. A process for joining substrates having electrical or
5 optical components, in particular as set forth in one of the
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 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

15 frame.

41. 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
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.



