,; e3enbnl L 6TBbuZ Schott AG 03SA.0129SGP Process for produci ng copy

protection for an electronic circuit The invention rela ess for
produci ng copy s protection for an electronic circuit, m@m@g@mmmmm@g an
imegrated circuit, and to an el ectronic conponent havi ction
fhe conplexity of electronic circuits, in particular to intd&§Pated
circuits, is becom ng nore and nore conplicated on account of ongoing

t echni cal devel opnent. This brings into play product pi PS80 Gfhcover
an integrat e fromthe housing in order to analyze it and to abuse
the results against the manufacturer's will, and in particular to copy i5

el act ron ¢ ciroul ts o whioh the manufacturer has a nigh | AN est
o

in maintaining secrecy, such as for exanple circuits 20 for decrypitng
encrypted signals, in particular for pay-TV and plastic chip cards.
Al t hough chips -are typically encapsul ated in housings or the |like, these

housi ngs can be renDyed 2@y Fd¥Y pHéduiiing RS pifo L ddier@f0r4n do not

of fer sufficient protection fromm suse or copying. Therefore, i~ is an

- object of the present invention t@Lschwrogdcaimsaeds which all ows the
production of effective 30 and secure copy protection for an electronic
circuit. 2 A further object of the present invention is to provide an
el ectroni ¢ ddmparergnthioon e b festioea copycpsot Eeti pnodgcThg obpect of the

invention is _achi eved ig a sur i singly. si .way. J suhj ect
mat t er 051? cI®Hi S ec%la%l}:l . ﬁr%%&%%{l] ?g%?%lfllg%%\g %#luﬁf&ugg%/%%g%fl %ﬁ formthe
subj ect mat tiert edfratwd subhodwings.and to an electronic component having

copy protection.

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 capy

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.



to For the process according to the invention for producing copy protection
for an electronic circuit, a substrate is provided, the substrate having
sem conductor structures on a first side. This substrate is, for exanple, a
sificon wafer with circuits printed on to it which has not yet been divided
i5 into chips. The electronic circuit preferably conprises a swtching
circuit, an integrated circuit and/or a sehsor. 20 Furthernore, materials
for coating the substrate are provided, and the substrate is coated with
one or nore copyprotect |layers. The copy-protect |ayer or copy-protect

| ayers have the function in particular of protecting against spying on,

m suse and copyi ng of individual sem conductor structures 25 and/or the
over al | cirdmiﬁurﬂhmr(mmgegnomécthenpfesgmwtinméatigmoiects pkpradesahavi ng
sem conduct or, structures Ifoh rise e ctronlc %ﬁ g&kgntl ans, since

such circui t$ % QQf?ﬂﬁﬁlcRW%ﬁnen eed® of s%%?%%e < npor

application area of the invention is therefore protectlon agalnst pr oduct

30 pi t th d, d
o7 ohdcast | ngind PHAART GUF o™ of PR 1, o SO STt E s on R hoEARHY whi ch

are of rel e\@m@é Qﬂa@ecyuéﬁ Yoy Pmylmmga@c chattey @5 ¢heimepy pnatestion
has the advant%g§335 on the one hagﬂafrOV|d|n9 ve£% ef fective cog

prot ecti on IR T YR SRRt yEFEey " ah@® oRPHECbL her
hand of bei RghtHdWIE tthapply-10idde substrate or the waf er. Furthernore, a

coating offers a uniformprotection over the s entire coated area, which
makes it possible even to prevent spying on parts of the circuit. In

particul@r, @.cqafd r}ﬁ&@é’s@lé&% idy ey atied Asyensibst £9r i PrébgciByhedpy
used to fabricate the circuit. This advantage io has a particularly

positive ef fiestedticuatiggsan @Jgectﬁ:ﬁsluq/acnww st aPiPsyERF®nifayers, are
to be appli %Ma@&/ GaRe. sk d MU S G88Fnd N FORYIRIA St st AYEFuPEs | Y €L S

and one or re furt’her coatings, e.g. a passivation or stabilization
coating, carfimstcaidesd s |svhSTerm%pp%mat@sam@¥ﬁ,15a pakticonarager

vacuum chambar.,, pr;&f &1, %ﬂr{ébc&'toﬁ he subsiahe Del g« epovede£r oM §D8eq

appar at us betmeen e coa
15 into chips.

The electronic circuit preferably comprises a switching

circuit, an integrated circuit and/or a sensor.

20 Furthermore, materials for coating the substrate are
provided, and 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



.operations, so that it is possible to avoid an expensive and time-consum ng
changeover operation. ao It is particularly advantageous in terns of
process econom cs when produci ng sem conductor products that the
Gopy-protect coating can be applied areally over the as yet undivided
wafer, so that a |arge nunber of chips can be provided with the copy
protection in a single working step. This s z5 advantageous in particul ar
in the case of chips which are encapsul ated at wafer |evel using what is
known as wafer |evel packaging (W.P). In this case, the process according
to the inventj h a ed,.i Lt} r on
t he ot her hg(%ﬁL:I %@gﬂo%eﬁ?ggﬁsgt Qzﬁaégg?yiugétg%gggg %ﬁat %g w% g\iéﬁeg
particul ar ifiantheoTopyips ostwple ayerapply heol tlpersubsprateceraghenyeispyi ng
is formed in such a manner that it simultaneously perforns a housing and/ or
stabilization function, i.e. forns an integral part of the housing. 4 1t
i s preferablrBufdietthersena conaluttoroSfeustaresi fatm| pastechipegpuas, the be
covered by neans of the copy-protect, |ayer or_|ayers,.so that _the latter
are not acceddihie WWtHD tgge%)é%@h?ho?‘g}t(%se %%p@g%?%%le%teY%?eFooPr?X%Ergs.
It is preferabfind osn thertcopyt ptiod ecirda@yer or |layers to be nmatched to the
substrate in such a way that an etching _ process which dissolves the
copy-protect layer or layers 10 |i kew se attacks the substrate, in such a
gannelr tfd1at T & HeH SONHICt DT cSd f LG UhLP &1 €o dbe | Baségpatédahbyaosubstey

i ssol ved, attacked and/or destroy and/or the lopgic circuit can no | onger
be recreat ed¥ ciHOWRHPT rfb‘?/%‘? e %é”c%?ﬁ/el%\%rcb’rgmﬁhg/er l?lsa\n‘?jgvantage °

consequant | ha AtdamtcdiDasBy s ivd £opyct hef Cedgtihgs N ahgch the
copy-protect |ayer or layers are to be etched away is dooned to failure.
Chemi cal or RastSigtaiion, Oass bl e QR ok R Emed 6t cHP Nt arR! 5&ft 4B anY

et ching processes fprehe CoRy- et eidp) ayesc &fc | BYPLS. 0201 INEF 8T 9K &, one
sel ective renoval of the protectjon |ayers w thout damaging the ,
senmi conduct IT StAUFCtiHEEIShi AR BT DHr eScht DPAIFRIEUDSRR a2 DE2hf eFaFEon

therefore i 'ir@ e QIn ale | &ast; Jpch done did fd ol tapﬂ&‘@i@ﬁ@f ejnthe

structures Cannqt r‘eadi |y be the subject of unauthori Zed copying. 25 It is
preferabsl e foartdtcul@asta omcwop\cipriact Brglkeralx ontdieous| fheonbThFate s

sert conduct o ELHAELFER T R R tany et ect T ayad or | ayer
: py-protect layer or |ayers
are pref er abiperappldred & dlatyert vie @rdsikbontinwwisidtan easpensl yeghohs
o0 oS L L S SO Sl prpr weal [y Jolned Lo (he
etching are also repelled. It is preferable for at
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 leést 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
gstabilization function, i.e. forms an integral part of the

housing.



