08 SEP 2006 ~IIIlll~~~~~~~~~~ Frerererrrrerrrrrir~lr~ 1 *166166* G ass
mat eri al f—or—radﬁrf—reqm?nty" applications Description 5 The invendisgp 206

deals in gener th the field of radio- frequency circuits, and in
parti cul ar th @Mﬂﬁmmrelates to a glass material which is SU|tabIe for

t he productio tor structures -appropriate for radio-frequency
applications on al§Ubstrate and also to a radio-frequency 10 substrate. It
is known that the trend in the sem conductor industry is toward ever

hi gher data transm ssion rates. Frequencies in the gigahertz range lead to
i ncreased signal attenuation at 15 the feed and em ssion systens. Htherto,
primarily printed ceramc (HTCC) and glass-ceramc (LTCC) multiple |ayers,
whi ch aft el akBewaltava dleefopridadas-ftddnensduappiechayens, | am nated and
sintered, realize a three-dinensional or multi-layer wiring for a

radi o-frequency circuit, have been 20 used for systens of this type.

Mor eover, Dggg@mﬁg @Hltlple | ayers which are not hernetic are al so used.
However , g requenci es, the transm ssion |losses in wiring systens of

this type increase on account of the attenuation in the interconnects. The

use Ofs HT@QeaEHvLEQQo&mwaJ@ S At é&ﬁiﬂ’aﬁ&@*ﬂ@ {1 equensi ese1q98ner-akhy-over
40 - is restricted by the rgiatlve ly high dielectric constants (DK)

and I_oss angresncyt gASF ULt svheed fimeasiielycy angethe ThevercEoanaeLzees
ceram cs page a0 sisNeuiclall g grany| ard ty, Whiehe has. apnadyerggcgibachson

t he radi o- req ency properties and l'eads to the interconhects 30 |ntegrated
t her ei n haehAgcaosustase Yuasgh ress aoriaspohef ngadie-fheagenanml arity. This

surface rgﬂgﬁgggﬁloqu%nt%'gHH§¥¥§%£J|aAé él$$ktélél£aélolkréaULhc~l|~

10 substrate.

It is known that the trend in the semiconductor induétry is
toward ever higher data transmission rates. Frequencies in
the gigahertz range lead to increased signal attenuation at

15 the feed and emission systems. Hitherto, primarily printed
ce:amic (HTCC) and glass-ceramic (LTCC) multiple layers,
which after they have been printed with conductive layers,
laminated and sintered, realize a three-dimensional or
multilayer wiring for a radio-frequency circuit, have been

20 used for systems of this type. Moreover, organic multiplé
layers'which are not hermetic'are also used. However, at high
freguencies, the transmission losses in wiring systems of
this type increase on account of the attenuation in the
interconnects. The use of HTCC and LTCC materials at very

25 high frequenciés - generally over 40 GHz - is restricted by
the relatively high dielectric constants (DK) and loss angles
(tand) in these freguency ranges. The HTCC and LTCC ceramics
have an inevitable granularity which has an adverse effect on
the radio-freguency properties and leads to the interconnects

30 intﬂgrated therein having a surface roughnsss corresoonding

to the granularity. This surface roughness leads to increased

*G00002*




*@0002* 0 8 SE P 2006 2 line |osses. A further cause of the high degree
of attenuation in known radio-frequency conductor substrates resbgﬁg P 200
inter alia, in 5 the application of the interconnects, usually by gng B
thick-filmtechnol ogy, in particular by nmeans of screen printing. The
interconnects produced using this technobogy have a considerable

i nhonogeneity and roughness of the interconnect contours. The

i nhonogeneities of the 10 interconnects act as antennas, leading to
extensive | osses through radiation. Furthernore, sintering inevitably

| eads to SHMenKafs®T- the substrates, which makes it difficult to
accurately maintain 15 desired di nensions. Mre recent devel opnents have
been toward repl aci ng the disadvantageous thick-filmtechnol ogy by using
various PYDfuyntdeessesiio abptlye t hegh ndegceanedt s thy nenagpematiinorkreoat i ng 20

or sputter] o-HQUEYE h I ing of the HTCC or, LT CC, mater.ials to
pr oduce tﬁ?%%ﬂwwu;Qﬁéﬂﬁ§réﬁﬁﬁééﬁﬁfng%?%%F%gés 5?5&g§§dr§Q§%ﬁla "esents a
maj or spr olihemapfedri cexainpl egf shat entegcofinant kTCOscalag Gyr egines fa

tenperature .of at. . |east 950C. A tenperature_of 1500C is required for the
25 01 nt er 14 ST TG U C0Y TR S Brber e r BY PEARS: 6° CHERGSs in the
i nt er conneetingtingct Wres, i ek ddren€dos cer dduceat eecagnedt snekehinall®giys
limted. The inventian is therefore based on the object of grogiding- 30
i mproved REUEr RalC@P SRR T U HOTP T heY of NEhECHEBRPRES Sf PéqldRcy
properti esntkekonfeerc Juetu sy StEns aikbbgeh8Pt Q¥ENGt haer adi o-frequency
properties of radio-frequenc conduct or arrangenents. .

10 lncerconnects act ds antennas, leading to extensive losses

through radiation.

Furthermore, sintering inevitably leads to shrinkage of the
substrates, which makes it difficult to accurately maintain

15 desired dimensions.

More recent developments have been toward replacing the
disadvantageous thick-film technology by using various PVD
processes to apply the interconnects by evaporation coating

20 or sputtering. However, the sintering of the HTCC or LTCC
materials to produce the wiring'stack required in previoue
processors still presents a major problem. For example,
sintering of an LTCC ceramic requires a temperature of at
least 950°C. A temperature of 1500°C is required for the

25 sintering of HTCC ceramics. These temperatures lead to
changes in the interconnect structures, and the choice of

interconnect materials is limited.

The invention is therefore based on the object of providing-
30 improved materials, in particular in terms of the radio-

frequency properties, for interconnect systems and of

improving the radio-frequency properties of radio-frequency

conductor arrangements.



