2 7 NOvV 2006 *166166* 1 Process for producing cony -Protection for an

‘electronic circuit The invention relates to a process nor

produci ng coon 5

protection for an electronic circuit, in particular an integrated circuit,

'

O-

and to an el ec i nent having copy protection. The conplexity

el ectronic cirmmmmMﬂmmmmmmrticular 10 integrated circuits, is2bedi2W§ nore
and nore conplicated or account o= on-go in a technical devel opnent. This
is brings into pld¥'$roduct pirates, who uncover an integrated circuit
from the housing in order to analyze it and to abuse ,.he results against
the manufacturer I s will, and. in articular to copy 15 the integrated
circuit. This problem _s of.particula} rel evance to el - eCron--i ¢

circuits for which the nmanufacturer has a high level of interest in

mai nt ai ni ng secrecy, such as J for shanble rc~ its 20 -o_ decrypting

encrypt _" signal s, "FRGFaEY iI*QH &FIBICP- T29¢ AndtpEasthnc foli prcar ds.

Al t hough chips are typically engﬁggH%Q%ed in.housings or the 1like, these
1ta

housi ngs can be renoved again by su

1C Cclrgcu

e NnBans~—25 and therefore do not

of fer sufficient Protection from m suse or copying. Therefore, I is s an
object of the -Present invention to _gLovide a process which allows the

producti on Of ef fecttve ~ 307 and Secr
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brotection Ior an electronic circuit, in particular ar

m

integrated circuit, anc o an electronic component having

o 3 . = 2 - s 3 : . : b
The complexity of slectronic Circults, in particular

integrated circuits, is bscoming mors and more complicazed on

account of ongoing technical development. Trhis brinas into

bl . . B . - 0 . - , .
biay product pirates, wWho uncover ar intcegrated circuit <rom

the housing in order :tc anzlyze it and to abuse the resulcs

against the manufactursr's will, and in particular to =rpv
The Lntegrated circuit
Tnis probiem is of particular relevance to slectronic

circuits for which the manufacturer has a nigh level of

interest in maintaining secr

(b

cy, such as for examdle circuit
Ior dscrypting encrypted signals, in particular for pav-TV

and plastic chip cards.

Elthough chips are typically encapsulacted in housings or the
like, these housings carn be removed again Dy suitabls means

and cherefore dc no:t offer sufficient Drotection from misuse

Thnersfore, it is an object of the present invention to
Drovide a process which allows the production of eZfective

R
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~l | ~~~~ *@0002* 2 7 NOV 2006 2 A further object of the present
el ectroni ¢ conponent having effective CODV pr

‘is to provide an

The object o= the invention is achieved in a sr-Dr=sInQy
-by the subject matter of clains and 17

invention formthe subject

matter of the subcl ai ms.

i nvention

24700 Yles:

sinmp

Fyrther configurations of the

is For the process

according to the invention for

produci ng copy protect=on for an electronic

circuit, a substrate 1s
structures on a
waf er

first side.

provi ded’
Thi s
nted on.to

t he substrate having sem conduct or
Substrate is, for exanple, a sili-on
I has not V - been _divided_ 15

into clriips

W_th circuits p
2 &_The ePeét

ronic C|rcurt preTe

n“18ﬁﬁ Fs&§ BT Enhithg

circuit, arleptegratedoipocusts
for coating the substrate are
one O nore CODV- DrQx ec-

| ayers.

ared/iorg ae SEasoive 200bur bheraet-eonmat eri al s
provided, and the substrate is coated Wth
The cony-Dr O ect |aye- or

copy- psotecholay@és baventhe rmwittiicon 19 pawiseabainoh pLebestkiingiggai nst

use_and cop

1 g 1uSFc

spyi ng on,
and/ or t heSoUR

M.y

ra

ﬁlng of individual
Pt CRETRROPG piat €Y i ®h FA2pEFt Lcahdrl/

Structures 25
protects

sem conduct or

circuits haukagnseabﬁ@mguebeﬁdﬂéwaﬂtﬂﬁ§ WS 1 SONMPEige-gleghhonkc

decryption neans,
One.
ac_ ai nst product
decoders for
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since such circuits arc
i mpor Fant= apﬁfleaﬁlsﬁbcéFéé’of the invention is therefore protect .ion
30 piracy and decryption by unauthorized persons of

particularly in need of secrecy.

din invention for producing copy
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Purthermore,

providsd, and
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lectronic circuit, substrate is

(=3
substrate having

is substraite

5 =
1s, T

printed on to it which has no:

U

the substrate is coated with one or more copy-

The copy-protect layver oOr CoDpv- layers

pro-ect

protecting against sSpying

incdividuzal semiconducior soructures

particuiar

hizch

CtOor structures w

parsons oI decoders foxr

or Zor

sa"Lr;"y.

the advantage

COoDY D*O,EC:lO“

—_—— e T e L



pay broadcasting, in particular for pay TV, or for circuits on chip cards
‘which are of relevance to secur--b. Providing a coating as the copy D rot
eCt 10 n has the advantage of on the one hand providing very effective copy
.protection 2 7 NOV 2006 3 or protection against analysis or spgingowaraggon
the other hand o- being sinple to apply3to the substrate or the wafer.
Furthernore, a coating offers a uniform protection over the S entire coated
area, which nakes it- possible even to prevent spying on parts of the
circuit. Ln ggrLLcuLar,aaﬁgggﬁrg%Jn@gfu§9,q§ integgated,as.g su%ggep in
the met hoG used -t6 fabri"Cate T he Circuit. ﬂhi%yéﬁgaangg“ T6has"a”

parti cul akkycpesi bevegefsfieet = lod. aagdly Ngs,tiee gsupasshyat bonche watfer.
stabilization |ayers, are to be applied in any case. In this case, the
copy-protect laver or layers and one or nore further coatings, e.g. a
passi vati e0rehegthabkl | zatdoenr i reoddMG:s GanbE: 63k Ibedrout ibA bhersane
apparatus, in 1 particular a vacuum chanber, preferbly w thout the
subst f at eSBEFh§ FEADFEd 2FEEm e SapFakdsus et weehCt ReSt8at FAGPT8B&FAL i ons,
so that igpi$pR08s8i Bhetk0aveid an-expensive and tinme-consum ng changeover
operation. 20 Tt is particularly advantageous. in ternms of process
econom cs when produci ng sem conductor products that the copy-protect
coating cap pe.applied aceably oueniheas vl undlyidedsvalel. oa0:thgt a

| ar ge nunber®of chins ¢an be provided with the copy protection in a 3ingle
wor ki ng step:hFhingthga28sgdvant dgbousate fdre icureawit heTgaseaaraghaas whi ch
are ,encapsul ated _at _water | l. _usjing Aahat. i.s- ; Vafer |evel
-.packégingﬂggvgsgfﬁ'fﬁ%§géége§%%ﬁé'%?o%é§§égbdﬁ?ﬁgﬁ%pfﬁgsthé' nventi on may
on t he onpabhandabeonsed enaaddiitzegnono lelyers, are to be applied in any

case. In this case, tne copy-brotect layver or layers and one

or more furcther coatings, £.g. a passivation or stabilization

coating, can be carriesd out in the same apparatus, in
13 particulaxr vacuum chamber, preifsrably without the substrate

time-consuming changeover operation.

20 it 1s parcicularly advantageous .in terms of process =2CONOmMicCs
when producing semiconductor producitis that The copy-protect
coating can be applied areally over the as yet undivided
wafer, so that a large number oI chips can be provided with

the copy protection in a single working step. This is

25 advantageous in particular in the cases of chips which are

30 o the WLP, in particular ii the copyv-brotect laver or

nousing.



