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o

“melting theS

housi ng for el ectronic nodul es, and el ectroni c nodul es her “

encapsul ated in this way s Description The invention reIatgmmHﬁmw“mwmumss
for forming housings for electronic nodules, and to electronic jpdw es that
are hernmetically encapsulated in this way, in particular sensors to
integrated circuits and optoel ectroni c conponents. To emzs@sunaESGP

i nt egrat ed scchedict 8cand opt oel ectroni c conponents, it is known to use an
organi ¢ adhesive layer to bond a thin plate of glass onto the nodul e and
thereby to 15 cover and protect the sensitive sem conductor structures.
Thi s design has the drawback that over the course of tinme wa i ffuse
into the organi c adhesive | ayer and can then reach and danmag @ @@ @Mmm
sem conductor structures. Furthernore, the adhesive |ayers

result of UV 20 irradiation, which is damaging in particul ar to *Gow002*

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 internediate

| ayer 2s whipebckas beenfspmapgdaOMpuspm@témaded@qmrdﬂmd|maﬁdmesnxanﬁ(ﬁ
screen- prlnt ng and di s an er.%gchq.lo. Th% proces L ture for

t hat tenperature-sensitive senlconductor structures cannot be encapsulated
30 The |nvent|on is . therefore based on the object of providing a 2 '
process>f or PERERAREESR ng el ectroni ¢ modul es which makes it possible to
achi eve encapsul ation which is substantially resistant to water diffusion
yet is carried out at noderate tenperatures bel ow 300C, preferably bel ow
150C. 5 TheTbBj &BVeBELORST§LRLEFedO0R PROCESSI $O8T LORELMSh RS Ieks f9thed

inclaiml @'l‘gcta?oﬁQEf tneaheésananae\eel enee tint ke mdByi 1the chyrt hgre measures
of the dependent clainms. Claim?2
hermetically encapsulated in this way, in particular sensors,

10 integrated circuits and optoelectronlc components.

To encapsulate integratedLEircuits 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



-‘reldtes to an el ectronic nodul e producible in accordance with io the

i nvention, wth advantageous refinenents and configurations being given in
the claims that are dependent on claim24. One advantage of coating with a
" vapor-deposition glass is the i5 application of the insulating glass |ayer
at roomtenperature up to approximately i 30C, so that there is no

| i kel i hood of damage or oxidation of the substrate surface whatsoever, even
with netal substrates. In this context, reference is also nmade to the
foll owi ng applications: 20 DE 202 05 830.1, filed on 04.15.2002, DE 102 22
964. 3, fil e@reness. £3r260ZarBR1BYZNEY eé@@tl-’onfllq &P 5 m@owk% 192 22

o1 55,0, {FPoa-RS01T 65003 1 oERS haa Bt "The same Hopleant the
content of degcls@emce tof waltiegh diig fhisri ety yeXpn@ssiayrnuaﬁomm @ttednd@erate
reference. VLLD Legard tacbe baghier properihes ah yanaizHeposi tion o

gl ass Iayers asur shomn hat I"ayer t'hi cknesses of the
vapor-dep05|t|on gl ass Iayer in the range from8 un1to 18 um helium | eak
1 s-1 are

t f 1
ol oy nonrevaRteth selodh, ackiu®s R REoPR S ot i denteds 5 - m
and 1§b~ n1deachabegevencﬂ?ﬁmaUednﬁehsuabhfaguF@Ueanﬁ dﬁﬁe&ﬁyed)%ﬁntHEK
10-9 ar a n ese upper mit. va sl gni can
o uemeed By Ehe” REnEhe e R G kb bt T e e o % e

process acceoellabgst 0ot Ba eNventionn cf ledaméa@&bldaﬁcll(bllewlhh a\c@w&aiﬁm)sntumn
gl ass can even be e el ectronic nDduIe is attacked while it is

nglo ed if th
still B&i ng"PRodB¥ERT1PE  THE tBhPEKBRTAGSEH St HE LLTEEE e the el ectronic

modul e pr0d§§ﬁ§1@Mréb§oﬂ§pﬁélﬁ§pg§bbﬁd1ﬁ|@ﬁé layems Thdll laireediderdat | i ze
the substrate while actions are being carried out on the substrate fromthe

unencapsul aPBd$PdB. 2¥he ot herwi se fini shed el ectronic nodul e may al so be
encapsul ated fromthe s5 connection side, |eaving clear the connections

t henmsel ves. For this purpose, the substrate may, for exanple, be provided
with a passPuat rEHANEGEE BA FREBLAPEOYIER 3i HEPPFOREROBILESONsBdé Fravisnd ehe

Se”‘CO@QUCt9§p§£&HEEH£e§f gﬁewaﬁsgﬁa€§ﬁ§pb§as§ @B?%E'%t'%ﬁ%h'E%dﬂéﬂéﬂﬁf%
for this purpose. The passivation 20 Tayefr nay al So conprise a _glass |ayer

which is pr‘ePeFabﬁypvmiefﬂaE@éﬁsPﬁ@dcent?@ thes shgee Thenpr dd&ed lhood o
part'cu'ar'aaﬁggéag QEaEQSKaQE“gEEMEHBgﬁggﬁeWQhEQa%E'Mha%% AR U Qferf

waf er (waf er packagi ng) case the substrate conprises a
waf er havi ngithemetubst subesrafeshelvonpdaentstewhi cirefamebeesépardtsed from

the wafer a&é&é Egeyhga¥gl?8@?n8a8539§gations:
20 DE 202 05 830.1, filed on 04.15.2002,
DE 102 22 964.3, filed on 05.23.2002;
DE 102 22 609.1, filed on 05.23.2002;
DE 102 22 958.9, filed on 05.23.2002;
DE 102 52 787.3, filed on 11.13.2002;
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 pm to 18 um, helium leak rates of less than 1077 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



