;e3e:b: 1 @6Tbu \ Schott AG Process for producing copy protection for an

electronic circuit The invention relates to a process for %ﬂﬂm@m‘mmww
t,

protection for an electronic circuit, in particular an inte

and to an el ectronic conponent having copy protection. The conpl eXloby of

el ectronic circuits, in particular io integrated circuits, is beconlng nor e
and nore conplicated on account of ongoing technical degsGopnessSGPThis
brings i nt sgieyr m®@duct pirates, who uncover an integrated circuit from
the housing in order to analyze it and to abuse the results against the

manuf acturer's will, and in particular to copy i5 the integwmmmmmmmMmmMm.
This problemis of particular relevance to electronic circu
t he manufacturer has a high level of interest in naintaining sece®Rey» Such

as for exanple circuits 20 for decrypting encrypted signals, in particular
for pay-TV and plastic chip cards. Al though chips are typically

encapsul ated in hou |n S _Qr the e, .these housin ved again
by suitable neans 2 %3 Fhere rOE C1 Aot <0 P?éPr°qﬁéé§¥§n 6{§¥§ct|on from

m suse or copying. Therefore, |teusc&&oﬁhpe@hr@h1&he present invention to
provi de a process which allows the production of effective 30 and secure
copy protection for an electronic circuit. 2 A further object of the

present invention,d:s:1on PFOVALEs af €4 e5tE 08 E EOAPORSHhC DAY ng?f fective
copy protection. s The object of the invention is achieved in

sur pri si nglBr et ept komalor v %%e¢¢%P%h%j%%¥C%%&te%nd?aEFéFH%a{ aRd 25.
Fur t her Conﬂ@é% 108 ScPfctie, | et ofy Fof St Aon SUbESEboRBAE Bhafinghe

subcl ai ns process according to the invention for producing copy
protection depy aprefectiomnic circuit, a substrate is provided, the
substrate havi ng sem conduct or structures on a first side. This substrate

is, for exanple, a silicon wafer
The complexity of electronic circuits, in particular

10 integrated circuits, is becoming more and more complicated on
account of ongoing technical development. This brings into
play product pirates, who uncover an integrated circuit from
the housing in order to analyze it and to abuse the results
against the manufacturer's will, and in particular to copy

15 the integrated circuit.

This problem is of particular relevance to electronic

circuits for which the manufacturer has a high level of

interest in maintaining secrecy, such as for example circuits
20 for decrypting encrypted signals, in particular for pay-TV

and plastic chip cards.

Although chips are typically encapsulated in housings or the
like, these housings can be removed again by suitable means
25 and therefore do not offer sufficient protection from misuse

or copying.

Therefore, it is an object of the present invention to
provide a process which allows the production of effective

30 and secure copy protection for an electronic circuit.



wWith circuits printed on to it which has not yet been divided i5 into
chips. The electronic circuit preferably conprises a switching circuit, an
integrated circuit and/or a sensor. 20 Furthernore, materials for coating
the substrate are provided, and the substrate is coated with one or nore
copyprotect l|layers. The copy-protect |ayey or copy-protect |ayers have the
function in particular of protecting against spying on, m suse and copyi ng
of individual sem conductor structures 2s and/or the overall circuit. The
copy protection in particular protects circuits having sem conduct or
structures which conprise electronic decryption neans, since such circuits
are particul aflyhdyr N9Sfe Of SECFREYpriBent MPRTEAPioAPPEI €8t heBvageaanf the
invention is therefore protection against_ product 30 piracy and decryption
by unaut horéFeet personecmporeeoder sl 19 re bhyChi vadeaRy | REOTFRAtpaRti cul ar for
pay TV, or for circuits on chip cards which are of relevance to security.
Providing a coating as the copy protection has the advantage 35 of on the
one hardl prbwve ddbieseryf effiectiventopy psorei¢vad iR arsprprégthnghyagai nst
anal ysi s or_spyj nd. t e o} LNng. si 0, appky-to the
Substrate 5?”&%%Qaﬁ$%??8$5r$ﬁe€%%r%?gigc%a%?ggé%f?grgPéEE%i%ogﬁ?pgéfection
over the 5 Buttiher coantigaraaiombi ch tkesnvenpossi bbemevka svbpeetent
spying on parts of the circuit..ln particular, a coating may al so be

i nt egr at ed %%t%égd%%t%pei%u %%aﬁ%?hod used to fabricate the circuit. This
advantage to has a particularly positive effect if coatings, e.g.

passivation_ or stabilization |ayers re to be applied.in any.case, | hi s
case, the 2%%§-%?%t%%?c?%ﬁe?c%?¥$é§%r oa%%eoﬁ%v%ﬁgﬁ%?ef?ﬁrPﬁégugég iﬁég?
e.g. a passpryeteonion sSbéabahi gaétonondatchgeutan heschstredeots in the sanme
apparatus, in 15 g rticular, a vacu n1chanber@%§é€aerably

i t hout the
substrate HRFAGFeFovElie i PURFERREG DAY 1EdsS u?ﬁgrcﬁg%Pﬁgu5S§r8Pi8ns,
so that it fsrpossibbe tRiavVeOLEsBPRa€EPEHSi ¥6r a8kapIE; CANBHNE Bgnchafigeover
operation. 20 It is particularly advantageous jn terns of process _ecqnonics
when producth seht eohbsicPHt 2 prodeRt 5Ot h thh%th%§-BP5t¥€E Pﬁﬁpiﬁév&gﬁ be
appliegs areghly @Ngﬁsthe as yet undivided wafer, so that a |arge nunber of
chi ps can be provided with the copy protection in a single working step.
This is 25 advantageous in particular in the case of chips which are

encapsul at eppate WabFohe¥eti Heing phatelspkponBmaeinaker keveknpagkagi ng
(WLP). In this case, the process according to the invention may on the one

hand be use@if@uididi @Rohnteorate PLEFUSR #R4/6FYhar SARAATMAY even repl ace
at | east substeps 30 of the WP, in particular if the copy-protect |ayer or
the layer to protect against spying is fornmed in such a manner that it

si nul t aneouBhytherfores maheusfhg 5aY/ opatindi theathbAtrahet psB, i.e. forms

an integralpP@&idQ&,tQEd the substrate is coated with one or more copy-

protect layers. The copy-protect layer or copy-protect layers
have the function in particular of protecting against spying
on, misuse and copying of individual semiconductor structures

25 and/or the overall circuit. The copy protection in particular
protects circuits having semiconductor structures which
comprise electronic decryption means, since such circuits are
particularly in need of secrecy. One important application
area of the invention is therefore protection against product

30 piracy and decryption by unauthorized persons of decoders for
pay broadcasting, in particular for pay TV, or for circuits

on chip cards which are of relevance to security.

Providing a coating as the copy protection has the advantage

35 of on the one hand providing very effective copy protection



housi ng. 4 1t is preferable for the sem conductor structures, at |east

i n-regirons, to be covered by neans of the copy-protect |ayer or |ayers, so
that the latter are not accessible without 5 renoval of the copy-protect

| ayer or layers. It is preferable for the copy-protect |ayer or layers to
be matched to the substrate in such a wayzthat an etching process which

di ssol ves the copy-protect |layer or layers io |ikew se attacks the
substrate, in such a manner that the sem conductor structures are at | east
partially or fully dissolved, attacked and/or destroyed and/or the |ogic
circuit carPMPIIRRFLIYe 3R ANFBYF bW Mg TRV 24BF PRetRBpytiayer or

layers, an%&r@ﬁ"%ﬂ%‘iﬁ%{ Sl d efPtah91 ¥ Yo M Or shiSs €ELRYe L B8 €héCHhEekN
whi ch the copy-protect Tayer or |layers are to be etched away is dooned to

failure. Chem cal or wet etching, as well as dry or plasnma etching, are

suitable Etﬁﬁﬁﬂﬁbfm@ﬁ§§$§sc$§%iﬁ?eoﬁﬂﬁfsp&OﬁﬁffofﬁyﬁfOQéctﬁMﬁréve%othe
Therefore, selective renpval of The protection |ayers w thout damagi ng the

seni corfduct&itt ke weeared aweeh Wrichreslees bh peesthbsteuer bP REFPEENFS
therefore i ib e difficult. Therefore, the
PSS "2 BEr0) L ke et

structures y be the subject of unauthorized copying. 25 It is
preferable for at | east one copy-protect |layer to contain silicon. This is

very wel | tched..in terns of the e i ropers | supstr .t h
seniconduc?%? ?%@%ﬁ%u Ased o &t $%0%593€9%§e8%o£§§% % %%? #gyérggggFé%ers
are preferah ytlappheeldodsused ayer fabrtbats tclatchuoust at Theasadvantegeons

s St abEF ot bl L LY, mSPLPL S SLURR0ELOF ShgeLblgl oBTE?, Lo (e
etching ar epadsovaepehl ed. stabi ki piefenabipetor ate to.bd applied in any
case. In this case, the copy-protect layer or layers and one
or more further coatings, e.g. a passivation or stabilization
coating, can be carried out in the same apparatus, in
15 particular a vacuum chamber, preferably without the substrate
being removed from the apparatus between the coating
operations, so that it is possible to avoid an expensive and

time-consuming changeover operation.