WLP on th__ other hand may even replace at | east substeps 30 of the WP,
in particular - the copy-protect laver or the |layer to protect against
spying is formed in such a manner that simultaneously perfor?n; ,fb\lhzﬂﬂﬁl ng
.and/or stabilization function, i . e . dorns an integral Dart of the
Pious i ng . 2 7 NOV 2006 It is preferable for the sem conductor
structures, at least 1in regions, to be covered by neans of the
copy-protect layer or layers, so that the latter are not accessible _
wi thout 5 renoval of the copy-protect |layer or layers. It is preferable for
the cony-pyotgchr-bayebnQe kayerset ache cdmtchest to-the-gubstrateikassuch a
way that an etching rocess whi ch dissolves the cony-protect |ayer or

| ayers i Ol k% @RS at FAcRS FR¥SSEBEsOYafMEansh Suchia AePnerrPRaEtt hayer

semi condugt of ;SLEUCT ypesrate at hepstopantd sldy frcdibiy o diseabued,
attacked and/ or destroved and/or 'the Togic circuit can no |onger be

recr eat edrdrptali g teAovabyobroheccodpydmyer vdavers, and consequently
an attenpt to spy on or is copy the circuit in which the copy-protect |ayer
or lavers are to be etched away is dooned to failure. Chem cal or wet.
etching, Bs wweldraSedayler ipkasim ebtoli-mgow@ar sldtabler Hedraccprbeesses

for the copy-protect_|ayer. or layers. 20.Therefore .selective. renmoval of
the -prot&ction | ayers~ whtRdat *-dantug i e “Seni Chdutt or- STt ur es - whi ch

are. preserdcams whecsustsalessr thaf ebpys drdwereforiayampassi bheede at | east
much more difficult. Therefore, the structures cannot readily be the

subj Ect of Uauthot T 220 B opYrng LS 252 HE (i ¢ TprEfer dbIE YT atmFeaste one
C?pyhprOtﬂiﬁir’:&v&Icﬁ@r sontiatirskl keenacThissdts pearyi anel} smtehbedy in terns
of the

cissolved, attacked and/or cestroved and/oxr the logic circui:z
can no longer be recreated folliowing removal of the copy

layer or layers, and conseguently an attempt to spy on or
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in which the copy-protec: layer or layers
are Lo be etched away is doomec to failure. Chemical or wet
etching, as wsll as dry or plasme etching, are suitable

Or the copy-protect layer or layers.
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20 Therefore, selective removal of the protection 1

the substrate or wafer 1s therefore impossible or at least
much more difficult. Therefore, the structures cannot readily

be the subject of unauthorized copying.

8]
tn

It is preferable for at lesast one copy-protect layer Lo

contain silicon. This is very well matched, in terms of the

30
Ths copy-protect laver or layers are preferably applied as a
layer which is céontinuous at least in regions and are in
particular Zixedly, compietely and/or arsally joinad to the
substrate and/or bond to the latter, so that attacks other

than by etching ars also repelled. It is prefsrable for at

W
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e-chlnc properties, to substrates with sem conductor |avers based on
‘silicon. 3C The copy-protect laver or lavers are preferably applied as a

| aver which is continuous at least in regions and are _n parhﬁpgbgr
-fixedly, conpletely and/or areally joined to the substrate ard/ H@Wﬁ to
the latter, so that attacks other 25 _ -“an by etching are al so repell ed.
It is preferable for at 2 7 NOV 2006 5 |east these regions of the
substrate in which the sem conductor structures are |ocated to be

conpl et el y=£over gdsandbepnhepretinealdubLneaps u at wei &y the copy- protect

| ayer or layers.. 5 Theé inventors have surprisingly discovered that ggass
is a suitabtecnaterPal SFEHECERESScEFE- prastactd | v ers IPEPLEORey FRAVETECD
particul arna/ gl ags-hayerat syappbhed @ e Subsid atspy Arstbicat gygl-ass,
e.g. a borosilicate glass, in particular with is alum num oxi de and/or

al kal i metayedRide 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, ;.s 1

pr ef er abl Thapphved- bysevaper atkpniscadlng. cidmowrgdratdonglesat Lage
advantageqy§igbelv%§%£L§gwtgbyeExnsgg%{ngnug;u)Jéprhevﬁyb§ggage W t hout ,
for exanpl &, ~adhesi Vés béing require ryI-‘?Wﬁﬁ‘résﬁébt,‘réTéTehcé s al so
made to tderapplieationsz260 DEy202:65a830.ikd fid ethoosWdsd5a2022 DE. 102

22 964-.3 ;fjilgg on 05.2§.2002;. Qquq2r22190Qf g fJJE%LQmi9§12§ .gQQZ;
DE 302 27 956-3C°f¥183°0n"0%; 23, 9pFSL~1cats grass, In parcicular with
10 ‘aluminum oxide and/or alkali metal oxide fractions, is
preferred. In tests, the evaporation-:oating glass 83289

roduced by Schott has proven particuiarly suitzable.
P Y L I Y

The copy-protect layer, 1.e. in particular giass, .s

1=

(€]

preferably app.ied by evaporation coating. The evaporation
coating advantageously gives rise to very secure bonding o

the substrate without, for examp-e, adhesives being reguired.

In this respec:i, rzference is also made to the app-ications
20 D= 202 05 830.1, filed on 04.15.2002,

DE 102 22 964.3, Zilied on 05.23.2002;

DE 102 22 6085.1, filed on 02.23.2002;

DE 2102 22 958.2, filed on 05.23.2002;

DE 102 52 787.3, filed on 71.13.2002;
23 DE 103 (01 3292.0, fiied orn 01.16.20C3

in the name of the same Appiicani, the content of disclosure

30 application oI a continuous layer of glass as copy-protsact
layer
Surfiace rougnness of the substrats < 50 um



DE 102 52 787.3, -filed on 11.13.2002; 23 DE 10 3 01 559.0, If led on
'01.1-6.2003 it the nanme of the sanme Applicant the content of disclosure of
which is hereby expressly incorporated by reference. The foll ow ngyoy Qggss
. paraneters are advantageous for the 30gapplication of a continuous |ayer
of glass as copy-protect |layer: Surface roughness of the substrate: < 50
um BIAS tenperature during the evaporaton: 10011- i 2 7 NOV 2006 6
Pressure during the evaporation: i0-4 nbar It is advantagequs for the
deposi t i FFDFS@ppl Fearront by SEYRPERAEPER coating of the ﬁ%pymﬁ%t ect |aver
to be carried 5 out by nmeans of plasmion assisted deposition (PTA ) In
this case, an ion beamis additionally directed onto the substrate that is
to be coated s Thevinradeens cApr behgeAeraced ion mEarPR¥1 @A plASHRY sour ce,
for exanpl.e by i.oni i on. - _SUi e_Gas. .Ih 2SN\, L oduces; o4
addi ti ona?-vaegn"s%'fjl‘(%:lg?%%%%?é ?0 fﬁé Fgggr pg%d“r:grrgvag\'}s“l crf%?se y attached
partiscl esoda doy tieasubsi rat @ssar faveasFhss sbeddeass et | RAAR y dense,
| ow- defect. deposited layers, The_cog.-pratect |aver is ei Jyransparent,
which is ‘;’aa%%et ’ag%%u]s&f'o?‘%rﬂt oS efect 6ﬁlngciéé’rr%o*ﬁ‘revnctl%Geoérlﬂ-‘g%a“q%’e, non-
t ranspar enthbsstaged h£ol 05 ety 6é otidyt=dmt ted aprwiddansiqdrd dre generated
vi si on-i \r}gedi n gropejti_es. Silicon as_the mmin.conponent. of wafer. and
prot ect i VI"%U/%’“ 15 O T 3UBEL ANET ARl y IRl §EBER EMed BY HEANE: &t fhe same
et chi ng chemgals,qadi chhyiplaekd yprotias=euhddhe ipessi kididiyri Gfrisel ect i ve
etching. Even when tiny-etching, processes are . - »

10 the layer and removes loosely attacned particles Irom the

substrate suriace. This leads to particularly dense, low-

defec:t deposited layers.

The copy-protect layer is either transparent, which is

=
[63]

. advantagesous for opto-electronic components, or opague, non-

transparent, shaded, colored, cloudy, matted or with similar

<

ision-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 virtuslly rules out the possibility

of .selactive etching. Even when dry-etching processes ars
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the etching stop can only be

acguired, I.=. once the semiconductor layers have been

damaged, can the etching process be stopped.

30
However, glass can alsc be used for substrates other than
silicon, including organic and inorganic semiconductors, by
using suitably adapted evaporation-coating giasses.
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used, a conbination or materials of silicon substrate or wafer and silicon
class is protected agai nst selective 25 etching, since information about
the etching stop can only be Obtained on the basis of the ekﬁgmﬂ;§ f the
. sem conductor |ayer or the glass laver Only once this info t1on nas
been acquired, i.e. once the sem conductor |avers have been danmaged, can
the etching process be stopped. 30 However, G ass can al so be used for
substrates other than silicon, including organic and inorganic .

sem conducs ops, abymosrsi Bg sui, t abl ymadapbedmewapiicat it coat idwge i assass 35
It is preferable for the surface roughness of the substrate 27 NOV_2006
.to be atonoStEBRLNFFRBVEAPEr O5 GRATaAUPSTIRGE 3 coed it emal off t Hef mal
expansi onc&b theosabst1aterandrt Berpatenieal ofe thgpLopyrdy Atect i zaver, in
particul ar_the evaporation-coatlng glass, to coincide. 5 According to a
pref er r edB-ehbodi ertQlRReBopy-protect |ayer conprises an at |east binary
system preferably a nulti- conponent system An at |east binary systemis
to be wunderstood as neaning a material which represents a synthesis |c of
at | east Agwrxhiard cad ToppoeLadsed Thebadkimevapoitats cromned ety oabeam
evapor ati oohave. prayen. particylacly effech] ve euanaral] onsgoating
processes for the T<copy-protect Taver. Hi gh évaporation-coating rates of at
15 | east dor@onAnmigystdn, Anuatniesst bnheiy, s¥summmiis and/cer up  to- 10

ummin, 6 ummn 6 uMmn or 4 ummtt_are.  advant Q%e%ugly _achieved.. This
exceeds KHOWH Sputt et ng rates —by~a nufti pié-&dnd akes tie use b THhe
process act@adilgpd cidechavent: | oomodbufansi derabl e interest for the

product | on of
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Thermal evaporation anc electron be
particulariy efifective evaporaticn-coaiing processes for the
copy-protect layer. High evaporation-coating rates o

least €.01 pum/mir, C.1 um/min, 1 um/min, 2 um/min and/or up

[
(93]

to 10 um/min, & um/min, & um/min or 4 um/min are

advantageously achi<eved. This exceeds known sputtering rates

by a multiple ancd makes the use 0f the process according to

the invention of considerable interest for the production ol
20 copy protection. This allows layer thicknesses o from

