; e3esopj j kTl : &®Xo60ToOX] Schott AG 03SG.0136SGP  Process for formng a
housi ng for el ectronic nodul es, and el ectronic nodul es hernetically
encapsulated inthis way s Description The invention relates to a process
for forming housings for electronic nodules, and to el ectronic nodul es that
are hermetically encapsulated in this way, in particular sensors, to
integrated circuits and optoel ectronic conponents. To encapsubaisep

i nt egr at ed giémstt tsgand opt oel ectroni c conponents, it is known to use an
organi ¢ adhesive layer to bond a thin plate of glass onto th

thereby to i5 cover and protect the sensitive sem conductor ﬁ ﬁﬂ@!ﬂ ﬁmm
Thi s design has the drawback that over the course of tine use
into the organic adhesive | ayer and can then reach and damage t H&s9!59*

sem conductor structures. Furthernore, the adhesive |ayers

result of UV 20 irradiation, which is damaging in partlculagﬂmmmmmmmmmmml

el ectro-optical nodules. As an alternative to organi c adhesi ves,

| ow-nel ting gl ass sol der has al so al ready been used as an i nt er med; at e

| ayer 25 whpebcdas beenfsﬁmay@daonouspngtE®edebeceroapplmedubysneané of
screen-print}] ng and d|5o§n er technolo-¥l The rature for

mel ting theS aye h SRES Aot s—wWhE-ch nmeans
t hat tenperature- sen5|t|ve seni conduct or struct ures cannot be encapsulated
30 The invention is therefore based on the object of providing a L 2
process® f orD@REBPREIARi ng el ectroni ¢ nodul es which makes it possible to
achi eve encapsul ation which is substantially resistant to water diffusion
yet is carried out at noderate tenperatures below 300C, preferably bel ow
150C. 5 Thellahj BaYeRbionsTatAteFelOoh PRRCBASI 50Bf LPRRIREaRAME4NEEsEPFbed
inclaiml apnd-iso60nf houhedsangdndevs! apede funt henoly1thechyet e measures

of the dependent clainms. O aim24 relates to an el ectroni ¢ nodul e
produci bl e hearacebedhhreenfapsulated in this way, in particular sensors,

10 integrated circuits and optoelectronic components.

l-'AV‘Y‘

To encapsulate integrated circuits and optoelectronic
components, it is known to use an organic adhesive layer to
bond a thin plate of glass onto the module and thereby to
15 cover and protect the sensitive semiconductor structures.
This design has the drawback that over the course of time
water can diffuse into the organic adhesive layer and can
then reach and damage the semiconductor structures.
Furthermore, the adhesive layers may age as a result of UV
20 irradiation, which is damaging in particular to

electro-optical modules.

As an alternative to organic adhesives, low-melting glass
solder has also already been used as an intermediate layer

25 which has been sprayed on, sputtered on or applied by means
of screen-printing and dispenser technology. The process
temperature for melting the glass-solder layer, however, is
higher than T=300°C, which means that temperature-sensitive
semiconductor structures cannot be encapsulated.

30

The invention is therefore based on the object of providing a



to the invention, with advantageous refinenents and configurations being
given in the clains that are dependent on claim24. One advantage of
coating with a vapor-deposition glass is the i5 application of the
insulating glass |layer at roomtenperature up to approxi mtely 150C, so
that there is no |ikelihood of damage or gxidation of the substrate surface
what soever, even with nmetal substrates. In this context, reference is al so
made to the follow ng applications: 20 DE 202 05 830.1, filed on
04.15.2002, DE 102 22 964.3, filed on 05.23.2002; DE |02 22 609.1, filed on
05. 23. 2002;PTECADD 20T oFBCas 1 3N ne BECHRODEP MOPEL 98 2wBIChgpakest ffed on
11. 13. 2002; , 28 351 40 %@@vgeﬁééﬁggupé\t%n 160 20031 s BubBeanamB1 0y the
same Applicant, the content of _disclosure of which is_hereby expressly

i ncor por at S HISEERereRncEA LV t Hif BgRi e t 6o hkS badFTepdpPBperti BRABFate
vapor - deposi dygi 30,8 8S5e | G ©F 6 AEASHELERAb Sy MU Eophogobhal wi th | ayer

t hi cknesses of the vapor-deposition ¢glass layer in the range from8 umto
18 um Hheliumleak rates of less than 10-' nbar 1 s-1 or less than 10-8
nmbar 1 s-1 i abl chie - ,~FO Lth a

t hi ckness o % %ﬁi%ﬁg %%@u£$ ggﬁteiggéggggﬁéfgggg e%ﬁh%?%ﬁﬁg ggﬁg%ates of
bet ween 0 adele@ribdd-nnbhain s-dndahel evehighese appedevehppedafusshare
signi fi cantly (0! Henced, Dy LOg JEaskr eREnac) DAGEHE a6Ya ffio! Ne1 LER! 54carri ed
out. The protess according £ the inventton For eéncapsu ation Wi th

vapor - deposre¢lare gl as san anl evenohec enpiloyedordéduhebee ethr ancordadakewish
attacked whijle it _is still bein roduced. 10 The thickening of the

Subotr it e o EHEVErTetonn v P aur R Ereaecus By (He TAES “Heposi  ed gl ass

| ayer is utednfegutatsdadibeiegthevenbshrahe whaiesachavnarar dependgnt
carried out_on %he supstrate fromthe unencapsul ated side. The ot herw se
finished el @¢tToMtT fddul e nmay al so be encapsul ated fromthe i 5 connection
side, leaving clear the connections thenselves. For this purpose, the
substrate may, for exa Ief be Erovide with a a%sivation | ayer on th
opposi te si S FFOMBARTT sPL sFREHETi Bt EnR CRRPEonGRREbF 1S r HEREPes® Bfcway
of exampl e,apppPlastién!| ayernéSisshlablegf9latbi Sapetpeserodhierpapsiryatiran
20 layer nmay al so conprise a_glass |ayer which is preferably ,

vapor - deposi® el oMY PHiBa ke B, 1THEC prdeesiat sERaFei 81 B3PI y1EGLL8BPE Por
packagi ng Q&ﬁﬁg%@néﬁ_M@i&@t§éh|bff@h@1@@Eét@été wateacéwghetsbevek, even
packagi ng), in 25 which case the substrate conprises a wafer having the
substrat es WithHeeedhponeptsatami chi chil Becerparht caefpoRIERelfaPeF af t er

they have QQggep@gk@g@dfogfgﬁpgéng%gpiéggigﬁégicuIar requirenents, the
t hi ckness of 30 the vagor-de osited glass layer may be fromO0.01 to 1000

Vim [120it PE 220y @3Pmttefibpdhennetital?2y03ealing the nodule to be
protected, jt %§2p§§f§é%p%9 EQi?&hﬁn9¢§$§ gygﬁ;thickness to be in the
. t he

3l
range between 1l and 5 Im | oads I nposed are greater, the glass
| ayer thickPiss02s22 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;
25 DE 103 01 559.0, filed on 01.16.2003;
in the name of the same Applicant, the content of disclosure

of which is hereby expressly incorporated by reference.