20 It is particularly advantageous in terms of process economics
when producing semiconductor products that the copy-protect
coating can be applied areally over the as yet undivided
wafer, so that a large number of chips can be provided with
the copy protection in a single working step. This is

25 advantageous in particular in the case of chips which are
encapsulated at wafer level using what is known as wafer
level packaging (WLP). In this case, the process according to
the invention may on the one hand be used in addition to the
WLP or on the other hand may even replace at least substeps

30 of the WLP, in particular if the copy-protect layer or the
layer to protect against spying is formed in such a manner
that it simultaneously performs a housing and/or
stabilization function, i.e. forms an integral part of the

housing.



| east those regions of the substrate in which the sem conductor structures
are |l ocated to be conpletely covered and/or hernetically encapsul ated by

t he copy-protect |ayer or layers. 5 The inventors have surprisingly

di scovered that glass is a suitable material for the copy-protect |ayer.
Therefore, in particular a glass layer isgapplied to the substrate. A
silicate glass, e.g. a borosilicate glass, in particular with to al um num
oxi de and/or alkali metal oxide fractions, is preferred. In tests, the
evapor ati on-coating gl ass 8329 produced by Schott has proven particularly
suitable. The copy-protect layer, i.e. in particular glass, is i5

preferably gppjd efgr@ﬁ/elea@p@r@éf %&Oéé&lw%n&'&@t@ya@ef@éwfegoaat NPeast
y gl e

advant ageous ves rise to very secur onding to the substrate w thout,
for exanpl ein athwEines iy cerie@dy IMeams sOF especEorY ePEPEAcE 1aYarso

made to the I i Q 2 0 Ll e 4 . 102 22
064 3, fil et ?%%%’3.%%0%&%&%21%‘%%8@% 3 e%ccg%s%%%%%ggg?u% 102 22
958. 9, Fil etkrrvds. @B, 209 5ohFHOX &2t 7ByySy 67 | balyens11. 13. 2002; 2s DE 103
01 559.0, filed on 01.16.2003 in the nane of the same Applicant, the
content of disclosure of which is hereby expressly incorporated by

ref erence. Ihheid gpreferampble ofes stiparaopy epsoeet atyper ageolsyéne thebgo
appl i cation_of

a continuous . ayer, of. gl ass,_as copy- tect .. Surface
roughness d?ati%ecgutb%t? es.ukisaléﬁag?n%‘ I%\%cs}tl e%p%?%t%ﬁgegdﬁﬁi %%8¥§fég
evapor at i onprocd$¥Grhidh Ri ssal eesluthagedibe- evepecat Leper 16rd4laparsit is
advant ageous, for, t he depasiti.on or | ication by evaporatiop cpatjng of
t he coﬁg-pg%&§ﬁwl?%y%§t$%k%et%%r??gggga%%t by e saoﬁaBPﬁgngh?gnEégsisted
deposi ti on ¢EhARIndldLdhi St eacturéd 4oa Heaneast agditianal| yrdEudtyed onto

the substrate that is to be coated, The ion beam can be generated by neans
of a pIasnﬁd%%ﬁﬁ%%ﬁdfoﬁt%&%mﬁgea% /?5ﬁ$§%5¥%ﬁegfa% £oFt BEFelgdsc ?ﬁ%CBngna
produces adgit ighal okledsihé CREEPEaOEd following removal of the copy

layer or layers, and consequently an attempt to spy on or
15 copy the circuit in which the copy-protect layer or layers

are to be etched away is doomed to failure. Chemical or wet

etching, as well ag dry or plasma etching, are suitable

etching processes for the copy-protect layer or layers.

20 Therefore, selective removal of the protection layers without
damaging the semiconductor structures which are present on
the substrate or wafer is therefore impossible or at least
much more difficult. Therefore, the structures cannot readily
be the subject of unauthorized copying.

25
It is preferable for at least one copy-protect layer to
contain silicon. This is very well matched, in terms of the
etching properties, to substrates with semiconductor layers
based on silicon.

30
The copy-protect layer or layers are preferably applied as a
layer which is continuous at least in regions and are in
particular fixedly, completely and/or areally joined to the
substrate and/or bond to the latter, so that attacks other

35 than by etching are also repelled. It is preferable for at



to the layer and renoves | oosely attached particles fromthe substrate
surface. This leads to particularly dense, |ow defect deposited | ayers. The
copy-protect layer is either transparent, which is is advantageous for
opto-el ectroni ¢ conponents, or opaque, nontransparent, shaded, col ored,
cloudy, matted or with simlar vision-inpgding properties. Silicon as the
mai n conponent of wafer and protective |ayer zo can substantially only be
renoved by neans of the sanme etching chem cals, which virtually rules out
the possibility of selective etching. Even when dry-etchi€g$processes are

used, a comfaiHt G TRAETHIQL HNR TRk st atlel oF er and silicon

glass is prtecishadaNsic S8t etd YRS BIEAM W, £ S D€ cdiiib D& fBL { 0Bcadped
the etching stop can only be obtained on the basis of the elenents of the

seni conduct@d /e erevret irahlvsangagsil ated vk tFPRY IPFOFRAE | BAY FhsCheen
acquired, i1 8,0/ance the sem conductor |ayers have been damaged, can the

et chi ng process be stopped. 30 However, glass can also be used for

substrét es other than silicon, including organic and inorganic

seni conduct )3 ' I p{i@ﬁg L OR- i Ro.9Lasses. 35
It is pref e@% Ilewec#éét e IZ%% Z%Beygz oug n@%ﬁ?ﬁ%%ﬁ%s@?ﬁ%eﬁl agto be at
nmost 50 Vi rguilttabde onaterimhniportieorcope poetéci bavenf Theradprexpiafsi on

of the SUbSta(xaélec@f%rtg'e%%sgri{f‘%efg&% NGosPPYa ROt EL La¥BE-ato PATLI cular

t he evaporation-coating According to a preferred
enbodi nent ,sithecaopyslast ect . § ayrboonptl sestangbis$ eatth panbigusyst ehth

pref erably & M L6 TPoRenl, §YSt el ic il Ahed 851, PAOAE Ya SY BLAL) I 251 0 DE

under st'ood &S rean ng a nateria represents a synihesis'io of at
| east two et eatedonpouneist s Theherad vavapoat bon orcantng| @tassn8paam

evapor ati on_haye ven,particularly effective e rapion- ting
processes f%lfoglflﬁcé&ig%&-%%?%%fh?%y%%?Vﬂlg%are‘b%a%%ir/%f?%n%%%g g%g'rat es of at
i5least 0.01 ~mimin, 0.1 ~mMmn, 1 ~mmn, 2 ~mMmn and/or up to 10

~mMmn, 8 ~Mmn, 6 ~nfmn OL 4 ~-mMmn are advant eousi% achieved. This
exceeds Knowre sPRRY T AT at €YY al nul t 1P R BN EREsItAES usdSof the

processs acCoFsf deab Dy t HiSpl IWEMbY 08y Abo £ANSO et 8t end Nt EhESEvhAPOrhbeon
production of 20 copg protection. This allows |ayer thicknesses of from
0.01 ~mto AQVOINE MY rRERIBIG.Y rohTe® LhFE oE200°W nfeFor Be"apPrPEdtPo the

substrate quickiybaneselfecthyet ?, £fSPULkShSTe | AYEREs COEBI bEiAG required.
si ngl e-conponent systens (typically Si02) which have been applied hitherto
have sputtering rates of

In this respect, reference is also made to the applications
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.

The following process parameters are advantageous for the

30 application of a continuous layer of glass as copy-protect
layer:
Surface roughness of the substrate: < 50 pm

BIAS temperature during the evaporation: ~ 100°C



25 just a few nanoneters per mnute. It is preferable for the coating of
the substrate with the copy-protect |layer to be carried out at a bias
tenperature of bel ow 300C, in particular bel ow 150C, and particularly 3o
preferably in the region of 100C. A background pressure of from 10-3 nbar
to 10-' nbar, in particular in the regiongof 10-5 nbar, has proven suitable
for coating the substrate with the copy-protect layer, in particular for
the application of the glass |ayer by evaporation coating. 8 According to
a preferred refinement of the invention, at |east one further, | ayer, e.g. a
gl ass, cer FAHLSSHER FUOINP| T i CLPAXARTIORS applied, in pa??icﬂ%é? as an
optical and 5 X-ray optical protection |layer and/or as a protection |ayer
preventing capacitive and inductive spying, this protective |ayer being

subst anti al 1ty 4$wﬁﬁ?ﬁ%ﬁﬁ$ﬁ@%ﬁeﬁ%%t?%ﬁmé#ﬁ@$%tﬂ%%e%F PP paFRFEANaPYt o

X-rays, Of SISl {h CAPRACihd VEr al Okoppaduedt &8t shapbdi pg. bdhbarkaygr nmay
cover either the to entire area or, in the nost _favorable situation, a
parti als ar etofbY Heegry)i @hspbisudel Qubaes beeedrdereratelien bRIPPOLL ethed.

However, thg,p Oégﬁéi Vgn'.ﬁa{ﬁrbm Bl sQafe APRA1 BY hrs8chdacABANERt hat
signal s can neverthel ess be introduced or emtted contactlessly, in
particul ar $ueRkratvel yhat 15 tapeeicraksy. Teeoiemnea® @aprbeeppegrated
enbodi ment ,, at t 80 e jve d i ogpegts
R T R R
protective $ayeabbequenceThsoplhsma ieedtdes prddeeidnal | dgeesfarat ienoeéd

the circuit_Jogic can no longer b rs LS e .dLfficult

to und%&sta%%ﬁg%%% ?d?%% %%m%Y%?ef%#?%gyr%??%%ﬁ%%?é%#gﬁﬁée%nsgﬁ igﬂ% at 2s

| east one faubderataysurfacg. Bhisabtsads pbasarcsclbyeiy dsnappl lew; in

particul ar 25: & ﬁ@gsivatiqg ayer _and/ or as nechani cal strengthening, to a
FetheleRpEt FaT e

second si de™® aRteh is on the opposite side fromthe first

side. A conbination of a glass layer with a passivation function and 30 a
mechani cal |y strengthenjing plastics layer applied to it is, pafticularly
advant ageous™® Acd a?ﬁ%t?gtai%¥%¥e+?eﬁygﬁ%BdFﬁ%ﬂ??afﬁQEDr8%2%% aCcording to
the i nyentigdvast sgabhsetoni dpta-plrecessnior cbapshegt8d senvpagdect aon-
conponents, in which the substrate_is éhinfed . .
transparent, shaded, colored, c oudy, matted or with similar

vision-impeding properties.

Silicon as the main component of wafer and protective layer

20 can substantially only be removed by means of the same
etching chemicals, which virtually rules out the possibility
of selective etching. Even when dry-etching processes are
used, a combination of materials of silicon substrate or
wafer and silicon glass is protected against selective

25 etching, since information about the etching stop can only be
obtained on the basis of the elements of the semiconductor
layer or the glass layer. Only once this information has been
acquired, i.e. once the semiconductor layers have been
damaged, can the etching process be stopped.