C.0L pum to 1000 pm, preferably Ifrom 10 pm to 100 um, To Dbe

appliec tc the substrate cguickly and effectively. Sp

25 just a Zew manomeIers per minuze.
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copy-protect layer To Dbe carried out at & bi
0C0°C, in particular below 150°C, anc particularly
30 prefsrably in the region of 100°C. 2 background pressure ol
from 107 mpar fo 1077 mbar, in particular ir the region oi
107" mbar, has proven suitable for coating the subs:irate with
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20 copy protection. This allows |aver thicknesses of from 0.01 umto 1000
‘urn, preferably from10 umto 100 um to be applied to the substrate
c-iickly, and effectively. Sputtered |I|ayers conDr=sing sin%ée-%gnﬁﬁgent
.systens (typically Sion) whirr have beep applied hitherto & p ering
rates of 25 just a few nanoneters per mnute. It is preferable for the
coating of the substrate with the CORY-protect |aver to be carried out at
a bias tenmperature O bel ow 300C= n particular below 50C and particularly
3~ rrefel o in the ...~ rem"' _o_ T _ off 1000C. A background pressure

of fron‘%QC%Q%EDL'QL;Qiqggéﬁeg¥gé te EUf=REnE NS ENeLegiQR Of; o 10-y nbar,  has
prover- suitable for coating the substrate wth the copy-protect Taye , i
particul alsper ©Ope dn¥thsat iigryenf cthe gl assshaverrbpievaperal or

¢ oal vy a7 NV-20f6 Accardling.d o a,ppeletpedaretinguenl, of.ne .
invention; at least “on€ further layer, e g. a glass, céramrc, et &1 or

pl astiscs Kayer, ops iappl irethtdat jpar tixydarand/an ept ecalkoaerd thoX riay=apti ca
protectio%rL%g%Lianngﬁ_qgtg\ﬁyg;ﬁftqu laver §geventng capaci tive and

i nduct i vePSpyrhgt Ehi$Hiotect Ve I aVer- bel igcBubEEantrafl YremFéreabl e to
el ect r omagagktirc beae subat paritd:cu armporXe£i8YS, ~6r eTOOPrbbAGCaRAC] ti Ve _
and/or inductive shielding.. This !aver may cover either the to entire area
or, in th&¥68t fav&fabi e Situd on,"H Par?T afoTaFea BF FRB2FE§i-dfs o-- ' :
--he substhayerwhinghcarie < griel @ref ectieds Howeyekayt BevpEOLeehieve thaver
may al so be_applied in such _a manner that signals can neverthel ess_be

i ntrdduced™-or “efitrtfe® co=t At ESSy, *3 P PAP1T cBl areF hdlict AVERY -6 -

aresa of the regilons of the substrate which are to be

protected. However, the protective layer may aliso be applie

d
i such a manner that signals can nevertheless be introduced
or emitzed contactlessly, in particular inductively or
1z capacitively
According to a preferred embodiment, at lsast some of the

Dassive components and/or interconnects reguired for the
functioning of the circuits are incorporated in the

2¢ Drotective layer seguence, so that when the proteciive layers
ars removed the circuit logic can no longser be underscood or

at least i1s more cifficul: to understand.

According Zo a preierred refinemen:t of the invention, at
25 least one further layer, e.g. a glass or prastics layer, is

applied, in particular as a passivation layer and/or as

3C a mechanically strengthnening plastics lLaysr applied tTo it is

particularly advantagsous.

According to & preferrsd smbodimenz, the process according to
the Znvention 1s compined with a process forxr nousing

(J
ul

semiconductor componants, in wnich the substrats is thinned,



i. capacitively . . Accordinc to a preferred enbodi nent, at |east sonme of
‘the passive conponents and/or interconnects required for the éﬁ@ﬁ%l { ng
of, the circuits are incorporated in the 2C protective |layer s e o]
~trial when the protective layers are rengved the circuit |ogic can no

| onger be understood or at least is nore difficult to understand.
According to a preferred refinenent of the invention, at 25 _east one
further laver, e g a glass or plastics layer, is applied, in particular as
a passi vaerehihgver tan:sr: annachiapn cat rstrengt hegipgs to<a msecorddsi de
of the suhstrate.. whit_. n the opposite side f he first side. A
conbi nat i_gﬁ 6?1'a"§l’\gs%stsllzjg\%e%‘vwdt}h‘ a%%%Tgv%ti%an%%% I"6n “8nd 30>

mechani cakbyplstrengt hemietogdlsasid s -aversabptratiet owhtl chparst iccukael y
advant ageous. Accordi.ng to a preferred enmbodinent, the process according to
the i nventrsn®is confiTned W t1h'a ‘privtess $or RouBTAGS 258 ~sBniEonddct or
conponent 1;icwbbehphhe suhst radse danddidmed 2= AudNY-2006c19net ebiragnahts

w th connection strucgur@vre%i ons are Droduced on_the first side of the
subst r at ePPEpl G8TFES -Fafer PEOXGNT & t'oh%h S2comd Side BY FRetinBst it e,
which is gparsheu appesite=siige,framH he dddsl-side, 1 Bypeapspaf 1phasyics 5
l'ithograpny, with the connection structure regions renaining openf,
contacts aF&2pr 68uBBL6Rt REILEZ0ord IS dey BT cuthsigrarh 1pafitredl apto .
sputteringnawthua1conducti ve laysm-a hald grid : array, s gpplhed and/ or
finallly the substrate is diced into individual if desired, the D astics

| avet®on $HECND 5&E8ndéSsiraBEoVscr empved tagaith Jr i dre t& TheadpPeeng-bper ati on

and/ or th@n@?&PiQEePEE§h§ES Ehkge%fgtélf%%&“%%éﬂ“%éﬁﬁ&%%@be material.

According to a further preferred embodiment, a second side of

the substrate, which is on the opposite side from the first
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20 According to a preferred developmen:t, a second side of the
substrate, which is on the opposite side from the firs: side,
1s provided irn the region of the connection structures with a
partially applied plastics layer by means of lithography, and

ther a glass layer which is from 0.Cl um zZo 5C um thick is
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surface by evaporation coaiing; the
thickness of this glass laver must not exéeed-tha: oI the
rplastics layer. Then, the connection structurss can be
uncovered Dy Astaching the plastics layer above and alsc the

g-ass layer wnich has been applied o the plas
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30 means of a lifz-0ff rcechnique.



According to a further preferred enbodi nent, a second side of the

‘substrate, which is on the opposite side fromthe first 15 side, is covered

by evaporation coating with a 0.0_ Limto 50 mthick glass | ag&=N0O\ar2063

-connection structure regions |ocated bepgath the glass |aver are uncovered,

In particular by nmeans of grinding or etching. 20 According to a preferred

devel opnent; a second side of the substrate, which is on the opposite side

fromthe firs- side, is provided in the region of the connection

struct ur esayitduhar pay t Nagng appbi-adtbcsstilchodzgrlry byTheanst o

li thograchy, and ,then A gkass. baver whichds sf4 om0 0dsugnt 0 0 um thick

is 23 applied over the entire surface by evaporation coating; the

t hi cknesscafy ttis-gtassalaver snustinnet, eceedxdmml of grdrend| ast ¢eshtayer .