With regard to the barrier properties of vapor-deposition

30 glass layers, measurements have shown that with layer
thicknesses of the vapor-deposition glass layer in the range
from 8 pum to 18 um, helium leak rates of less than 10’ mbar

1 s* or less than 10°° mbar 1 s are reliably achieved. The

measurements, for layers with a thickness of 8 um and 18 um



4 increased accordingly, with a preferred range for the gl ass
_ _ , ayer
thi ckness being between 50 and 200 Vim It is also possigle to bﬁild up
nqlt!ple | ayers in conbination with other materials. It is, furthernore
possible for the glass s layer to be conmbined with an applied plastic Iéyer
in order to structurally reinforce the egectronic nodule. There are various
options for the vapor deposition of glass. It is preferable to generate the
ggngbrgp?g fron1atstock sodglass target by neans of electron beam It is
generate vapor-deposition rates of r han_4 i
gl ass prodoaee Egeﬁepégﬁﬁéadmﬁﬁﬁlémsé@ﬁ?erBBﬁﬁ gﬁ gﬁ%wgﬁpfgggkg}aiﬁgnd the
;ubshrate W tsh ANaedi-ng any i dedeasiessdA@osont i ovabubsndirag action, as
is the casé with om#ne!pln% 15 glass sol der. The preferred
vapor - deposiighdfiighassyi $né H@P@@ﬁlPEaFEegW§§§UESWEQinﬁﬁscgpﬁﬁFXhﬁFofpge
ard aIkaI|tgg&glgg§kq§gfgggplons, such as for exanple the vapor-deposition
gl ass of type 83 produced by Schott das. Mreover, this glass has a
?gfff;slgnt of thermal expansion which is close 20 to that of the substrate
of theon f‘&ggggg%%%%‘lgc%rﬁfi Cllr @360 nGRM A NG eehdap illa tdaef fiditent
er ma pansi-on q_.the substrate by suitable nodjfication_to the.
gonpong?psvabb;hﬂe@@sathb@.gda@§eC@@p@ﬁfﬁeéﬁsﬁF96@X$da§§ dfheotH&Getronic
onpositions, in particular jn | yr.al.it 4l I of
anot her, i ﬁlq_%lceh l@a?é:%taﬁ e& é’lvslflge:% gft tlﬁe)éltgylelr ?ére'rLan? %;:v?ldcitﬁ'er en? "
B;Bgsrtlef_mnthfre%ard Lo refractive index, density, hardness, etc. The
-coating of .the substrate w l.as JBY ; ,(ﬂgpéusl
gl so éfconpdss tﬁlﬁﬁ?ﬁlﬁ% oggstﬁiset esté&(fgﬁ%st?et i%oénac Pl AD) .C%I?lﬁlgﬁ%ase, anyi on
rrgimblesp?g urtcdedidwb d 3byd|trrm:f txecplcmﬂdepdzei.tmsbszlrae&% hayese icvattell 17%$d tdn beam
) | by way o asnae _source - @ggpl ; i Oy j f
sui t abl e gd&tabide 35 é)si}?a %‘%é’%lrtas S n alchﬁ tallco%lgcfnsgenm f%:atglj o%{hz%éd ﬁh?hea
Lﬁyfegcgnd_rﬁg}g tlrr@mé(d ?dts&faﬂémﬁslei_ Iny wohamerqestiaied $iden tHee sepRerut e
: s leads to particul ar dense, | ow.def ited
Fur t her nor & 11hieRad &G4 50 T< ¥ dUhhi 3T o o‘?%%n%?%@?éa*és? F%&i}{gﬁﬁe °
possi bl e t g gpalized hei aoplicating efeqr ninedomyert ons nohegasetvand
organi ¢ constituents. This mxed |ayer is characterized by a yedyctl 08-4n
its brittl ePRssthil® RYTRIRE gl Wi THRYTIC dBpYi et a Trrst i gé ol}[ the
substrate qf; e, el ect 1-oni Lol er bef Ofiee t dipsosl et 8 e cEnomuk ef hastbeen
fully produce t b i i
pr , It may be expedient, for handlin purposes duy i ng
ﬁggp:etlog @ier@@ﬂtmgohbet%e@b%@Vd%Q%?ﬁs??Eu?%ﬁg?,'wg¥cﬁa¥e?nfor%g§1?he
'tﬁ e, ﬁ o%ﬁ%fgg%#aﬁgyéé layslitdB1&hisrcanes phiepgkassThaypasksvptoduced
Wi a thickness which 1s sufficient for encapsulafion or hermetig,seal
rnth r espectayerthay peheor aeipnise ﬂi9%@%?nbagﬁﬁsﬁgﬁﬁgs}SMBFFeeFﬁelglastic
fayeL is prggégggdég?g%Egacgﬂgéstﬂﬁgcgiaé_required for stabilization during
urther processing e 20 nodule. In such a case, it is possible for
Pﬁgsr:?ligo be rgrnvsd fromthe second, unencapsul ated substrate side, so
ssible to o] : h [ ,
@ﬁ?epF?Sﬁsfhgg g 9@18@@9?§§ Qs thB1theorodhbeathingh cexendn2s

. i
into the no g underside and are therefore protected
: . ; he ,
quglg |t?eWh1mh$ptthé foduwl pairs bfnal Wpfekstwpfey é@gﬁﬁspﬁﬁgﬁﬁg%ﬁbdleSe
This is of sjgnificanc in rticular, i ; cas -
i nvent £én |§hggch988d%RFtﬁB§g gggﬁcgobgréﬁgsdgaafggfs?ﬁgqm@.t&@ The
substrates of the components, which can be separated from the

wafer after they have been packaged.