“'Dependi ng on the particular requirenents, the thickness of 30 the
vapor - deposited gl ass | ayer may be from0.01 to 1000 Vim If it is nerely a
~matter of hernetically sealing the nodule to be protected, it is preferable
for the glass l'ayer thickness to be in the range between 0.1 and 50 Vim |If
t he | oads inposed are greater, the glass layer thickness is 4 increased
accordingly, with a preferred range for the glass |ayer thickness being
between 5,0 and 200 Vim It is also possible to build up nultiple layers in
conbi nation with other materials. It is, furthernore, possible for the
glass s | ay&@Vieo e Gifiafeeniiat iam A% e Rl CeEyRen i h Fde? Xo

structural |y greigoF ce §he ehecgbeﬁl Ehggguhf)lpg}g?tﬁgu{%{)efga\étﬁtgsg;ége[ ﬁg" ons

for the vapor deposition of ass

vapor from elgméma@tdms;sﬁft%am@edoﬁm e BRI h HRRPFUTaCY sof the
possi bl e totg%rgesr% & Maporsdeposition rates of more than 4 ~mmn, and the
gl ass produce eposited with a secure bond on the surface of the
substrate w t hout needi ng an i ncreased H20 content for a bonding action, as

|5 Uhe caseqticl B LW LI NG 15 1905 501 deron The, BB el Efboutation wich

vapor - deposi glass i's bor |ca ass contai'ni ng um num oxI de
and al kal i ~efpak- dﬂpﬁﬁﬁﬂﬁmn|gi&sssnaﬂtaﬁeﬂ(heeﬁmpﬁﬂxﬁdtﬂi\nnﬂnekhqﬂmmml©n

gl ass of type u:’129 R Q lt':%ecq(e%yw%(i}lmt tGl%s t_'I\{er Vee:{nog té}}cfd&%eac?s has a

coef fici ent "6f “t Rermal® expansi on Whi ¢ i's ¢l ose he substrate
for standard senlconductor structures or can be matched to the coefficient

of thernal ansi.on of. t he str b SUIt di fication t the
conponéfit s. %g tgll R otf(S)L'lctb’fse %&ry tbtll'benn&eacstsroort * ot her qul
conposi ti ongrodmcpadr tiyc ihar vla.@)oa: [allelpfo&lnjtleyi @‘1atsasyerasym i2s tItOJDlJOzfed)rlﬁ)
anot her, in mhhca case the asses o%lhhe | ayers ma E§¥e d|ffereQ§
properties WreRitdgsr &0 S Fﬁ@EQ/ FeRC t%g eI e
vapor - coat i ag @het kebsithsiteatfeom ﬁ:ffheaugﬂeaﬁﬁﬁs’iM%ftdE)sﬁdb adrentagentisl 3e

al so enconpass ,plasma _i on assiste epositi (PIA . In this e, an ion
beam i s add?ﬁP&ﬁgﬁﬁye&FFééFEH gugﬁe"?ﬁb qﬁ?&ﬁﬁﬁ%&F£$ﬁ%”V Heam

may beprodeeedeby ivay sAlded RleasTgseulees, ther c@fﬂfﬁ?ﬁte.tdﬂés it ivars of a
sui tabl e gas. The pl asma results in additional densification 5.of the

layer and t RETr EREFaPUEPASGos &N SHRETHRG A 1T femtlife [bRTAtieted

surface. Thi,scheadpa iRArtticeuharky densee lRWlalects drposided |ayes. S
Furt hernore, by se ectlngﬁe sui tabl e conbination of materials, it is

possi bl e t 0SiERI N2¥10He LASDISEERICOPRUSTOE MtKAF VRS &Y ifof ehiccadid-e

organi ¢ congt btae'ate 1£$,'e§ rtlsxe@l temre 'f%rcft@ﬁ%ctpeffp?o%% byrs neduction dh
its brittleness. . | ass layer is appliedto a first side of the
substrafe ofavhe eayctarl@m @omalse BeBdrést Riayedl gdtidniie mIRASrahls been

fully produg g ggglh%deégeglqus f.9ehandl i ng purposes during
conpl etion o pro tion, to apply a plastic layer, which reinforces the

nodul e, above the glass 15 layer. In thls case, the glass layer is produced

wth a thic S I I; or, ul ;ﬁgy

W th respec?ﬂgogfﬁggggnéﬁrg%%%ﬁ%hgggl f&ggﬁé'su g?%h es, ﬁ#ﬁ{ qig)p agfic
| ayer is predickdsinla tfhrokpess wﬁ|ehwaiemeqmaﬁai1ﬁﬂvaﬂenadhagmngk»ering
furthegsprocgiéhngagf E%% % b@%?ﬂk% comprlses a wafer having 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 um. If the

loads imposed are greater, the glass layer thickness is



~In such a case, it is possible for material to be renoved fromthe second,
unencapsul ated substrate side, so that it is possible to produce
_connections to the nodul e which extend 25 into the nodule fromthe
underside and are therefore protected by the nodule itself when the nodul e
is finally installed at its position of uge. 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
wi th a vapor-deposited gl ass |ayer, 6 Fig.2showsa wafer section with
gl ass and pliasreebaglencFogddsowst Wé thr edpeeiferreld gemesctiagnshe glass

t hewafer, 5 Fi .4shgws he addi t.i onal &Iastic passi_vati on %fthe
waferundersﬁag?FiE.EE BRSth e&B&t%ﬁﬁ &F%t rd ﬁ&%e@oﬁnﬂgksi e 15 also