Then, the connection structures can be  uncovered by detachin t,b%'rpl astics
X: o the™

u

| ave= aboVe and® al ' $e-the gl 8¢ =Faler "AHi"ch s been Appl|ed
pl astd cs 1avefobyridd heans of arkibtradlfy teelmnigleagdoeordt ngrder acdurt ner
embodi nent, the substrate comprises connection structures which are coated
with a st?rﬁfc‘?‘ﬂﬁlédt“%o%??%ﬁ‘?g?eﬁ*'oHVt“Hé“eF’i'r e ofYE e {Ubst TR E Sin 27
NOV 2006 ol O-mpar st 24 = by: Aeanschf tpkaskie s didhogaphy-udherss tdee
~coating with the copy-protect |laver is carried out. Next, the copy-protect
| aver is XIfiahd, T e eXanpFe-YrolinBrBF SeFERedyY HtS |ERY RARGI T he
covering 1auer haseheenh UNEoVBEedns- NBNwhiBnt R LAURANE i@yt hSctures
preferably renmoved again, in order to uncover the connection structures.
Thi stl | Gvie -HosrE s ORSI R oAl BRE SUBSt FARE SNOY WRATEHPT HETSEéficonduct or
structures, ale--docaied, t o; be; seleckivebyprateched y-d heGaRy-R1ot ect
| ayer, whereas the regions In which the connection structures

contacteg, =£.g. in the form of & ball grid array, o b=

applied o the first side oI the substrate on the connection

structures for the purpose of contaci-connection and o be

15 electrically conductively.connected tc the connection

structurses, & Technoliogy also known as fiip-chip.

The present invention is also related to the inventions

disclosed by the German patent applications

20 DE-102 22 5€4.3-33, application date 05.23.02, and
DE-102 22 60%.1-33, application date 05.23.C2, as well as

German utility model applicatiorn 262 05 8

(98}

0.1, application
date 0¢.13.02. Therefore, the content of Zhese three
applications is hereby incorporated in full by reference in

25 the subject matter of the present disclosure.

30,
Brief description oi the figures
Fig. la shows a cross section through a portion of &
wafer with a glass layer wnich has been applied to
25 The top side by evaporation coating,



10 are located remain clear such that they can be contact- connected. Ten,
it is preferable for elevated connection contacts, e.g. in the formof a
ball grid array, to be applied to the -first side o= the substrate on the
.connection structures for the purpose of contact-connection and 24
electrically conductively connected to the connection structures, a
technol ogy al so known as "-in-chi-D. The present invention is also rel ated
to the inventions disclosed by the Gernan patent applications 2C DE-i 02 22
964. 3- 33, _application date 05.23. 02, and _DE:102 22 609.1-33, application
date 05. 25."5’2, ~&s wel | ass’(%10 St r'f%‘n’ AT t5° noder é;a)pwégt Fon-20 I%05(5. 56°1,
application date 04am-02nhiHrereforeert hepsbbt@ntooththesa=tbi e by
applications is hereby incaorporated.in full by reference in 25 the subject
matter of the preseft “HEAosUr £€°31%e text which follows, the invention
i's explaimed.incnore detsidwsOrhehasiss ofipref grpet @xeApkarVrther,
enbodi nents and wth reference to the figures. 3C Br e- desc _D~ on of the
figurés Fig . |a sh&®s -a ¢t uss BettTon throtidh™ a2 pofEron: o8~ 2Wafer with a
C ass layer which hgia%%e%ra%mds%qct,o as wde 19ps sk deabygexaporalbon
coating, 27 NOV 2006 _|I F_g. _b shows the sane as Fig. la with a further
gl ass |ayer which' Yhashhé&es HFFH el ahe unde? side HydeeRdpor ati on
coating, Fic |c shows the sanp askhg. =a but with a -further, 5 _
continuous protective layer of metal, ceramc, glass or plastic, as vell
as a finaFigLagg | ayer shows the same as Fig. la with a further,

10 : discontinuous protective layer of metal, ceramic,
hl PR = - "~ e o m ) 3
glass or plastic and a finel glass layer which has

beern applied to the Zop gide by evaporation

cocating,
Fig. le shows the same as Fig. la with a further,

13 discontinuous protective layer (interconnects,
passive components) oI metal or ceramic anc a final
glass layer which has been applied to the top side
by evaporation coating,

Fig. 2 shows a wafexr 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 a2 plastics
passivétion on the underside of the wafer,

25 Fig. 5 shows coating oi the wafer underside with
evaporation-coating glass,

Fig. 6 shows application of z ball grid arrzy to the
waIier shown In Fig. =,
Fig. 7=z shows a further way oI applying the ball grid

30 array To tThe wafer,

Fig. 7b snows tne same as Fig. 7a& but with a plasiics
“layer on the underside of the wafer,
Fic.8 snhows an encapsulation of the underside oI z

w
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whi ch has been applied to the -op side by evaporation coating, Fig. id
‘shows the sane as Fig. la with a further, 1o discontinuous protective |aver
oz netal, ceramic, glass or plastic and a final glass |ayer V\h%]gmdwagus

. been applied to the top side by evaporation coating, Fig. le showst g
sane as Fig. la with a further, 15 distdntinuous protective |ayer

(i nterconnects, passive conponents) o-- netal or ceramc and a final glass
| ayer which has been applied to the top side by evaporation coating, Fig.
2 shows aw@fegaportion whbhsgkasarandplasidmsil 20 davef , ciitgundeshows t he
producci on of connections an the wafer, Fig. 4 shows the same as Fig. 3
but with a plastics®pas¥rvation on the underside of the wafer, 2S Fig.
shows coatiqig of the waf growsdenshge1widdt ; Qvaponationcoatingagkass, Fi6
shows application of a ball grid array to the wafer shown in Fig. 5 Fig.
7a shows a fur-her wa§ BRIBppFYPWE ERe FB&I | &ramd Fi30 #Fay cc the wafer
Fic. o' --3:shows the sangLgg=FLg. ofa1but. With.. |l Astd cs« er. on_ the
under si de of %\2 waf er, nlngg§ $ﬂs?116$/s ;lln \gﬁtgé’ﬁgal?racﬁoéﬁ o“fVAt‘ e"Uﬁaéelpr'si de of
a wafer, 2 7 NOV 28peand2meEnRg: 8a shows a further encapsul ation of the

unders'd%ig. 13 shows a cross section through a wafer portion

with a plastics layer and a continuous glass layer

10 Fig. lla shows a cross section through a wafer portion with
2 plastics layer and & structured glass layer on
the top side,

Fig. 12 snows the wafer portion from Fig. 11 after the
giass laver has been ground away and/or the

13 plastics layer has been removed by means of a 1ift-
off tecnnigue,

Fig. 12 shows tne waier portion from Fig. 12 after
application of a ball grid array,
Fig. 14 shows & diagrammazic sectional illustration of

20 a further embodiment of the copy-protect layer wich
regions wnich nave differing stching properties,

Fig. 15 snows results of a TOF-SIMS measurement, and
Fig. 16 diagrammatically depicts a waier with a hole
mask for a.lealeghtness test
23
Detailed description of the invention
Fig. 10 shows the arrangemen:t of a substrate 1 with respec:
To an evaporatlion-coating glass source 20. The latter

3c comprises an electron besam genserator 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
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of a wafer, Fig. 9 shows an application of ball grid arrays to the wafer
shown in Fig. 8 or Fig. 8a, 10 shows an outline diagramof an evwapqpaticgy
- arrangenent, Fig . 11 shows a crass section :rough a wafer coral  or' wth
.a plastics layer and a continuous glass;kave= or_ the top side, 10 Fig.
ila shows a cross section through a wafer portion wwth a elastics |aver
and a structured Mass laver on the top side, Fig. 12 shows the wafer
portion fromFig.. 11 after the glass |laver_has been ground away and/or
the pl asppssibager thicas ape&t rentViad 1B miamhs2 o3 WaSPLE- TOfE OPedlini aue,
Fig. 13 sh e vaf er _pertion fromFig. 12 after aep_lca ~on O a ball
grid arra;}?l\gérjga\é?hé‘\‘/% %“(%ﬁmagréammti c sectional' illustration o- 20 a
further enbodi ment of the copy-protect |laver with regions which have
differing,etchin _praoperties, FEir . 15 sh results of .a. TOF -9l -
measur enefRt ‘an&g‘Fiﬁ .6 ‘di%gg rElaichrIr?atll % a‘:ﬂcg%ep‘l <(§:T s&é" Va %F gvvl‘lt'S h§:§1lvr§5l e
mask tor aokeaktiegbtibessatest.. 25 Datiaidredvadescrapt tiba efibtheakrvéntizen
Fig. 10 shows the arrangement of. a substrate 1 with respect to an._.

evapor at i 679¢63Fi AgVgi-as S SETTEE S0 O THE T Ht 1 &= 307 %0nprEses=an &r&ct ron
beam generahokc2lonasbeam-dkvert amn:deviee 22 anh ehglassast avgeét p2dswhich is
i npi nged on by an _electron heam 24, At the locatjon at which the elect r

on for example of aluminum. Ths silicon waier represents a

substrate with a surface roughness of < 5 um. The top side la
10 of the substrate is -on the oppositie side from the underside
lc. 2 glass layer 4 has been deposited on the top side la as

ayer; this layer was preiesrably obtainec Irom

|_I
wn

the action of the eleciron beam 24, wizh the work being
carried out in an evacuated environment with a residual .