Depending on the particular requirements, the thickness of
30 the vapor-deposited glass layer may be from 0.01 to 1000 pm.
If it is merely a matter of hermetically sealing the module
to be protected, it is preferable for the glass layer
thickness to be in the range between 0.1 and 50 pm. If the

loads imposed are greater, the glass layer thickness is



which: Fig. 1 shows a section through a wafer with a vapor-deposited gl ass
| ayer, 6 5 10 15 Fig.2showsa wafer section with glass and

pl asticl ayer, Fi g. 3showst he production of connections to
thewaf er, Fi g. 4showst he additional plastic passivation ofthe

waf er under si de, Fi g. 5showst he coating of the wafer underside

W t hvapor - deposi tion gl ass, Fi g. 6showst he application of a ball grid array
t ot he waf ershown in Fig. 5, Fig.7showsa further way of applying the bal
gridarray, Fi g. 8showst he encapsul ati on of the underside of

avaf er , Fi g..05HR&IeE apmTERIbh Irithe RITIYFTers aFdRg_t bo¥ heGe® 7SS hown

in Fig. 8 K g.10showsa diagramil.lustrati a izati r ment ,
Fig. 11 sho erlést[}'f%l@{%efs%qﬂﬂﬂ%l wn%%%u?%nae%%?fgélﬁb Iﬂ—%lgfé 1%11%%0% an

el ectron Mgsasaope td ansyed Sep METOSEd | Diyér@gen dogoiddt stovwsithe
arrangenment qQf a substrate 1L with respect to a vapor:deposition glass
source 20 VHiRSE CHHPTS ¥ ant 250 e@f @?\elﬂ%%ﬁ’ge%%%%%fgz%rat%%a AFVerter
devi ce 22 argyer H@SSe t@FBSIngS Wit Whag habiel €l sl ot bevay@4 inpondges. At
the location at which the el ectron beam i npinges,.the glass is vaporized
and is therFUePoHT e DY e ¥ LECei elé&%ﬁ ?%%1%dﬁgg?§?e 1. To allow the
glass fromthe target 23 to be so vaporized as uniformy as possible, the
target is rotated and the beam 24 sweeps back and forth along it. In

addi tion, tTHRERS raiFR)enEit OwayCRE KNe ofpF | Bt aV PPRs ndeRI% EEOT 0P F g8hRFaL i ng

an ion b?ar&ﬁ’w‘iéﬂbréf‘e%@tt&@r@eﬁ&mée@ﬁ@dgt;Pé%Q Y8So8i Heohaat Babcks to be
coated, in order for the substrate to be coated 35 wth a gl ass Iager by
means Bf plabaes | bAraetiky aieaepoet tebectron (Ippaymy It Fbe meFellbeabes

concerning the possible substrate. 1, reference is e to Fig .1 ilicon
waf er as t r%eré?fg%tfer af P 13??1%? HebR? 1 53 onsCD HRT g‘gg%% mgc%rﬁgrﬂ%:%br End
structures @ B SHNSrSIhedd Nds CONDES1t &d i thch Us€sSuré obordashl eheade
from al um num _The connecti on structures nay, é&é?exanp e, ig%)bond

2

| conpr.
bads or o HEHTERFmERt | DRE STHPSIERLS THECRPYE LarE RS, AR ohaCFEaPBS

substrate WéhensUfdace bOWIINESScOioh &s 51y fhe TBEsé0opishdeowameitihg
substrate is on the opposite side fromthe underside |Ib. A glass |ayer 4,

whi ch has Py a3PiAdekenTdt RFREL ¥RV IPRL vAPRPS HehoRi 918RSglasd of type

8329 producgd-byi Sehotd . ghass besht deRosh t £uftntifieck Ofe ShHE hakaTli setype
of glass can be substantially vaporized by i5 the action of the electron

beam 24, t hexige ki peghiorar rfedhont for apkevnbeatld EARPF ORABAGLALCRO- 4
mbar resi dug| . P& eSEUF §paNEL A9 bh ASahEARER Rt HERo AU EDPst ho¥aBeezatheg of
100C. Under® t hese con tions, ‘a dense, continuous glass layer 4 is
produced, apteshilasayeroeEfsabenanef athgreeli eperneadnevhochassscange
|1 Quids, Inebudhio Y8tehe BubofrafsThle LighharahbensbsnhlBebtant in the
case of electro-optical nodules. e glass layer 4 may also include a
plurality oftrudiviesabr2sahayersatébedekanphe sedéficoengl assébenumeh
different expansion of the substrate by suitable modification to the
components. It is possible to use vapor-deposition glass of
other compositions, in particular in a plurality of layers on
25 top of one another, in which case the glasses of the layers
may have different properties with regard to refractive

index, density, hardness, etc.

The vapor-coating of the substrate with a glass layer may

30 advantageously also encompass plasma ion assisted deposition
(PIAD). In this case, an ion beam is additionally directed
onto the substrate to be coated. The ion beam may be produced
by way of a plasma source, for example by ionization of a

suitable gas. The plasma results in additional densification



conpositions. The glass |layer may al so conprise a mxed |ayer fornmed from
i norgani ¢ and organic constituents in order, for exanple, to achieve an
increased layer flexibility. 30 The underside Ib of the wafer is avail able
for further processing steps, which include wet, dry and plasma etching or
cleaning. If, as in Fig. 1 and the furthet Figs. 2 to 9, the substrate 35
used is a wafer, the process according to the invention my S expediently
be used to package conponents which still formpart of a wafer. However

t he process can also be applied in a simlar way to chi ps which have

al ready beéf separk¥Rr f‘?r&% §hR YRIQYALRE cRRFE e IEETHRARRBFLSt Rict ures
and s connegctdOn 11l rdeddt Oste FGrfLeShOMEi & LoV EE | 19 ﬁ@ﬁ@IcﬁP&rl‘J{:Gdense,
substrate 1, conprising a glass |ayer 4 and a plastic |layer 5. The gl ass

| ayer 4 haleHN'tC?fﬁ%Q@iéégeP@ﬁﬂﬁd rEdRr$rom1 to 50 Vim which is sufficient
to for the encapsul ation or hernetic sealing, while the plastic layer 5 is
thicker, in order to inpart greater stability to the wafer as_a workpi ece
for subsequRmthemmrentbytepectHng 3 shbhaPlhecompimiioReatnent of a
waf er. The . 1S, 15; j j , : : ngnt s
that can bém%%% J%%%’iﬁé2%%9%%%%%2?%&#%“%%%P%%%é%??o%aﬁ%b%§g1§ﬁrﬁﬁeﬁ
substrat e, raixedtldyeny @f t Snéreari praud cexyarke epelisigl tigenbe . athipemixed
connection structures, 3 ' t,..as ' o] The. der si de
b e: provi Mot th st e rAT e ST b e BPLRE ShetRl
connection structures 3 remaining open. Then, line contacts 7 are produced

on the_ underside, for exanple by sprayi r.s ri Et he result

t hat cﬁ%ducffvgh?é%g?%s7f%¥%rp+%dﬂ@%g¥?%g%ﬁear€g%%§ %?g?hﬁkeggéing pits 6.
Then, the phdsst catsedlf fohe tdbedttdope appjuls befovedtRssfedbarthennaf er
under si de | b. xt, aball grid array 8 is plied to the.conductive | ayers
7, and the %‘?gfei%a%i]?/?%l%dﬂéjrﬂ‘ﬁg%?%‘é%ég.f‘gh%wg%ﬁ?XP%d%F% Ur%?:lrty of

el ectroni ¢ Wl B5g WeSSoS€81 CeRNGt @smBSl etitdnr €8 Bradecshbel ytenbpdieda

bet ween the covering layer 4 and the_substrate 1 such that 3o fhey_are
herneticalI@l%%%}%dfa¥$ﬁc %hﬁﬁ%mﬁehnﬁﬁﬂ???cg??omoé%f?hea ﬁﬁ%thﬁn%lgﬁﬁmn in