W t hvapor - dgggsi bientgl 8ss 16 apbshowsphe apRlrGatirtdibiddialdn grith array

t oi ot he wafershown in Flg. 5, Fig. 7showsa further way of applying the bal

gri darray, FPgh85hBASERE aefcapsuRat i SHT6REROTEndBRSSde 161 TRt £ ass

Fi g. 9shgwst ho6-appLi 6at kepreheting k8l hndbbg1dekayite tike MBfar showrdn
Fig. 8,Fig.10showsa diagramillustrating a_vaporization arrangenent, Fig.
11 shows retal ssrugtugaldr- SENBIprasutbrefil ecar@nds FIQEULE2 shows an

el ectron mcroscope transverse mnicrosection image. 25 30 35 Fig. 10 shows
the arrangenent of a substrate 1 with respect to a vapor-deposition glass
source 20 wBheheconpr vsgdoan epsdprnen fbramhgeveparode?ps i iogamididiaraser
device 22 a g t 23 Leh e _elect e 4 i npinges. At
t he Iocatiogga Smﬁ?gﬁegﬁégg|5§t?§ﬁe%§§%1F#%iﬁ%&%% ?%%Cgigg?%}g'ggborlzed
and i sithengtlepssttedednbyheetnsstfsedlectaoof behe.sdlisticareskible ad ow t he
glass fromthe target 23 tq be vaporized as uniformy as possihle, the
tg{j_gte; is [EﬁaﬁéatSnHaPﬁg'%Eﬁ?i&l§ﬁe€6§?ﬁa8l§ ﬁ‘lﬁéfef SoeR 4 (b‘ﬂ?”ilfﬂ.' |aﬁ1d.t_
adartion, Feabl 2BHCARBHLERY @5SHepBHIREESCWR B! @SR 2RW &Rnl0brJ&Me al 1 Ng
an ion bean1mﬁ?%h, ingg ePation, igﬁdirecteg onto the side Fé fhat is to be
coated, in BrHEACPoPLt hEesaUbBEEARECt WibBoBGaneddwEhag rassasafet2By neans
of plasma |0g,88aLSted depaalihaNact bR ARl 4 sFPheMebedehiah 9 iRl
the possible substrate 1, reference is made to Fig. 1. Asilicon wafer &s
the substragéass| sphérudeSheegrehisrzeiavrRgrsdrbesaddoroelasrudtures and
Comnecti on Bbr oo e e B ng I S G P arrar eal e
connecti on suifacésacThensi | ooh aaféoicensmpﬂate@eavg@bgbﬁ&p@smtﬂ@na
surface roughness of 1o < i m__The t.op sid he te ks on the
opposite §i%2a??oﬂ$tﬁ¥pﬁnég%§= gogﬁéég §Va§§%P%3egﬁi%' |%%%%%g’ng§§rably
been obt ai ngtlagsonathe vapbridepasi bfonhgkasd ekpbypeo8329ighodisced dse
Schott, has_been_deposjied_o he top _side_la, This t f..al.ass can be
substa%?ialf@ %%%gr ZeéhﬁySng%ﬁ%tSC?PSnSgﬁngﬁggeﬁggﬁ%gﬁg%§§%§l24, t he work
bei ng carrietdravturasaorevacubtenaenuedonosenheatod@fdcribat oEsittieaimal
pressure and _a bias te atur urpng,the v izati.on.of 100C_ Under
Phese. cond Frares Sangehoene BB hEBLE Bt asy! PaL " Borg iR a0 e0a Coanie hi s

| ayer is subshpohéntky 20 isppoBeable to gasesaapd-Heguisdsionngludisngf
water, but transmts light, which is jnportant in the case_ of
eleptro-opt?E%?rnﬁﬁﬂPEEQt*ﬂﬁsgléEspF£§gEuiaﬁa§naPsBEPﬁéﬁﬁgg LI EYEFS P 0t

i ndi vi Q%Jal Qép[r%fecbllﬁe éﬁalstﬁéwphﬁ mla@lehf tagegtassgsawetdetgl ahiff fch]feerltaygrfs
conposi tions. e S ayer may al so conprjse a nmi.xed |ayer forne rom

i nor gani c aﬁﬂyo?@ﬁgiglggﬁgﬁpFuBﬁggeFﬁlﬁﬁd@ Fhf6?9€%§nﬁPeFe §25ERVEve an

increased | ayg&xf|@xhBit{t Ynardness, etc.