30
However, glass can also be used for substrates other than
silicon, including organic and inorganic semiconductors, by

using suitably adapted evaporation-coating glasses.

35 It is preferable for the surface roughness of the substrate



9 etching pits with connection structure regions are produced on the first
side of - the substrate, a plastics layer is applied to a second side of the
substrate, which is on the opposite side fromthe first side, by neans of
plastics s lithography, with the connection structure regions renaining
open, contacts are produced on the second;side by coating, in particular
sputtering, with a conductive layer, a ball grid array is applied and/or
finally the substrate is diced into individual chips. If desired, the
plastics layer on the to second side is renoved again prior to the dicing
oper ati on /g athenestehbhgipi t0 aite g1 19 i vindy orfictihve erefiicalent
According tg further preferred i e i

substrat e, %?tc e one)? aen%lp%%s?fgagéljdée@r%ﬂ] %egr?(lﬁl?tslﬁé gﬁag‘%ﬁégfi gfc%%%r ed
by evapor atdapy qoadtient viidfen, 0110 lpaim ioubdr ~thé héckpgtrassohayeat iagd
connectionggﬁructﬁ%e rgg%oqf | ocat ed beneath the glass | ayer are uncovered,
in particulEr@Hy neans BT nding or etching. 20 According to a preferred
devel oprent, a second side of the substrate, which is on the opposite side
fromthe first side, is provided in the region of, the connectio tructures
W th o par thEH TSRS 1S promt Tesed o Bro i HREne o TR RORTaPRGL ARG Ehen a
gl ass | ayercompeises 4 ot OLddst-pimabP syetdhckpref@balbppl bedudver the

entire surface q¥ ev%%?ration coatigg; t he, t hi ckness of .thjs glass | ayer
nust not exXTRPHGTRE DISHHR PRAsET 5Ty LI FRENSY FhE™ chfinkRt PBn struct ures

can be uncowed&sstyoded ache gi hdiea phasd+ £51 | WY LEh abOY e 88AL 8! §Os¥'ﬁ@h@b§55
| ayer which has been applied to the plastics |ayer by 30 neans of a

lift-ofF tethfguksastecorel fleetcal f TP SFrbodi nent, the substrate

conpri ses connection structures which are coated with a structured covering
| ayer on the first side of the substrate, in 10 particular by neans of

pl astics |iThRigrabhgvaneest ioneand 2] et PR PeHe LHppOprbiert NpY§ePrPEen

carried outp, Nexty1d Py, COPYe P HyEChvASYRLtiSnl BbAPELy HOb-EX8ER! Eo8T eHBD OF
etched, at Teast until” the covering l'ayer has been uncovered. Then, 5 the

covering | ayepyiprretierbdyyr r dhbvkdedgedrationordeting uateverft Ak

connection structures. This al]lows those regions. on the substra in which

the seh con&ﬁ%ﬂbr&sffdérf‘ﬂ?&' a¢ b | VAR Ry 1o Y S 'ec%i Ir(}lrbr%]?%&]édu%y t he

copy-prote I r . I egl j LG tion structures
py- prot ect, dfg@in%/i&r{g}g E@Swm@hﬁ 9 QB/thih VY 4; éinli"ﬁnﬁ?rg‘ﬁé

io are |locate 1 ear such that t'hey can cont act connect ed. Then,
it is prefadihetdgeoedkbyatcdicomecThon eonteds sknewy. spnttheihgr nrebésa
ball grid array, to b ppl i e t first si o] u 2 qn_ i he
connectionq%¥r%d?%f%§§}%rg%%eg%%g%ogged?ééo%fagﬁgc%ﬁégg ?o%8%%g8?88b58i5
el ectri cal | yhe ohawet t Veh yo £ ocvest @elrdlol ¢ hencenasct fon sheuptradestian of
technol ogy al so known as fli -chig1 The ﬁgesent invention i§ g%s% rel ated
to the’d nvertPHriRr e eet b ﬁ?l?h %%W%a %%fe%? %EB??%S?iSnS 20"DE- 102 22
964.3-33, apphi Gatiay 686 O, 33rOPeradrl, DE- 3021 221H0% 11 83, papptd csé i on
date 05.23.02, ggﬁmell as dggné%rutility nmodel apz%ication 562 05 830.1,
appl i cat i orepRt ted4tastiop. subetedoe equidielyonn@neecEheseyt hPputtered

applicatio i e i p _l y n NG ha . supj ect
mater of LT B e A B e e R o T ha aThe bgint | on
i s expl ai nedhiohnpree decen| applive hicherod paeeeppedtexenpl apyeenbéddi nents

and wigh referencesL9 AAShLOLLESper minute.

It is preferable for the coating of the substrate with the
copy-protect layer to be carried out at a bias temperature of
below 300°C, in particular below 150°C, and particularly

30 preferably in the region of 100°C. A background pressure of
from 1073 mbar to 107 mbar, in particular in the region of
10°° mbar, has proven suitable for coating the substrate with
the copy-protect layer, in particular for the application of

the glass layer by evaporation coating.



30 Brief description of the figures Fig. |la shows a cross section through a
portion of a wafer with a glass |ayer which has been applied to 35 the top
si de by evaporation coating, 11 5 10 15 20 25 30 Fig. | b shows the sane
as Fig. la wth a further glass |ayer which has been applied to the
under si de by evaporation coating, Fig. |Icgshows the same as Fig. |a but
with a further, continuous protective |ayer of nmetal, ceramc, glass or
plastic, as well as a final glass |ayer which has been applied to the top
si de by evaporation coating, Fig. |d shows the same as Fig. la with a
further, discontinuous protective |ayer of netal, ceramc, glass or plastic

and a fi nalp@t SE$ihQyes IpEdr&vsedepsr apphéed 60 the tapestdenbyat
evaporation coating, Fig. le shows the sanme as Fig. l1la with a further,

dlscontlnudU%a%Fd?%ﬁnf%@ﬁm%&e¥a¥¢ﬁte@c%nn%c%%asﬁas§?ﬁ%mé6np@ﬁ5ﬁ%s?rof net al

or ceram ¢ @ands@ &4 nﬁéy@f aS§s|§pf i ey hﬁér@?&ﬁ‘lél?pééegnt epweaioanal de
by evaporation coating, ows a wafer portion with glass and

pl asti cs Ia&eﬁayF¢EFl%a%h@m@t¢%@l®moh@ﬁ@?o@n@foéoﬁﬁe@tP§ﬁ§e@HlPﬁelﬁH?ér
Fig. 4 Sho‘(’ﬁr xﬁ@héﬁﬁ @é% &P ie b%d%ﬁ@u@t%éséf?ﬂ?‘nﬁaS@hYétbQBtQEtH}@

under si de 5 shows coating of fer underside w
evaporatlonl@xﬁm|m@l@gaS@bSF$@tl@l%houmpgpm¢@bh@|b@ @1e@tb@mﬁggﬁtécarray to

o PR NE forBlol 15 Shedge s Ll e (Bag!cagalLaget he b
pl astics | aymd/on ihduchieessidecbiiinde Waierlayer may cover either the
10 entire area or, in the most favorable situation, a partial
area of the regions of the substrate which are to be
protected. However, the protective layer may also be applied
in such a manner that signals can nevertheless be introduced
or emitted contactlessly, in particular inductively or

15 capacitively.

According to a preferred embodiment, at least some of the
passive components and/or interconnects required for the
functioning of the circuits are incorporated in the

20 protective layer sequence, so that when the protective layers
are removed the circuit logic can no longer be understood or

at least is more difficult to understand.

According to a preferred refinement of the invention, at
25 least one further layer, e.g. a glass or plastics layer, is
applied, in particular as a passivation layer and/or as
mechanical strengthening, to a second side of the substrate,
which is on the opposite side from the first side. A
combination of a glass layer with a passivation function and
30 a mechanically strengthening plastics layer applied to it is

particularly advantageous.

According to a preferred embodiment, the process according to
the invention is combined with a process for housing

35 semiconductor components, in which the substrate is thinned,



Fi g. 8 shows an encapsul ati on of the underside of a wafer, 12 5 to 15 zo
25 30 35 Fig. 8a shows a further encapsul ati on of the underside of a wafer,
Fig. 9 shows an application of ball grid arrays to the wafer shown in Fig.
8 or Fig. 8a, Fig. 10 shows an outline diagram of an evaporation
arrangement, Fig. 11 shows a cross sectiagn through a wafer portion with a
pl astics | ayer and a continuous glass |layer on the top side, Fig. 1lla shows
a cross section through a wafer portion with a plastics |ayer and a

structured gl ass layer on the top side, Fig. 12 shows the wafer rtion
from Fig. BECHG HiR® Grdds JORECTHAR IS B d SRS or P TR H Aot i cs
layer has bgenpermved by qeas e addddlide t eclidiigicdiBaydB shows the
wafer portion fromFig. 12 after application of a ball grid array, Fig. 14

shows a di &prddmg ite seciamd sidaaf dtho P WISt FRe + HEL Ehobli RNt t he

copy- pr ot ecird e Wilde rEHONH MY Gshaveidl ffemdith£1oNi Bt PEoPerti es,
Fig. 15 shows results of a TOF-SIMS neasurenent, and Fig. 16 o
di agr arfmat ilddiioprdapiot iFwdfhe Gane et 1 SHEXKE YRR BT EARE | HRmERSY est .

Detai | ed deseri ptd Qft £fe 4 herd ISl [t Hd shavia thea@rsanasaenty of i @
substrate 1w th respect to an evaporation-coating glass source 20. The
| atter conmadsswipe|suiitier Beamwidderatomauct ive e vertal HegTE@ 22

and a gl as t I |5/ i fngedh n. be - t he
| ocati on atsar\tiﬁigﬁsi %}%e%rdoﬁd)b%% rrpl%eés}yeoﬁél%k%e g %‘gsl%)a(?{g%%# % eogl ass
i s evapor atiedliandlyzlecilpigsat ekf atesiwedi riste st caflayer sobsthate 1. To

al'l ow 1tohe %!eacsosncffsit S itsarn%erﬁovze?’d ta?géa:i}/r?%)fﬁgre & tH'?é fc?frvniﬁfg agperation

and/or the etching pits are filled with conductive material.