0 8 SEP 2006 3 This object is achieved, in a very surprisingly sinple way,
by a glass material for producing insulation |ayers for radio-frﬁgugncymﬁ
substrates or radi o-frequency conductor arrangenents, a process

produci ng a conponent with a 5 radi o-frequency conductor arrangenent or
radi o-frequency interconnect system amd a conponent with a

radi o-frequency conductor arrangenent, as disclosed by the independent
claims. Advantageous configurations and refinenments formthe subject

matter ofrfhe sgﬁéegp%dbeal@u@el ai B a QA oass MBtesi@lsagspsdivag, to the
i nvention for prod u0|ng insul ation |ayers for radio-frequency substrates
8a

or radio-PYraqubnaey EahaGELSr faFr RAGENEANS HASUIAL LR algbis%ed f@yer, in

par ticul af,a & he Ao QYRE L Qusgeggéegn &h%aeaw%ﬁéam&ﬁ%an&&é@r 5 mm
preferably in the range " from0.05 mto mm a | oss factor tans of |ess

than or eyuEdNIYUFOEIQD-4 PROGESFelst §ﬁ@dufcrlék$u@nc%i3ﬂr%fg@taw@ 12GHz. LTCC
and HICC mntegial s ééﬁcg’al:% EEEFSaQEEﬁ QR BGC N 0f; o 20 d fch% good

encapsul ati1 on prop rtie 6 enabl e a, substrate o IS type to
be used asntgw¢omm°¢hesh@usmngaoﬂ aconppneﬁm$ wmﬁacaunﬁﬁmnfﬁnqqu@m©pertles

of gl ass sSED h %Hﬁl N4l ow
perneablléfggﬁét S¥§X§§eR8£E gcggu% b#ﬁ?ﬁ 0SS factor of the
gl ass materamhs. a@@ia@uagsoaslagef;guheugbassamuteﬁﬁﬂnamannanﬁqu(tmme

|nvent|on |§H?§1qg Etgrsg%tggle f L gh Rre% IengYy. 4 IT%ppllcatlons 30 A
gl ass materi accor ding nven Pon;ds “an apm

S 10
A glass material according to the invention for producing
insulation layers for radio-frequency substrates or radio-

frequency conductor arrangements has, as an applied layer, in
particular with & layer thickness in the range from 0.05 um
15 to 5 mm, preferably in the range from 0.05 pm to 1 mm, a loss

factor tand of less than or equal to 70*107% in at least one

frequency range above 1 GHz.

LTCC and HTCC materials are valued inter alia on account of

20 their good enCapsulation'properties, which also enable a
substrate of this type to be used as part of the housing of
components. The encapsulation properties of glass layers are
even better, sinée glass has an extremely low permeability to
most gases.

25
On account of the low loss factor of the glass material
~applied as a layer, the glass material according to the
invention is eminently suitable for radio-frequency
applications.

30
A glass material according to the invention, as an applied
layer, in particular with a layer thickness in the range

between 0.05 pum and 5 mm, may particularly advaﬁtageously

have a loss factor tand of less than or equal to 50*107% at a



| ayer, in particular wwth a layer thickness in the range between 0.05 m
and 5 mm nmay particularly advantageously have a | oss factor tans of | ess
than or equal to 50*10-4 at a 0 8 S E P 2006 4 frequency of 40 P8, SGhids
| ow | oss factor makes the glass material according to the invention
eminently suitable for wuse for radio-fréquency applications even at very
high frequencies in the mcrowave range. 5 According to a refinenent of
the invention, the loss factor tans of a layer with a layer thickness in
the rangefl}%tqt\@rt QO @, St wWhi choBas rheen rapRlidead thsl R0 2 gl ass
mat eri al accordlng to the invention, is even less than or 10 e€qual to
30*10- 4 afadafRidroRaroTdialcivyt it YoveREioThpsinegsd vi &8L6R0LS &pen | ower
than the |Qss t atespi Bt Ry I ve range.
Accordi ng %% é%%gf%%gﬁfgﬁk$£§§32ﬁt55%%§%§gg%%5|%gnp gt %r §ﬁ§?§ mat eri al
accor di ng fire qusadimeenti dme thiec FREYe afange - dep05|t|ng a | ayer can be
evaporated. This allows the deposition of insulation layers using a glass
material according to the invention by PVD coating or by evaporation
‘coating oAccoadiase.toTh sdfsinmmantwartlye atvaentgeousthat épss2@aglitiog
because the thernal Ioadln on t e base for exanple the substrate, is

only noder&af8. °fbfedfdEr Qn?Qﬁciﬂ%é% ByERS 5?“%9a58f5?r8n of
th | I, f f d at
it ance. O Pemhmand, ¥ grE M ‘% é{aat 40 B0 NG, PRPRELLS N0 e

accordlngmhmethellmw&mmdmmgeﬁd(rMEtﬂanntmbmxlnm efenelgsst hhap or
honpbgeneous |ns Q Iaye s. The use of _the ass __gterl al erefore

q.alsoqglloﬁg uan | ﬁgagg Pt He Th?E%V%YFOEIESB%QFVyogpabagﬁ5 ﬁh efdency

“conponent $pssuc¢hcasrf ars %w&mpmbwﬁr than the loss factors of LTCC and

HTCC substrates in the microwave range.

According to a particularly advantaceous embodiment of a

15 glass material accor dlng to the invention, the material for
depositing a layer can be evaporated. This allows the
deposition of_insulatibn layers using a glass material
according to the invention by PVD coatihg or by evaporation
coating onto a base. This is particularly advantageous inter

20 alia because the thermal loading on the base, for example the
substrate, is only moderate. Moreover, the deposition of
glass layers by evaporation of the glass matérial, for
example from a target arranged opposite and at a distance
from the surface to be coated and comprising glass material

25 éccording to thé invention, allows the production of very
thin, homogeneous insulation layers. The use of the glass
material therefore also allows an increase in the integration
density of radio-frequency components, such as for example of
radio-frequency substrates. |