.5 | east those regions of the substrate in which the sem conductor
structures are |located to be conpletely covered and/or hernetically
encapsul ated by the copy-protect |layer or layers. 5 The inventors have
surprisingly discovered that glass is a suitable material for the
copy-protect layer. Therefore, in particular a glass layer is applied to
the substrate. A _silicate glass, e.g. a borosilicate glass, in particular
with to alum num oxi de and/or alkali netal oxide fractions, is preferred.
In tests, the evaporation-coating glass 8329 produced by Schott has proven
particularly suitable. The copy-protect |layer, i.e. in particular glass, is
is preferably applied by evaporation coating. The evaporation coating
advant ageouslty g vesefésable ferytsecsenibondiagorosthecsubssraté Weeksut ,
for exanple,. adhesjves bei r i kN i S t f i (o]
made o {he Hopl TEatTons 2aobE 305 o8 Baomaanf; PEEEE BbTeB5005C o763 22
964. 3, fil ebonlHpe?’s, 2802:hdHE 102 P2c668. drefnbedaocned51B3e2002hoDE 102 22
958.9, filed on 05 23 %%%2; DE 102 52 78{.3 filed on_11.13.2002; as DE
103. 0l 559. CSFIY2Y Bh T1° 1892003 T hethe Ahne 8F tRESE2me Applicant, the
content of disclosure of which is hereby expressly incorporated by

ref erence. The follomﬁgg%ggoc SS garaneters are adyantageou for the go
appl i cation of 1B &t €| Rt GPREIPERCETpy. Yot el iﬁ%@F? 88r Pce
roughness ofndthensubss raie: ssbSOrate Bl ASSGERPErasyr endur anget bBRing

evaporation: ~ 100C _ 6 Pressure during the evaporation: 10-4 ar It is
advant ageouP ¥ The' HePo T FINL 635 dppt | caRY o= By=ct Payer ox Tgyers
10 likewise attacks the substrate, in such a manner that the

semiconductor structures are at least partially or fully
dissolved, attacked and/or destroyed and/or the logic circuit
can no longer be recreated 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 as 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 properﬁies, 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



.evaporation coating of the copy-protect layer to be carried s out by neans
of plasnma ion assisted deposition (PIAD). In this case, an ion beamis
additionally directed onto the substrate that is to be coated. The ion beam
can be generated by nmeans of a plasma source, for exanple by ionization of
a_ suitable gas. The plasma produces additional densification of 1o the

| ayer and renoves | oosely attached particl®es fromthe substrate surface.
This leads to particularly dense, | ow defect deposited |ayers. The
copy-protect layer is either transparent, which is 15 advantageous for

opt o-el ectrani ¢ _caonponents,. or_o e, nontransparent, .sha , col ored,
cloudy, mat ﬁeecflsoq' TH s??ﬁlr%?sv?’??%rﬁ%isﬁlg%sdtfﬂ%é%rjolgengggglgl icon as the
mai N conponesdmicfonietoansk prot weds verd ayerazedcan bseabstanlebkly onbgrbe

removed by nmeaps of the sa tching chem cals, which virtually rules_o
t he possi bi |%I}<{75Caﬁ k%%‘%%ﬂ%&cﬁ% .S@ae%eﬁh@ﬁ %??/-%?%%i'%ﬁo%?%%egg §ra§%
used, a conbligyadi#Hn of materials of silicon substrate or wafer and silicon
glass is protected agai nst selective 25 etching, since infornmation about
the etchling stop can only be obtained on the basis of the elenents of the

seni conduct afhd ayfferMotdenlassutpyasinddy YA DoEevd hed thdorgpatonibas been
acquired, i.e. once the sem conductor |ayers have been da ed, _can the

et ching pr ocessd 3R &t 2 BoF PovigtRe re ORY R ¢8R" at 36°he T _%HeF‘B?e' in
substrates qifier; Lhan s ldicods 16 Mdi NG DAkl Ce@nehé NoEgant-sce. A _
sem conduct ors, by using suitably adapted evaporation-coating glasses. 35
It is preferdflicsdter qlvssurd ote & 1t ¢ @%%st%%t%artl?‘élﬁé With
mSt 50, Vi My 1 10hi7n il Ux e JABNY o1 1{0r 1 the Ledt] &b enfa of 1 sheT mab ,
expansi on ofat e substrate and the material of the copy-protect |ayer, in
particul ar tove fergsetatiorbat® i fgqlasRonar kot nedafel NG Aezd? dfhg°to a
preferred eﬁqg '{E‘%!H’ HeSHY - L5k ~CONPrises 8 @lplgast binary
system pre ergfb y abr#JP% conpok%esﬁt sysétrg%An at %e%zt b% nary systemis to
be understood as meaning a material which represents a synthesis to of at
least two ¢ @(ggpfagy%lggghlayer, i.e. in particular glass, is

15 preferably applied by evaporation coating. The evaporation

coating advantageously gives rise to very secure bonding to

the substrate without, for example, adhesives being required.

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 um

BIAS temperature during the evaporation: ~ 100°C



.Ther'mal ‘evaporation and el ectron beam evaporati on have proven particularly
ef fective evaporation-coating processes for the copy-protect |ayer. Hi gh
evaporation-coating rates of at 1s least 0.01 ~mmn, 0.1 ~mMmn, 1
~mmn, 2 ~mMmn and/or up to 10 ~,mMmn, 8 ~mMmn, 6 ~nimn or 4 ~, nmnn
are advant ageously achi eved. This exceeds known sputtering rates by a
mul ti pl e and makes the use of the process @ccording to the invention of
considerable interest for_ the production of 20 copy protection. This
allows | ayer thicknesses of fromO0.01 ~, mto 1000 ~, m preferably from 10

~,mto 100 = echlo ybstrate quickly and epfecidmel v.
Sput tered Ie&é&%ﬁéﬁéﬁﬁéﬁ#ﬁ% g?%g?%gﬁ%ﬁponent systens (typically Sbe) whi ch

have been applied hitherto have sputtering rates of zs just a few

nanonet er s r g nu I r r e 0Aaj.i ; upstrate
with the cogl;/et- pl[g’otae(%:\?arl‘%%/%%&f% %%chgéi%%géi%@g?ﬁagﬁig p?gﬁ%g?g&?g of
bel ow 300C, evagmardt vut arodel myw d650Ce arwbypaptrotedtarlygy8o peeber abryipd t he

regi on of 100C. .A background gressure of fro”‘&Qﬂé§o$¥§%?e°#§9Ab)”b§5’ in

particul®ar iWTHY rr%eg&frgsh ¥t AT Rar” REE proven 2U of coating the

substrate wtHid heaopyaprdbrechedrmyes , addi pashatly adifecteéfiecnppl Lbati on of
the gl ass | ayer by evaporatjon caating. 8 Accordi to a_preferred

ref i nement o%lﬁ?sffely"’ltrﬁ/e ot S at°| %s?g%%eedfuﬁﬁ%ejroﬁlgg% m %?18.83 graggated
ceram c, netw} nar ast €501 88w, sdsrePpl f e, examphe tbguianiast hanopfi aal
and s X-ray optical protection ]Jayer and/or as rotectiqn_ |l ayer .
preventi ng c%\%é@\ fs gahd THaR? s%’ﬁ‘é’l‘b‘?e? h?‘gdjgtfb?%%ii 8%nFé§é?aBéPﬂg°f
subst an{j al Ipnd NMREFERHNUE St S ISHBENET A o AeVeS , paic PAL &ECBLam the
X-rays, or conprising capacitive and/or inductive,sgiel ing. Thiswlayer may
cover eitherSYEaaF ey ed ead vFS 19PIheE TR TRV OTrABrE STEEEti oRY a

partial areqyOfedheid R QNS of afdies substrate which are to be protected
However, the protective |ayer nmay al so be applied in such a manner that

signals can neverthel ess be introduced or emtted contactlessly, in

particul ar ipfgductd \Sgﬁ-'@e@ae&é CARACT {d Vel yhe ACCOL D40 8 PhebRT £ 8d
enbodi ment, at |east 'sonme of the passive conponent's and/or interconnects
requi r ed f oradvrfagrstirfion It TRleltreAnI® RPIPRDE Por AF cdPRAYE he'2B"

protective '%g«lfscp%eﬁ%%e’m%hé&e& hato Men; t e IS echi Vb ayeT &1 ghest gipyed

the circuit can no 1onger’ be understood or at least is nore difficult
t o under st and.s igcamgigiind rrqpefteresed refi nenent of the invention, at