“* mbar and a BIAS temperature of 100°C during

pressure of 10
the evaporation. Under these conditions, & dense, continuous
glass layer 4 is produced, and this layer is impervious to

20 gases and liguids, including water, but transmits lignht,

D

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

The underside 1b of the wafer is available for further

processing steps, wnich include wez, dry and plasma etcning

Fig. 1lb shows the substrate 1 as in Fig. la, but with an
additional glass layer 14 which has been appiied to the

underside 1b by evaporation coatling.

Fig. 1c shows the substrate 1 as shown in Fig. la but with a

addizional, continuous protective layer 4a, comprising or
consisting of metal, ceramic, glass or plastics, and a
furthner, finel glass laver 4 which has beesn appliisd tc the
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~___ beam inpinges on the glass target, the glass is evaporate: and erec_p~
‘tat_Son. the firs:. side _a of the substrate 1 . To 25 allow the gl ass of
the target 22 to evaporate as unifor~::ly as 2 7 NOV 2006 13 po23iMdve 2008he

".target is rotated and a sweeping notion is inparted to the beam 24.

Reference is nmade to Flcs la and Ib for nore details 02 the -Dos sn -l e
substrate I _ A silicon wafer as the substrate has regions 2 with
sem conductor structures and regions 3 with connection structures, which
are formed here as bond Dads, for exanple of alum num. The silicon wafer
represents a substrate with a surface roughness of < 5 um The top side |la
i G of the substrate is on the opposite side from the underside Ib. A
gl ass | ayer% n&s SHE8T depfosTiRY-ohtEhe 8nSEPYE 1°& 43S cdpy- prot e&tth ayer ;
this | avermnwvasidiprerenaysobiai wed dyem abhepvaporal in-ceajdnthglass of
type 8329 produced by Schot... This type of glass can be substantially
evapor at edbyOT-5 e CFctiOm AT THRC el F oRBeaMTRA 1 SRSt Pt KOOI ety
carried og--izA ap-ewaeuat igonment- wth a,residual. . .pressure of, 10-4
mbar and g{eBlaAS ?en%gfg?u%%yl%oc duri %‘ég tﬁlelvev%gg’ofétti'gjg. i g/rde‘r 'thhese
condi t i oNn§PVETEeABROTEEAH MRAISSNE @S sthavenpatirg tgr, otdweed soaad: dihias lvaver
is inperious ta.2 ases iquids,  tncl uding.. r. but tr its .
lignt, vv%iq%h'i'g '?)ﬁ‘%o?t zr?'?ﬂ" ?}é -%h{éﬂc%%ée@ﬁ&el géf 1rl\((l)y?"(E)l%t“lsciar‘ll:rhcfor?%%ﬁ'ergﬁ”tss "~ The
under si dehpliot thengatern stavaituide d0¢ hart heverpdocassiumghstreps, which
include we-, _dry.;and plLasha etching 25 and/or cleaning. Fig.. |b_shows the
o rag %r%c‘lg‘gg.*a?%,‘ béuthavhét Hn “Hdd T ohal ’fj‘l‘aggpl 5381* P4 Which has

substrate [ a o
beeniappl pedteotzve: Yager 4b by evaporation coating.
Fig. 1e shows the substrate I as shown in Figc. la, but with
an adcitionel, discontinuous protective layer 4c, comprising
or consisting of metal or ceramic. The procective layer 4c
15 additionally includes interconneccs and/or passive
components, such as resistors, capacitors, varistors, coils

20

5

25 50 pum, which is sufficient Zor the encapsulation or hermetic

sealing, wnersas the plastics Layer 3 is thicker, in ordsr to
subseguent processing steps.

30 As an ezltermative or in addition, 1t is also possible for a
rlastics layer to be applied to the top side of the glass

layer 4 in the same way, so that a corresponding multilaver

covering layer iIs appliied there.



under5|de | b by evaporation coatlng 30 Fig. Ic shows the substrate | as
"shown in Fig. la but with an additional, continuous protectivesl7aNgy 26
conprising or consisting of nmetal, ceramc, glass or plastics, and a fur
. _her, final glass _aver 4 which has been applled to the 3- too side by
evaporatlon coating 2 7 NOV 2006 |4 Flb? id shows the substrate 1 as shown
in Fic. la, but with an additional -protective |ayer 4b, which is only
continuous in portions or is not continuous and conprises or consists of 5
meta!, cerggn ¢z ghass ehepkFasthes. ptheqyot-es i ve ayer. 4bheCR¥EES is
|nportant reglons of ‘the substrate, nore specificaily the regions 2 having
sem conduct e Tr%ctEPesun?ﬁé"FQ@voﬁ§d3QQRﬂﬁ9ﬁ:Emmme%t?ﬁﬁ RfPoEfEfes are
not covergghedfk+AyrtBera-f bBakngl agsnkayerod has,beer apphisdst 9, theitap
side of the 1c protective layer 4b by evaporation coating. Fig. | e shows
the subst3dt &9 a8 @heﬂﬁ“EnSFps Fae b@r s tHnders HiRli 3P ohal PravsEsdt i nuous
pr ot ect i e: 1:a%ef 4€; cCOMPELSEDGon0! €ABSI:S N Ol diRlAl QimGeramhe. dhe
-protective [dyer 4c is additionafly includes interconnects and passi ve
conponencIRsIChi @8 FeSHSTUrss capachversc . valistorsincaidscaorst heate ke, A
further laver of gl ass_4.has been i e 1 ide of the
protectlve:?ﬂgef§4" A e%gaoraf?oh c%atlng %d:%? QVov{gfagrmltllayer
coveri ng drayerering, thetSubseraeELmhlthamnddnquﬁxﬁﬂn‘ayaﬁqﬂzﬁa*enbodlnent

conprises a glass layer_ 14_and a_ tics lLayer -7 on't under5|de | b. The
fp o % °r ZNGE* ‘rJor%’O“SOft -he

hat=1
glass la cknessi i th
10 plastic used for the lithograrhy is removed from the wafer
underside 1b. Nex:t, a ball grid array & is applied to the

conductive layers 7, and the wafer is cdivided along rlanes 9.
The result is a plurality oi electronic componsents whose
semiconducTor STtructuras Iz are sgecurely embedded between the

4 1 i substrate I and hermetically
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Fig. 4 shows a modification To the embodiment shown in

I steps as those ou:liﬁed above are
20 carried out, but the plastic is not removed Zrom the
underside 1lb of the wafer and covars the underside as &
passivation and protection layer 10.

Fig. 5 shows an embodiment in which a glass layer 11 is to bs

<

to the underside 1lb o the
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lithography is removed IZrom —hs waier undsrside 1b and the
entire underside 15 oI the wafer is covered with the glass by
30 svaporation c¢oating, producing =z glass layer 11 which is from

G.C1l to 5C um thick.

As i1llustrazted at 1lp, this glass laver also covers ths
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25 50 m which is sufficient for the encapsul ation or hernetic seal-Inc,

‘whereas the plastics _aver 5 is thicker, in order to inpart greater

stability to the wafer as a workpi ece for subsecuent processihg Nivepll§ 30
As an alternative or in addition, it is also -possible for a plastics
-Laver to be applied to the top side of tthe glass laver 4 in the same way,
so that a corresponding nultilayer covering layer is applied there. 2 7
NOV 2006 15 F'ic. 3 shows the further processing o a wafer. The wafer is
thinned abyt be;iupdeisides/ and eiching phis, 6 aLepploduced, 5.extending as
far as the connection structure regions 3, which act~as an etching stop.
The waf er 2BRdéesi-dés A priavifded 5 w #rdptasti eselLweeograDhy vidadi ng t he
regions ngpﬁ'§hbﬁw'%%aJCQQH%gHéHaftr¥§tyﬁ§§ﬁ cdpcgveged Iheq, ling,
contacts 7 are  produced on the underside, for exanple by spraying or -

sput t er i ngemaEPhdulg ore T Ahvate sc endauct | vechawiersl Yyapeotproddced thet he
regiopn of . the_etching, tics 6. .Then, .the 1C plastic used for the .
Iithogrrab v ngré#%vé%hT%gﬁ1F%é‘ﬁﬁf%ﬁ“aﬁﬁ sTde-3b° NeXt & BalfFaria
array 8 iscappttédefy.t e gdadiuctiayet ayessnTl cansbhbeywabereksndivided

al ong plqgegvg. The result is a plurality of electronic conponents whose
seni conduttor Struc-u=e§¥5 are securely enbedded between_the i5 _
copy-protecc |laver 4 and the substrate _ and hernetically sealed. Fig . 4
shows a r;gdijigaglgnv to. the enbodi_ment shown in Fig The sane process steps
as those outfi ned-360vETRPEIMSBHCC R T I GUtV SRR ¢ He1pl WBEFE 8 not
renoved faomébe abngerside bbaakbst ke wafar @ndsovesss the-dnderside as a

= I &

passivation and protection | aver 10. o _ )
connecT.on structure regions. This has the advantage that

lateral passivation protection for the components can also be
ensurecd. Fig. 7a& shows an example of the division which
Y

material oI the coverina laver 4 and of the

regions 2. A lithography operation is carried ou= on the
20 wafer underside 1b, with the bond rad reqgi

o
uncovered. The line contacts 7 are produced in the region of

with conductive material 12. A suitable process for this
purpose is thickening by electroplatinc with Ni(P). After the

been ramoved from the underside of the wafer, the
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S planes 9. The result is electronic components with

on
hermetically encapsulatsd semiconduczor structures 2.