According to a further preferred embodiment, a second side of

the substrate, which is on the opposite side from the first
15 side, is covered by evaporation coating with a 0.01 pum to

50 um thick glass layer, and connection structure regions
located beneath the glass layer are uncovered, in particular

by means of grinding or etching.

20 According to a preferred development, a second side of the
substrate, which is on the opposite side from the first side,
is provided in the region of the connection structures with a
partially applied plastics layer by means of lithography, and
then a glass layer which is from 0.01 pm to 50 pm thick is

25 applied over the entire surface by evaporation coating; the
thickness of this glass layer must not exceed that of the
plastics layer. Then, the connection structures can be
uncovered by detaching the plastics layer above and also the
glass layer which has been applied to the plastics layer by

30 means of a lift-off technique.

According to a further embodiment, the substrate comprises
connection structures which are coated with a structured

covering layer on the first side of the substrate, in



13 possible, the target is rotated and a sweeping notion is inparted to the
beam 24. Reference is nade to Figs la and Ib for nore details of the 5
possi bl e substrate 1. A silicon wafer as the substrate 1 has regions 2 with
sem conductor structures and regions 3 with connection structures, which
are formed here as bond pads, for exanpl ggof alum num The silicon wafer
represents a substrate with a surface roughness of <5 Vim The top side la
io of the substrate is on the opposite side fromthe underside |b. A glass
| ayer 4 has been deposited on the top side |a as copy-protect |ayer; this

|l ayer was [EFer@biar dbf dIGRRE f‘?%rﬁ%%%p@%‘?%ﬁ%t i hgeRt ak’eof type
8329 produced; dnpohott -t SodyRerSied apsyLaN Hecspbséanbhal | Moy apenat ed

by i5 the action ©of the electron beam 24, wth the work being carried_out
in an evac At Rt eDhreRten it thimeduafopresapke @rawnd apaetahada

Bl AS t enpergt urg, of JIQ&G[ durd ngoddie gﬂ;ﬁ%é%ti% %{?g@@%&&@?dﬁéﬁﬂs, a

dense, continuous glass Tayer 4 1s pr ayer 1s I npervious
to 20 gaseslhendcdvemins,layet uds ereteablpurenoved ysini ghit, oWAeEht s

i mportant i 0 -opt | S.1he.u i f

t he wafer idshéag\}gﬁlicg%%e %%&%ﬁ%ﬁ%r%%%@%%ﬁ?%%s}?{;%fl%Aﬁ?%hgﬁﬁé uggg%\g?,g dry
and pl asma @t difien e @5s mral oric | Wwandn ot hési gemi dordionsor het substirasealieas in
Fig. la, but_ w iti . i h e ied to

t he under siLh eé/%"lb&%)é}p %ﬁ%o%%f?%énl\g%gf%%@g%t#gWI@%h@ﬁgytﬁgoggggt rate 1
as shown i néirgr, hehdutta the areqiohd | omalhicdontheuoosnecoi et sveutayees4a,
conprising or consisting of. nmetal , ceram lass or_plastics. _and a
furthet® fiFel IS ajzlnv%f%?‘ff B e@%atgp% ?\édc?rg ‘?‘ﬁec%%t?ﬁig si de by
evapor ati orc@addtiyt. THen Fi{x 14 shoferdibhee sfibhst e béeatdedScshaantionFi g.

la, but with an additionaIuHErotegttive | ayer %fi which is onlé/ continuous in
portions orCYREEEUtS cohtd nubust it CohprF s2sPRt (IR SRETIY Y 5ERePEl

cerami c, gla558d HASIRESEi TN P st | vige | AYIOSt At € 0¥RT Shé NPeHhabdt ion
regions of the substrate, nore specifically the re%%(&)ns 2 havin

g
seni conductPrr TR Urkr e PEPRFR &f e R boreREFbhoRt #idt bPelCar e
not coyer etel et ddEry éérﬁ&hc@i@éﬁg'@dx@ﬁeété’@st@e@l@ea@@hhéﬂti@nt he top

side of the io protective |layer_4b by evaporation coating. Fig. |le shows

t he substrateUCHErShovh FCERYLOTR, 2hER MO oS abiti R T ®REP; di sconti nuous
protective |ayer 4c, conprising or consisting of netal or ceramc. The
protective |ayer 4c i5 additionally includes interconnects and/or passive
conponent s, Thaidresentesinientsiorabica 199 srelafedtop stheoinsepEiPRe | i ke. A

further, fic{%ceir@%%&b@; &{@Séeénﬁ?spi’@gﬂ't S%jofg?%goége top side of the

protective evaporation coatin shows a multil ayer
coverity | BRErleF 2heS6ubdtIat caapligrtthon rdate 9 e32n2exanl ary

enbod! Ment GOMNL P Sod 8553 | AYSH1 14, 2 Rl 8985 O3 8Y2Ta2 A1 heg
under si de | .%eségfass l'ayer’ 14 has a thickness in the range ?rom 0.01 to
German utility model application 202 05 830.1, application
date 04.15.02. Therefore, the content of these three
applications is hereby incorporated in full by reference in

25 the gubject matter of the present disclosure.

In the text which follows, the invention is explained in more
detail on the basis of preferred exemplary embodiments and
with reference to the figures.

30

Brief description of the figures

Fig. 1la shows a cross section through a portion of a
wafer with a glass layer which has been applied to

35 the top side by evaporation coating,



25 50 Vim which is sufficient for the encapsulation or hernmetic sealing,
whereas the plastics layer 5 is thicker, in order to inpart greater
stability to the wafer as a workpi ece for subsequent processing steps. 30
As an alternative or in addition, it is also possible for a plastics |ayer
to be applied to the top side of the glass |layer 4 in the same way, so that
a corresponding nmultilayer covering layer is applied there. 15 Fig. 3
shows the further processing of a wafer. The wafer is thinned at the

undersi de, and etching pits 6 ar roduced, extending, as fa t he
connect i on FtFudture regi GO ’%ﬁcﬁ?%ta%g%' e]tacﬁ‘?h% st o%‘?l?érlﬁ%rvx%%%?s
underside 1b is providges wiidh flasties lddgdograndty, theavdgrs hde riegi ons
conprising the connection structures 3 uncovered. Then, |line contacts 7 are
produced on the under&iaROTFOFOR RN Dy spraying or sputtering, with the
resul t thatpicpndyctive | aydisyed e dHducedrid. the vegi witlfat herenshj ng
pits 6. Then,” the to plastic used for the Iithography is renoved fromthe
waf er uUnderside 1b. MNOAtinuE IPXRLeFEFfayl /e %]gﬂl‘?"e%lltoc?ﬁ%m%%nducti ve
layers 7, and the wafgr,ds &f\%ﬂﬁkﬁp% RIANES -2 THEnd £5¢ dsd S1&yer

plurality of electronic conpo ose sem conductor structures are
securel y enbedded betwitierh thrs ikeeopppFig@cto |Hyertd aptde ey substrate 1
and hernetically seal L9 1 4 shows; @, nodi fication to the enbodi nment
shown in Fig. 3. The‘%gﬂﬁﬁﬁgéﬁéés steﬁ@ghs t hose outlined above are 20
carri ed outEidutld he pl astshows ot samovaedl F¥om ihevimder sfEeth®rof the
waf er and covers the I i i { on 10.

Fi g. Sﬁ)shovvs an errboﬁ{r]r%'ﬁ r%%ln vﬁg“l?sc’:ﬁng@%?%es%&% g{/laefgglcpf gl%%%éjb'e %%%g%ﬂ ed by
evaporation coating tgldée emdelsstdec |dndfathimaslbgiass elayetreddioh hhe

pl astics | ayer 10. in the enbodi nent shown_in Fig. stic used
for the |ithography i e?rén%g%]g‘l? o’?ﬁt%éevxt/a?%rshgn%eﬂ?}gi%\Za?(%Pg%géj he entire
underside 1b of the wed£ting, covered with the glass by 3o evaporation
coating, producing a glass layer 11 which is_ from0.01 to Sg ~m t hick. As
i1 lustrated ¥ 149, this gfaR¥s | HRrSASRLNF s the DUt vdr 111§E%?161 ecting
parts of the |line condBsdsntindis prvgkbt3begladenr ( aytSrdanthestappl i ed,
t hese regions 11b are uncovered 16 bg gréndin 1and/or etching. Thfn
bal | grid arrays are RpPi¥e, CHEPURSNAS) O B°tEL Qhd“thah it hafaf ef 11
divided to formindi vituas cop@enenish Bssibpebgaiepl 8éd%oTbReseopi bide

sem conduct or structures 2 are nechanically protected at the
by evaporation coating,

ihe

Fig. 2 shows a wafer portion with glass and plastics
20 layer,
Fig. 3 shows the production of connections on the
wafer,
Fig. 4 shows the same as Fig. 3 but with a plastics

passivation on the underside of the wafer,
25 Fig. 5 shows coating of the wafer underside with

evaporation-coating glass,

Fig. 6 shows application of a ball grid array to the
wafer shown in Fig. 5,
Fig. 7a shows a further way of applying the ball grid
30 array to the wafer,
Fig. 7b shows the same as Fig. 7a but with a plastics

layer on the underside of the wafer,
Fig.8 shows an encapsulation of the underside of a

wafer,



s top and the bottom in each case by a glass layer 4 or 11, respectively.
The gl ass | ayer 4 sinultaneously represents the copy-protect layer. In a
further enbodi ment of the invention, the wafer is io divided at parting