Fi g. 3i5 Thel $p&®. PIRCESSs SELPS, ashé hgpgs desgyébeds abpyeuase wathi d out,
but the plastic on the wafer underside Ib_is not 35 renpved and covers the
under si de aBhEClHRRSF viRieh BRISULBICHRRE eEPY vRNFADRILEBIOR g BEIRGWACan

embodi ment & o, Whj, £y aﬁ@@@ét deposhs efeft 8psc L N EEF Hifﬁué@nﬁesﬂﬁﬁthﬁdebg
the underside | b of the substrate instead of the plastic layer 10. As in

the enbodi réptlenvhdm PhREFyc Bavehel pl REeducedednf dr tPichBgPapHYLFE tenoved

fromthe wafgr, ypder ghdest by i 8dat hen ealii{ fgUpdeE b depl8ceEstiRg vaf ehei s
vapor - coat ed gn{h t he gl ass,
20 moqaule.

In such a case, it is possible for material to be removed
from the second, unencapsulated substrate side, so that it is
possible to produce connections to the module which extend

25 into the module from the underside and are therefore
protected by the module itself when the module is finally
installed at its position of use. This is of significance in

particular in the case of sensors.

30 The invention is described with reference to the drawing, in

which:

Fig. 1 shows a section through a wafer with a

vapor-deposited glass layer,



producing a 1 to 50 umthick glass layer 11. 10 The gl ass |l ayer 11 shown in
Fig. 5 Ilike the plastic layer 10 illustrated in Fig. 4, serves as a
protective or passivation layer. 15 As illustrated at 11b, this glass |ayer
al so covers the outwardly projecting parts of the line contacts 7. To apply
a ball grid array 8, these regions 11b arge uncovered by being ground and/or
etched away. Then, the ball grid arrays are applied, as shown in Fig. 6,
and the wafer is then divided up 20 in order to formindividual nodul es,
and indicated at 9. The sensitive sem conductor structures 2 are protected
at the top Birgh the bott omBiouws relay e Wlat;férgha%%oaqclplrgs%lc
further enbodi ment ofy ¢ i nvention, the wafer is 25 divided up at parting
pl anes 9 which do not” pass through the connection structures. This has the
advant age tRiad. i1 is al so Powes Bike trredistieon Phtenrepakeny atP ohhe
protection for the . Fig. 7 shows an exanple of dividing up the

waf er which only affects nmaterial of the covering |ayer 4 and of so the
substrat e IFidhet procedur eshaws riheé aadditienahrpl ast forrapel exehph apy

enbodi nents descri be bave, I . . wafer is thinned fromthe underside
and etching pits 6\J%é%1%§£%§1 egéﬁéﬁaég t he underside of the connection
structures Biaqr e produced. sHdwes vigiercomdmsiae the ivafer hogdapaede With the
35 regions of the connection structures, remai ning open. The |ine 10
contacts 7 are produckPih $HROFEYITN Yt3The etching pits 6, with the
etching pitsiql s® being fidheos wild soptiicit vennaf exilbhll2grid &higy to
context, thickening by elec%roplating,us%ﬂg h%(P) may be consi dered. The
conponght s produci bl eF5#% BhRE oF YA et Wi thts enbodi nent of the invention
accordi ngl yrhavey t hrough- comdasts passhag bay ovfhapbhey snpsthat bal Af geidt he
pl astic has been renoved fromthe wafer underside at |east in the region of
the contacts 7, the b&¥¥2Y¥rid to arrays 8 are applied. This is followed by
di viding uppihe gafer al ongndhanese %endiigstibstioni 6f ethet undeesiddubésawi th
hernetically Seal ed sem conductor structures 2, with an anal ogous plastic

| ayer 10 being presehWaB?rabsent dependi ng on the procedure enpl oyed. 15

Fi gs. ?5 andp 9, shew an exenphggy €RbOSHPENEat ¥R ¥E NEhéhBaPl Oguchi apralsa

gl ass layer 11 on the underside. The procedure is simlar to that of the
enbodi ment shown in Fig.thejvaten| sheviohnwtd - F8g. 7, i.e. filled regions
are 20 prod d neath th neck r hgag88Lk E8rupder si de
1b of the mgfgi ?g coat ed ﬁ??ﬁgtﬁea%€§§§&lggggéﬁﬁétaﬁgc% ?sﬁthen renmoved in
the region of the fil&edargeneény.pits 6 in order for the ball grid arrays
Lo be appligdythereto, as showo Lbsfids 3¢ Af bk bbasvRtasubascheenadavi ded
25 up al ong p?anes 9, nmodules with encapsul ated sem conductor structures 2
are obtai nefig301The gl asssbywEednotlefbrpay®iCRogEoRPE SKHBUPHSESFmM at | east

a binary system NUIt%gggggggg&oﬁy§&ggg.are preferred.