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

30 advantageously also encdmpass 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



-'30 The underside Ib of the wafer is available for further processing steps,
whi ch 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 8 expediently be used to package
conponents which still formpart of a wafey. However, the process can al so
be applied in a simlar way to chips which have al ready been separated from
t he wafer and conprise sem conductor structures and 5 connection
structures. Fig. 2 _shows a covering |ayer for the substrate 1, conprising a
gl ass | ayer ©4 gﬁ& a3peas B [CfereOoVEHe qfl depdelperadhering R ekabss in
the range fioghlche Mrdebacehiseh fetSUltid ladd doipdde Qncapspl alion, or
hermetic sealing, while the plastic layer 5 is thicker, in order to Inpart
great er staﬁpwrg?f?§ttﬁ@P@@ﬂéﬁdaéaquﬂkpiece for subsequent treatment .
steps. Fig. 3 shows the further treatnment of a wafer. The wafer is 15
t hi nned on the underside, so that the conponents that can be produced in
accor dahce Wurhheklmoreveby oeleateng thiswicaksgb stomdtieataneh etthi ng pits 6
are produce : ing.as _far the connect.ion structures 3, which act as
an et chi ng g?5§§&$gg’mgfe?suﬁggggp & Fﬁiﬁ?%%%%ﬁ(ﬁﬁf\ﬂqﬁéﬁfﬁﬁ%ﬁﬂi%f &
| i t hogr aph, m2gewi fhythle ofednomgaafict hadc omgectiicor ] 3 Treinsi nni >0

open. Then, ,Line contacts are produced an the underside, .faqr. exanple by
Sprayi ng or BBt &b RS TAFCRILREC BYuFt TERICTORIIR NG ERydre Shste
produced in the region of the etching pits 6. Then, the plastic used for
the lithography.is renoved 25 fromthe fer underside Jb. t, a bal
grid arfay ggighﬁp%ﬁﬁéa f8yFﬁel@oﬁ&ﬁgﬁﬁggtpaﬁe%§r?F éﬁﬁqlﬂgﬁg§%n i's

di vi ded al osgbptaaes 9f tThe eesdkiohscampbunal befoek elhget rearic: et es

whose sem condqug¢tor structures_ 2 are safely enbedded between the covering
| ayer 4 andm?ﬂléE %@?r F@nleE&H PRefussdrhedy BPY Rer fediccdianf sdfa%d. Fig.

4 shows a negdhéilcagi plrbeskBeqarbadi mBRbi1shewh bE BradudtiThe SYRJYIRLESS
steps as those described above are carried out, but the plastic on the
waf er underBf88°f6 1avAs: B5iFenseéatangesorses TORElEndebsivee tie glass
passi vationiapdr. 9npeptecth¥e | aner gllssFhdye® showsancemodident in
whi ch a vapor-deposited gl ass [a er %1 is to be applied to the underside |Ib
of the s subBiFarespnyiead &F BHelprashiclpPayercepsuAStinn ke &eEoWtHent
shown in Figea8 wibg PE@?&&E vsednbopehithagraphy s giremyved iFpdhe mafer
underside Ib, and the entire underside I'b of the wafer is vapor-coated with
the glass, prblacthg Blastbcsdayart hEcRrghussdl ayper thickocHive wiiads dsayer
11 shown 'nrgﬁgiréd kb¥?s£QBiP£Q§E&8nl8M§Enbofhkkﬂﬁkrg&%@e%@i%bgbf4th%erves
as a protectlgelor passi vati on

20 module.

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,



“layer. is As illustrated at 11b, this glass |layer also covers the outwardly
proj.ecting parts of the line contacts 7. To apply a ball grid array 8, '
~these regions 11b are uncovered by being ground and/or etched away. Then,
the ball grid arrays are applied, as showmn in Fig. 6, and the wafer is then
divided up 20 in order to formindividual grodul es, and indicated at 9. The
sensitive sem conductor structures 2 are protected at the top and the
bottom by a respective glass layer 4 and 11. In a further enbodi nent of the
invention, the wafer is 2s divided up at parting planes 9 which do not pass
t hrough t he Fé@nnécti on strgdawses WhRfleyr e ttian advEdntalgess end iplastadso
possible to ensure a hateral passivation protection for the nodules. Fig. 7
shows an exanple of dividing up the wafer which only affects material of
t he coveringiBayér 4 and ofshRwst lrées pirsiduattd oh cthesqurosstines it ithéial |y
the sane as for the e§§qg&ary enbodi ments descri bed above, i.e. the wafer
is thinned fromthe undersi'de and etching pits 6 which extend as far as the
under si de of'ighe4connect i oshsmwsucther esldld taraadr gduced.c T iafeariamdef si de
I'b is lithographed, wth kg% %sur% &%n of the connection structures
remai ni ng open. The |ine G cOntacts “Trare produced in the region of the
etching pit§i§,. Bith the ettbiwsg thiet scaltingheingHe lwagid widrdeaenidis tv Men
material 12. In this context, thickening by electroplating using N (P) may
be considered. The coXB8RERE pﬁF&&&@Pbﬁgaﬁﬁ'S accordance with this
enmbodi nent Bfigt he inventi oBhaeeottengbplhiawe ith @fghk- eRNNACHS PISHNY to
t hrough the substrate, . After. the plastic_has been renoved fromthe wafer
under sitfleat | east in FRE WBEFENSBPYEhé cEhBacts 7, the ball grid to arrays

8 are appliedg.This is fol kewed BY fdir¥hdirngayp othappahangal-erg Halanes &
~The result is electronic nodules with hernetically seal ed sem conduct or
structures 2, with an®&h&¥egous plastic |ayer 10 being present or absent

dependi ng opi§hegprocedur esgRRkOY8E. ehdapsulth83on8oaNdHd ShEW,an Lxeywplary
enbodi nent invol ving the production of a glass |layer 11 on the underside.