30
A glass material according to this embodiment of the
invention can accordingly be evaporated in such a way that a
glass layer or vitreous layer is formed on that surface of a

substrate which faces the evaporation source and is exposed



radi o-frequency substrates. 30 A glass material according to this

enbodi nent of the invention can accordingly be evaporated in suglg 8Emaxys
that a glass layer or vitreous layer is fornmed on that surface of a
substrate which faces the evaporation so$rce and is exposed 0 8 S E P 2006
5 to the vapor emtted fromthe source. This property of a glass materi al
according to the invention is not provided by all glass materials. Wth
many glass materials, there is no formation of %]ass | ayers or vitreous

| ayers, butor&iher2poh STyFEpdoblsoBxitie SRPECS -arléld IPRIPHT taf € deposi t ed,

and such layers,generall y.theaidg nat chave ngead ieRCans WAl o, A Qryy

radi o-frequency properties. In pa?tlcular gl asses which conprise an at
| east bi naayl dbrsysnenedtandteWithsmany alles spaatieddlads .y @tk e »s

evaporati ofs CoAlifg gFaseess OLagkassolnleri-abss whiehCandae - AUAROTA L0
and deposited agaln as Vitreous™or g?ass l'ayers. ass layers which have
been deposviiteredys evapde al tparafargl asseshet elres deppe ifigde pard itdharly
good enca i Q radi o- f,requen r ti , t of, ir
Tack of  Ooiy MeReratay PO, A0 PRUETAL LR ORBE, Rl ATINN Bja/dE
accordi ng zasiqherequemty oprep@drbeeevapor at ed by el ectron beam evaporati on.
20 El ectron beam evaporation allows a very small source spot to.be produced
on a target conprising the glass. material at the .point of incidence of

t he el ect rlon deednicwiar tdhba poaerwibichheompkéstr en b&adeistt hémagyhcent r at ed

1o be 25 Ao ST b AT Shbb 1 of & b oo i Ps T 0o s a 2o TE S ow s rpl 6
" processi ngwipdhte igirassoapiey i@lasfos exagphes materials which can be
evaporated and deposited again as vitreous or glass layers.
© Glass layers which have been deposited by.evaporation of
'QlasseS-of this type have particularly good encapsulation and
15 radio-freguency properties on account of their lack of

defects.

It is-parﬁicularly expedient if a glass material according to
the invention can be evaporated by electron beam evaporation.

20 Electron beam evaporation allows a very small source spot to
be produced on a target comprising the glass material at the
point of incidence of the electron beam, and the power of the
electron beam is then concéntrated on this spot. Electron
beam evaporation aiso allows high deposition rates to be

25 achieved on the substrate which is to be coated.

To allow simple processing of the glass material, for example
to form a glass target for the electron beam evaporation, it
is advantageous if the glass material_ has a working point of
30 less than 1300°C. The term working point is in this context
generally understood as meaning the temperature at which'ﬁhe

viscosity of the glass is 10* dPas.

To achieve low radiation losses from conductor structures, it

35 is advantageous if the glass material, as an applied layer,



to forma glass target for the el ectron beam evaporation, it is
advantageous if the glass material. has a working point of 30 |ess th§@°2m6
1300C. The termworking point is in this context generally underspé% as
meani ng the tenperature at which the visgosity of the glass is 104 dPas.
To achieve | ow radi ation | osses from condbictor structures, it 35 1is

advant ageous if the glass material, as an applied layer, 08 S E P 2006 6
in particular with a layer thickness in the range between 0.05 mand 5 mm
has a rel atinveadiceleQtad eicanss ady&ER ofickesssthanche egquak bethices in at

| east one frequency range " above 1 GHz. 5 In an advantageous refinenent,

t he gl ass ﬁa@grP@IPn§s5aﬁmhaﬁﬁ¥iéﬁ 1eharive dpakereniarcanchaat| ayef

t hi ckness i h range Q- 0p. m.ang. 5 - h ative
dielectriclggks?gﬁp E% Sgﬁ%gggn%Hﬁ%ﬁ%fjgdggll€%}5?3¥% ?%SSQE%?%UF§$%§

rel ati ve debbeet ii GHezonstant ER of 4 0.5, in the mcrowave range at a
frequepcy of 40 GHz as well. According to a further enbodi nent of the
invention, the glass material, as an applied layer, in particular with a

| ayer 15 tbhckneasviantihigeouange fietaveart 0.1t pm ansd bavayikias as an .
coefficient of. thernal expansion a20-300 in the range from 2.9 x 10-6 K-1
L0, 5 x 1BPBLACHI TPNEE | P A E T gE 11 o 062 Lo SO0E = Thi® ERBansi on
coefficientahge bBEQEedl 0305 Wal hanatsched to J he wxpansd op: coeffici ent of
silicon or 20 Borofloat(r)33 glass. This makes it possible, for exanple, to
subst anti aliglavordct eppetatur e; sé f esses when dsi agusil keos, amn

Borofl oat(r)33 glass as substrate materials. Even better thermal matching
“is ach? eveBarEienéagl asseds tigredigllecdys igh apptiastt [sayek, 4i & Pabti éal ar

with a lay?ﬁé microwave range at a frequency of 40 GHz as well.

According to a further embodiment of the invention, the glass
material, as an applied layer, in particular with a layer

15 thickness in the range between 0.05 pm and 5 mm, has a
coefficient of thermeal egpansion O0-300 10 the range from
2.9 x 107° K™ to 3.5 x 107° K™* in a temperature range from
20°C to 300°C. This expansion coefficient is, inter alia,
well matched to the expansion coefficient of silicon or

20 Borofloat®33 glass. This makes it possible, for example, to
substantially avoid temperature stresses when using silicon

or Borofloat®33 glass as substrate materials.

Even better thermal matching is achieved if the glass.

25 material, as an applied layer, in particular with a layer
thickness in the range between 0.05 pum and 5 mm, has a

coefficient of thermal expansion Oag-300 = (3.2 + 0.2) x 107® K~

! in a temperature range from 20°C to 300°C.