Fig. 10 shows the arrangement of a substrate 1 with respect
to a vapor-deposition glass source 20 which comprises an

25 electron beam generator 21, a beam-diverter device 22 and a
glass target 23 on which the electron beam 24 impinges. At
the location at which the electron beam impinges, the glass
is vaporized and is then deposited on the first gide la of
the substrate 1. To allow the glass from the target 23 to be

30 vaporized as uniformly as possible, the target is rotated and
the beam 24 sweeps back and forth along it. In addition, the
arrangement may also comprise a plasma source for generating
an ion beam which, in operation, is directed onto the gide la
that is to be coated, in order for the substrate to be coated

35 with a glass layer by means of plasma ion assisted deposition



Vapor - deposition glass which has the foll ow ng conposition, in percent by
wei ght, has proven particularly suitable: Conponents % by wei ght r 11 a
Si 0275 - 85BZC310 - 15Na201 - 5Li200.1 - 15 K200.1 - 1A12031 - 5 A
preferred vapor-deposition glass of this type is glass 8329 produced by
Schott, having the follow ng conposition:7to Si02 84.1% B203 11 . 0 % Na20
~2 .0 %] 15 K20 ~ 0.3% 2.3% (in the layer ? 3.3% Li20 ~ 0.3% A1203 ~

»

2. 6%( inthe layer <0 . 5 %) 20 The values given in parentheses
represent the proportions by weight of the respective conponent in the
vapor - deposi®iP)ayer. The el ectrical resistance is approxi mately 101 S2/cm
(at 25 100C) , the refractive index is approximately 1.470, the dielectric
constant s is approximately 4.7 (at, 25C,_ 1 MHz), and tg8 is approxi mately
45 x 10- 4 (Bar mge depddls monceipineihf &Fﬁﬁ%]fbjs%iﬁ%tg?ter%%%ofhdeposition
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aluminum. The connection structures may, for example,
comprise bond pads or other connection surfaces. The silicon

wafer constitutes a substrate with a surface roughness of

10 < 5 um. The top side la of the substrate is on the opposite
gide from the underside 1b. A glass layer 4, which has
preferably been obtained from the vapor-deposition glass of
type 8329 produced by Schott, has been deposited on the top
side la. This type of glass can be substantially vaporized by

15 the action of the electron beam 24, the work being carried
out in an evacuated environment at 107* mbar residual
pressure and a bias temperature during the vaporization of
100°C. Under these conditions, a dense, continuous glass
layer 4 is produced, and this layer is substantially

20 impermeable to gases and liquids, including water, but
transmits light, which is important in the case of

electro-optical modules.

The glass layer 4 may also include a plurality of individual
25 layers, for example made from glasses with different

compositions. The glass layer may also comprise a mixed layer

formed from inorganic and organic constituents in order, for

example, to achieve an increased layer flexibility.

30 The underside 1b of the wafer is available for further
processing steps, which include wet, dry and plasma etching

or cleaning.

If, as in Fig. 1 and the further Figs. 2 to 9, the substrate

35 used is a wafer, the process according to the invention may



Conponents: Si Oz BzGs NazO Li zO K20 Al zO3 by weight 71 26 0.5 0.5 1.0 1.0
The gl asses 8329 and (018-189 that are preferably used in particul ar have
the properties as listed in the table bel ow Properti es8329Q018-189azo-ao0
L10 6K 172 . 753 .2Density (g/cm)2.2012. 12Transf ormati on poi nt
[C]562742Refractive i ndex nd1.4691. 465Hydg ol yti c resi stance class accordi ng
to. 1 SO 71912Aci d resistance class according to DIN 12 11612Al kal

resi stance class according to DIN 5232223Di el ectric constant s (25C)4.73.9
13 (I MHz) (40GHz) t an8 (25C) 45*10-"" (IN+E)26*10- (40GHz). To produce

parti cul ar PREIVIES iHe (4eIddIRASK ?Qedﬁ%ﬁﬁ??ﬂﬁﬁxW@%ﬁht%Fhé% g?ﬁgses of

di fferent C];SHHD@ St I ONFafOF . LGN SSS ¢1RY & So@lsd heath 0P1 Sb d6e aggp Died hen
under si de. is also 5 p055|ble for a plurality of glasses having

di ff erent m d?)’éﬂﬂ%’% way g0 vitios et eh tharefa beedde PerlexSerrRateg, from
modul us, KnoQp haFdnessy difberid | CorPOSI@N 1ot 388rulLubEs deRgsi t ed

succeSS|ver on the substrate. 10 As an alternative to el ectron beam
deposi t3 on,conngat W ospossiwiest o use ot her neans for transferring
materials which are deposited in glass form For exanple, the vapor-coating
material may be in a crucible which is heated by el ectron inpact heating.

El ectron inpigt heshdwy afcovesingpkaysr bbsedhs swbsteahe ohi ccdinerhaiges

which are acoel erated, ontp Lhe gryelble. ifoprder Lo,Lnpasloonatbe HeneLial

to be vapori zed predeterm ener gy ese pr otésses

l'i kew se nvésethicmé§s bl tKe progyeer 8bass t@yso sumy tdilgLth exgessf Feciset nal
| oadi ng on the substrate on which the glass is 20 deposited. The foll ow ng

t ext p%%sen$0¥e%Qﬁt%ﬁ@ﬁpﬁ@ﬁﬁﬁﬁﬁﬁt%%t%eﬁ%??}%ds%ﬁ%1%&1v%bb}edEB%sP%@EtbFass
layers for r@.@yéfogngéaéﬁl&égﬁ 22 &H@er 11;0 sh%@r& h&é@@&ktétaﬁlm'{ c§l VB

measurement’, i n which the count rate is plotted as a function of
sputtering theevafidre aeasurerenicehatatt erpseguene %?%@Fm@nbfstﬁﬁselenent
concentrations in the direction perpendicular to the

Fig. 3 shows the further treatment of a wafer. The wafer is
15 thinned on the underside, so that the components that can be
produced in accordance with the invention have a thinned
substrate, and etching pits 6 are produced, extending as far
as the connection structures 3, which act as an etching stop.
The wafer underside 1b is provided with a plastic lithograph,
20 with the regions of the connection structures 3 remaining
open. Then, line contacts 7 are produced on the underside,
for example by spraying or sputtering, with the result that
conductive layers 7 are produced in the region of the etching
pits 6. Then, the plastic used for the lithography is removed
25 from the wafer underside 1b. Next, a ball grid array 8 is
applied to the conductive layers 7, and the wafer is divided
along planes 9. The result is a plurality of electronic
modules whose semiconductor structures 2 are safely embedded
between the covering layer 4 and the substrate 1 such that

30 they are hermetically sealed.