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



.2s l'east  one further layer, e.g. a glass or plastics layer, is applied, in
partieul ar as a passivation |ayer and/or as nechanical strengthening, to a
second side of the substrate, which is on the opposite side fromthe first
sidde. A conbination of a glass layer with a passivation function and 30 a
mechani cal |y strengthening plastics |layer applied to it is particularly
advant ageous. According to a preferred enbodi nent, the process according to
the invention is conbined with a process for housing 35 sem conduct or
conmponents, in which the substrate is thinned, 9 etching pits with
connection struycture regio are oduced on the fjrst_si of the.. .
substrate, atopl%aestﬁtcsmcf eﬁ?&i%m'ap%{i% o 52 LSO % dfeo%%ex?%ec%% BEFhERt
whi ch is on dihe sl texsdisie: it aE tige fduisdt Sd e, aldy tRaNGaoérphasbEcshs
|'i thography, with the connection structure regions renmaining open, h contacts
are producedRY 1HRC &TonP X Te 1y RVE TG 2T P Rart Y RRP 57 SPRt 2P FhGY with
a conductiveylayer .t dsidcdd d array is applied and/or finally the
substrate is diced into. individual chips. If desired, the plastics |ayer
on the i second side is renpved again prior to the dicing operation and/or
the etching pmé&ﬁrrf%feé | £cp i - LQNAUGL I VEndPRt 11 - ¢ o;%%@gct_t.omyer
further preferred ermbodi nent, a second side of the substrate, which i1s on

t he opposit egindd faomn R fligatt ikingne sYsteov e 9yaklapdrae! ®h- coat i ng
with a 0.01 ~m.t ~ i ck I , i ure regions
| ocat ed benéat 1 e%%glsg}s%é%ng.yégigaﬁé luéral%sg{/ebr%%chfn ar%rjlngitﬁ zttf(s_g%/é means of
grindi ng or wetdshistgpo@ G sAcemTding a anat qurieflerwleidcll envep gt S ' 2 asyREPgls

si de of_ the t rat i ch.is .ont %Qggﬁj e side fromthe first side,
is pr ovi'ded ol%rjl%schelaeragsgtl \gryoo%%%%loéc}oln%ctl on sét'r uctures with a partially
applied plastics |layer by nmeans of |ithography, and then a gl ass | ayer
which is fr Q.01 ~m_to 5Q .~mthi i S | V. e i e
by evapor at ﬁg}ﬁ &5at ier‘f'ga;p Qﬁag“t({ﬁ C Arée:i;esleo%t%f%rfgp €!g ngges ;%reér&n%rg[ﬁ én-\(’)% é%%%g

t hat of the pplrastdudsdlay erf febhene tehamoratecin crosting tpresesees beor the

uncovered by detaching . the plastj.cs |ayer above and .al so the glass_layer
whi ch has bé:&PYéﬁflqt&gftt gati)ro?er -prL%s‘-??I ces‘yﬁpéifea}b“b%}l‘éo‘)%%h% %"%htea&'g 1Tt f
techni que. AccQRdigng it &;]nani‘i&hr,t hen 2@9{1'nr}er1t /R 1S UBS Ll £ QIRE AcYe Sap
connection structures Ich are coated wth a structured covering |ayer on

the first sitde 10f pieisybst paf/evin,ne ph)mpar bircyl am/bynmears of plastics
| it hography. Then, the coating with the cop¥-pr tect layer is carried out.

Next, the cOPYAH-GEEALSLYy &L nridd,S Y STY- ot Bt nett: S %t

lleast until gyhe eRVerife layemdas hepn uscoerah phitfess ddeoLves i g
| ayer is preferably renoved again,_ in aorder to uncover the conpectjon

structures. ST $THEEAET s EFSHIBHERIT (Y it ke S WFehitheen of

senm conguct Qiopst HIfWRS G € THGALEd Jus heael agtidelasudteet eebby the
copy-protect [ayer, whereas the regions in which the connection structures

io are | ocated Ir gmmaito cloddr psucipriefatraitiey foam B gonttactlddnnect & DEhen,
it is preferabl.e for elevate onnectian,contacts . Q..in the formof.a
bal | grid afPR}1%0 e tg'ﬁplsi F TG ThEHTSY sairﬁ% éo%%cgcelvseu tr%ﬁ%t%er’lr%%e
connecti on Starietisuresndrieri ddies ipyglpose ngforearnt agts twomn et ymicahndy t 9100
which have been applied hitherto have sputtering rates of

25 just a few nanometers per 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 102 mbar to 1077 mbar, in particular in the region of
107® 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.



.15 el ectrically conductively connected to the connection structures, a

t echnol ogy al so known as flip-chip. The present invention is also rel ated
to the inventions disclosed by the German patent applications zo DE-102 ?2
964. 3- 33, application date 05.23.02, and DE-102 22 609. 1-33, application
date 05.23.02, as well as German utility nodel application 202 05 830.1,
application date 04.15.02. Therefore, the 8ontent of these three
applications is hereby incorporated in full by reference in z5 the subject
matter of the present disclosure. In the text which follows, the invention
is explained in nore detail on the basis of preferred exenplary enbodi nents
and with reference to the figures. 30 Brief description of the figures Fig.
| a shows a cxassréecyiton 4 hpoefdreeporef omenéna. ofatbe wivanaighasst| ayer

whi ch has been plied.to 35 the top side by evaporaijon.coatipgs; 11 s to
15 20 2s 30 ags?tpl%ﬁ%h%%tk%%lé %Pﬁ%rase.lfi’g.a|%f%mg$h gé%%g%gé%épg%sorayer
whi ch has begiaspipts ether f hes unsiel sedle by paapdealaonasoati agtifag. atd

shots, Lhe 337 A7 SflelF ML ILIE LYy LDefaqrontypugus, pegleeLbveal arer
hﬁs been apﬁin?eaﬁbrlt@iﬁglﬁ]égﬁm?M?\ﬁe ba/ncg}/ﬁrﬁkﬂlﬁ@i_ti@él eppihag, thiki grotdcshoes
(he sar 25 Fig. laih.a [uiher, ol scontiouoys proleetiysulsist.of
applied to tha,dHp Sl deahyi QYEPOred i N £P@f | #8, comprising capacitive
and/or inductive shielding. This layer 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
profected. 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, 1is
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,



.Fig.” e shows the same as Fig. la with a further, discontinuous protective
llayer (i nterconnects, passive conponents) of netal or ceramic and a final

gl ass layer which has been applied to the top side by evaporation coating,
Fig. 2 shows a wafer portion with glass and plastics |ayer, Fig. 3 shows
the production of connections on the wafer, Fig. 4 shows the sane as Fig. 3
but with a plastics passivation on the underside of the wafer, Fig. 5 shows
coating of the wafer underside w th 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 )] W N e | y. : | 7b
shows the sa Ch&sn%ipgl.tsg'p‘btm C\?ﬁrbﬂeca@%rlasstg{l%gc%{/égrr%%lgtmﬂi %\%:égiogggg? t he
waf er, Fig. &rshows fansncapil ef itdre cfulidteranelersiplasfias wadger 1s12 5 to

wafor, Fig. SEoHs G Mg 1B b T Gt E T ys Y Ther herlr “Shown

in Fig. 8 olghdsit®a,sikiey.f A sthronsf anstoutidene ol agsans ob £ apl@vaposat i on

art angergent 1 ilt::ih%gr]é]bhsyh,ovvvvsit%q Ctrl'?es Scosr?r:?etcitoinor% hsrtofjlgcm@ré’va;gggigr%tnirgrgaining
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

10 second side is removed again prior to the dicing operation

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 pm to
50 um thick glass layer, and connection structure regilons

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
'sﬁbstrate, 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



wWth a plastics |layer and a continuous glass |ayer on the top side, Fig.
11a shows a cross section through a wafer portion with a plastics |ayer and
a structured glass layer on the top side, Fig. 12 shows the wafer portion
fromFig. 11 after the glass |ayer has been ground away and/or the plastics
| ayer | eas been renoved by neans of a liftoff technique, Fig. 13 shows the
wafer portion fromFig. 12 after applicatiiéon of a ball grid array, Fig. 14
shows a diagranmatic sectional illustration of a further enbodi ment of the
copy-protect layer with regions which have differing etching properties,
Fig. 15 shows results qf a TOF-S| u i,g.