30 Yet another embodiment of the invention provides a glass
material which, in order to reduce thermal stresses when used
as an insulation layer for silicon substrates, as an applied

layer, in particular with a layer thickness in the range



t hi ckness .in the range between 0.05 pmand 5 nm has a coefficient of
t hermal expansion a20-300 = (3.2 0.2) x 10-6 Kin a terrperatureora %g Qﬂ%om
20C to 300C. 30 Yet another enbodi ment of the invention provides 4 8 ad
material which, in order to reduce thermal stresses when used as an
insulation layer for silicon substrates,”as an applied layer, in
particular with a layer thickness in the range 0 8 S E P 2006 7 between
0.05 .imand 5 mm has a coefficient of thermal expansion which differs
fromthe coefficient of thermal expansion of the. subsfraf, rial, for
exanpl e ogeEVFF80§;%By“Fb§§K?%hHmT %ﬁlﬁiﬁ@%ﬁ%?F%F%gn%ér% %?ggiange from
20C to 5.308ksibar whieH engfardn fnaapsd atdofif Pt opettbesthérmagl ass | ayer
whi ch has been produced usin | ass materi_al1 acgor di n%ntg the invention,
it is expBdPBRELIPR Phe HiasH £q ML h%si stAht S48 RS p8SsFbré <P
attacks fro i.d | kaligss ghet gf gr e.QRe - -@odiapnd Of o ey d@vegti on
provi des. éyg]rlggé %tg(l}alr i%al>< v%hoischg zgig an SS%I ?éa& I avera, IS acci d-resistant to
acid pesi spafice glass <_ 2. According to a further enbodi ment of the
invention, the glass material, as an applied layer, is 15 al kali-resistant
to alkali resistance class S 3. G ass material s whose constituents are
W t hin t heotothewlngg-cemposindaps ulatge o grovesns suf tabgkasoipyrent s
E?ggoglflggiéﬁgggso Egé %@5&&%%d %%%%éu%fa;gxmaégggglOaécgtdiggotg Ehé"
invention, it is expedient i1f the glass layer is as resistant
10 as possible to attacks from acids or alkalis. Therefore, one
embodiment of the invention provides a glass material which,

as an applied laver, is acid-resistant to acid resistance
glass < 2. According to a further embodiment of the
invention, the glass material, as an applied layer, is

15 alkali-resistant to alkali resistance class £ 3.

Glass materials whose constituents are within the following

composition range have proven suitable:

Components Composition range
Si0, ' 40 - 90,

B,03 10 - 40,

Al,03 0 -5,

K,0 0 -3,

Li,0 -0 - 3,

Na,O 0 -3

20 The numerical values given above are in percent by weight.

The radio-frequency properties and the evaporation properties
" can be improved in particular using glass materials accOrding
to the invention which include the following constituents, in
25 percent by weight:
Components Composition range

S10; e0 - 90,



20 The nunerical val ues given above are in percent by weight. The

radi o-frequency properties and the evaporation properties can be(ignptr\zed
in particular using glass materials according to the invention which
include the follow ng constituents, in 25 percent by weight: Conponents
Conposition range Si02 60 - 90, 0 8 S E¢g 2006 8 B203 10 - 30, A1203 O -
3, KOO - 3, LIi200 - 2, Na20 0 - 2. dass materials according to the
invention preferably have the. follow ng conposition, in percent by

wei ght : Co onents @ assl %assg SS2 84 571 5 B203 11 5 26 5 Na20
2 0.2 0.5%2%.2 Li20 k20 ot 9:0.5 0.2 A1203 0.3 0.2 1.0 0.2 0.5
0.2 1.0 = ;S)lg)35 The followi ng praperties were neasured for a glass of this
type, having a conposition of 71% by wei ght of Si 2, 26% by weight of
B203, 1% b’§gQ/\e| ght of A12C8,91% By wei ght of K20 and in each case 0.5% by
wei ght of Li20 and Na2O Coefficpent of thernmal expansion between 20C and

300C. a20-300 = 3.2 x 10-6 K-1,
Nazo 0 -

Glass materials according to the invention preferably have

the following composition, in percent by weight:

Components Glassl Glass?2
Si0; 84 £ 5 71 = 5
B203 11 + 5 26 + 5
Na,0 '

2 0.2 0.5 £0.2
Li,0

0.3 £ 0.2 0.5 £ 0.2
K;0 g
21,0, 0.3 £ 0.2 1.0 £ 0.2

0.5 % 0.2 1.0 £ 0.2

5 The following properties were measured for a glass of this

type, having a composition of 71% by weight of SiO;, 26% by
welght of B;0;3, 1% by weight of Al,;0;, 1% by weight of K;0 and

in each case 0.5% by weight of Li,0 and Na,0:

Coefficient of thermal

expansion between 20°C and

300°C: G20-300 = 3.2 x 107° K7P,
Refractive index: : nd = 1.465,
Transformation temperature: T, = 466°C,

Softening point: Tew = 742°C,

Working point: Tva = 1207°C,

Relative dielectric constant at

40 GHz: € = 3.9,

Loss factor aﬁ 40 GHz: 4
. tand = 26 x 1077,



Refractive index: nd = 1.465, Transformation tenperature: Tg = 466C,
Softening point: TsW742C , Wrking point: TVA = 1207C, Relativegg SEP 2006
dielectric constant at 40 GHz: ER = 3.9, Loss factor at 40 GHz: tans = 26 x
10-4, 0 8 SE P 2006 9 Density: p=2.12 g cm3, Wter resistance class:
2 Acid resistance class: , 2, Akali resistance class: 3. This
particularly suitable glass is also referred to below as glass G018-189. 5
A further enbodinment is given by a suitable glass having the conposition
84% by wepghtief:Si 02, 11% by wei ght of B2Q3r- < 20 bycymsi ght of A1203,
2.0% by weight of Na20 and in each case 0.3% by weight of Li20 and K20,
for mhichw%%%rfBFFbﬁFﬁﬁcepF&SéFfies were neasured: 10 Coefficient of
thermal  gxpanstensbghweer13@c:.and 300C a2p-300 = 2.75 x 10-6 K-1,
Refractive index: nd = 1.47, Transformation tenperature: Tg = 562C,

Rel ative MikpbEt FRELEBABEENELE6S:40. GHz: Bp- = 5, Loss factor at 40 GHz:
tans = 40 x 10-6,

This particularly suitable glass is also referred to below as

glass G018-189.