pl anes 9 which do not pass through the connection structure regions. This
has the advantage that |ateral passivatien protection for the conponents
can al so be ensured. Fig. 7a shows an exanple of the division which affects
only material of the covering |layer 4 and of the 15 substrate 1. First of
all, the procedure is as in the exenplary enbodi nents descri bed qgove, i.e.
the wafer B3 hidhed fromHHIURIT S REARPARH L PR 06 Ehe progustde
extending as far as tde dngessi de of the connection structure regions 3. A
| i t hography operation is carried out on the 20 wafer_underside Ib, with the
bond pad r&jidns® r emai ni nEhed AR PP Iiatior ehntakt sITidrarprveuked in

the region of the et ghidg.pids Suowh Uh ey et ghngepy! Seal s being filled
wi th conductive material 12. A suitable process for This purpose is

t hi ckerd ng Big el 6Ct r opl at i slepws tdn YR inAfdbagrae 95 Pl asyrROKASIBReN
renoved fromthe unde E}éﬁééﬁﬁﬁ@e wafer, the ball grid arrays 8 are
applied. Then, the water < arvi ded al ong planes 9. The result is

el ectroni c Bogpaient s wi t helhewsst i cadsy epchbsul tieouglend confart pprtion
structures 2. 30 Alter [ ii.1s al sib r

pl astics | ayer 10, so’ a1¥5¢%a?%£?%rl$%%§i%§&i% % aggﬁ%égg %?%%gc%?ggr
| ayer on the undersi denlthe asoshoime) n Fig. 7b. Figs 8, 8a and 9 show

exenpl ary odi nents with the 35 production of gl ass:] ay Nt

under stte. “THeé {Tﬁa? 53HVH r DT R T’%C%Jr?ﬁn‘lg'rlr?%&?hae “e'%%ﬁiﬁéﬁ%}gﬁo%gﬁn
Fig. 5 in conjuncti orawldstlgs Fayéreandidl edreovueedi ghassr lgyareonegi ons
are produced, and the entire upderside |Ib of the wafer is coated with the
gl ass layer 11. Then, Rt PP aS59Fayer is renoved in the region of the
etching pitsi. by2 grindi ngsiswet €hée Ngaf&s porusdsiatecmi il g118afoerbyhe

detaching the plastics_|ayer 15 i ch has previously been, applied by
li thography in the ré%}%%go}aYﬁEmg?% %ﬁnﬁ$¥%u% ﬁ%%ﬁsaﬁg/aglkh?-off
technigyie, as illustrgtgskidsFigyeBanasbesserefovedhpybabhngr bd arLaygs-
then to be applied, as illustrated in Fig. 9. After separation along the

pl anes 9, conponents 9§ htemeasd¥tat ed seni conductor structures are

obt ai ned. ip;Jhe; gl ass systesyyselel wabr! 885t iBhNAEYMSYSHEM 2pRELEET €.
The evaporation-coating 20 has proven particularly conposition, in percent

~r the |ayer 4 and/orappliepfégenes andalhg¥idcahpddent systemis glass of
type 8329 pgpduceg by Schotfoguifagh ggARAnbasct BEcEobhaw AY1R¥L¥REIBh: of

20 a further embodiment of the copy-protect layer with
regions which have differing etching properties,
Fig. 15 shows results of a TOF-SIMS measurement, and
Fig. 16 diagrammatically depicts a wafer with a hole
mask for a leaktightness test.
25

Detailed description of the invention

Fig. 10 shows the arrangement of a substrate 1 with respect
to an evaporation-coating glass source 20. The latter

30 comprises an electron beam generator 21, a beam-diverter
device 22 and a glass target 23 which is impinged on by an
electron beam 24. At the location at which the electron beam
impinges on the glass target, the glass is evaporated and
precipitates on the first side la of the substrate 1. To

35 allow the glass of the target 23 to evaporate as uniformly as



Conmponent s% bywei ght Si 0275 -85BZ(031 0 - 15Na201 -5Li zQ0. 1- 1KzO00. 1-
1A12030. 1- 1 The electrical resistance is approximtely 101 S2/cm (at 25
100C) , the refractive index is approximately 1.470, 18 the dielectric
constant E is approximately 4.7 (at 25C, 1 MHz) , tan 8 is approxi mately 45
x 10-4 (at 25C, 1 MHz). 5 To obtain partheular properties in the
conponents, it may be expedient to use glasses of different gl ass
conpositions for the glass |layers on the top side and the underside. It is
al so possible for. a plurality of glasses having different gro erties, e.g
in terms ofPAgfEiRle efthRtt3%5¢hdek, TAes y2NT P noWRFRAND S %T'E%Ifli tPty,
Knoop hardnggsrihcelesting wonstant, tan 8, to be applied to the substrate
i n succession by evaporation coating. As an alternative to el ectron beam
evaporation, it is also i5 possible to use other nmeans to transfer

materials whieh QL aci pl Ll g aS; B AFS-1d EnEVAPOF &L | REr8BieEL 8l s NBY, ther

exanple, be in a crucible which is heated by electron collision heating.
El ectron cadssilore heahstgptod 1 hid 2ibecor wabed a9 theraibartabesthbfrges

which are acce) SIALLd, 0 Osdfiec S0qclis Bl el 0f LMol HOBAGhS 08 Lien
mat eri al whi I's to be evaporated w a predeterm ned netic energy.
These processeseat son adtowr tieepr oduceh onref fgtasd hayerssweohdupadgpl yi ng

gxcessive tHEl Ml hOR01 08 12,4 [18,7 UBBAL AL £1 PO, Ghe NP GEaSSnPLEGT i LAl es.

25 Figs 11, Tra5h oW a r odi nent 0 h nventron. In this

enbodi nent , s@bH BSSe | VR dds@nthde Prasihesss ayer< 55 have beencappkiad 1a
the underside | b of the substrate 1. 30 Referring_ first of all to Flg. 11,
the cokhect?bntke rebsreategt RNt epROSHEe sPHde| Gror the unestrate 1

are sel ectimgl ys CoveLeth W.dh 2 8Lg UsLelh edePbastigsohayge L6pCOYREI NG Layer

15 by means of plastics |1thography. The _
copy-protect layer; this layer was preferably obtained from
the evaporation-coating glass of type 8329 produced by
Schott. This type of glass can be substantially evaporated by

15 the action of the electron beam 24, with the work being

carried out in an evacuated environment with a residual
pressure of 10™* mbar and a BIAS temperature of 100°C during
the evaporation. Under these conditions, a dense, continuous
glass layer 4 is produced, and this layer is impervious to

20 gases and liquids, including water, but transmits light,

which is important in the case of electro-optical components.

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

25 and/or cleaning.

Fig. 1b shows the substrate 1 as in Fig. la, but with an
additional glass layer 14 which has been applied to the
underside 1b by evaporation coating.

30
Fig. lc shows the substrate 1 as shown in Fig. la but with an
additional, continuous protective layer 4a, comprising or
consisting of metal, ceramic, glass or plastics, and a
further, final glass layer 4 which has been applied to the

35 top side by evaporation coating.



19 regions conprising the sem conductor structures 2 renain uncover ed.
Then, a glass copy-protect layer 4 is applied to the top side of the
substrate by evaporation coating. Then, the copy-protect |layer is ground or
etched away at | east down s to the |level of the plastics |ayer 15. Then,
the plastics layer 15 is selectively remgyed fromthe top side la. A
further structuring option is shown in Fig. 1la, in which, as in Fig. 11,
the substrate top side is partially covered io with plastics by nmeans of
plastics |ithography. During the glass evaporation-coating operation which
then follows, the layer thickness of the glass applied by evaporation
coating does; N1ot] £x0656k5 thee | Avedc tdi kness Showhei Rl as§i Csal ayet. wibgn, in
a subsequent process step, the plastics layer and 15 the glass |layer on it
can be det AhaRdit iRnms RFOETtiTe ofdverchhi gifel CAsi g HeMRY | RORF §ilugys
processi ng i MRl 1 R0 1 Ind Ebde 1 ddSupr AN CESmBr YELET ok NovhlbeBe b e

sem conductor 20 structures 2 are coated with glass, while the connection
regi onss 3 aretahcoveramic ReIb2s$ nef dve 3ol &% g. Tha pyptedt iveusayaredba

particul ar i | i C I ri r : 2s
appl i ed toC%ﬁggg%gﬁgé?%g%néég%%%%hg %f ?ﬁ% %%%s%?%%eofhgﬁg §g¥§%?§E?%gYIy,
t he waf er itshalicegions p? dthicendesent cerdigt seateducturest sTheesapiong #n

copy. pr ot eclod: G0 2and0 Fi- o My LLLISLT 21£5,8: COBYSPLA! et e BYRL, T Whi ch
in the |ateral rection conprises a plurality of portrons, a east two
portions havimgl agth$4 etayer et chasngheesi spphted to thestergaspfle, ofhthe

copy-protect_layer.conprises,a first_portion 4a . a first mterial and
a | atet%l| ypﬁ%ﬁ Ceht® se2hrt Ab%r}fqro%va %ailbo%fc%ggle%hd material, the first
and second materials having different etching rates. By way of exanple, the
first material conprises S 02, and the second material . conprises, the
evapor at | orE tdat THgE Y %S st %Zﬁug?tfﬁﬁ%-i8§8pggﬂﬁ%eﬁngtl%'g@ﬁOtggt with

Furt her nor ean t&@d{ t { Sha BANdd se€6nti pasthis opsBodact #oe hangedi fEer eoinprising

t hi cknesses. Moreover, a ngtal Iﬁyer 30 is,arranged on one side of Ehe
copy- pr ot ec?¥ | &5F 1AL 1RY AHIPEFBh, OF neSTTHBt al BF aPEPT 6T+ ¥S| 0B¥PEd*bet ween

the copy- prod@ct i bRYely 4i80tuded UL HDEF c6RRYCPEOsBEf ok apgEsdve As a result,
in the event of an etching attack, at |east part of the semconductoia
, 1S

structures OMRORENEHe PAFE 28 FTRRLEEOTPH BRPRGLRCYRe YRFSBLRBPri 6RT
advant ageous} V- gest {e¥eda further, final layer of glass 4 has been

applied to the top side of the protective layer 4b by
evaporation coating.