di agr ammat i cpﬁri%}cdlelpe}rc%sy am%rfsero%m%%e%hoﬁe?%%ﬁ%%ﬁé' |£%.€?II gﬁ?ﬁess t est .
Det ai | ed deswydtftriconwiafh tdtee i aosyp oot dety. 1dytes hoswscahelied rangendakt, ofha

substrate 1 with respect to an evaporation-coatin S ce 2

latter conpri®%¥¥s 4P cetct]rWrF%ela?na%é]ﬁgFea#)’orF%,eﬁgﬁ‘g%%%?ég#%egrdgwgggﬂ
and a gl ass drangeist23rwhilchtHes dariges oy dyy reas dbest romcdbeane@4. TRent he

| ocation at which the el e]::tron beam i npi nges on thedgl ass_target dt@e gl ass
i s evapdr at édCar®VErEADi 13 TS %Hq?eégqar Y SV 9T h stiBstiate 1° To
al l ow the glhgsswelr e tadrgeictAdt Gemraparede. ahimidDIolhy Elsose 1Begions
possible, the target is rotated and a sweeping notion is inparted to the

beam 24. Refdr éhce SUOSHHRSS d-FivgE I HIR) S F ST et B FSt oF et nats
possi bl e subgfrate o ASidd it walier sgaéqﬂéte:édlw reie doppspregeens 2 with
W

sem conductor structures and regions 3 wth connection structures, which
are formed Heweras whemeasaddie fGEIionmpite BT H (S UIRNIHREC S¢1 i BoR R BFS
represents dye SURSIAL &My E1ul ahR QUONASSePlcan Sodfl Sonddect op side
la io of the substrate is on the opposite side fromthe underside |b. A

gl ass | ayer cpnngstiesen Thegbsiitted oprafe 1y il | Bl 662 P y-Prdteetotayer ;
this layer referapl nedJom4d he ieviapatd of-£0at i g wbass of
type 8329 p\ré%%&%ézgsby%g%oﬁ? @#S type of gl ass%can be substantially
evapor at ed bypl5edhé&cadtheorf igfst Ivadel et rtdie PSRRI e RRrRkePel P
carried out in an evac g\ tAM sigual Py sssure of J0-4
nbar and a I§It,£§cttéﬁrﬁae%r§?%$ceth%f \ﬁf{fg%r%ﬂﬁf\#gctt t:ac'{at\?zsaéporat? on. Under these
condi tiw@ns, ededemrdealdontdandous igledys. daayercted $ prigRiceelneddi ®hi s | ayer
is inpervious _to 20 gases . and |i.quids,, includin r. but_transmts
light, whicFEES36Fraft 5S¢ nﬁel% s&6° ené)g’fnr %g\ogl?lcpal ¢dnponents. The
underside | b of the wafer is available for further processing steps, which
include wet, dry and plasma et.ching 2s and/ar_cleaning. Fig. : ws the
substrate 174 ér’fel@ie&t RS IRR tl% é‘isé’dd?e[ 'aotheéfatgcf gcs%ge I%rg‘é?ll“lljﬁgﬁ% ch has
been appli editse1bhedundendicddeddndry pevapor afdgmin coatdmg. 30 Fig. | ¢ shows
the substrate 1 as _shown in _Fig.

or ot ectidve IDgyéto24a2,2h@c§r‘rlpr3i's3i3ng aé%lp%.i%lgt M Ehan aadizyopal,  gentinuous
DE-102 22 609.1-33, application date 05.23.02, as well as
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 subject 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. la 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,



.consisting of netal, ceramc, glass or plastics, and a further, final glass
'ayer -4 which has been applied to the 35 top side by evaporation coating.
14 Fig. 1d shows the substrate 1 as shown in Fig. la, but wit: an

addi tional protective |layer 4b, which is only continuous in portions or is
not conti nuous and conprises or consists of s netal, ceramc, glass or

pl astics. The protective |ayer 4b covers ildgportant regi ons of the
substrate, nore specifically the regions 2 having sem conductor structures.
The regions 3 having connection structures are not covered. A further,

final glass Jayer .4 has been applied to the t Si he ko, egil

| ayer 4b byféﬁgp&#étion co§§Fﬁ§£ $§%.§?%§é%%dgﬂghég§d8£%$a§ef§"gégéhg&%ggn
Fig. la, but with an adddidr otadch dist ddemuqusl pedtect thve ingersidde by
conprising or consisting of metal or_ceramc. The protective |ayer ‘4c 15
addi tional Iy incl udes §HRREIOMELILCHIOr passi ve conponents, such as
resistors, qapaCitoOrs, varigiows,choidgmeorad eidi kea Buf uwitiera funsherayer
of glass 4 has been applied to the top side of the protective |ayer 4b by
evapor athi on coating. Z°TH UM RFRESE TS id3RgRT C&Ig\ﬂé‘?’f?'n "1yt of t he
substrate 1, which indihgsdresaitaaxenplas Wwelbagk rent igahpslses bageass

| ayer 14 and a plastics |ayer 5 on the underside |Ib. The glass | ayer 14 has

a thickness in the rangedt SO REER GERL S Vi Chthi P i 3280  ci ent for
the encapsul ation or hefimitdr saplddibinthereas the plastics layer 5is
thicker, in order to inpart greater stability to the wafer as a workpiece
for subsequétig pristessi ng e e AL 3 thaW]at]ia}/é"b?hi% %%’F}tl@r'%n, it is
al'so pagsible for a plasddis dysls b9-A&APR Shydy (e hops 5] dee phmibie
glass layer 4 in the same way, so that a corresponding nmultilayer covering
layer is applied ther@lassi®Finlass ishamd tehe ¥nak Heka g7 obRERT nghbFh ahas
wafer. The wafer is t 'Ema the undslsi ok et.ehing piisibnare
produced, extending ag! arqgghfhe connectﬁ%ﬁjstructdfe‘%g%ionslS, whi ch act
as an etching stop. Theatafrar, underside Ib is provided 5 with plastics
| i t hography,_.l eavi ng the regj QMY Sl the, conpegidon, sgrpctires 3
uncover ed. fﬁéﬁ,%fine conté%kgﬂg1%¥2E%#%%E%%Jﬁ§%'?ﬁg unJgrside, for’ exanpl e
by sprayi ng or sputterdisgomiitiiotkepresatt ivhatayondUigtiarcdraesits .7 are
produced in the region of the etchin i\ts 6. Then, J hc, useg.for
the Iithography is refied 7 ocrﬁr?%oene\?\}a 2r oufgcir(‘aerésj&llldeoﬁI Eceel,l-\é?({% agaﬁt%a?l grid
array 8 is applied todlhessanduct iwteidiayers Seerarnpghedeferths thwi dede
along planes 9. The result is a plurality of electronic conmponents whose
senmi conduct or st ruct ur®s PRIt &7 dded between the copy- prot ect
| ayer 4 and dike substrate lsrauk herweid:caddnt isealetbh FGasd shdwslastics
nodi fication to the enbodi mrent shown in Fig. 3.. The sanme process steps as
t hose oftlined above %o carried out, but the plastic is not renoved
fromthe undsrgide | b of themoval ethenskadver Sont hef wsletsettoms an the
passi vation and protection | ayer 10.