Fig. 4 shows a modification to the embodiment shown in Fig.
3. The same process steps as those described above are
carried out, but the plastic on the wafer underside 1b is not

35 removed and covers the underside as a passivation and



substrate surface. A thickness constancy for the glass frame 30 of < 1% of
the | ayer thickness was determ ned. 14 Fig. 12 shows an el ectron

m croscope transverse mcrosection imge of a silicon substrate coated with
the vapor-deposition glass 8329. The vapor-deposition glass and the surface
of the silicon substrate are securely bongled to one another in a 5 nmanner
which is not rel eased even by the transverse m crosectioni ng operation
involved in preparing the specinen. Furthernore, resistance and stability
measurenents were carrjed out on a vapor-deposition glass |layer formed from
to vapor - dépoRieE L i asay®3250 - i n accordance with DIN'1SQ The results are
given in Table 1. 15 Tabl e 1: Specinen designation: 8329Water DIN | SO
Consunpti on Na20 Conment 719 of equival ent sCass HCL [m/g] [~g/g] HGB

10. 0113none®ed d DI dhee 1EMR BRG] TRt T vt AssrReDvaeREPL hed Jlass

ar eas) vi si bl 812] [P eodangesle Y0 42 e AQuIcNgES FRb2! LakedA kal i DIN

| SOvat eri al To Cbnnent695renn al surface '
ar eas/ Vi si boisstang dieferd] dechamgebsas i@ obawen 4upchangs waeeri al ed

16 patent Qldfident™O658e 10Tp10! M N0k NOHRL 00 T 0L &I EGLT PR fioBPALLES,
in particular sensors, integrated circuits "and optoelectronic 5 conponénts;
conpri si ng ihereneypsd ofrom phreowaiery wndebsidatEo( 13ndothehéshiae | east a
first subst j i n e - _providi a
vapor-depoé#%gékgg %ségg%%rg%é?ﬁ%??ﬁ1%9P§%¢§%ﬁéh%%eghg¥#ﬂrgges%%%??ate si de

(la) in sughredueimeraw tho respesttiick el yapora@eposition gl ass source
that the first substrate side (la) can be vapor-coated; - vapor-coating the
first Substrate side with a glass layer (4). 15

The glass layer 11 shown in Fig. 5, like the plastic layer 10
illustrated in Fig. 4, serves as a protective or passivation

laver.

15 Ags illustrated at 1lb, this glass layer also covers the
outwardly projecting parts of the line contacts 7. To apply a
ball grid array 8, these regions 1lb are uncovered by being
ground and/or etched away. Then, the ball grid arrays are
applied, as shown in Fig. 6, and the wafer is then divided up

20 in order to form individual modules, and indicated at 9. The
sensitive semiconductor structures 2 are protected at the top

and the bottom by a respective glass layer 4 and 11.

In a further embodiment of the invention, the wafer is

25 divided up at parting planes 9 which do not pass through the
connection structures. This has the advantage that it is also
possible to ensure a lateral passivation protection for the
modules. Fig. 7 shows an example of dividing up the wafer
which only affects material of the covering layer 4 and of

30 the substrate 1. The procedure is initially the same as for
the exemplary embodiments described above, i.e. the wafer is
thinned from the underside and etching pits 6 which extend as
far as the underside of the connection structures 3 are
produced. The wafer underside 1b is lithographed, with the

35 regions of the connection structures remaining open. The line



2. The process as clained in claim1, wherein the substrate provided has
one or nore regions conprising sem conductor structures (2) and conpri sing
connection structures or for form ng sem conductor structures (2) and
connection 20 structures (3) . 3. The process as clained in claim2,
wherein the one or nore regions having senm conductor structures (2) are
arranged on the first side (l1a) of the substrate. 25 4. The process as
tlained in claim3, wherein the substrate is provided with a passivation

| ayer (10, 11) on a second side (Ib), which is on_t opposi.t Iy rom
the first sbuea¢ta)’.age Brogueesr beetieasegiarngl Fﬁeoﬁgcgﬁnghglgge%éding

cl ai s, thxﬁ'éﬂbéfléa&@cm&gr' ${ 00, 8:¥ahek ngWhelL Bkl Whehprondssttorprises the
packagi ng ot conponent s ich still formpart of a

' , , &%fei- a %7 6. The
process asmetariedl LA.ofs dhisheoptetdi hLEKENHEI RKeFPLRAtERRIETAEEr at e
(1) is vapor;coa i b apgl - 4730 cokbbn@RtEWp roides Kilkainlb) . 5
7. The pr088%§9a§$gF21h%H P% gégsggg?%g(p?géegﬁn%,glafng?rﬁherei%&all
vapor - depoattbedagktaswisbutbes( 20bodihmentgehiehted NAETNILELEt 25O aryY dl ass

systemis provided 10 8 r S LahaLERd tha @@ sefalee preceding
ci ai ns, mgfié’?ngﬁﬁgu@g‘p%?f%ggg% gg%%%“a?ass sog;ace (20) is operated until
the glass layer (4) has a thickness in the range fromO0.01 to 000 Vim in

particular _agn the first substrat pde, . 108 RHRCEST AS (#l@irEdd n one
of the pre@gﬁﬁﬁg%éﬁap F%l e%@%n%gghpgfyégfgthe step of providing a

vapor - depositt e sgl ass theuregieP0pf &heesemigictscanpiths My ldr @it
constituents is provided, and these or.gan ti LS A yg{ded into
the vdfor $EAFYSt Kr G&§h aﬁ’éﬁﬁeé*at i Sofl%a@fgl\%%aiu%vg(ralt hr Oligﬁq%;at i _ntg’ir so
that duringtfae waReks ¢aaldarg ot xek lrayers denprliesitmpriirormyaht et 16 gani ¢
constituents can be fornmed on the subsirate side. .1 T ; as

cl ai med inIK%H?QHiQQ%QYbFﬁ%%kﬁQKTQﬂ%ﬂqﬂéu RMﬁﬁﬁﬁq$4%ﬁf gﬁaggﬂﬁgég} .

thi ckness igdinddigs [ARge ketmpen Q.01 miithddréaantl br Hiesgprockapending
clainmed in one of the preceding clajns, wherein the glass |ayer thickness
is in the rAahd@O@ABREETIHF %“Fg]ﬁﬂ’%o Vim 12. The process as clainmed in
one of. the preceding clains, wherein the vapor-deposition glass of the

15 .
source (20) is generated froma gl ass target (23) by neans of_ el ron beam
( )FigsFJB and 9 show ang%xemplaréleméoégmeﬁ% 11IvS v1n§ @ﬁé

production of a glass layer 11 on the underside. The
procedure is similar to that of the embodiment shown in Fig.
5 in conjunction with Fig. 7, i.e. filled regions are

20 produced beneath the connection structures, and the entire
underside 1b of the wafer is coated with the glass layer 11,
which is then removed in the region of the filled etching
pits 6 in order for the ball grid arrays to be applied
thereto, as shown in Fig. 9. After the wafer has been divided

25 up along planes 9, modules with encapsulated semiconductor

structures 2 are obtained.

The glass system of the layer 4 or 11 should form at least a
binary system. Multicomponent systems are preferred.