20
Fig. 2 shows a multilayer covering layer of the substrate 1,
which in the present exemplary embodiment comprises a glass
layer 14 and a plastics layer 5 on the underside 1b. The
glass layer 14 has a thickness in the range from 0.01 to

25 50 pm, which is sufficient for the encapsulation or hermetic
sealing, whereas the plastics layer 5 is thicker, in order to
impart greater stability to the wafer as a workpiece for

subsequent processing steps.

30 As an alternative or in addition, it is also possible for a
plastics layer to be applied to the top side of the glass
layer 4 in the same way, so that a corresponding multilayer

covering layer is applied there.



even if should prove possible for the second portion 4b to be renoved while
retainirng the part 2b of the sem conductor structures beneath it. 20 The
following text presents results of various tests carried out on a
copy-protect |layer made from gl ass 8329. Fig. 15 shows the results of a
TOF- SI M5 neasurenent, in which the countqgate is plotted as a function of
the sputtering 2s tine. The neasurenent characterizes the profile of the

el enent concentrations in the copy-protect |ayer. A thickness consistency
for the copy-protect |layer of < to of the |ayer thickness was determ ped.

30 Further . 3 ediyifedsintdian REAGESHITT f AUWRFFT helRBpYRbrbt et
layer made diALH a8 &2 Qe d Dl dOWsEnd) éﬂéﬂﬁ%}‘ PR 6 VWase %ﬁé«kﬂ@@é’dw th an
K g. 16, the wafer

etching stop mask. As is illustrated in Fi 97 was divided
into ni ne 3Extgadiciatedl e as Jhq CUHeC i @S EMHEYTRI| XRHLRIS shacYrtch 21

bet ween th%cftola%s aM U i GRS Hs ward 2, {dom f v 19 I@‘ébﬁévi@éc‘io"\’s-
o] nd row. hol 3r

1st row. hole spacing 1 mm e spacing 0.5 mm 5 row. hole

SEaCi ng 0. Zimh pldstins sgudregtantes Jdedtadart gl gee I o conPUEsS Vagh tixg t er
t t i 8. ~
e uns ru%o"%nfe%]_@%% S AGE-& 5 hﬁla&ieefe&.adrﬁ{ﬁ,ngfﬂ% eg%eg&g%@%%g Sl

(speci nen ~m (speci nen ayer 10 of the ass
was t hen dmpraetwiet as e wsldrteldg aston rextdwepperforspeay treasr The

success of the .etching ) 0 ve unde t i d, | i ght
m cr oscope.SpAlethteeililun I evgjﬁé} g@}grrteevse@%?%aeﬁ eacf(}l A el%$nf&%}$hgné€%i 58
nbar 1/ sec grrdwddd lith neas wesgh aar eafS . t e ttulging tpergt d. dTheme ghass | ayer
regi ons despite considerabl e bul_gi of t.he wafer during the neasurenent in
t he re]sopectqa\)ae&rﬁscasliﬁee%qr (;tr}éea ]Iglstr}g?%%ap%ﬁ%g?e%\é?% QMG 0" ehEhge i n
t he gl ass sirdedtdirde emen Nditter o druli X i i dgrmata? MG s Fupp hesdote, the
resi stance neasurenents were carried out on the c -protect layer in
accor dance SEABING SGYSHR 'esalﬂcfstl}% wd el@ijv%ngf‘zlcg%‘gl%ﬁir}g gg"’én@r%b?e 1:
The result is a plurality of electronic components whose
semiconductor structures 2 are securely embedded between the
15 copy-protect layer 4 and the substrate 1 and hermetically

sealed.

Fig. 4 shows a modification to the embodiment shown in

Fig. 3. The same process steps as those outlined above are
20 carried out, but the plastic is not removed from the

underside 1b of the wafer and covers the underside as a

pasgivation and protection layer 10.

Fig. 5 shows an embodiment in which a glass layer 11 is to be
25 applied by evaporation coating to the underside 1b of the
substrate instead of the plastics layer 10. As in the
embodiment shown in Fig. 3, the plastic used for the
lithography is removed from the wafer underside 1b and the
entire underside 1b of the wafer is covered with the glass by

30 evaporation coating, producing a glass layer 11 which is from

0.01 to 50 pm thick.

As illustrated at 11b, this glass layer also covers the
outwardly projecting parts of the line contacts 7. For a ball

35 grid array 8 to be applied, these regions 1llb are uncovered
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15 substrate 1. First of all, the procedure is as in the
exemplary embodiments described above, i.e. the wafer is
thinned from the underside and etching pits 6 are produced,
extending as far as the underside of the connection structure
regions 3. A lithography operation is carried out on the
20 wafer underside 1b, with the bond pad regions remaining
uncovered. The line contacts 7 are produced in the region of
the etching pits 6, with the etching pits also being filled
with conductive material 12. A suitable process for this
purpose is thickening by electroplating with Ni(P). After the
25 plastic has been removed from the underside of the wafer, the
ball grid arrays 8 are applied. Then, the wafer is divided
along planes 9. The result is electronic components with

hermetically encapsulated semiconductor structures 2.

30 Alternatively, it is also possible not to remove the plastics
layer 10, so that the latter remains in place as a protective

layer on the underside 1b, as shown in Fig. 7b.

Figs 8, 8a and 9 show exemplary embodiments with the

35 production of a glass layer 11 on the underside. The



24 7. The process as clained in one of the preceding clains, wherein the
copy-protect layer (4) is applied by evaporation coating. s 8. The process
as clainmed in one of the preceding clainms, wherein the copy-protect |ayer
(4) conprises an at |east binary system 9. The process as clainmed in Zo
wherein the copy-protect |ayer el ectronmagnetic waves. 10. The process as
clainmed in wherein the copy-protect |ayer 15 coating induced by thernmal eva
one (4) one (4) ~ora of the preceding clains, conprises a shield agai nst of

t he preceding clalns is applied by evapaoration Iion or by e|lectron beam
evapor at i oProcedute i otidekl ais "cﬂ’ HhRETRPGHERF $Hr B it Ry Bl B s,

wher ei n t he. GORWIA 8,2 GH1 d Vs i 5. apptieted dhee 201 SHbst Fateuia a
t hi ckness of from0.01 to 10063V'n1 12. The process as, clainmed in one of

the precedifRPiIns mre \#re@ieed heard dthe SR LENHIRIRET R el P 195 Wi R® t he
copypr ot ect,,d @yer; Aaoatée&%{ﬂr?%rwtgfés@ ﬂ)ﬁértﬁfpef@éﬂr el 25298l ow

300C. 13. The process as clained in one of t precedi ng clains, wherein
t he codti nglafex hies sumseved elff 1heyixegiore ehpyhr o@‘é‘élﬂllll%y}é%t% 4§ ¥ carried

out at a pr§§gﬂi f r §ﬁ§q e 4 g T cess as

clai med in orie of héiﬁgg%egigg 1&§%ﬁ§#%ggﬂg ass 12§EEﬁ 14) is

appl i ed to Getsevvimny sike gla9t bfs thayenbsd re ech 1I)as VeVl Pes byl baen
opposite side 0 h 5 h ai med
Iﬁpone of tarpeplleéng elgé?c%%éh)ahdr? tg}lu?)re 101% oﬂ' hér gta‘()rg?ﬁ? 1§§ 18%

prece erein a i CS a er applred to
a second simear(s b)f oef liI@tsmbEttr@ctlm(@e, Vs chllxsst:n_mtteh@ DppBsyt e8si dénfrom
tc|h§. fmfol \er]tecf de {38 cne 1051 TNG P OSERS, @Stfd A1 (B DL M 90F: 84, thE Preceding

illustrated in Fig. 9. After separation along the planes 9,
components with encapsulated semiconductor structures are

obtained.

15 The glass system used for the layer 4 and/or 11 represents an
at least binary system. A multi-component system is

preferred.

The evaporation-coating glass of type 8329 produced by Schott
20 has proven particularly suitable and has the following

compogition, in percent by weight:

Components % by weight
Si0; 75 - 85
B20; 10 - 15
Na,O 1 -5

Li,0 0.1 - 1

X0 0.1 -1
Al,0; 0.1 -1

The electrical resistance is approximately 10*° Q/cm (at
25 100°C),

the refractive index is approximately 1.470,



the substrate (1) is thinned, io etching pits (6) with connection structure
regions (3) as etching stop are produced on the first side (la) of the
substrate (1), a plastics layer (10) is applied to a second side (1b) of
the substrate (1), which is on the opposite side fromthe first i5 side
(la), by neans of plastics |ithography, wsgth the connection structure
regions (3) remaining open, contacts (7) are produced on the second side
(I'b) by coating with a conductive layer, a ball grid array (8) is applied,
and 2o the substrate (1) is diced into individual chips. 17. The process as
cl ai ned i n thaididlecvnes onganpl asits eparpramateEl)y dh T heatsetotd: si de
(I'b) is req$%ﬁgngain. 2s 18. The process as clainmed in one of the
precedi ng cfains,” wherein a second side (Ib) of the substrate (1), which is
on the opposid & sideddRrimadiy s si dotl adg 2s°c@yapomak) on-coated with a
glass layer (11) that is from0.01 ~mto 50 ~, mthick, 3 o and connection
structure regions (7) |located beneath the glass |layer (11) are uncovered by
means of gryndihg, Of ﬁgf%uéﬁﬁaﬂ%%r3$@%$58§e§§ @S C&PIBHehPs ONEL Ohal hBe
preceding clains, 35 Wwherein etching pits éG) are filled mnth_conductlve
material . exBE@ENTH pigegbazsee| of bl ferone diathecpreesdt hgnel &PHs,
wherein th onpr. i S C iLchraress
coated w tﬁt}géjs r%%% mée%g%%vgegﬁi%%glsg epél%q%)&g%f%lﬁg %ﬁggigg\g%hglg\j tgﬁ t he
copy- pr ot ectlsaymrsgiBle sfoara i ptuoatity hef cobyspeotbavihaydi ffayent
thinned, at_least until_the coveri y. 5 er t he
covering | %95% %ﬁégs Ti 'v%% ?%fﬁgdéﬁ ?%e%%c%%gfg?ggggoygggﬁécgggﬁggg’
structur es iGJul2d . ofhel ¢ tocebisy asKudeap nesrdmeone dfetdet piecednagantai ns,
wherein at | east sections of a_ covering layer (15) and at | east sections of

the copy- prited 1t &e (@HPLIRS (sl TIPS Heans? GTUECETF2BIPY t echni que.