. wafer,

FPig. 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,



Fig.” 5 shows an enbodi ment in which a glass layer 11 is to be 25 applied by
evaporation coating to the underside I b of the substrate instead of the

pl astics layer 10. As in the enbodi nrent shown in Fig. 3, the plastic used
for the lithography is removed fromthe wafer underside |b and the entire
underside 1b of the wafer is covered with the glass by 30 evaporation
coating, producing a glass layer 11 whichli2s fromO0.01 to 50 ~mthick. As
illustrated at 11b, this glass |ayer also covers the outwardly projecting
parts of the line contacts 7. For a ball 3s grid array 8 to be applied,

t hese regions, 11b, are uncov, i ndi et ehing. - he
ball grid a&%‘ Sq%%e applié%&gg% %ﬁ%ﬁﬁy?%fF?%%ggfgg%égéﬁeéftEggma gg?FéEQ
divided to formindi vidiied wafgonents, as indicated at 9. The sensitive

sem conductqr, structures 2 are mechanicall rotected,at _th apd the
bottom in €a¢h chse by a gsfq'é% S I%&/e?’péiﬁo?yi%nr% p%%lf?v%ﬁ/& %‘E%gg?agg

| ayer 4 sinmultaneousl yHepiesentsndhe Qopyrpr od est Fiayersaln a further
enbodi nent of the invention, the wafer js io. divided at parti n& ghanes 9
whi ch d& notf igasst® hr ough tTREEHME QYOI AT rttTeF 2 ragi InsSVHRPE2 ha’% t he
advant age that | ateralapassderdnton protection for the conponents can al so
be ensured. Fig. 7a shows an exanple of the djvision \/\/r1riéch af%ects onl%

material of Rife ddvering | aQYs) ArftFBS tTREF PR UPSIORIR 2. W P51 PRTEY

the procedure is as in,tdhe £§¢lrﬁll@ird/s erdiad N Sa deser i hesuabgyvessi 18yethe
wafer is thinned fromthe underside and etching pits 6 are produced,
extending as far as t K UidertstRiesis¥e t he connection structure regions 3. A
"thogrlgphyg%ef At 0N droird | @b Mt Ut {418 £ e &4 Wfﬂ@fs%@lﬁti@m Wtk

t he bond pad regi ons remai ning uncovered. The line contacts 7 are produced
in the region of the & dhiaffisla slaemiant tthes e WeEPi 152 8F st Bt ng
filled wth conductiv terial. . A suitable process for this purpose is
t hi ckeni ng by el ectrore;ﬁl'{agtaitﬁdgd \;aél'tcﬂuez’Ni (P). After the 2s plastic has been
renoved fromitche idnder si de fowshehwafwarfen mopai9n givem df¥ay st B afeer the
applied. Then, the wafear_] WA g, :.acﬂﬁfd teid

el ectroni c conponents atsjhsshlcegryréex??%aﬁal y engjapsu a%a?ws:ané(%/g%u%%%r
structumses 2. 30 Altemiadbiglsy,laven haslsepossidied ney nerrenmveat hefc-
pl astics | ayer 10, so t ttetct}leml arter remains in place as a protective

| ayer on the underside , SHowd in Fi g. 7b. Figs 8, 8a and 9 show
exenpl ary emdedi ments wit h diwews 3hepnediet imnrofora fassFiayel2 ldfoart he
under si de. The 17 proceld.uret.i S sitlm' I g}r t.o the,enbodi ment shown in Fig. 5
in conjunction with FidPPACEEIN 9 1P ET Gt St uct ure regions are
produced, amdd.hesentire undens de dinogfarinee Wafssct Socaat Edl wst hat hengbliss -

| ayer 11. Then, the glass 5.l ayer ,is,remgved.in the region of the etchj
pits 6%y grinding or ""et%}ﬁtﬁbe,}“y l?ciqjﬁr&nrﬁ%\toe% qu-[;]e Ry ¢ ,r%n?e%%/ Qa&%%h‘?lngkg
the plastics |ayer 15 myicdhdamipgteHaous|di e appdiadibhy dirdpegraphy in
the region of the etching pits by. ans of a lift-off technique, as

i || ustrated5¥ Filg 8a, in I F&GS40rS t‘?lge aoaT(#Et'gﬁ‘ﬁﬁé a‘?‘?aa?/%r?q‘ﬂ%%tt 0*B2
appl i ed, as dild.ustg ated in HgrdmA il Seppspidon alenget hei phanesoDe

conponents with encapsul ated sem conductor structures are obtained.
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



.15 The gl ass systemused for.the layer 4 and/or 11 represents an at | east
bi nary system A nulti-conponent systemis preferred. The

evapor ati on-coating gl ass of type 8329 produced by Schott 20 has proven
particularly suitable and has the foll ow ng conposition, in percent by

wei ght: Conponent s% bywei ght Si Oz75 -85BZ0310 - 15Na201 -5Li 200. 1- 1K200. 1-
1A1230.1- 1 The electrical resistance is approximately 101 SZ/cm (at 25
100C) , the refractive index is approximately 1.470, 18 the dielectric
constant g is approximately 4.7 (at 25C, 1 MHz ) , tan 8 is approximtely

45 x 10-4 (at_ 25 1 .5 To obtaj i r Les.Ln.th
conponent s, p|Cfs'snl1st%yl el\@i%)etl%%%tloé u%%%%%s%%ég% %f’%?g%%tﬁafggé £s
conposi ti onsinfparide tgh adse |ayen 24on the top side and the underside. It is
al so possible for a plurality of glasses having different properties, e.g.
in terns of their refractive index, density, io nodulus of elasticity,

Knoop har dnesserlireleecitd imadonsd anigs Tamadd 1o Her appteedetailbeoSubkerate
i n succession by evaporation coating.. an alternative to el ectron begam
evapor at’i on,PqStsylikgLealsé@sl%rap'&s]i blte Ei’oﬁtsfs%n o“(#e?r fEans oS PPARERET 1 Has
materials W dieeQl Ri it el @brafisot Jhes emapoliadd oindet €41 ahs NBywithr
exanple, be in a crucible which is heated by el ec%cion col lisjon_heating.-

El ectron col9arSiest ¥8atsS a4 s WA i D adnemh RHE? ntonPeRdi B2fdr ges

which are ages! enatgd OO 4NBnZAuer Usid! i1t dpifdo Fepasseftsthe
material which is to be evaporated with a predeterm ned kinetic energy.
These processéstalase atitdwa upratuctduwhds gl abs< | aywns Wie hotr 2ppe ylag

excessive th | | oading . .to the suhstrate o vvhicciut e glass p I.pi tates.

cxogsse, 1 T LIUIALE 1%, Ut Lol Lt o R o igelaliat s

enbodi ment, 1& .9lzas88 dAy drayid anchaas Meast idspdayerd Somantes beenm appe i kd 49

t he underside 1b of the slubstrat%_l. 30 .
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 107! 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 imperviocus 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 cocating.

30
Fig. 1lc shows the substrate 1 as shown in Fig. la but with an
édditional, 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.



.Referring first of all to Fig. 11, the connection structure regions 3 on
fhe top side la of the substrate 1 are selectively covered with a
structured plastics |ayer or covering layer 15 by neans of plastics

|.it hography. The 19 regions conprising the sem conductor structures 2
remai n uncovered. Then, a glass copy-protect layer 4 is applied to the top
side of the substrate by evaporation coatildg. Then, the copy-protect |ayer
is ground or etched away at |east down s to the |l evel of the plastics |ayer
15. Then, the plastics layer 15 is selectively renoved 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 to with plastics by
means of pl asig csid idinegs apey . st gt ¢ he @b asloenapor Bigonleoabithgwith

operation which Cﬂﬁp.fol ows,, the layer thickness.of the S ppLi by
evapor at i on ¥bat %ﬁﬂﬁirﬁﬁéEﬁﬁﬁiﬁthéy?ﬁy R RHeds 8gh?h§°§rgékgg§

|l ayer. Then,id mhorsSiuhiseapent s Pioeessnisimious hendl ashpesskayer andsiStthef
gl ass layer on it can beﬂdetqﬁhed b ans, of

aTIift-oEf %echn%gue. éé
shown i rf Fi JietBl: iGes n@ 5377 197 ROPFT -5 1178F BFG-C114Vpr oadcss
wafer in whicdyd:he S eonttctey i s SEf UgHalr €sb2r patecoabed wpebighassly

whi | e the connection re%%ons 3 are uncovered. Referrin nom/%o Fig. 13,3
whi ch i || ustih S 4 t9 U ErRe bt ucr‘b?ffff%ufe*ﬁ?ge%ecﬂ Bl 5@@}05_%1
grid arrays pf i donilisd dorideuconneed i @b regiensd 3 at fhbhenhtep side
of the wafer. Finally, the wafer is diced to produce hernetically eghgd

circuits, rdsumal mldse dABRDrotert REChiFPLIRAFG. tha FPPustdsi @
copy- prof ecty layer. A ghedt iyt he, | b gstadisectdoniggnprises a plurality

of portions,” at least two portions having a different etching resistance.
In this exanple, the copy-protect |ayer conprises a first portion 4a 35 O

afirst mierfl andpJalaial b AdAEn SecondoRorti ol 28, 4buelwich
second material, the first and second materials having different etching
rates. By wan efddxdnplal, tdhiesdonsinurierpedt eompre sbaySr G#¢ - afid™PhésSsegond
gf;‘t gl‘ Isglhac,?rcrpnr | s lt&el.r?élacpprrﬁéﬂaoln'cgloaéé%ﬂé asp, 8329, 0L (18- 189 pr gduced
15 additionally includes interconnects and/or passive
components, such as resistors, capacitors, varistors, coils
or the like. A 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 1lb. The

glass layer 14 has a thickness in the range from 0.01 to

25 50 pum, 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.