The procedure is siniVafefo that of the embodi nent shown in Fig. 5 in

conj unefi onewt hoFi 9. 7, 1 ookl £h@dapeakansi8hecdo Reodusedshaneant d
connection structures, and the entire underside Ib of the wafer is coated
with the glass |ayer 42, thhAi ¢afes shennréno¥ed-i A.the region of the filled

etching pits;8 ipgorder fogythe hakh gyl - ppLied.thereto, as
shown in Fig}§9. After the mafgr hg% %ééﬂ g?%?égﬁggéhgpgapéhgqﬁkgﬁé§£b,
nodul es with encapsul aregngemegonduct or structures 2 are obtai ned. The

gl ass system of fhe layer 1 d_ftorm, _% t i.nar ystem
NUIticonponeﬁ? sygtens areé%gé?e%?%ggygoo%h%gﬁége gg?tpgﬁggFagén%higﬁdhas
t he fok?9ow Ngdcohposition, shawpedreatebyrori ghtrohasppr bvensparsiecul arly

sui t abl e: Conponents ¢ j . i Q275 - 85B20310 - 15Na201 -
5Li 200.1 - 15 K200.1 nﬁgi%a%%é}g%nSI‘i\&%‘rgeferred vapor - deposi ti on gl ass of

this type is glass 8329 produced by Schott, having the follow ng
COHDOSition?i&p 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 side 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
ah ion beam which, in operation, is directed onto the side 1la
that is to be coated, in crder for the substrate to be coated

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



-Si02 8 . 1 %8203 11 . o0 Na20 ~ 2.09% 15 K20 ~ 0. 3 % 2 .3 %. (in the
layer ? 3 .3% Li20 ~ 0.3% A1203 ~ 2.6% (in the layer < 0.5% 20 The

val ues given in parentheses represent the proportions by weight of the

" respective conponent in the vapor-deposited |ayer. The el ectrical
resistance is approximately 101 SZ/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 approxinmately 45 x 10-4 (at 25C, 1 MHz). so, A
further grouB of suitabl e vapor-deposition glasses has the follow ng
conposi tion(PLAPpercent by wei ght: Conponents: % by weight 12 Si 0265 -
75B2032 0 - 3 ONaz(0.1 - 1Li200.1 - 15 K200.5 - 5A12030.5 - 5 A preferred
vapor -deposi tion glass fromthis group is the glass G018-189 produced by
Schott havi R§¥t ReTrEoPrEAilAg§ EONEGHPASCt ithe: PP5Sib leompdrrdmad:elby

wel ght & 02718263¢n8basnn, 5al k60815 SH20 QAU oG etheOldssen fiiad and

(@18-189 that are preferably used parti cul ar ve the properties as
listed bn t heinabhdebekewioRropehtivésg32e@ItentiBeaas- 3¢auct@ @ Bral . 753

.2Density . . 2,2 127Tr f iQn i.n d 2742R%fractiv index
ndl.469l.46%%@%&%%y%igggéégsggﬁggeéngés gggoF |ﬁ%’t%%F88 fNﬁ%?é rom
resi stance glassnancofdengohnebtNoh? sti6t2Alkeal mayesifstramcampllass accor di ng
to DIN 5232223Di el ectric constant 250)4.73.9 13 _(L\VHz) (40GHz).t.an8
(25C) 45* 10- oTPﬁ@E?Z%QTB-Pa?iO@ﬁE?%hgr conhection sur%acesx %%e Qlllcon

wafer constitutes a substrate with a surface roughness of

10 < 5 pum. The top side la of the substrate is on the opposite
side 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 10™* 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 1lb 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



“To produce particular properties in the nodules, it nmay be expedient to use
gl asses of different conpositions for the glass |layers on the top side and
on the underside. It is also s possible for a plurality of glasses having
“different properties, e.g. with regard to refractive index, density, E
nodul us, Knoop hardness, dielectric constq?t, tan8, to be deposited
successively on the substrate. to As ali alternative to el ectron beam
deposition, it is also possible to use other neans for transferring
materials which are deposited in glass form For exanple, the vapor-coating
mat eri al magxpedieng lor e blsedwticc padkadee stabanent ecihriorh i 9iphkt he'mi ng.
El ectron i ati fr thig, e | 2§QQ: r JA ool .l rges
whi ch are gg%%}telragt tgd%%r#g t Eiéj%(?r uchI%G‘{) or der %EI? %a%% OI(g)gn ?%f%ﬁe%?al
to be vapor iezedmiilelr avapr édetadrimisnethikimétavws enlerapdy Tesre fppestsed from

i kew se ma i si_hle t .Qdu I y. i ' sive thermnal
| oadi ng on 'E‘k'ﬁéa é’&%g?ﬂ g?lgegﬁ%\ﬂ%{l%% t%ggg glzigcﬁso%%t&%%ee%. e foll ow ng
t ext presentonesglttisnofstrardtores.ests carri ed out on vapor-deposited gl ass
| ayers formed from glass 8329. 25 Fig. 11 shows the results of a TO~ SIMS
measurenent, in which the count rate is plotted as a function of the
sputtering Fige. 2Thacmeasu et nehdrsgeire ricre s Hehesybadftdtee af, tdwemet by
concentrations_in th di rectiaon per