22. The pr At £oR1 PR {Agone of the preceding claims, wherein a bal
grid array (1%% is applied tothe first side (la) of the substrate (1) on

connection structures (3).
As an alternative to electron beam evaporation, it is also

15 possible to use other means to transfer materials which
precipitate as glass. The evaporation material may, for
example, be in a crucible which is heated by electron
collision heating. Electron collision heating of this type is
based on thermionic discharges which are accelerated onto the

20 crucible in order to impact on the material which is to be
evaporated with a predetermined kinetic energy. These
processes also allow the production of glass layers without
applying excessive thermal loading to the substrate on which

the glass precipitates.

25
Figs 11, 1lla and 12 show a further embodiment of the
invention. In this embodiment, a glass layer 14 and a
plastics layer 5 have been applied to the underside 1b of the
substrate 1.

30

Referring first of all to Fig. 11, the connection structure
regions 3 on the top side la of the substrate 1 are
selectively covered with a structured plastics layer or

covering layer 15 by means of plastics lithography. The



20 23. The process as clainmed in one of the preceding clains, wherein the
sem conduct or structures (2) conprise electronic decryption neans. 2s 24.
An el ectroni c conmponent, producible by the process as clainmed in one of the
preceding clainms. 25. The el ectronic conponent with copy protection,
conprising so an electronic circuit on ajsubstrate (1) with sem conductor
structures (2) on a first side (la) of the substrate (1), and a
copy-protect layer (4). 26. The el ectronic conponent as clainmed in claim 24
or 25, 35 wherein the copy- protect | ay contains a first material,

27 the semX&FHANRT SFORTLTINT g Zsje%’e‘??}’éé SR BYCHRESR oDy BFBRERt | ayer

(4) at | easinddvd®M Onthert hea(@m/s@r@wlpf@a/@ét(ﬂayé)ﬁwglélaﬁgiywowed to
the substrate (1), and the first material bei ng determ ned in such a nmanner

that an et e prstesal viHie PSSR MR LY HRVIRRNR b of cepat 2)3r TRRBw se
attacks the quhstitale bk SUCTLfe MBANEE - L 3E wee@é@&armaf §trPé|é§t'§own

destroyed. 27. The el ectronic ‘conponent as clainmed in one of clains 24 t
to 26, Swherted rthehel subbtefatiehg Mlavmies skaver sk cBreiuct Bhe| BlaptoEssi | | con

and the COMRLOIRCL; d ayefoddhvOMPLALNS,SY | £0R. (R  Jhes ehecizoni ¢

conmponent as aimed in ohe o ims 24 15 to 27, wherein the copy-protect
| ayer {4) conprises a continuous layer. 29. The eI ectroni ¢ conponent as

cl ai ned ing}?nﬁlﬁhec]! z pa&i % é/\?l Ce Jy g.’}l;lgwﬁ‘ P% #ng Ia¥ﬁrwﬁ4):h

conprises glass, in ate gl ass. f'ectronic
conponent ass clmi Frigl. |hlpntel*1@fsm:tbatmte4t¢p) QQde\Aherpantiably‘opprredect

| ayer (4) co bor.osi | i cate g W id a I
met al ]g)%(l de” ];@" Sgacﬁtrjo%% byﬂea%eoel% %%}]%Q fll%%g%ﬁjﬁg Bﬁlg dkﬁ% one
of cl ai ns &QASBEﬁnapwmaﬁiént&matﬁmg @p@f&tiomawbich4ﬁhes ﬁpbloed bghe
evaporatio coatl 30 32 eI e tronic nent_as ¢ iLn._one of
clains 24 {Hoa %‘F]é??‘ls?h% %?%c?p?g§%$o?\ﬁ)e%%ﬂ%r? egn c%?%é?§
system 28es not exceed the 1ayer thickness of the plastics layer.
Then, in a subsequent process step, the plastics layer and
15 the glass layer on it can be detached by means of a lift-off

technique.

As shown in Fig. 12, processing similar to Fig. 11 or
Fig. lla produces a wafer in which the semiconductor
20 structures 2 are coated with glass, while the connection

regions 3 are uncovered.

Referring now to Fig. 13, which illustrates a particular
embodiment for flip chip technology, all grid arrays 18 are
25 applied to the connection regions 3 at the top side of the

wafer.

Finally, the wafer is diced to produce hermetically sealed
circuits, resulting in copy-protected chips.

30
Fig. 14 illustrates a copy-protect layer 4 which in the
lateral direction comprises a plurality of portions, at least
two portions having a different etching resistance. In this
example, the copy-protect layer comprises a first portion 4a

35 of a first material and a laterally adjacent second portion



33. The el ectronic conponent as clained in one of clains 24 to 32, wherein
the copy-protect |ayer (4) conprises shielding against el ectromagnetic
waves. s 34. The el ectronic conponent as claimed in one of clains 24 to 33,
wherein the copy-protect layer (4) is applied by evaporation coating

i nduced by thermal evaporation or by el egpron-beam evaporation. io 35. The
el ectronic conponent as clained in one of clains 24 to 34, wherein the
copy-protect layer (4) is fromO0.01 ~mto 1000 ~mthick. 36. The electronic
conponent as clainmed in one of clainsg 24 15 to 35, wherein the,srbstrate

(1) has corffe@fi h 8GN FELYDL, Iif &i Bl APT ARRRIAT JPP st 1Rt Bres (8)
are arrangeg8hf SEGAKb da dl g Hfatdie. sypsidpter (dtampte chehs piréhe
opposite side fromthe first side (la), the connection contacts (8) being
el ectri cal IMpt@Frirfelc MR 99 Titme &0 f o SSCORE: MPES AR CORPrifRs
electronicgﬂgngugﬂg ; i dmd; | | Al red gt OGSk dsy ( 1b)
of the substrate (1)1:5?::1%{0—2@[ ed vﬁ?hﬁp%aﬂ%gfw(% (%de{lewefe]%g tsﬁié conﬁect}(on
cont actss (&chatith the z5 connection contacts (8) remmining uncovered in
such a manner that they can be contact-connected. 38. The el ectronic
conmponent as clainmed in claim36 or 37, wherein the second side (1b) of the
substrate (EUrtlemwmed Gwe iirsyland faandaareirnihetzonhectav® contact s
(8), with th t.i,0; S i ni r ch.t

Can’ be contAdit Suect B SRR S et M Mer NS S aaearradsd o
clains 24 or2%re BiRje whertghen ddpy utrstect el {yl9r s Tonmédit dbonst tlaet ures
and el evat ed .connecti o ontacts (18), are arranged on the first_side,(la)
ot he e bt e 1Y LHE Torte1oh RANTaat s drobimter st 1 2af 4
connect ed tand he forytest | @pyo- tdtedturlesyd:3)4 .. 40. The el ectroni c conponent
as claimed in one of clains 24 to 39, wherein the copy-protect |ayer (4) on
the first side (la) of the substrate (1) extends between connection
contacts t@ad 3 AdHuld heirtaecdvatt conhtactst {1B3ind 83t t@ei) nangl easoveaed
such that they can be contact-connected. 41. The el ectronic conponent .as
claimed in YnFt {UIRDDCEY RFTIHHETH 1he F ect %n?%rtéif%u ?Cigﬁ%ri ses

decryptd on YendBaN S he 424 r N &HELIHE AU C  £O MDA a fiSo G BY N@dst Aopae of
claims 24 to 41, wherein_the copy-protect layer (4) has a first portion
(4a) and a S ptravbh RuBYe BRI R L Off TH2% eFRCRLE HPAHE 280 prBpkPt PBs,

in particul Adm&UPIHIsEL k&l d il Sndv ¢k dbd ferehtoetehd Ngeh Bt 88duéBor A
decryption device for decrypting encrypted signals, in particular used in
pay broadcaRYUREUESHPPeRE 3! t He- conponent

f

20 The following text presents results of various tests carried

out on a copy-protect layer made from glass 8329.

Fig. 15 shows the results of a TOF-SIMS measurement, in which
the count rate is plotted as a function of the sputtering

25 time. The measurement characterizes the profile of the
element concentrations in the copy-protect layer. A thickness
consistency for the copy-protect layer of < 1% of the layer

thickness was determined.

30 Furthermore, leaktightness tests were carried out on the

copy-protect layer made from glass 8329 as follows.

A silicon wafer was provided with an etching stop mask. As is

illustrated in Fig. 16, the wafer 97 was divided into nine

35 perforated areas 98 (1 cm x 1 cm). The individual spacing



25 as clainmed in one of clains 24 to 42. 44. An apparatus which is designed
ta-carry out the process as clained in one of clains 1 to 23. 30 45. The
use of a coating on an electronic circuit, which coating is producible in
particular by the process as clainmed in one of clains 1 to 23 and/or is
part of the el ectronic conponent as claipgd in one of clains 24 to 42, to
prot ect against uncovering of the circuit by the coating being etched 3 5
away .
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%40% } & ()-NzodY: !y 10% & ()- 10* 10*

10*, 79#10% & ()-!, 79#10%00& ()-!H 0%10% /& ()-y!,0$10% /& ()-yp8' e t

1A2dY: 1, &10B4R kigh 19vgengyb 1aboslee (9lass/3baved / kegions dgendte ()- v

109 & () - Ztoonsiderable bulging of the wafer during the measurement in
the respective measurement area is also amazing. There was no
20 change in the glass structure even after conditioning at

200°cC.

Furthermore, resistance measurements were carried out on the
copy-protect layer in accordance with DIN/ISO. The results

25 are given in Table 1.