-Furt'hernmore, the first and second portions 4a, 4b have different

t hi cknesses. Mreover, a netal layer 30 is arranged on one side of the
copy-protect layer 4. In addition, the io nmetal layer 30 is | ocated between
the copy-protect |ayer 4 and a further copy-protect layer 4'. As a result,
in the event of an etching attack, at |east part of the sem conductor
structures 2, e.g. the part 2a located i51beneath the first portion 4a, is
advant ageously destroyed even if should prove possible for the second
portion 4b to be renoved while retaining the part 2b of the sem conductor

structures heneath it. zqg,The follow ng text. presents results of variou
tests carri %&gOU gﬁloﬁ'scgﬁ’f- SFFJ&%&EF Payer 5 5% foftgn% é’Taat‘saestBii%@e? vll—éll%é.rl
shows the resunhedofata theFuildds sieias ukerke rit,cHimaup iats tthea o yntodwatesd | S
plotted as a funépion of the spu te%jn 25 time e measur enent

.. Th .
char act er | ZEETERELIPPoAS £33F 3thd eGPl TGRS TR oby - B ot et
| ayer. A thieknassanCershihgney opar Thize wedRy- Rindleaciideayiey iof prdPodddt he
| ayer thickness was determ ned. 30 Furthernore, |eaktightness tests were
carri edSout Wa&kht Ré 2853FSprdtECOTPRYYr HEGY oty &STIRIF0 SRR T s . B

silicon waf gppwastphaVisded wutRsan ehebiRgest ornask.l ife icoridddsd rataed in
Fig. 16, the wafer 97 was divided into nine 35 perforated areas 98 (1 cm x
1 cm). The preAwFedaPnspiei hgdersidepef@Ee e Ufolds SHAH NS IR ar eas was

vari ed fro”b%%‘é’t%?ih@‘{v 33 thokhaWseclst koWe helhe$RAGIN] 1,478 2nd sow hol e
spacing 0.5 s 3rd row. hole spacing 0.2 mm All the square holes 99 had

an edge | engrhdetedsina fhearesionhefuber ecchiag Bick Sur fiaed ofthehe waf er
had be co it . peci r .18 i io
20, CoBtESsat" 1p2R BozMheaneaLiBaLabnyl 118 tRUBAEPATRP LY oar

of the gl as war er was then / ched as far as the glass in the
perforated andassifhelbuctess, of bhéletrhingrway Basy eprdbiser e tider a

transmtted LhaftcILCrosgaps. -0t Dek! Uil gakotest heyeal daélrclg!n%ﬁlg;fa%ees o

| ess than 1 ec fof nmeasured areas. e hi strength of
t he gl ass | agerresglonssdespitieatdhgi dér abketbohgicngooponiea twafwdrosdur i ng

the neasurenent in.th_e respective asurenent _area i l.s zing. .There
was no zo chalgeerd EgrgfgggcéP%ﬁéggrgrSVSﬁCHFFeV 88%8%9F§h?%%“§F%26§€.
Furt hersor ecopgspsbaace beasur enentistiver subarrbed @ubndnheheetdpy-linot ect

| ayer in acggggggce with DON1SO The results z5 are given in Table 1.

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

passivation 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 um thick.

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

3s grid array 8 to be applied, these regions 1llb are uncovered



.22 Table 1: Specimen designation: 8329Wat er Consunpti onNazOComrent sDI N | SO
7190of ‘HClequi val ent d ass(m /g; ~~, g/ g) H&B 10. 0113noneAcid DI N

12116Mat eri al Tot al Corment s/ C assrenoval surface

areavi si bl e[ ng/ dne] [ cn2] changes1l W). 42 x 40unchangedAs

mat eri al Al kal i Materi al Tot al Comment s/ DI N | SO 695r enpval surface

ar eavi si bl ed ass[ ng/ dn2] [ cnez] changesA2 Q12%2 x l4unchangedAs material It
will be clear to the person skilled in the art that the s invention is not
restricted to the exenplary enbodi nents described and that features of

various exenplary. embodimenis ' can be conbine i t ari.l f t he
scope of thgg)}f rﬁ%lnntcﬁén. ancg}flﬁaef%% lncf'ai ns lli’. %%r%%ggsg gclr? %)%%%ggl %géncopy
prot ecti on fapplared| ext raindwn cin clidg , - €ongond st imgn t hize sv@psr of ssdprovedi hg a

substrate ( whi.ch. has, sem conduct or structures (2 n at S i

side (Ia) o?gotrﬁré %lﬂfs‘flrdautagl (‘:.Lcin,‘pcfﬂ'eor\l?'isd’l Ny a Jtcea}‘lg%% %53? f%ﬁgc%%ﬁls%g?%e
substrate (Bemicoatdug:dhesstilbsiumde 1 Yren mdrivacpyt by opectetagéra¢ dyhei o
2. The process as clainmed in claiml, wherein the sem conductor structures
(2), at 9 eadtR @%dﬁ%o tr%“’co\féreea&kbfarrcéeaggy ot 9 %S%OJS?Y%%% edt Jfgyer
(4), the copyicactvdiayertié)ghaind apdheds imul hensdibsly at€pfdgentis stied a
way that an etching process which dissolves the copy is protect |ayer (4)
li kewi se at tORERs RIS &ifbstd¥ % (1) in such a manner that the seni conductor
structures (2) are at least partially destroyed. 3. The process as clained
inclaiml or 2, wherein the 20 substrate (1) conprises a sem conductor

| ayer of silican fusrdatheRafinne &ft Ghg e ent o & “@¥$Eoh® 4. The

pT 00€S5025 g&%@é it ong-tofnd e Biaceding A aldio M Sl tiarsopt | Brous

yer is applied as thé copy-protect 2s layer (4) . 5. The process as

clai med in ewanscttilen mtesetiHE dedinns widrd mahdhopdmeiate tger (4)

compri ses ghatrahn AL, Pod Rl ) a5 3 QodlindlOsaos, as1 &b abdred

in one of the preceding clalnms, wWherein the copy-protect layer (4)

conpri ses aecheuesid.i Fdig JlaasHioms Rralaxammim od derarrtl al sddn Wt oxi de

fractions. affects only material of the covering layer 4 and of the

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 clainmed 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 clained in one
of the preceding clains, io wherein the copy-protect |ayer (4) conprises a
shi el d agai nst el ectronmagneti c waves. 10. 1The process as clained in one of
the preceding clains, wherein the copy-protect layer (4) is applied by
evaporation is coating induced by ther rral evaporation or by electron beam
evaporation._11. The Py ocess. As cl ai e o) eced; cka
wherein the locoopcyedpro(':i ect ?ayera]f 43O| S app |elegrfnfh ‘gﬁsgﬁ %Qgt egl !ﬁHB

t hi ckness ofcd‘rrjomdtﬂjlntvmt:llﬁ)(mlgf m, 12.e Th@lb‘r@@ecscsnrasccianmedruntone of

t he preceding cl ai ns, wher eca e CO(?'[IH’I% tlbe sué) J1_;ra(g{e %g t he
copyprot ect TR AT £TH lf‘fee A% BHasT T MR At Ut @ o}? %s berow
300C. 13. Thexfrocesscasced arimd die arleasd Ietyeezpreredrlmgnplahmgla\berm n

t he coatlng of the substrate (1) with the copy rote | ayer is carried
out at & pr ésaé’t?rrelrﬁ BT qe)S’CF é:k??oarregt]d)ridﬁo tng ln@l’h%l ‘g %e@;‘ as

claimed in r?%@r@&qdl@ Qi ML ugheledd :.angdu@s éﬁy@f 6¢4) is
secon

applledtoa si de of the substrate , Which |s on the

opposi te si G€EATHIhE DS Hllalf%%lcs‘i dey§a)ts Whlﬁ" 1@5 THES PRty BeeR| ai ned

in one of thedrecedng & elrfithd PR G5t | VeredSlihs BPPsivg to
a second si dg)pgllb) o thle su tr%%el (1), V\/mggih is on the opposiét% side from

the s first "siege Qfay 1ifg - Oﬁfetﬁ%é%leas%ﬁdlwafﬁliﬁ% bt Fie- pfecedfing
claims,, order for the ball grid arrays then to be applied, as