3¢ Altermatively, it is alsc possible not tc ramove the plastics
layer 10, sc that the latter remains in place as a protactivs

Figs &, 8a and ¢ show exemplary embodimen-s wit-h the .
25 procduction oI & glass laver 11 on the underside. The



Fig. 5 shows an enbodinent in which a glass layer 1l is to be 25 applied
"by evaporation coating to the underside Ib of the substrate instead of the
pl astics layer 10. As in the enbodi nrent shown in 3, the plasti @ TulRY 2&@
.the [lithograoriv is renoved fromthe wafer underside 1b and the entire
underside Ib o_ the wafer is covered with the glass by 3G evaporation
coating, producing a glass -layer r 11 whichis fromC . 01 to 5C uT,
thick. P_s itlustrated at fib, this glass |aver also covers the outward_,,
pro, ecng Py¥afedsrefisheliiparcsat abkes emboRgmenthahown ix B¥gay>8iro be

app’  ed, E%Phggﬁﬁgl%%a{ﬁbg—'ﬁ?'.— untove¥dy 124 NQY, 20 16 by.grinolng

7.5 it el 2 .
and/ or et Then, the grid arrays are aocl_ed, as shown. 1n Fig.
6, and thereghenswedirees psoduvededatnd cther mn<iine virdlexts cospdnent s;has
indicated at 9. The sensitive, seni g%ra[dsu,ctW%r Structures 2 are nechanically
protected 4t The B TOp and the BOt- e, - n-€ach ‘case by a glass Taver" 4 or
11, respecldwet yis Thengbadsitaviee 4egioul baneouslar drepieseds 4 hey
copy-protect. laver. In a further enbodi ment of .the invention, the wafer is
10 di vi dedP BT | g PrIAesS 9 @i chil8§ RBESPass FidFodtTIP= B connecti on
struct ure d&£g ong Thhs hagst hesadyantage Lhatn halenrdepassimatyom
protection for the conmponents can also be ensured. Fig. 7a shows an
exanpl e of2RMe: R \R%i o IPFERPRUS FRCERSORSTLIREL OF &N 0feTHe Wiy aver
4 and of theis substrate br=Fieshnofual tbe:procedured s Asid the in
exenDl arv enbodi nents described above, r.e. the wafer is thinned fromthe
under’Si de WHERtIHT DI T3 b F e proHBEEd-NeBxEEN@iEnGRES et & t he
under si de sofy Ihe-connect i eng stgucier ey £eghens:3dn Ailddegraphy pperation
is carried out on the ) )

componencs with encapsulated semiconductor StrucIiures are

Obtzined.
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system used for.the layer ¢ and/or 1. represents an
at least binary system. A multi-component system is

E S S S

The evaporation-coating glass o type 8329 produced by Schot:
20 has proven particularly suitable and has the folliowing
composition, in percent by weighI:

o\

Compeonents by wesight

Si0; 75 - 85
B,C- 10 - 15
Na,C 1 - 5

Li,0 0.2 -1
K,C 0.1 - 2
A1,0: c.2 - 1

The electrical resistance is approximatel.y 10*° Q/cm (at
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m
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the refractive index is approximatelv 1.47C,



20 waf er underside 1h, with the bond Dad regions remayr_i nc uncovered.

"The line contacts 7 are produced in the region of the etching D=_s 6, with

the etching pits also being filled wth conductive material 12, 7AN§¥|imw)l e
i (P) .

. process for. this purpose is thickening ltéy electroDat_nc with N (
After the 25 p_astrc rias been renobved Tromthe unders_o.e of t -e_ wafer,
-:re ball grid arrays 8 are abDD-led. =" h_n, ti=e wafer is divided along

pl anes 9. The result is electronic conponents with hernetically

encapsul ateed serileatduict aforsdtalet W es ZpbALheroal_yehy,ait sEsqal so
possi b-e not t renove the -D-as- 1-s layer 10, so that the latter remains
ire pl acelaé’m&)protective | ayer on the underside 1 , as shown in Fig 7b.
Figs 8, 8a_and 9_show exenpl ar. nbodiments witthe .5 aroduc_ion a -ass
aver 1i oAt (Raereras e Y FHG/B006 2pr shakurd M=t m Tar to the
enbodi nent shown in Fig. 5in conjunction with Fig. 7, i.e. filled-
connecti on, structure regions are produced, and the entire underside ib of
the wafer i §PcGatled@> Wty e J-a8ET et 4. CirhefOmPRBSRFassitEmaaver i s

removed i BxpBeibagi OB Ove gl LIENNE RiLsC DY LLALLRY. oL &t ¢hing,
as illustrated in Fig. 8, or by detaching the pI%stTc’cs ?ﬁgég‘ﬁg“ i Ch~has
previ ous| FBeBhaSappRYEF ST itifogeaplsi da ame thyiendersifie. efthiing pits
‘by.  meang1gb gostibief kotech i Lrue &.—glbw.l dated in Fig-8a, _in 10
order for the %ZI,I grid ar rays then to %e‘ ‘p%llgééﬂg lg% “TF 1G5t aF 885 n Fi g.
9. After BEpPAFaFi®A. afeBg the tprawesor9theconpomerdst wé hi edeapsdbatedy,

sem ¢pndugber: SLTYEt UTES - 3Le . obtained, 15 The gl ass, system used for.the
~laver 4 and/or 11 representgL an E%Fg?)eéléat‘qﬁll“nsasry CS%/“th“eTﬁrAf nt?t7 = 28hponent

systemistan &, to be applied to the substrate in succession by

evaporation coating.

As an alternative to electron beam evaporation, it is also
i3 possible to use other means . to transfer materials which

precipitate as glass. The svaporation material may, for .
example, be in a crucible which is hsated by electron

llision | 4 Elect 1ligi ) ' f this t© ;
Coiiislon neating. Electron collision heating of this type is

based on thermionic discharg
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20 crucible in order o impact on the material whict
evaporated with a predetermined kinetic energy. Thess

- -
i

processes also allow the production of glass layers without

applying excessive thermal loading toc the subscrate on which
the glass precipitates

25
Figs 11, lla and 12 show a further embodiment of the

invention. In this embodiment, a glass layer 14 and a

astics layer £ have been appiied to the underside 1b of the

30



preferred. The evaporation-coatilnc glass of type 8329 produced by Schott

20 has proven part
percent by wei ght.
.01 - 51Li20 0.1 -

resi stance i s approxi mate_

1010 2/cm (at

_cularl suitable and has the followng conposition,
Conmponents by weight S102 75 - 85 E203 10 5 a ,
1 K20 0 - 1 A 203 1T )—eectrucéj’m\}%6

25 100 the refractive index is

approximately 1.470, 27 NOV 20 18 the dielectric constant s is

approximately 4.7 (at 25C,

1 VHz) tan S is approximately 45 x 10-4 (at

25C, 1 MEFIBEOTE 6PTRFASRALt itbal arpropeiudesT | it theteoapoAemesizint may be

expedi ent \1o,yse.gl asses of ditterent, al.ass

| ayers on t

he top Si

de "and t hé undersi‘de.

anpp Lliops.for the glass
- %Yso pOSSI%Pe “for

pluralitytbt gbassegﬂh@V|ng@dsﬁbstEEEEZ:MNQMEm¢I&510@ cogtingn Eﬁens of

their refractive index, density, .l
dlelectrlcﬁconsgénP 5t Far 875t o
by ewvapotrattia teating:i Ehs ahzak

it is alsfayZ§ pgssgble to use. oth

L=t S PR
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precipitate as glass. The evapora-ion material may, for exanple, be in a
‘cruci ble which is heated by electron collision heating. Electron collision
heating of this type is based on therm onic discharges mhichngquov 9
-accelerated on:-o -the 20 crucible in order to inpact on the terralug%ich
is to be evaporated with a Drede-ermm ned kinetic energy. These processes
also allow the production of glass |layers w thout applying excessive
thermal |oading to the substrate on which the glass precipitates. 25 Figs
11 , |l a éandoi2ashewcacf methker adnbadiarentraf 4 secwedt mansrbialshi s
enbodinen; a g'g$§:L§xet 14 _and ayupjastggs | aver_ __have. been, applied to
the under$ta™Fb of S =He S5TbstiFaté L ° 30 Refof ringFrret=o -BFI “to°Fi g
Il , the sanseckionofbrtiekdr €1i0LeghnlS theoRsichadl a2 t-ten ll acdifiptees
substrate_ 1 are_ selgctivelé covered with a structured glasttcs |.ayer or
covering F3§eFV3BOh§TARRASCBF 1pLaStices 15 Fograptit 8 The® 29T RENC2808Y 19
regi ons cospetsi ng the sem conductor structures 2 remain uncovered. Then,
-, glass cony-protect laver 4 is applied to the top side of the substrate

by evaporation coating. Then, the copy-protect laver is ground or etched
anay at |gastndowy-o, tenkhe: Levebnaf el axicsJaver, 1o, Jhep, the
plastics layer 15 is selectively removed fromthe too side la. F further
struct ur rig- optTont | ShEABWASEASFI Yorkraexi n anistinl, laasey B Figs aurandrd
substrat ed ansi deal Sopattiabbyycoysred. o u:th PlAstigs biodeans, of

pl astics li1thography. During t g gl ass evaporation-coating operation which
_ the@ﬂ_¢(quW@,l¢y@g 30 is located between the copy—protect layer 4

and .a further copy-prot=act layer 4°'.