9 a?dY:!! @ 9%0%& ()-LON"10% & ()-,9 4940% & ()-g!, 9 4940% /& ()-g, %

109% & ()-110% & ()-y9 defgi Zr S11 DY #10% /& ()-g! 109& ()-gy 10% & ()- 10//
10// 10//'@$10% /& ()-g' R@ 940% /& ()-Zzi }[9rSLIDIW 940% /& ()-y!,
%L0% / & ()-y! 10% & () - ! BYLOYE: () - fl3(%10%&'() fl @0% & ()-G 56789zodY: ! D! f 1
0% & ()-" 10/ 10/

10/: F10% & ()-!C, %9409 ()-'L, %40/&0%/&'()-|R%40/&0%/&'() 0;
-}[9dY: I DI $10% | & ()-!L %A0%\& ()- ! %0%& ()- Y '$10%& ()-z!6Y
'$10%]\J\&' ).-zyt 109 & ()--}"2dY: 1D . L 10% & () - @s-10% & ()-s+10% & () - & "
10% & () -! HOakDA & ()-1$10%\ & ()-4uj _=!'DI!f10%H& ()-s 10 10
10@9$100/&'()-|@9$10%\&'() 96! 10%&'() g, 410% & ()-=aBj =!D! 10%& ()-zY
0409P& ()-1Y %0%WV& () - 10%R ()-"10%& ()-7ft10%& ()-=r*' QO
XY7j _=! | $4150904Henen) -dSimrs@iqy . $HIBB & () -

Water Consumption | Na;0 Comments

DIN ISO 719 of HC1 equivalent

Class (ml/g) lug/gl

HGB 1 0.011 3 none

Acid DIN 12116 |Material Total Comments/

Class removal surface area |visible
[mg/dm?] [cm?] changes

1w 0.4 2 x 40 unchanged

Ags material

Alkali Material Total Comments/

DIN ISO 695 removal surface area |visible

Class [mg/dm?] [cm?] changes

A2 122 2 x 14 unchanged

As material

It will be clear to the person skilled in the art that the

5 invention is not restricted to the exemplary embodiments
described and that features of various exemplary embodiments
can be combined without departing from the scope of the

invention.
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10 (2) on at least a first side (la) of the substrate (1),
providing a material (23) for coating the substrate (1),

coating the substrate (1) with a copy-protect layer (4).

10 2. The process as claimed in claim 1, wherein the
semiconductor structures (2), at least in regionsg, are
covered by means of the copy-protect layer (4), the copy-
protect layer (4) being matched to the substrate (1) in such
a way that an etching process which dissolves the copy-

15 protect layer (4) likewise attacks the substrate (1) in such
a manner that the semiconductor structures (2) are at least

partially destroyed.

3. The process as claimed in claim 1 or 2, wherein the
20 substrate (1) comprises a semiconductor layer of silicon, and

the copy-protect layer (4) contains silicon.

4. The process as claimed in one of the preceding claims,
wherein a continuous layer is applied as the copy-protect

25 layer (4).

5. The process as claimed in one of the preceding claims,
wherein the copy-protect layer (4) comprises glass, in
particular silicate glass.

30
6. The process as claimed in one of the preceding claims,
wherein the copy-protect layer (4) comprises a borosilicate

glass with aluminum oxide and alkali metal oxide fractions.
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E@ 10!io$104é1r{e8:‘ré:'2r1 K:he copy-protect layer (4) comprises a shield against

electromagnetic waves.

10. The process as claimed in one of the preceding claims,
wherein the copy-protect layer (4) is applied by evaporation
15 coating induced by thermal evaporation or by electron beam

evaporation.

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

wherein the copy-protect layer (4) is applied to the

20 substrate in a thickness of from 0.01 to 1000 pm.

12. The process as claimed in one of the preceding claims,
wherein the coating of the substrate (1) with the copy-
protect layer (4) is carried out at a bias temperature of

25 below 300°C.

13. The process as claimed in one of the preceding claims,
wherein the coating of the substrate (1) with the copy-
protect layer (4) is carried out at a pressure of from 10°

30 3 mbar to 1077 mbar.

14. The process as claimed in one of the preceding claims,
wherein a glass layer (14) is applied to a second side (1b)
of the substrate (1), which is on the opposite side from the

35 first side (la).



W0%& ()- 'Y 940%/& ()- 'Y OAOYEEX ()- syl0% & ()- 10

10XuYxYcZ8[\\\ zXJ<@ 10 10//

10/ /! Q@$10% / & ()-!>, & 4940% /& ()-!, & 49%40%& () -, 9%40% & ()-! M $10%& ()-\\
\])A U | Mk@ H' 109%8B&’ () - @ 10988 ()-IW%10%3|3&' ()-3! %09BB& ()- 3!
%4.09BB&' ()-3 f109B& () -

10// D | ab}[9+@ H' | +FOL0%& () -! +FI4.09BB8’ ()- (109B& ()-! &$z#109& () -! &$z#
109BB& ()-"109B& ()- bAbVbbce cccuj @1'!y109B& ()- 10] 10] 10]s9

040% & ()-!59 Y%AO0%& ()-s6109B& ()- +FYA09B& () - cdddegPgws] @4 940%& ()-! R
9%409BBE' ()-! M %40%BB&’ ()-! Y%L0%EES ()-!1y$10%CBCBE ()- ! Dy$10%B>B& ()-
Pg@+iij G Hd | I BdPBFHAOR as claimed in one of the preceding claims,

wherein a plastics layer (5) is applied to a second side (1b)
of the substrate (1), which is on the opposite side from the

5 first side (1la).

16. The process as claimed in one of the preceding claims,
wherein
the substrate (1) is thinned,

10 etching pits (6) with connection structure regions (3) as
etching stop are produced on the first side (la) of the
substrate (1},

a plastics layer (10) is applied to a second side (1b) of the
substrate (1), which is on the opposite side from the first

15 side (la), by means of plastics lithography, with the
connection structure regions (3) remaining open,
contacts (7) are produced on the second side (1b) by coating
with a conductive layer,

a ball grid array (8) is applied, and

20 the substrate (1) is diced into individual chips.

17. The process as claimed in claim 16, wherein the plastics

layer (10) on the second side (1b) is removed again.

25 18. The process as claimed in one of the preceding claims,
wherein
a second side (1lb) of the substrate (1), which is on the
opposite side from the first side (la), is evaporation-coated
with a glass layer (11) that is from 0.01 pm to 50 um thick,
30 and
connection structure regions (7) located beneath the glass

layer (11) are uncovered by means of grinding or etching.

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

35 wherein etching pits (6) are filled with conductive material.
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20. The process as claimed in one of the preceding claims,
wherein

the substrate (1) comprises connection structures which are
coated with a structured covering layer (15) before the
coating with the copy-protect layer (4) is carried out,

the copy-protect layer (4) is thinned, at least until the
covering layer (15) has been uncovered, and

the covering layer (15) is removed in order to uncover the

connection structures (3).

21. The process as claimed in one of the preceding claims,
wherein at least sections of a covering layer (15) and at
least sections of the copy-protect layer (4) are removed by

means of a lift-off technique.

22. The process as claimed in one of the preceding claims,
wherein a ball grid array (18) is applied to the first side

(la) of the substrate (1) on connection structures (3).

23. The process as claimed in one of the preceding claims,
wherein the semiconductor structures (2) comprise electronic

decryption means.

24. An electronic component, producible by the process as

claimed in one of the preceding claims.

25. The electronic component with copy protection,
comprising

an electronic circuit on a substrate (1) with semiconductor
structures (2) on a first side (la) of the substrate (1), and

a copy-protect layer (4).

26. The electronic component as claimed in claim 24 or 25,

wherein the copy-protect layer (4) contains a first material,
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material being determined in such a manner that an etching
5 process which dissolves the copy-protect layer likewise
attacks the substrate in such a manner that the electronic

circuit is destroyed.

27. The electronic component as claimed in one of claims 24
10 to 26, wherein the substrate (1) comprises a semiconductor

layer of silicon and the copy-protect layer (4) contains

silicon.
28. The electronic component as claimed in one of claims 24
15 to 27, wherein the copy-protect layer (4) comprises a

continuous layer.

29. The electronic component as claimed in one of claims 24
to 28, wherein the copy-protect layer (4) comprises glass, in

20 particular silicate glass.

30. The electronic component as claimed in one of claims 24
to 29, wherein the copy-protect layer (4) comprises a
borosilicate glass with aluminum oxide and alkali metal oxide

25 fractions.

31. The electronic component as claimed in one of claims 24
to 30, wherein the copy-protect layer (4) is applied by
evaporation coating.

30
32. The electronic component as claimed in one of claims 24
to 31, wherein the copy-protect layer (4) comprises a binary

system.
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38. The electronic component as claimed in claim 36 or 37,
wherein the second side (1b) of the substrate (1) is coated
30 with glass (11) between the connection contacts (8), with the

connection contacts (8) remaining uncovered such that they

can be contact-connected.

39. The electronic component as claimed in one of claims 24
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and elevated connection contacts (18) are arranged on the
first side (la) of the substrate (1), the connection contacts
(18) being electrically connected to the connection

5 structures (3).

40. The electronic component as claimed in one of claims 24

to 39, wherein the copy-protect layer (4) on the first side

(la) of the substrate (1) extends between connection contacts
10 (3, 18), the connection contacts (3, 18) remaining uncovered

such that they can be contact-connected.

41. The electronic component as claimed in one of claims 24
to 40, wherein the electronic circuit comprises decryption

15 means.

42. The electronic component as claimed in one of claims 24

to 41, wherein the copy-protect layer (4) has a first portion

(4a) and a second portion (4b) which have different etching
20 properties, in particular comprise materials with different

etching rates.

43. A decryption device for decrypting encrypted signals, in
particular used in pay broadcasting, comprising the component

25 as claimed in one of claims 24 to 42.

44 . An apparatus which is designed to carry out the process

as claimed in one of claims 1 to 23.

30 45. The use of a coating on an electronic circuit, which
coating is producible in particular by the process as claimed
in one of claims 1 to 23 and/or is part of the electronic
component as claimed in one of claims 24 to 42, to protect
against uncovering of the circuit by the coating being etched

35 away.