5 A further embodiment is given by a suitable glass having the
composition 84% by weight of SiO;, 11% by weight of B;0;, < 2%
by weight of Al;0;, 2.0% by weight of Na;0 and in each case
0.3% by weight of Li,O and K;0, for which the following

properties were measured:

10
Coefficient of thermal
expansion between 20°C and
300°C: ®20-300 = 2.75 x 10_6 K-l,
Refractive index: . nd = 1.47,
Transformation temperature: Ty = 562°C,
Relative dielectric constant at
4Q_GHz: o = 5,
Loss factor at 40 GHz: -6
tand = 40 x 1077,
Density: ,
= 2.2 grcm
Water resistance class: P g !
Acid resistance classﬁ 1
Alkali resistance class: 1,
2.
This glass, which is likewise particularly suitable, is also
referred to below as glass 8329.
15 The compositions given above relate to the glass material

prior to application. The layer which has been applied using

a glass material of this type may also have a composition



Density: p =2 2 gcm3 Witer resistance class: Acid resistance class: 1,
Al kali resistance class: 1, 2. This glass, which is |ikew se parti&glaﬁby
suitable, is also referred to bel ow as gl ass 8329. 15 The conpositQ% P

gi ven above relate to the glass materialp prior to application. The |ayer
whi ch has been applied using a glass material of this type may al so have a
conposition 0 8 S E P 2006 10 which deviates fromthe above. By way of

exanpl e, the conposition in the Iqéer na¥ vary %ronlth _conpagsition of the
gl ass materidl GReEcR ot TN tHeS i FREREr oRYi Fa¥he* §y8ferS” osited by

eVﬁpOfa“dHhﬁH%ﬂéﬂthﬂﬁiéM@ P@*@@ﬁﬂ@&svgfytbgoﬁ ghassombeiitdlonhafe the’
di fferent vapor pressures. A glass material as describe

. above may

parti cul #lass apatisge AGIS Pendsed tocprBuGeELan Fﬁsﬁ%&t?&ﬁefa"ﬁr for a
radi o- f r eQUENGY LORANCEI L SEAUCEMT €0 9F i AgT adlotheeauppeyeh@ssalistanat e. A
correspondi ng process for producing a conponent with a radio-frequency
conduéct org larssamperazhita Jrdya fordt fif 8 puf pp3eCr aBY§AEHGESus| y conpri se the
steps of: 15 - depositing a structured glass |ayer having at |east one
opening over a contact-connection region on a substrate _using a glass
materi al A rylpars iraterials aestes peibedoveoveandy- Pappi¢iiAgratl’ | east one

conduct or, SEXYCHI G 41, the alass. o ﬁg@ré&é@é’ aWhi £0,h3s ; gheghikeals scont act
with the °Cort act- con ection regiomn. '
radio-freguency conductor structure or a radio-freguency

10 substrate.

A corresponding process for producing a component with a
radio-frequency conductor arraﬁgement may for this purpose
advantageously comprise the steps of:

15 - depositing a structured glass layer having at least one
opening over a contact-connection region on a substrate
using a glass material in particular as described above,
and _ .

- applying at least one conductor structure to the glass

20 layer, which has electrical contact with the contact-

connection region.

In particular on account of the advantages listed above,
consideration is given to depositing the glass layer by

25 evaporation of the glass material.

. Accordingly, the process according to the invention can be
used to produce a component with a radio-frequency conductor
arrangement, which compriSes

30 - a substrate having at least one contact-connection

| region, '

- on at least one side of the substrate, a glass layer,
which has at least one o?ening with & via, the via being
in electrical contact with the contact~connection

35 region, and



In particular on account of the advantages |isted above, consideration is
given to depositing the glass |layer by 25 evaporation of the glass .
material . Accordingly, the process according to the invention can Bé 8 SEfs o
to produce a conponent with a radio-frequency conductor arrangenent, which
conprises 30 - a substrate having at |ehst one contact-connection region,
on at | east one side of the substrate, a glass |layer, which has at |east
one opening with a via, the via being in electrical contact with the

-cont act - connecd ¢ oNe 35+ I 89 08onaNE B8 sB rE R B0&n kihe AladeaAdyoONe
conductor structure on the glass layer, which is in contact with the via.

In this contexwth%el%e%ﬁ1Eéﬁﬁéﬁénﬂlt§ t&ee {inder st ood as 5 enconpassi ng
not only an el ectronic conponent. In the context of the present invention,
the term conponent al so enconpasses a coated substrate with a

radi o- f r efueHtls copibe¥br tAPr AAFBNERMPON SNEdiis- fH% RFe MO STOHARY S syst em

whi ch, theg, . fsé“'frlx% 35EVER19Saf g%&% rand cfo@f{potn*l%tcormecttﬂénrw{tégt

further conporients ar conponents mnth carrier material and
radi o- f r egfleticy oM omgysteﬂmar ghgetteral lopralosenty efler & qURESSes

LR oL e g bt et ee. SHLEAD) £aBUBRLIRLR IRLE ARG de, N et

alia, S|I|con Ss of even I's al so possible to
use conpn&ramgem&mnlais;adoo éxaqpbecglagsdpLaSVI@MSéwwnaw@@Ch rrhen

partlcngslgmﬂ#dln }hgg %h gngggraggg %%anggor angenents. As wel |
as silicon, 1t is also poss or ~~“exanp use other senlconductor
mat erd al sfusttmehr asofisne20s exampiéagal:bmpmnamemme&h Sialrirder, medreamial and
gl ass arend radio-freguency conductor system are generally also

referred to as radio-frequency substrates.

Suitable substrate materials include, inter alia, silicon,

15 ceramic, glass or even plastics. It is also possible to use
composite materials, for example glass-plastic laminates, in
particular including those with integrated conductor
arrangements. As well as silicon, it is also possible, for
example, to use other semiconductor materials, such as for

20 example gallium arsenide. Silicon, ceramic and glaSs are
particularly suitable substrate materials on account of their
coefficient of thermal expansion being very similar to that

of the glass applied by evaporation coating.

25 The glass layer is particularly preferably deposited by the
evaporation of glass material according to the invention.
However, it is also conceivable for the glass layer to be
deposited on that surface of the substrate which is to be
coated by, for example, sputtering from a target comprising

30 'glass material according to the invention.