pendi cul ar tao t suhstrate surface. A
t hi ckness _cé‘ngtléﬁ@y PEETt fre 3ads pllraé:‘r?é%gaéﬁ‘eQ _'%hlﬁ'fe t Sisafeary‘?ﬁi‘g&hae%s
was determ gedy; cxhdsE 9n 1SS AT Lal 1 J9 GRPSCRP&H HaANSYE S ent

m crosection inmage of a silicon substrate coated wth the vapor-deposition
gl-ass 8829. fPhethapencdppodiatiion gradermed icheeurifrare Wifitehethnd [P lopgkic
substrate a curely tqQ. o er. | NycTel] ooy

rel eased evg%y%;% Ehgst rtglgs%\%gr}éeqr% c%%g%gg%%orﬁd%%pér atl oﬁcr i%\g\}lokfl\l;helﬂ nﬂtOCB
preparing t heespefemens Buwchépiece, foesissitamrorieartd tstegbinidantty stegsur enent s
were carried out on a vapor-deposition glass |layer formed fromto
vapor - deposi ted gl ass 8329, in accordance with DIN1SO The results are
given in Tablig.13 shbdwsTabke flirther 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 remdved

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



- Speci men designation: 8329Water DI N I.SO Consunpti on Na20 Conment 719 of
equi,valent sClass HC1L [mM/g) [~g/g]HGB 10.0113noneAcid DI N

12116Mat eri al Tot al Conment Cl a~~sr enoval surface areas/visib[nmg/dn2][cnR2]le 7
" ~~changesl W) .'42 x 4 Ounchangas naterial edAl kali DI N '

| SOvat eri al Tot al Comment 595r enoval sur f ace

ar eas/ vi si bd ass[ ng/ dnz] [ cn2] | echangesA 2f22, 2 X l4unchangAs materi al ed
16 Patent Clainms 1. Process for formng a housing for electronic nodul es,
in particular sensors, integrated circuits and optoel ectronic s conponents;
conpri si ng phetstepseolayprotddi ng a substrate (1), of which at |east a
first substrate side (la) is to be encapsulated, - providing a
vapor - deposition glass source (20), to - arranging the first substrate side
(la) in suchig.nansrowal th eeBpdiinehe thewhaphr adeposirt-idepogiases sasee

that the first substrate sjide_ (| an be, vapor.-coat.ed; .- V r-coating the
first substr@¥ersidefi FA egﬁéggkﬁéng ?Hf. f§e§?1?ﬁ915}8€2§ €as cl ai ned
in claig LsMB@tEiaget hessubat pat ehpr ptededchaayere 10r. Ber € egieons
conpri sing sem ¢onductoyr structures (2) and conprising cqnnect.ion
structures %Wb?G%m?BFn?ﬁawgeﬁpcghaucgortSFrBEFgEé§ P?%da% Ibﬁﬁ%&ﬂﬁﬁﬁ?@ﬁ)
structures {s3rdmovéd FREmPtREEGEfas GhakmBEden18l abfd2 chehemgiitd he one or
nore regi ons haV|n8 sem conductor structures (2) are arranged on the first
B

side (la) OfngpESEEBsiPapE. thes walekelp, Yapey -502trs Wedhi e Shass.
wherein the_substrate_i royvid 1 th, a i ipon.lLayer (10, 11) on a
second sidepf?%??lﬁﬂi%h§igoo%btﬁ% g%%%%i?ggggdgg%F%n% he first side (1a)
30 5. The process as clained in one of the preceding clainms; the substrate

conprising a wafer erein_the _process_conptises,th ackagi_n f

conponent s ﬁﬁ?cﬁfﬁ%?r?aYSFn}£a?P88F APwAfEr 5’ Ei§e6sh$hg56%5&géga §r 10
clainmed in oneugtribedpiacedgngscl aepseswher ai prohecsubst bat @ack)iviesion
vapor-coated with a glass layer (4, 10, 11) on two sides (la, Ib). 5 7. The
process as tF%FFed in one of the preceding clains, wherein a '

vapor - deposition glass source (20) which generates at |east a binary gl ass
systemis provided. 10 8. The grocess as_claiped in one of the preceding

cl ai ms15 wheh@i bl + et Hapse- depbsPt | BRALEI 988S80LR¥ET( 26FCi §OYFEFatd unti |
the glass |gyglatdlyhgsodethiskngsstknotheneanggel E@RLacts 7. To apply a

ball grid array 8, these regions 11b 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. Thé
sensitive semiconductor structures 2 are protected at the top

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

In a further embodiment of the invention, the wafer is

25 divided up at parting planes S 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 1ayer 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



“0 . 0Ol to 1000 um in particular on‘the f first substrate side . i5 9. The
process as clained in one of the preceding clainms, wherein as part of the
~step of providing a vapor-deposition glass source (20), a reservoir
conprising organic constituents is provided, and these organic constituents
are converted into the vapor state throughgapplication of a 20 vacuum or

t hrough heating, so that during the vapor-coating m xed | ayers conpri sing

i norgani c and organic constituents can be forned on the substrate side. 10.