, in the event of a

ectching attack, at least part

3
s}

[w]

As a resul

[3S]

of the semiconductor structures 2, e.g. the part 2a ocated

I h

beneatn the first portion.4a, is advantageously destroyed

]
oy

even i1I should prove possible for the second portion 4b to be

s oI various tests carried

20 The following text presents resul:
out on & copy-pbrotect layer mads 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

[\
w

time. The me

{

surement characterizes the profile of the

elsment concentrations in the copy-protec:t laver. 2 thickness

consistency Ior the copy-protect layer of < 1% of ths laver

(t
m

30 Furtnermore, lszaktightness tests were carried out on the

rafer was provided with an stching stop mask. As 1is
illustraced in Fig. 16, the wafexr 97 was divided into nine

58 (I cm x I cm). The Individual spacing
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| ayer thickness o_t
‘exceed .-he laver t:
process stet,
. det ached by neans of
torig. 11 or Fig.

structures 2 are coated with glass,

uncovered. Re=erring

enbodi ment for =lip chip technol ogy,

connecti Ope£QELANS K3
di ced to produce her
chi ps. 302Fi §Jo140vE}
direction; gonpri segy
a different etching

conpri ses2adfregt potei epagangf Oa Sf immst mat eri al
7. ooV 20

avi ng
-_Firs-. amptert aboeonPr h6€ssS02haandrt Rerecond ymtefi af GpNpPri ses

second porzkop.g.
second materials

the plastics |ayer and

he 9-ass app-|led by evaporation coating does not

iciness of the plastics layer. Then, iii a subsequent
is the glass layer on it _ca

a technique . As shown In Fig. 12, procesgi(}ngogmsl ar

|l a produces a wafer in which the sem conductor 2C

whi Fé the connection reGons 3 are

nowto rig. 13, which illustrates a :articular

all grid arrays 18 are 25 applied the

ﬁb;%@ewEQ%i%(¥Eéﬁa§JEé M@£e5arEEEaEE¥m tBe waf ep,i s

netically sealed circuits, resulting in copy-protected

ustrates a copy-protect |layer 4 which the |ateral

a-pLuLakity [of portions, at least two portions having

resistancé. In this exanple, teh copy-protect |ayer

and a laterally adjacent

OO4B oL{a second material, the first and

rent et'chinc rates. By way of exanpl the

i

;

t he

evapor ati on-coating gl ass 8329 or 6018-189 produced by 5 Schott.
Furthernore, the first and second portions 4a, 4b have differe

thiCknes§@§:e9bgﬁgvﬁﬁst?ug?gégdlE&%
copy-protect layer 4. In addition,

coated with an 8 um (specimen A) or 18 um (sgpecimen B)

The success of

was easy Lo observe under a

A nelium leak tast revealed a leak rate of less than

8

mbar 1l/sec for all 18 measurasd arsas.

Th the glass layer regions despite
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high streng o
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considerable bul

is also amazing.
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“he waier was then dry-etched as far as
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measursement in
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in accordance with DIN/ISO. The results
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iC netal layer 30 is |ocated between the copy-protect laver 4 and a
“further copy-protect layer 4 As a result, In the event of an etching
attack, at least part of the sem conductor structures 2, e.qg, tp t 2a
. located i~ beneath the first portion ,4a, is advantageously dds &6&@@ even
shoul d prove possible for the second portion 4b to be renoved while
retalning the part 2b of the seni conduct oF< structures beneath _t. 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 neasutenent, in which .the count rate is plotted as a function of
the sputtering 25 tine. he neasurenent characterizes the orof; e o- the
el enent concentrations in the copy-protect layer. At _ickness' consistency
for the copyrPEOLERT gLaVenaRlion . 170 O sLieTaver —thrckness—was—determ ned.
30 Furtherpore, tTeaktightness tests were carried out on the copy-protect
| ayer made| ¥&oaxr gl ass 8329 laGorfabthmwisor. AN, con waf er] yaemPr oyt ded Wi th an
et chi nc st is il ‘strated i? Fic o', tlhhe wafer 9' was
di vi ded in?ﬂn\'qnsllz 9per-cr%ft3gc reas 9§IURAYXEEN) . |The i ndi vi dual
spaci ng 2 [7TCN®& 2006 21 bet selefy)t he holq@gw ]hin the [areas was varied from
rowto ro as follows. 1st] row. hole spacing'l mm 2nd row. hol e sDac_nc

0.5 mm 3riH»wW hol e spacijfg W12 nm P} 31 the scruareé hwlees 99 had [an edge
h anct x tur-edi-back surfacelof the wafer ad been

| ength o 15t Atter—Hhe-taRstructure - n
coated wit|Earath xilégirgg?7%‘%ﬁl 18 (rf Cdpeci men | FHFeAvE/

Class removal surface area |visible
2
[mg/dm?] [cm?] Ichanges.
1 W : 0.4 2 x 40 unchanged

Alkali Material Total Comments/
DIN 50 €695 removal suriface area visibie
Class (mg/dm?] [cm?] changes
A2 122 2 x 14 unchanged

As material

Iz will be clear to the person skilled “n the art that the

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

invention.



10 of the glass 8329, the wafer was then drv-etched as _ar as the glass in
‘the perforated areas. The success of the etching was easy to observe under
a transmtted |ioht mcroscope. A heliumleak test revealed a | eak rate of
.less than 10 i~ nbar /sec for all 18 nmeasured areas. The high i‘R@QQhﬁ%Of
the glass |aver regions despite considerable bulging o the waf

the nmeasurenent in the respective nea enent. area is also amazing. There
was no 20 change in the glass structure 'even after conditioning a-- 2000C.
Furthernore, resistance neasurenents were carried out on the copy-protect

| ayer in @cebrdance wwth DIN1SO The results 25 are given in Table 1. 2 7
NOV 2006 _ 22 Table 1: Specinen designation: 8329 Water ConsunDtior. Na20
Conments 1: DI N*IBEP9%8S ‘foﬂcﬁ”%ﬁ‘&%%geﬁwm B5stertigr fag/ep HGEB 1 0.011 3

none  Aciéh LR 42146: Mttt al Jabal s CREMBALSL . cLLasgs removal surface area
visible [nmg/dnR] [crn2] changes. .4 2 x 40 unchanged As materia

Al kal i Nh@é@V&@lﬂ@taIS@bﬁﬁEﬂtsl(lDINhrSE 695 rembvahdsutbacetaneauvksi bl e
d ass [ng{?pﬂén[ggﬂlegggnge§ir§@ %ggez(Ea}4o¥n%hgngggst§gtga&%5Ial
providing a material for coating the substrate (1),
coating the substrate (1) with a copy-protect layer (4),

which is applied by evaporation coating.

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 substrate (1) in such
a way that an etching process which dissolves the copy-
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
substrate (l) 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

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.