30
Vapor-deposition glass which has the following composition,
in percent by weight, has proven particularly suitable:

0

Components % by weight



18 I'i (24) . 13. The process as clainmed in one of the preceding clains,
wherei n the vapor-deposition glass used is a borosilicate 5 gl ass
contai ni ng al um num oxi de and al kali netal oxide fractions. 14. The process
ds clained in one of the preceding clains, wherein the vapor-deposition

gl ass has a coefficient of 10 thermal expansion which is virtually equal to
that of the substrate. 15. The process as clained in one of the preceding
clainms, wherein the glass layer (4) is produced with a thickness 15 which
is required for a hernetic seal, and wherein a |layer of plastic (5) is
appl i ed abo¥E’z he gl ass layer (4) in’®rdef>to facilitate further processing
of the subsglate (1). 16. The processpgas gdai ned in one of the preceding

cl ainms, 20 erein a plurality of glass |ayers are vapor-deposited onto the
substrate (M320it being possible forlthe>glass layers to consist of various
gl ass conpogffj ons. 17. The process @s;clajned in one of the preceding
clains, 2s wherein the further processing of the substrate (1) involves the
renovals of ¥a&terial froma second substrat® side (1b), which is on the
opposite sigde fromthe first substraje_side (la) . 30 18. The process as
clai med i n ‘orfe >of the preceding claims, Wherein the substrate (1) includes
a wafer having a plurality of sem conductor structures (2) and connection

structures (3 i o) t de £l ' ' e
opposi o st s heated FrPSr BEpSHIEISA AT To) e OVEE 18 4Fak%s0e
(6) being epodiddcan hheScsecond sabhshy atlee siodklowil®g ¢bbposntibe:regi on of
the connection structures to be produced, the regions for formng the

sem conduct or struct ures (2) being lithographed using plastic |layers, line
contacts (79itei ng produced on the sgeongl substrate side 5 (1b) in the
regi ons havi connection structures f3%9 the plastic being renmoved from

t he second strate side (Ib), a batt*Gfi d array (8) being applied at the
line contacts (7) , and the wafer being divided up so as to forma
plurality of 10 el ectroni c nodul es which each have first, encapsul ated
sides (la) Naz®. The proceds as2c¢PBlmed in claim 18, wherein the second

substrate sids (1b) s proyided, Wi 2 plastic,covering (10).,

Lizo ~ 0.3%]
Al,0;3 ~ 2.6% (in the layer < 0.5%)
20 The values given in parentheses represent the proportions by

weight of the respective component in the vapor-deposited

layer.

The electrical resistance is approximately 10*° Q/cm (at

25 100°C),

the refractive index is approximately 1.470,
the dielectric constant € is approximately 4.7 (at 25°C, 1

MHz), and tgd is approximately 45 x 10™* (at 25°C, 1 MHz).

30 A further group of suitable vapor-deposition glasses has the

following composition, in percent by weight:

Components: % by weight



15 while leaving clear the ball grid regions (8). 20. The process as
claimed in claim18 or 19, wherein after the plastic has been renoved from
t he second substrate side (1b) the whole of the second substrate side is 20
Vapor-coated with a glass layer (11), and wherein the line contacts (7) are
uncovered by local elimnation of the gliass |ayer (11), after which the
st.eps of applying the ball grid array (8) and of dividing up the wafer are
carried out in order to obtain electronic nodul es which are encapsul ated on
25 both sides. 21. The process as clained in claim20, wherein the entire
second sub%iPate side is vapor-coat&8 wi YR a glass layer (11) with a

thi ckness gipthe range from1 to 502% m3gnd 30 22. The process as clai ned
in one of clains 18 to 21, wherein the etching pits (6) which |ead to the
connectionN8tQuctures (3) are filleB-hithlconductive material (12), after
whi ch, mﬁtﬂig5 w t hout renoval of tReiplLasgtic (10) from 3s the second
substrate side (Ib) and wwth or without a gl ass a 20 layer (11) on the
secondssub¥tQ@ ate side (Ib), and | eafiRAg-cPear the line contacts (7), the
ball grid Rir&y (8) is applied at thegling contacts (7) and/or at the
filling matefial. 5 23. The process as clainmed in one of the preceding
clains, wherein the vapor-coating of the first substrate side (1a) with a
gl ass | aye i | Lon .Aasst d 0$i b0 . 24. An
electronicgnégéféggpﬁ ggﬁggcgﬁggsggggﬁségégg ggggs%g%%i%Eggbgg%dt%%rcuit or
as an opt ogleetr 60ilé -t6Appmeducepdr byuSichbs thhavhogpitbeedsldowdngi med i n one
of the preceding,clainms. 15 25. The electronic nodule as clained in claim
24, whfch SHmQOgFE§Pnside (la) has one or nore regions with sem conduct or
structures (2), and connection structures (3), wherein the substrate is
coated with a Vﬁgor-depositednglgss Iaéﬁr (4) on 20 at |east one side. 26.
The el ect r SATBCAGEGFE as cl ai mBdP¥nYErEP M 25, wherein a plastic |ayer (5)
whi ch rei ngaoges the nodule is applived to the glass layer (4). 25 27. The
el ectronic_nodule as clained in one_of clainms 25 or 26, wherein the
substrate P&t hinned. 28. The el ect 8nic nodule as clainmed in one of clains
25 10130 2¥qg,@herein the substrate ipgsprovided with a passivation |ayer

(10, 11) on a second side (Ib), which is on the opposite side froma first
side (la) Rk&e¥Png seni conductor struftrdres and connection structures.

K20 1.0
Al,0; 1.0

20 The glasses 8329 and G018-189 that are preferably used in

particular have the properties as listed in the table below:

Properties 8329 G018-189
Ol20-300 [10 K] 2.75 3.2
Density (g/cm’) 2.201 2.12
Transformation point [°C] 562 742
Refractive index nd 1.469 1.465
Hydrolytic resistance class 1 2

according to ISO 719

Acid resistance class according |1 2
to DIN 12 116

Alkali resistance class 2 3

according to DIN 52322

Dielectric constant g (25°C) 4.7 3.9




r 21 29. The electronic nodule as clainmed in one of clains 25 to 28,
wherein the glass |ayer (4) conprises a m xed |ayer of inorganic and
organi c constituents. 5 30. The electronic nodule as clained in one of
claims 25 to 29, which includes a nultilayer glass layer (4). 31. The
el ectronic nodule as clained in claim3Q3 wherein the individual |ayers of
{he glass |layer have different 10 conpositions. 32. The el ectronic nodul e
as clainmed in one of clains 25 to 31, wherein the substrate (1), on a
second side_(l h) has line contacts that are connected hnnnnht on
structures jon 15 the first side (la) . 33. T d 1¥EZdt r on cf‘ﬁ%ﬁ?le hs cl ai med
in claim32Z; ] aG8) gt NnelkAg-€ont act s.
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thermal loading on the substrate on which the glass is

20 deposited.