The process as clained in one of the preceding clains, 2s wherein the Iass
| ayer thickREBE2FESi A BRE PERGRICEE: WBeRDS. regR@ms@ivithe B Chimg Ride s

clained in QB@hOEhEhétEhgﬁgdbﬂﬁsCb@b%sbeWﬂ%rQhﬂl%GEmﬁkﬁﬁ%dﬁaﬁﬂtﬂJHCkness
is in the range between 50730 and 200 Vi 12. The process as clainmed in

one of the Eﬁééééﬁhglélaﬁﬁsth%ﬁeﬁépﬁeﬁﬁe V&B@kﬁééﬁébﬁm<ﬁ¥%ﬂ§£ﬁ?%ﬁt%mk
source (20) ub§n eReral e br B@ %o%%l%rteér g‘ﬁue( g%e’i‘ﬁas” x@dx@ﬁﬁté o, beam

18 (24) . 13. The process as clained 1n one of preceding clalns,
wher ei n5t heavgpéfiaaépowthoﬁhgsas;stbgsiémeng @fb@ﬁ‘l@smn‘f(%ttel@ gimdlngly

cont al ni ng ﬁéUQ‘EH%?B?thoﬁ@Qc 'kghbﬁgﬁﬁgkhQéhgﬁ HAC S o14  The process

as clainmed i n one e precedin rein the vapor-deposition
gl ass has a coefficient of to thermal expansion which is virtually equal to

that of the, fHQ%t%ﬁgePl%gt Ih%agrg S%Sr%%ogké'g% | QNG O é'H%d%rs\ﬁgr@

cl aims, wherern theé grass [ayer (LT {11 CKness s
i's reqU|redatoleasheinethe seghpnand mherebntactayer ahepladtli gx(is) is

applled above t he glass ¥§ n or der ;? % t.e .further roceSS|ng
of the 8ubsftharE® ( )arTGap ée %E 38 gP ﬁg& 8 o e E gbdlng
clainms, 20 mhée9|alanglpnaheby9ongbaSSShayens allecrajpori-cdepasilteed wintto t he
substrate (1% 3?9 gosi B e for tg glass IQ%grs t 0 consi st of various
gl ass conpot ?W%ﬁéca RBLBFoEEEs CqRIRF EP e FIFCENE S5t 2 hd 5Tt ng
clains, 25 smheregbut hpléut&beuapéeceeswgngf pirBeesttbsit albseht) deperidies; t he
rennval of materi al rog1a second sybstrate side (Ib), which is on the
opposi te side FROMPTRESFHFE: SERhSYFEte side ( la) . 30 18. The process as

clainedsin one of the preceding clains, wherein the substrate (1) includes

a wafer having amglurallt of semi conductor structures (2) .and connecti on
structures {39 t Anghe §€€Un6nsﬁﬁ§WP5F§YsPB@O@EWFntWHPEPlvén@h ke

opposite Slﬁﬁoéuéﬂléﬁeoflésgléﬁgslé?éﬁ sidgn(tak, ubekrgide t hinaned, pits
(6) being géggggdgget?g ggggggrsggstﬁggeoglthe em%odlment 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:

Q

Components % by weight



“(I'b) in the region of the connection structures to be produced, the regions
for formng the sem conductor structures (2) being |ithographed using
_plastic layers, line contacts (7) being produced on the second substrate
side s (1b) in the regions having connection structures (3), the plastic
bei ng renoved fromthe second substrate sige (Ib), a ball grid array (8)
being applied at the line contacts ( 7 ) , and . the wafer being divided up
so as to forma plurality of to el ectronic nodul es which each have first,
encapsul ated sides (la) . 19. The process as clained in claim 18, wherein
the second S&Pstrate side (Ib) is provi dedWwith a plastic covering (10) i5
whil e | eavi pgogcl ear the ball grid regipons 1(s8) . 20. The process as cl ai ned
in claim18 or 19, wherein after the plastic has been renoved fromthe
second substRaPe side (Ib) the whol elof tthe second substrate side is ao
vapor-coateg ;wth a glass layer (11),, and wherein the line contacts (7) are
uncovered by focal elimination of the gl ass layer (11), after which the
steps of appkYing the ball grid array-@8) dnd of dividing up the wafer are
carried outAhz order to obtain elect&oqig nodul es whi ch are encapsul ated on
2s both sides? 21. The process as clainmed in claim20, wherein the entire
second substrate side is vapor-coated with a glass layer (11) with a

t hi ckness ip- r 1.t | nd _30 +.1h rocess_-as_clajed
n one of chaPherraia YrilisrBeRnleh ety o it rf 1r s SR
connecti on ptrodutededy( Srhate ,f havédgwithle coldwetinee cumiperdiadiqrl?), after
which, with or without renoval of the plastic (10) from 35 the second
substrépg side (Ib) and with or without a gl ass 20 layer (11) on the
second substtate side (Ib), and | eavieagiel ear the line contacts (7), the
ball grid aéQ?y (8) is applied at thi i ne contacts (7] and/or at the
filling mat&fi%al. 5 23. The process ¢-8Faimed in one of the pr ecedi ng
claims, wherein the vapor-coating of the first substrate side (la) with a
gl ass layer (4) conprises plasm ion assisted deposition (PIAD). io 24. An
el ectronic Mgl e, in particul a?-8%la sensor or as an integrated circuit or
as an optoe] ectronic conponent, prg$qcibLe by tgg process as clained in one
of thelgrecgtﬁ ng claims. 18 ,. 953%Thé-dFedtfohit® ModEe %as -AHimed in '
claim 24, which on a first _sideq( has one or nore regions with