According to a refinement of the invention, the glass layer
is applied by evaporation coating through plasma ion assisted
deposition (PIAD): In this case, an ion beam is directed onto

35 the surface which is to be coated during the evaporation-



particularly suitable substrate materials on account of their coefficient
of thermal expansion being very simlar to that of the glass applied by
evaporation coating. 25 The glass layer is particularly preferabb§ SEP 2006
deposited by the evaporation of gl ass terial according to the invention.
However, it is also conceivable for the~glass layer to be deposited on
that surface of the substrate which is to be coated by, for exanple,
sputtering froma target conprising. 30 glass material according to the

i nvent i oncoAtdagdpngcessa mamsuﬂﬁyus(ﬁotﬁuxﬁnhmﬁdémﬁﬁfi&mtgbaSSnﬁayer is

applied b orati.on_coat | asma i-on assisted deposition
(Pl AD). % SHF 18hsel ﬁﬁ %% 4%ﬁ%ﬁ$ected onto 35 the surface which is
to be coated during the evaporation 0 8 S E P 2006 12 coating process.
This leads to Egrther densification and a reduction in the defect density.

As wel | a8ScBRductsr C8p HEFGFé§t§ﬁﬁﬂ¥1§§¢(ﬁuQB«ﬁﬁMQP% AR tBnnects, it is

al so QOSSLQl:@rf:@Fm@BQsQr 1m)fi% @@%&5 W s Al rﬂ&alo@rmpnwé é@s@@vépm i ed
to the glass | ayer _a rou% into contact with or connected to the
&f

conductorel§FFGéFaieC°B§°%é9 tox&fple@Pliited £hodw Wi sorlareapaedtor, a

resistor, pa-6@ht, iAt¥akbataer @lEﬁcora%dﬂﬂécﬂéal%%EHHH'éﬁhé&E¢6kthe gl ass
| ayer as passive electrical conmponent, or a filter elenent to be

appl i ed tBLERETHFAssBYayay. oA FaAEPAE! arlty lédmﬁ%gé@sf%cﬁw BPLt he

i nvention, proyidss, forcbhe pooduehisen, of a gy egrdiyiensionale ofpdpieq
nul tilayer conductor system on a substrate. For this purpose, the steps of

~ depod?tingoatBeratenpedabasssl aperiagd edfectagadi mpmmornaidst @hef@dnduct or
. structuresargecarylgd,out, Denagpgleaf edl MBS JiNRd Ndipddual gl ass layers

and/ or conductor ~Structures may be structure y in order to
pr oduce

A particularly advantageous embodiment of the invention
provides for the production of a three-dimensional or

15 multilayer conductor system on a substrate. For this purpose,
the steps of depositing a structured glass layer and of
applying at least one conductor structure are carried out a
number of times. The individual glass layers and/or conductor
structures may be structured differently.in order to produce

© 20 a-thfee—dimensional conductor system, in particular also

having passive components, which are formed on one or moré
individual layers of the multilayer conductor system. Iﬁ this
case,'it is advantageously possible for .a conductor structure
which is applied at a later stage to be connected to or

25 brought into contact with.a contact-connection region of a
conductor structure applied at an earlier stage} SO that'aﬁ
electrical connection is created between two individual
layers of the conductor arrangement .and the individual layers
can be electrically linked to one another. Accordingly, it is

30 .theréby possible to form a component which has a multilayer
conductor arrangement with at least two glass layers which
have been applied by evaporation coating and each have a
conductor structure applied to them, with a conductor
structure on a first glass layer being in electrical contact

35 with a conductor structure on a second glass layer via a via.



20 a three-di mensi onal conductor system. in particular also having
passi ve conponents, which are fornmed on one or nore individual |ayers of
the nultilayer conductor system In this case, it is advantagegﬁs @32%5
possi bl e for a conductor structure which is applied at a | ater stage to be
connected to or 25 brought into contactl®ith a contact-connection region of
a -conductor structure applied at an earlier stage, so that an electrical

connection is created between two individual |ayers of the conductor
arrangenment and the individual |ayers can be electrically linked to one
anot her. Accordingly, it is 30 thereby possible to forma conponent - whi ch

has a nul¥9¥eNRF. . 1t cbRdacEor PREFARGENERE Wioh Oft Mog&stv itako Wilieds dzgers

whi ch - hgyes heehh &pPhb&de bYneVaRBEREIFOB CRARG aRd RAGH NAME & nigpnduct or
structure applied to them wth a conductor structure on & first glass
| ayer beifRptareleetinehrievalactass wavkra dosdicdorbomeuong ermthesecond

glass layes i A Wi dad Be SoEaRp2000, L3nHauRLEr, L i3 2l30 Dgssibl e for
two or nore vias Ich are positioned above one anot hér or fset - to be
br ought itft® sWuorlizateihsi naFokdoatogkassetayer $heooated dabdve corgh anot her

5 so that Vi e e ntact-c i gi,o f, the substrate
is throu %%ﬁgﬁgk%géft%f$ﬁé'%ﬁ?gggeg?hégugﬁﬂggEgggr%ﬁiFygggdﬁfé§g | ayers or
i s connecttetiatoize cohducferthetrrugyere of a further layer. 10 Furthernore,
an advant ageous enbodi nent of the process provides for the step of
depositing a structured glass |layer having at |east -one opening over a
contldct - dorrtdctimrmr e g romndbyn evgpou at émhoddmaehbgofothachudeekhe steps of:

PRI Dagh s s nher] avelaoubl el sover s, L 1g, contact sggnpect or
having at least one opening over a contact-connection region
by evaporation coating to include the steps of: |
- applying a structured interlayer, which covers the

15 contact-connection region,

- applying a glass layer by evaporation coating to the
substrate and the structured interlayer which is present
thereon, the thickness of the glass layer preferébly_
being less than that of the structured interlayer, and

20 - removing the structured interlayer, with those regiohs
of the glass layer which are located on the structured

interlayer being lifted with it.

- In addition to photolithographic resist structuring, it is
25 also possible for a structured interlayer of this type ﬁo be

produced directly, for example by printing.