It wll be clear to the person skilled in the art that the 5 inventionis
‘not restricted to the exenplary enbodi mrents described and that features of
vari ous exenpl ary enbodi ments can be conbi ned without departing fromthe

. scope of the invention. 27NOV2006 23 Clainms: i. A process fo 73{0@%&5@
copy protection for an electronic cireyit, conprising the step

providing a substrate (1) which has sem conductor structures (2) on at

| east a first side (la) of the substrate (1), providi ng a material for

coating the sq%sehrp%to%a(sjs) Coﬁta'l che substr % %{) r e %;erp%- gr o;gct

layer (4), y evapor Wt 6 Coat

cl ai med iwhetdedirmthe \M&ﬁfyeip'rdthﬁbt sieargleclonmct@jmpsﬁlrsl,@ W asodai1atadeast in
regions, are caovered by nmeans of the copy-protect |ayer (4), the copy-
protect [Gdye&S (W&)thoélhﬁ”ﬁ’é{”bﬁé’ifQﬂ ahe Subsity d@eete(ll)oﬁlrﬂ%u@fﬁc%lm that an
etching process which dissolves the copy- protect |layer (4) |likew se
attacks the substrate (1) in such a manner that the sem conductor
structurés (2'har @racessasts Pariniea |yn dHﬁ rady éche Rrefeiprpeessinas, ¢l ai med
inclaim b9l 2 wherel n the u{o%}rate ( Cgﬂ,tﬁ)“ ses a sem conduct or |ayer
of siliconSt Rl ive oy protec et (4) TS A1idon % The

process &&r@lr@i B dam.one of the preceding clains, wherein a continuous
| ayer is applied as the copy-protect |layer (4). 5. The process as cl ai ned
in one of the preceding clains, wherein the copy-protect |ayer (4)

conpri seg gl asge igtocess as claimed in one of the preceding claims,
wherein the copy-protect layer (4) comprises a shield

against electromagnetic waves.

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

evaporation.

10. The process as claimed in one of the preceding claims,
wherein the copy-protect layer (4) is applied to the

substrate in a thickness of from 0.01 to 1000 um.

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

below 300°C.

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

> mpbar to 1077 mbar.



particular silicate glass. 2 7 NOV 2006 24 6. The process as clainmed in
"one of the preceding clainms, wherein the copy-protect |ayer (4) conprises
a borosilicate glass with alum num oxide and al kali mnetal oxide frac@'hé)ns.
. 7. The process as clainmed in one of the preceding clains, wher®l #0¥h
copy-protect |ayer (4) conprises an atj,keast binary system 8. The process
as clainmed in one of the preceding clainms, wherein the copy-protect |ayer
(4) conprises a shield against electromagnetic waves. 9. The process as
clai med in one,of the preceding clains wherein the copy-protect layer (4)
is applied 'by%gl\?aﬁgroactelDGn LSty nducEtt By tHET die % '%raﬁ]iadﬁ“%r by

el ectron voeamirevapiradd odkydO. (The D aoasSS: a8 € ad negk-diy one of (1he
preceding clainms, wherein the copy-protect layer (4) is applied to the
substrat &% e tHEGHEE of L Fr ot D1 § 1100 rePads L tthes o cesyn ashel ai ned
in one ofsthe priegeding clainms, wherein the coating of the substrate (1)
with the copy- protect layer (4) is carried out at a bias tenperature of
bel ow 300C. 12. The process as clainmed in one of the preceding clains,
wherein thhe coating of the substrate (1) with the copy- protect |ayer (4)
is carried out & p:%1o|o”reessssu‘—jrse ngfc‘lf eocﬁjfb-o%e r-t% p.L"JCD)”:}/C?e ClAimgoy 20 25
13. The precess as wlained inpne of) the psecedi ng ol aldmdsng Whesei n a gl ass
| ayer (1421_;\3 Oafpp__lhi ed to a second side (I|b)

e substrate (1), which is on the oppcsite side
from the first side (La).
15. The process as claimed in one of the preceding claims,

wherein the semiconductor structures (2) comprise electronic

decryption means.

lé. An electronic component, producible by the process as
ciaimed in one oif the preceding claims.

17. 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).

18. The electronic component as ciaimed in claim 16 or 17,
wherein the copy-protect layer (4) contains a first

material, the semiconductor structures (2) being covered by

—

the copy-protect layer (4) at least in regions, the copy-
protect layer (4) being fixedly ioined to the substrate (1),

and the first material being determined in such a manner



of the substrate (1), which is on the opposite side fromthe first side
"(la). 14. The process as clained in one of the preceding clains, wherein a
pl astics layer (5) is applied to a second side (lb) of the substrate (1),
.which is on the opposite side fromthe first side (A). 15. The IpN@¢ as
clainmed in one of the preceding clainms,g wherein the sem conduct or
structures (2) conprise electronic decryption neans. 16. An el ectronic
conponent, producible by the process as clained in one of the preceding

clainms. 17,_.The e [ onent with co rotection, conprising an
electronﬁgmgigﬁhi-ggaiggséﬁéfgg e’ ﬁShmé%%S%g%?goh ctUrY Ri?tRtures (2) on
a first sideeo la)kofiddeastbsts atiee (d)bst afbe ai €OPYCIHI PIRSInLAYER{4) . 18.
The el ectronic coqponent as claimed in claim16 or 17, wherein the

‘copy- protett §HEEETTUC cont it = fi9stroveaterial,, the seniconduct or
structures (2) being covered by the copy-protect |layer (4) at least in
regi ons, the copy- protect layer (4) being fixedly Joined to the substrate
(1), and%he THa stlamtterniad deipnpatet ex i aegdined suchoree naMnera 2ng NOV 2000
26 that tehi rocess which dissolves the copy-protect |ayer |ikew se
attacks t ueelsgtgjbsq(F]eaLtpeelrl1 ntsr'lseuc MRS Hehner %{%a?om?ﬁésg%/e‘%t?%?ﬁ%o%@q%W? is

destroyed.aykd: dihesiel vedn o conponetp st &tai gkt N(one-fr £ ms 16 to
18, wherein the substrate (1) conprises a seniconductor |ayer of silicon
and t he -Pt'ot ect | ayer (4) contains

20. The electronic component as claimed in one of claims 16
to 19, wherein the copy-protect layer (4) comprises a

continuous layer.

21. The electronic component as claimed in one of claims 16
to 20, wherein the copy-protect layer (4) comprises glass,

in particular silicate glass.

22. The electronic component as claimed in one of claims 16
to 21, wherein the copy-protect layer (4) comprises a
borosilicate glass with aluminum oxide and alkali metal

oxlde fractions.

23. The electronic component as claimed in one of claims 16
to 22, wherein the copy-protect layer (4) is applied by

evaporation coating.

24. The electronic component as claimed in one of claims 16
to 23, wherein the copy-protect layer (4) comprises a binary

system.



silicon. 20. The electronic conponent as claimed in one of clains 16 to
19, wherein the copy-protect |ayer (4) conprises a continuous |ayer. 21.
The el ectronic conponent as clained in one of clains 16 to 20, wherein the
copy-protect layer (4) conprises glass, in particular silicate ga¥y. 208.
The el ectronic conponent as clainmed inpgne of clains 16 to 21, wherein the
copy-protect layer (4) conprises a borosilicate glass wth al um num oxi de
and al kali metal oxide fractions. 23. The el ectronic conponent as clained

in one of,¢l ai 22, ' he_copy-protect layer_(4)_ is applied
by evapoZrngti oﬁlﬁ%cl)egltelén%g%iéf \Aéllﬁge&erlpee% r%%i%y%o%%n*erhto 2t a‘f%’%hm? nf)%ne of
cl ai s 160t 23yhaheiei th¢ heogppyrprotectabayers( Lowenpseéses a binary
system 2n7.l\g/§§06 27.25. The el ectronic conmponent as clained in one of
clainms 161 19 et e ht t heS CopYEpEBEREE YaYRT- (4) conprises shiel ding
agai nst el ectromagneti c waves. 26. The el ectronic conponent as clained in
one of clainms 16 to 25, wherein the copy-protect layer (4) is applied by
evapor at i codts Yyl ¢ FlaieEc byonpreremt @vapbr Htédnimromy ol etd trom- beam
evaporati.on.,27. Jh e onic ¢ onent,as_clajmed in one of clains 16
to 26, mtg"r e‘u%’ t%%“%%%ﬁ/-%ﬁ%t‘é%ﬁgyI%%?e§§)1?§e¥rgén)l ol.%la%?fbegl%bo um t hi ck.
28. The eheqtooni cowonponent asdeted ned tie onel ofvabeiabid® or Coy 27,

wherein the electronic circuit conprises decryption
electron-beam evaporation.

27. The electronic component as claimed in one of claims 16

to 26, wherein the copy-protect layer (4) is from 0.01 um to

1000 um thick.

28. The electronic component as claimed in one of claims 16
to 27, wherein the electronic circuit comprises decryption

means.

29. The electronic component as claimed in one of claims 16
to 28, wherein the copy-protect layer (4) has a first
portion (4a) and a second portion (4b) which have different
etching properties, in particular comprise materials with

different etching rates.

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

component as claimed in one of claims 16 to 29.

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

as claimed in one of claims 1 to 15.



‘nmeans. 29. The el ectronic conponent as clained in one of clains 16 to 28,
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for decrypting encrypted signals, in particular used in pay broadcasti ng,
conprising the conponent as clainmed in one of clains 16 to 29. 31. An
apparatus which is designed to carry out the process as clainmed in one of
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electronic component as claimed in one of claims 16 to 29,
to protect against uncovering of the circuit by the coating

being etched away.