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

composition, in percent by weight:

Components | % by weight
Si0, 75 - 85
B30, 10 - 15
Na,O 1 -5

Li,0 0.1 - 1

K;0 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,



.wherein 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
(lb) of the substrate (1), which is on the opposite side fromthe first Zs
side (la), by means of plastics |ithography, wth the connection structure
regions (3) remaining open, contacts (7) &aBe produced on the second side
(I'b) by coating with a conductive layer, a ball grid array (S) is applied,
and zo the substrate (=) is diced into individual chips. 17. The process as
claimed in claim.al6, mhereln t he pl ast,ics 10), on the, sec si de
(Ib) is rendvid i§F 0k 13PN briodes &P ante%1 ¥t oﬂe f&ﬂcdc
precedi ng cl@aiMigs) wherein a second side (Ib) of t he substrate (1), which is
on t'he opposite si'de fromthe first side (la), is evaporation-coated with a
gl ass | ayer Hakl) tisatppydaigmt®1ol 45 m 1o Eol atn2$ﬁ¢ckl ¥H) and connecti on
structure regions (7) |located beneath the glass |layer (11) are uncovered by
means of grinding or etching. 19. The process as clained in one of the
precedi ng clm mhtain WereiduleihpRepatiSed G)n atlee fedhponant &, cbndmayibe

mat eri al . 26 20. The rocess as clai one of. the precedin cla
wher ei n t he SSREHYSR )u§ﬁné; &é:ﬁiéﬁ%ﬁ??ﬁrQ&ﬁ?ﬁe S g?
coated Wtht@zestgrllgaéﬂl%i/&ﬁ/%ﬂ rtglé agr b ded ofee t&h@d@@@ia@g Wcthsthe

copy-protect |ayer (4) .is carried out, the copy-protect |a 4) is
thi nned, at AlegsPasRinle HOR v R iHF U idere] 1953/35?1%%9 b%%‘ﬁ“i% %éf BeMand t he

covering Iazgﬁ[r p@l@le‘ss LV ead ideHAHF tthdiNCoVS rddiei +0 CONBRCIEOAsitY,
structures 21. The process as clainmed in one of the precedi ng cl ains,

wher ei ri%at W@§§@U§é§ﬁwﬁ%9%ﬁlQ%RﬁnuﬁQQQ?IQ%EQ“%%%b KRl 2F L ¥ ERsFORBERFons of
the copy-praotect: | ayer ( r.e i n echni que.
22. The progESs%as%§I%e gép%l%d %%D¥%% %%bﬁgégg% i S&%Jéé%%erép% a bal
grid array E8poratdpp iedittindg.he first S|de (1a) of the substrate (1) on
connection structures (3). 20 23. The process as clainmed in one of the
precedi ng cl ai ns, wherein the sem conductor structures (2) conprise

el ectroni c decuyptilerridiSre 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 i1s 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



.ZS 24. An el ectronic conponent, producible by the process as clainmed in one
of the preceding clains. 25. The el ectronic conponent with copy protection,
conprising 30 an electronic circuit on a substrate (1) with sem conductor
structures (2) on a first side (la) of the substrate (1), and a
copy-protect layer (4). 26. The electronic conponent as clained in claim24
or 25, 3s wherein the copy-protect |ayer (4) contains a first material,

27 the sem conductor structures (2) being covered by the copyprotect |ayer
(4) at least in regions, the copy-protect |ayer (4) being fixedly joined to

the substrate (1 and the first, material being. d rmn i 2 manner
that an et clﬁ?%l%ﬂsprco%%%%l%ril%ht% SSS%T%/e%m?%%t%%p%%rlg%%g ol gygg&gﬁﬁew’ se
attacks t he ghstewd®. | Theancha agmemerophaprothece| beyeont cisi applietsto

destroyed. 27. The el ectronic component, as clained in.one of. ¢lai to
to 26, wher il (4P "?r%’{]e&?el)s%%ﬁ?g%:b% S BRI 0?8?%%‘3'2?*1%?‘“ con
and the copythHY dast- preyesct 4)agont Bs nground con. e28hedhawayegtr baast down
conponent as clainmed in on f clains, 24 j5 to , erei n_the,copy-protect
| ayer (& cd%ﬁ)rql'éseslea"%orﬂ' n%b%sp]t%%‘/"elr‘?s ngi.yﬁaﬁelzil e ?%hi%h%o%%ﬁg#gas
claimed in ong&f 1o ai drbs e d 0l 28y Wianiered t fieo Oflye ptop esidbayer (4)

conprises glass, in 20 particular silicate glass. 30. The electronic
conponent as clainmed in one of clains 24 to 29, wherein the copy-protect

layer (4) comis8%R DHOFasiliGa) o 5SS W téh@kini Aum @xi deaandnakkath,
metal oxide 25 fractions. 31. The el ectronic conponent as clained in gne of
clai ns 24 t ®80,n e €i kL t H& cpiRPrereettomyekde 498 | RAEppRT &Y ByVeTe
evapor atj on qat i ' Thes MO £ COmPoNEans - ai pedihy ene of
cl ai msa%ol4 tgggd%{, %%esr%?cnssﬁye copr%_gdr;%tgglct | ayer (4) %%érr%r%ses alblgnar%/
system  2&13@s Ewanm et iarhi @oaomsb rrarr sl @ afbiedh i Hiemel ot Levai nkhe4 to
32, whereint - t - oe[g)cg' | &4 b0~ 8P8h NSbat i

el ect rorragne%ar%%\a%&gls&%%.oérﬁ:ﬁléeﬁ%sr%ni C icffr%oi}gnt %l% c?ai med i?lt(l)%% of
clains 24 tad®F nwHersiceadhaopyeyrottatichnges ¢l )the appst bas byayer.
evaporation goating induge ti c =b
evaporati on.ﬁfnl’o 2 Th%%%%%#%ﬁ%@ceon%gﬁ%rﬁ’ aésw%?%}%%%ﬂf% %{ri] ng §1§J|§1ai ne
24 to 3% wWweeiglddre lcopyr protiectcdayes debadized rgm@edis upfta 1ift-off

technique.

As shown in Fig. 12, processing similar to Fig. 11 or
Fig. 1lla 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



1000 umthick. 36. The el ectronic conponent as clained in one of clains 24
i5 to-35 wherein the substrate (1) has connection structures (3), and

el evat ed connection structures (8) are arranged on a second side (Ib) of
t.he substrate (1), which is on the opposite side fromthe first side (1la),
t he connection contacts (8) being electrically connected to the connection
20 structures (3) . 37. The electronic coRponent as clained in claim 36,
wherein the second side (Ib) of the substrate (1) is coated with plastic
(10) between the connection contacts (8), with the 2s connection contacts
(8) renaini uncaovered | ch..am : t i

cont act - con% ctogccj.a 35 OIrLa; nZaILte%l?aolrﬁ (r:tr}%ir)rgpl(r}‘ra]stétntg}gcg % allprrcgdm?%eﬁ%%% 36 o,r
37, wher ei n Hake ree chirft exietes (ddDhiofg tes esubRy atay (A ¢xamwbe edci3o M FHE

gl ass (11) between .the connecti cont ac (8).,. wit .cQn i

contacts (8yAr&Tdii ﬁé’%&tﬁ?esrésgf §t’Jcﬁn?h%?1et %gfo\gfgr qﬁté:@%c}%tciac%%- or%néecst ed.
39. The el eceorRivaeamoreMcas itlaigiedd Bixe of @k N8 24roRdced B8,
wherein the substrate (1) has connection structures and el evated connecti on
contact$ (18" arranged or. the first side (la) of the substrate (1),

t he connection contacts (18) being electrically connected to the connection
5 structures (3.) . 40. The electronic corapn%ent as claj nmed .in one of

claims 24 t&UFGHammerE n e Tds frst SaCIEY HOHCHh The 15 r83VSi de (1 a)

of the subsigiatre fhr @HieNe RINeeRd GHRACT DM dedyert B ( 3is l)randwed
connection contacts (3, 18) remaining uncovered such that ,ht(;%/ can .be
cont act - congecrag. s4fle Tie télee QARVITRE LSFFoneead ¢t rﬁé:H:EJi Yhe D€ cl ai s