Furthermore, a refinement of the process provides for a
conductive material which projects with respect to regions

30 adjacent to the contact-connection region and is éovered by
the structure of the interlayer to be applied to the at least
one contact-connection region prior to the application of the
glass layer by evaporating coating. This produces a
conductive, raised structure on the contact-connection

35 region. This step can be carried out, for example, by the



substrate and the structured interlayer which is present thereon, the
thi ckness of the glass |ayer preferably. being |ess than that o$8tﬂ%’2m5
structured interlayer, and 20 - renoving the structured interlayer, with
t hose regions of the glass |ayer which are | ocated on the structured
interlayer being lifted with it. In addition to photolithographic resist
structuring, it is 25 also possible for a structured interlayer of this
type to be produced directly, for exanple by printing. FurthernDre a

refi nement ) d [ nd t|v mat.eria
prolectS\M%ﬁ$%{£? C€q$%§? %%sgiﬁgg 89 cenfa#qytﬁeﬂﬁﬁﬁ%ﬁﬁ rﬁ1 F%n
regi on and le“-ft:(ﬁ/elraadabyoft@@ngucuctfarmabérulaé i dthe mhayer daa;ebe:mqoajai'm to

- the at Iea§k-éyyadgyuégxmgggpfl%bQQT%ISlon prlor 2%325%ﬁﬁpr4bgﬁ$l n of phe

gl ass | ayer by evaporating coa p du58s sed
structure @mnﬂﬂynﬂnﬂkmtc@©Mmett¢@nn65tLegl@agl6h|30$beme&amﬂmh(ﬂﬁdied

out r ex I 2006 _14 _interl.ayer
photol?thog?ggﬁﬁbanyy gﬁ}uéfhred foﬁ%fh%?n WreR adyv Qéﬁggpu%&ﬁbﬁﬁilve

mat eri al , i2@Ppiiech bhpaserdgrerd pyer codt toadint suehmat @élya|thla$: reroved from
t he region rround t.h ont act - connectj on egl et her mnth t he
5 |nterlayzpwg%ﬁg glég?lgéﬂﬁlfg. tHeht %ﬂ@%ﬂ% EBUEF %Bg§|e& Epyr
evaporatloanpéaedngqqmdnﬂﬁ1VE\maméfmﬁl}t§o thaEKQQSérSuhétgmhb@|hﬁyer

correspondg,to the thickness of the plied, conductlve terial, so that
e Con%b eQﬂﬂ§?ﬁ)‘%£ LRHhecER BN r%ﬁlég%ﬁﬁg Bédn Fifted

after the gPass I"ayer
off, ao10 substantcuallllw ol laamaerr s fx0ee | Ss pseseahe . According to yet another
~refinenent of the invention, first of all a glass |ayer having at | east
“one opening is deposited dlrectly above a contact-connection region or
advant ageoskygrding to yet another refinement of the invention, first

of all a glass layer having at least one opening is dﬂoosvted
directly above a contact-connection region or advantageously
15 with a lateral offset, and the at least one opening in the
glass layer is then filled with conductive material. This too
Creates a substantially planar surface as a base for the

subsequent application of one or more conductor structures.

20 Furthermore, it has proven advantageous if the substrate
during the application of the glass layer by evaporation
coating, is held at a temperature between 50°C and 200°c,
preferably between 80°C and 120°C. The heating of the

.substrate inter alia prevents the formation of mechanical

25 Stresses. Moderate heating is also advantageous for the
morphology of the glass layers, at these substrate
temperatures, it was DOSSlble to produce particularly pore-

free glass layers.

30 A base pressure in the evaporation-coating chamber which is_
held at most in the range of 107 mbar, preferably in the
range of 107 mbar or below, is equally positive for the

‘required layer quality.

35 To produce continuous glass layers with a low pore density on



15 with a lateral offset, and the at | east one opening in the glass |ayer
is then filled with conductive material. This too creates a sub&8a®kfi alby
pl anar surface as a base for the subsequent application of one or nore
conductor structures. 20 Furthernore, it has proven advantageous if the
substrate, during the application of thesglass |ayer by evaporation
coating, is held at a tenperature between 50C and 200C, preferably between
80C and 120C. The heating of the substrate inter alia prevents the
formati on of mechani cal 25 stresses. Moderate heating is al so g%vantageous

for the nbPPhdTBIYTEFSr nBOGFRYE T ayér &5 SFRMET Substthte StERPEFabir es,
it was posshdl euborpreduaaipar iisCibabky deared fHee gl assrd ayersugsfeAsbase
pressure in the evaporation-coating chanber which is.. held at nost in the
range of 19f 4ledpartnpnrebraBly in the range of 10-5 mbar or below, is
equally positive for the required |layer quality. 35 To produce continuous
glass layers with a |l ow pore density on 0 8 S E P 2006 .15 the substrate,
nmor eover, Yetianekpedi edvanfaghatssuefacemeht tdfe Subgiratess wachrdsngo be

coat ed has face. n . I han _5Q m .5 Yet .anat her .

advant_ageotuc";1 %%i%ﬁﬁéé\?ygp ?Eévfi?%éegéi %860 iansgS Jtac}'et‘hetac? %veen Byt e

provi des fay etepgtassohageatingbeibapphi ddpolsy tévaparadtd arf coatliewswi th a

deposi ti or%? r§lt e of _at least, .0.5 umof layer thickness per mnute. This
STt

hi gh depositi df* Fhatt?¥ah FRATITSSDePRENPeDEE W (gt Pdéty i99&RS tid-the

layer 10 quadd tyafréd@i oy ass haneeseandi ahbaws da tSh@fdn fPredugtd ok ydime to
be inplenmented. Other vacuum deposition processes, such as for exanple

sput t¥r i ndIV Pyt Qorfty aSie PhiFS achveve 2BEpasiersn & e toP re RSk ifdhonet er s

per mnuté&ime to be implemented. Other vacuum deposition processes,
such as for example sputtering, by contrast, only achieve

deposition rates of a few nanometers per minute.

15 Moreover, the application_df the conductor structure may
advantageously comprise the steps of applying.a negatively
structured interlayer and then depositing conductive material
on the base which has been éoated with the interlayér. The
base in this caée comprises the substrate and/or the

20 . substrate with one or more applied glass_layeré and conductor
-structures arranged thereon. This interlayer may also be
photolithog:aphically structured or produced by structured

printing.