sem conductor®structures (2), and connection structures (3), wherein the
substrate is coated with a vapor-deposited glass |ayer (4) on 20 at |east
one side. 26, The electronic nodule as claimed in claim 25, wherein a

pl astic | ay®t2Q5) which refnf or ée§%t hénnbAgl é2v&Tappl0i-€§)t o the gl ass | ayer
(4). 25 27. The electronic nodule as clained in one of clains 25 or 26,
wherein the substrate is thinned. 28. The electronic nodule as clainmed in
one of 2¢| ai F8e 2%atve8092venwhBr BRRCRhBeSEEsrERTESER tpLhE Padpsinticas by

pass'vat'onweight 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

fellowing composition, in percent by weight:

[*)

Components: % by weight



“layer (10, 11-) on a second side (lIb), which is on the opposite side froma
first side (la) having sem conductor structures and connection structures.
21 29. The electronic nodule as clainmed in one of clains 25 to 28, wherein
the glass layer (4) conprises a mxed |ayer of inorganic and organic
constituents. 5 30. The electronic nodule;as clained in one of clains 25 to
29, which includes a multilayer glass layer (4). 31. The el ectronic nodul e
as claimed in claim 30, wherein the individual |ayers of the glass |ayer
have different to conmpositions. 32. The el ectronic nodule as clainmed in one
of clains 25iCe 31, wherein the subst&te 1581) , on a second side (Ib) , has
i ne contac%§ that are connected to gﬂpneq%jon structures on 15 the first
side (la) . 33 The el ectronic nmodul € as claimed in claim32, which

i ncl udes a bakd grld array (8) at theé .l ne Icontacts.
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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
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glass layers on the top 51de and on the underside. It is also

5 possible for a plurality of glasses having different

properties, e.g. with regard to refractive index, density, E

modulus, Knoop hardness, dielectric constant, tand, to be

deposited successively on the substrate.

10 As ‘ain alternative to electron beam deposition, it is also
possible to use other means for transferring materials which
are deposited in glass form. For example, the vapor-coating
material may be in a crucible which is heated by electron
impact heating. Electron impact heating of this type is based

15 on thermionic discharges which are accelerated ontc the
crucible in order to impact on the material to be vaporized
with a predetermined kinetic energy. These processes likewise
make it possible to produce glass layers without excessive
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 perpendiculai to the
substrate surface. A thickness constancy for the glass frame

30 of < 1% of the layer thickness was determined.
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Fig. 12 shows an electron microscope transverse microsection
image of a silicon substrate coated with the vapor-deposition
glass 8329. The vapor-deposition glass and the surface of the
silicon substrate are securely bonded to one another in a
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
vapor-deposited glass 8329, in accordance with DIN/ISO. The

results are given in Table 1.
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Table 1:
Specimen designation: 8329
Water DIN ISO Consumption Nazo Comment
719 of equivalent S
Class HCl [ml/g] lug/gl
HGB 1 0.011 3 none
Acid DIN 12116 Material Total Comment
Class removal surface area | s/visib
[mg/dm?®] [cm?] le
changes
1 W 0.4 2 x 40 unchang
as material ed
Alkali DIN ISO Material Total Comment
695 removal surface area | s/visib
Class [mg/dm?] [cm?] le
changes
A 2 S 122 2 x 14 unchang
As material ed
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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 préceding claims,
wherein the vapor-depositicn 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 proceés 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-ccating
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 um.

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

wherein the glass layef 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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13. The process as claimed in one of the preceding claims,
wherein the vapor-deposition glass used is a borosilicate
5 glass containing aluminum oxide and alkali metal oxide

fractions.

14. The process as claimed in one of the preceding claims, .
wherein the vapor-deposition glass has a coefficient of
10 thermal expansion which is virtually equal to that of the

substrate.

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

15 which is required for a hermetic seal, and whereln a layer of
plastic (5) is applied above the glass layer (4) in order to

facilitate further processing of the substrate (1).

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

consist of various glass compositions.

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

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

which is on the opposite side from the first substrate side

(1la) .

30 18. The process as claimed in one of the preceding claims,
wherein the substrate (1) includes a wafer having a plurality
of semiconductor structures (2) and connection structures
(3), with the second substrate side (1b), which is on the
opposite side from the first substrate side (la), being

35 thinned, pits (6) being etched on the second substrate side
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(1b) in the region of the connection structures to be

produced, the regions for forming the semiconductor |

structures (2) being lithographed using plastic layers,

line contacts (7) being produced on the second substrate side
5 (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

10 electronic modules which each have first, encapsulated sides
(la}) .
19. The process as ~laimed in claim 18, wherein the second

substrate side (1b) is provided with a plastic covering (10)

15 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 (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 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

25 both sides.

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

30
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

35 the second substrate side (1b) and with or without a glass
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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 optcoelectronic 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 (1lb), which is on the

opposite side from a first side (la) having semiconductor

structures and connection structures.
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5 30. The electronic module as claimed in one of claims 25 to

29, which includes a multilayer glass layer (4).

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 (1la).

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

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