24 to 403, wherehn 1the LlRCHIONIC Gdd Welt WekID RS T ARSI It | Tay@ans .
42. The .electronic conponent as clainmed in one of clains 24 to 41, wherein
t he copy- prendce |[fayeherdcdpas Pratacst {sois dn' ((4a) and a second portion
(4b) which have different etching 20 properties, in particular conprise
materials with different. etching rates. 43. A decryption device for
decrypting @sceypesdlsignal $he evemtt icduledy QisEd1ch §5A B odtfc 23 Fig, Part
compri sing Lhe $ATRARENL 2%, 2%, CIARA LR ONE O, f! B e d Ol Zioddh ot
appar at us Wi ch s ~desi gned to carry out the process as clained in one of
cl ai ns 1% t 0b2B3eaBh 4%he Fiesusecot imncdati ng GivamntagRtyoi Gadteaed whi ch

coating is producible in particul ar th S |dm|d 4.0 ghe ofy
clains 1 to%§§nar]r(§/ gﬁcﬁursldpgrrtovgf B Sg’qélgc?rogli%gl%cc%ﬁe%r{gn? as cl ai ned c|9n “one
of clains 24ctov4d, whd lpr ateectirdgal ndte wproaverd g dfhe ewiganductsx t he

coating bei ng etehed 3,8 ARY, 5.

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

s perforated areas 98 (1 cm x 1 cm). The individual spacing
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ca] ca] ca] caea @@]m]tm]cdc&i&m}]&:ﬂ@lcﬂ CaZzoBS0VER] () 1Fh 0 IR0 §OISH 3

109%Z& ()-!109%& ()-!10%& ()- u03109%66& ()-m}[<@

109%Z&' ()-g! $10%ZZ& () - 3%40%Z& ()-f!3%A0% ()-fS10%Z& ()-! @&s"10% & ()-fO ~

\N@ 10ZZ 107ZelQz& A=Sl0%ERAE (Yevealed a leak rate of less than 10°
pSSL0% () - 3810928 L 109@&" ().~ T! * 4%.002Z8&' ().- ~F5 A?N@
102z@\F0ore FHa8 1 §5 gﬁ} oF) & th %&Lt%ﬁ]?asarfé% Srehs.

SH10%Z&' () - Z|&110%Z& () - F10%Z& () 5s
The high strength of the glass layer regions despite
considerable bulging of the wafer during the measurement in
the respective measurement area is also amazing. There was no
20 change in the glass structure even after conditioning at

200¢°C.

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

25 are given in Table 1.
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' &109& ()-!' &LOY& () - S&YA0% & ()-S!! 10% &-20) - y! V3UL0U& ()-f!3940% ! & ()-f U:
CDEFH) ~\=! 9 :$10% & ()-y! 69 : $109& ()-y&s10% & ()- 10" 10" 10 fy;

F10% & ()-1>' &10%)+0+&' ()-))zX9~\=' 3940% & ()-!' 3%40%& ()- @ Y40% & ()-![

& ()-kf& 1092& ()- @

rstuwzl "P1lt10% & ()- 10ZZ 10ZZ 10ZZ!y;

WOk ()-!" q‘gg{ WO ()-uj _@& 109%& ()- 10" 10
10 6$100/ & () %&' ()-510% & ()-SS/ " 110% & ()-@aB) _@BY0%& ()-!3%0% i &
() - 10%&'() S, 109%&' ()-S"109%& ()-zf10%& ()-K85 ] zY:j_ _@$10%& () -
$310%s @B &
Spec1men designation: 8329
Water Consumption | Na,0 Comments
DIN ISO 719 of HC1 equivalent
Class (ml/g) (ng/gl
HGB 1 0.011 3 none
Acid DIN 12116 |Material Total Comments/
Class removal surface area |visible
[mg/dm?] [cm?] changes
1 W 0.4 2 x 40 unchanged
As 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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10M (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 regions, are
covered by means of the copy-protect layer (4), the copy-
protect layer (4) being matched to the subétrate (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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UUUUUUYDC yherein the 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 claiws,

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

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

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 107 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

3s first side (la).
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15. The process as claimed in one of the preceding claims,

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

5 first side (la).

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

10 etching pits (6) with conhection structure regions (3) as
etching stop are produced on the first side (la) of the
substfate (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) remalning 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 (.) is diced into individual chips.

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

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

25 18. The process as claimed in one of the preceding claims,
wherein
a second side (1b) 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 pm 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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the substrate (1) comprises connection structures which are
5 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

10 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

15 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).

20
23. The process as claimed in one of the preceding claims,
wherein the semiconductor structures (2) comprise electronic

decryption means.

25 24. An electronic component, producible by the process as

claimed in one of the preceding claims.

25. The electronic component with copy protection,
comprising
30 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,

35 wherein the copy-protect layer (4) contains a first material,
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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 ox1de

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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36. The electronic component as claimed in one of claims 24
15 to 35, wherein the substrdte (1) has connection structures
(3), and elevated connection structures (8) are arranged on a
second side (1b) of the substrate (1), which is on the
opposite side from the first side (la), the connection

contacts (8) being electrically connected to the connection

20 structures (3).

37. The electronic component as claimed in claim 36, wherein
the second side (1b) of the substrate (1) is coated with
plastic (10) between the connection contacts (8), with the

25 connection contacts (8) remaining uncovered in such a manner

that they can be contact-connected.

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



y510%e$z& ()- ,0!10%e$z& ()- yS)3%0%e$z& ()-S f SHFU0%ze$z& () -
y@10%e$z& ()-\(bA410ze$z S10%?2$T& () - V, $109R$& () - &$L0URS$E () -2
S'109@?2$T& ()- & 109?$T& ()-10ze$z10ze$z-)>L|[: A410ze$z V2 % 0WR$& ()- 2
%O & ()- MAYO0UE ()- )A%0WR$& ()- Y0 ?$T& ()- YHO0WTHTE ()-Lv@Uslo
%O0%& ()- & $10%@8% ()- & $10% +${& ()- 10%@$@ ()-10T?$T10T?$TI0T?$T S;
1 10902$T& ()-@+1| [:vU410 *3%0%$& ()- RS %0% & ()- ! 9%d0%3$& ()-
,109%@8' ()- @ 10%F$@ ()-g V %40%-3$& ()-6n|[:vU410 *3%0%3$& ()- R

W0 & ()- ! %40%$& ()- ,53%W0%@$@ ()- SO! 10%@$@& ()-9g *3%WO%P@ () -

el g badd nth [ere RO 0 B Ora c LEREY N0 S Srnc BEROR NG Elres L 0

1
"Headi ng 53 '
"Def aul t Paraagt aglrevRored Enect@dRIGI oIt gr kk§)' $22¢ VBoranaedx9z{ fhe5 wU) ]

!#L@QfA,+/1%%3=%A%§E€;H*IJ§Iyéhg | ' n p;od YE{NA6907: KX ByhYecrs
L@6Ti mes New RomanAri ai](?ourl er 00 nt ry\Wor cunent
I #BUR' () *+, (19)0184E6 %802t rically connected te the connection

<:>?@\BC5DEFCéI—éIfJuI§: I\L/Il\]l_fchSq?Q(Sj'l')U.VV\XYZ[ \]~_"abcdef ghi j kl mopqr st uvwxyz{| }~

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

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

(1a) 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 compconent 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 .