The following text present results of various tests carried

out on vapor-deposited glass layers formed from glass 8329.

25 Fig. 11 shows the results of a TOF-SIMS measurement, in which
the count rate is plotted as a function of the sputtering
time. The measurement characterizes the profile of the
element concentrations in the direction perpendicular to the
substrate surface. A thickness constancy for the glass frame

30 of < 1% of the layer thickness was determined.
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5 manner which is not released even by the transverse

microsectioning operation involved in preparing the specimen.

Furthermore, resistance and stability measurements were
carried out on a vapor-deposition glass layer formed from
10 vapor-deposited glass 8329, in accordance with DIN/ISO. The

results are given in Table 1.
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2. The process as claimed in claim 1, wherein the substrate

provided has one or more regions comprising semiconductor
structures (2) and comprising connection structures or for
forming semiconductor structures (2) and connection

20 structures (3).

3. The process as claimed in claim 2, wherein the one or
more regions having semiconductor structures (2) are arranged
on the first side (la) of the substrate.

25
4. The process as claimed in claim 3, wherein the substrate
is provided with a passivation layer (10, 11) on a second
side (1b), which is on the opposite side from the first side
(1a) .

30
5. The process as claimed in one of the preceding claims,
the substrate comprising a wafer, wherein the process
comprises the packaging of components which still form part

of a wafer.
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6. The process as claimed in one of the preceding claims,
wherein the substrate (1) is vapor-coated with a glass layer

(4, 10, 11) on two sides (la, 1b).

7. The process as claimed in one of the preceding claims,
wherein a vapor-deposition glass source (20) which generates

at least a binary glass system is provided.

10 8. The process as claimed in one of the preceding claims,
wherein the vapor-deposition glass source (20) is operated

until the glass layer (4) has a thickness in the range from

0.01 to 1000 um, in particular on the first substrate side.

15 9. The process as claimed in one of the preceding claims,
wherein as part of the step of providing a vapor-deposition
glass source (20), a reservoir comprising organic
constituents is provided, and these organic constituents are
converted into the vapor state through application of a

20 vacuum or through heating, so that during the vapor-coating
mixed layers comprising inorganic and organic constituents

can be formed on the substrate side.

10. The process as claimed in one of the preceding claims,

25 wherein the glass layer thickness is in the range between 0.1

and 50 pm.

11. The process as claimed in one of the preceding claims,

wherein the glass layer thickness is in the range between 50

30 and 200 pm.

12. The process as claimed in one of the preceding claims,
wherein the vapor-deposition glass of the source (20) is

generated from a glass target (23) by means of electron beam
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The process as claimed in one of the preceding claims,
in the vapor-deposition glass used is a borosilicate
containing aluminum oxide and alkali metal oxide

ions.

The process as claimed in one of the preceding claims,

in the vapor-deposition glass has a coefficient of

10 thermal expansion which is virtually equal to that of the

subst

15.

where
15 which

prlast

facil

16.
20 where
the s

consi

17.
25 where
the r

rate.

The process as claimed in one of the preceding claims,
in the glass layer (4) is produced with a thickness

is required for a hermetic seal, and wherein a layer of
ic (5) is applied above the glass layer (4) in order to

itate further processing of the substrate (1).

The process as claimed in one of the preceding claims,
in a plurality of glass layers are vapor-deposited onto
ubstrate (1), it being possible for the glass layers to

st of various glass compositions.

The process as claimed in one of the preceding claims,
in the further processing of the substrate (1) involves

emoval of material from a second substrate side (1b),

which is on the opposite side from the first substrate side

(1a) .

30 18.
where
of se
(3),
oppos

The process as claimed in one of the preceding claims,
in the substrate (1) includes a wafer having a plurality
miconductor structures (2) and connection structures
with the second substrate side (1b), which is on the

ite side from the first substrate side (la), being

35 thinned, pits (6) being etched on the second substrate side
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15

20

25
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35

produced, the regions for forming the semiconductor
structures (2) being lithographed using plastic layers,

line contacts (7) being produced on the second substrate side
(1b) in the regions having connection structures (3),

the plastic being removed from the second substrate side
(1b), a ball grid array (8) being applied at the line
contacts (7), and

the wafer being divided up so as to form a plurality of
electronic modules which each have first, encapsulated sides
(1a) .

19. The process as claimed in claim 18, wherein the second
substrate side (1lb) is provided with a plastic covering (10)

while leaving clear the ball grid regions (8).

20. The process as claimed in claim 18 or 19,

wherein after the plastic has been removed from the second
substrate side (lb) the whole of the second substrate side is
vapor-coated with a glass layer (11), and wherein the line
contacts (7) are uncovered by local elimination of the glass
layer (11), after which the steps of applying the ball grid
array (8) and of dividing up the wafer are carried out in
order to obtain electronic modules which are encapsulated on
both gides.

21. The process as claimed in claim 20, wherein the entire

second substrate side is vapor-coated with a glass layer (11)

with a thickness in the range from 1 to 50 um, and

22. The process as claimed in one of claims 18 to 21,
wherein the etching pits (6) which lead to the connection
structures (3) are filled with conductive material (12),
after which, with or without removal of the plastic (10) from

the second substrate side (1b) and with or without a glass
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23. The process as claimed in one of the preceding claims,
wherein the vapor-coating of the first substrate side (la)
with a glass layer (4) comprises plasma ion assisted
deposition (PIAD).

10
24. An electronic module, in particular as a sensor or as an
integrated circuit or as an optoelectronic component,
producible by the process as claimed in one of the preceding
claims.

15
25. The electronic module as claimed in claim 24, which on a
first side (la) has one or more regions with semiconductor
structures (2), and connection structures (3), wherein the
substrate is coated with a vapor-deposited glass layer (4) on

20 at least one side.

26. The electronic module as claimed in claim 25, wherein a
plastic layer (5) which reinforces the module is applied to
the glass layer (4).

25
27. The electronic module as claimed in one of claims 25 or

26, wherein the substrate is thinned.

28. The electronic module as claimed in one of claims 25 to
30 27, wherein the substrate is provided with a passivation

layer (10, 11) on a second side (1b), which is on the

opposite side from a first side (la) having semiconductor

structures and connection structures.
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31. The electronic module as claimed in claim 30, wherein
the individual layers of the glass layer have different

10 compositions.

32. The electronic module as claimed in one of claims 25 to
31, wherein the substrate (1), on a second side (1b), has
line contacts that are connected to connection structures on

15 the first side (1a).

33. The electronic module as claimed in claim 32, which

includes a ball grid array (8) at the line contacts.