25 ~ The substrate itself may already have a conductor structure,
for example in the form of intérconneéts. These may also
advantageously be applied directly to the substrate prior to
the step of depositing the structured glass layer. In
particular, it is then possible for a contact—conﬁection

30 _regiod to be provided on an interconnect which has been
applied direct to the substrate, and for.this contact-
connection region then to be brought.into contact with é
conductor structure which is subsequently applied to an

insulating glass layer. It is in this way possible to create



15 Moreover, the application of the conductor structure may advantageously
conprise the steps of applying a negatively structured interlaygg sard 260pen
depositing conductive material on the base which has been coated with the
interlayer. The base in this case conprises the substrate and/or the 20
substrate with one or nore applied gl ass }%yers and conductor ..structures
arranged thereon. This interlayer may al so be photolithographically
structured or produced by structured printing. 25 The substrate. itself
may al readya havkt Al epaduthoersbnnetdr 8y stehmowhexanylse dgp ddrer ifaoram ffr

i nterconnects,. These may al so . advant ageously be applied directly to the
substrate[ﬁ%%ﬁofé?e%ﬁ%X%YeﬁpB%laﬁ o1Sth inarf%em§éﬁﬂ;ﬁ¥%ijﬁﬁ%ﬂﬂ?%lrer. I'n
particul ar ,adtarngertdren, pesschl bsfappaoponbaet fe@nnaehi-Fr3hanegi on to be

provi ded on _an . nterconnect whi ch has been pplied direct to the
substrate, Hnd ¥ 1A S cdhtatt FPBonheREi 8 asgpéﬁtﬂﬁghatﬁhﬁ§ﬁn¥ihﬂﬁ 3t o

contacts wi tthem agdyici@rast Lelss ur enwhi6hdieroubsequerilre applined (16 an
i nsul ati ng ssible to create Q 8 E P 2006

| ass .layer. I't is in this way po
16 a multiI% §Fiqﬁggcﬁﬁﬁ%c?a§§%?%n?%ﬁi%%SFsoaﬁﬁroﬁfi&Pérﬁér in this
radi o- f requemneapplt cid | 90511 OSos 1B & | tayEFe£0RIEGERhe raN LFRGANBA o Whi Ch
i's apprppr%qte [g@_hi h:frequgqp applications, after the steps of '
deposi ti ng & % W%ﬁ%ﬁoQﬁ&iEPt Fyi BYSRETy eaBt PERE LEHRAECESEC
structure Wdththeagsisse daysindtave heedycarssedhodbihishyoRegeaCkdeour se,
a

in thig .context it iSA_ti||E£OSSIb|e to create further layers of .
i cgh“n_ et

_t hr ee?di me&itSHaRS Ry P\t ARPT R phPYi BuPArSal $8Yew BRdpassi ve

~ conponent s apptlegnat ed.cddieids IMruyepeat edly 10 carrying out the steps of
depositing a glass. layer and applying a conductor structure.
Yet another embodiment of the invéhtion'prbvides for the
substrate to comprise a semiconductor substrate wiﬁh one or
15 . more'activé semiconductor regions on a first side of the
substrate. By way of example, the substrate may comp:isé an
integrated semiconductor'circuit. In this case, the at least
one conductor structure may be connected to a connéction
location of the active semiconductor region while it is being
20 applied, so that there is electrical contact with the
conductor structure and therefore also with_the conductor

arrangement.

.Hithérto, for example in LTCC modules, the path has been

25 taken of integrating individual semiconductor building blocks
in monolithic form in cavities in the ceramic,.so that the
ceramic forms the carrier for the semiconductor building
blocks. By contrast, the'invention'éllows the reverse route
+to be taken, with the conductor arrangement_beiﬁg appiied

30 direct to a chip and the latter therefore serving as carrier

for the conductor arrangement.

A further embodiment of the invention provides a substrate

which has at least one via. Then, the at least one conductor

w
wn

structure can be connected to the via through the substrate



Yet anot her enbodi ment of the invention provides for the substrate to
conprise a sem conductor substrate with one or 15 . nore active

sem conductor regions on a first side of the substrate. By wayl &fSt&xaupl e,
the substrate may conprise an integrated sem conductor circuit. In this
case, the at |east one conductor structlute may be connected to a
connection location of the active sem conductor region while it is being
20 applied, so that there is electrical contact with the conductor

StfucturedﬁﬁiéfE%Eﬁéﬂﬁéﬁ%ioaygiheaheTHQQd@&b@aim@hma@ge@a@tiddéﬁumﬁp, for
exanple in LTCC nodul es, the path has been 25 taken of integratin
i ndi vi dualinsend coniuca bkowsi $BFRgtBroekan PASnBAER Cfi EhfosHRiSH f@d @ thi%s in -

the ceram dddled e, Seradi - FPLABLBE EBRHLEL OOk g seqmheoRGuCt OF
bui | di ng ocks. By contrast, the invention allows the revérse route to

" be taken, amathethes dmdult ohe agppgeatat. being applied 30 direct to a chip
and the latter therefore serving as carrier for the conductor arrangenent.
A further enbodi ment of the invention provides a substrate which has at

| east one DM a&heTheimgldrel atet eastmohel tapductondugsost pucengenean ba

connected .to the wvi ro bs . S. 0 i it is
bei ng appl%n%d.suﬁlsiesraaeg%oja%]%%rwg é%’heblgﬁj\t“/gn%?gﬁgllgﬂtgégga?f)g%;#%vvlsf%r E
struct urefuwrthene siide lofgldmes sidbger ate e dbposdhrdcbgdeteparation

radi o-frequency caonductar_arrangenment, on _anoth [ . strate. 5
I f the si %@aé:ﬁ% &r° o (r)rtucf ?Clif\g%/lgr&gbnlhau% lE)éra1 ‘%Jargfr:laﬁaggreﬁ%egggu?%g éﬁ%&t rate
i s canpl etagpliited .s Taddi tliconatdnyt possidireedotoma of uthhecpnfiinabrgl ass | ayer

10 be deposiLed . £vaROTAL oNLp FOIND 5O £ 19.89¥8hebE | AYBLE Hhkeh

to create at least one via through the final glass layer.

This glass layer can be produced in the same way as the glass

layers of the conductor arrangement beneath it. This further
15 layer can serve as an insulation layer which insulates the

conductor arrangement with respect to the outside.

For economic production of components according to the
invention, it is also advantageous 1f the substrate 1s coated
20 while it is still joined to the wafer, so that a multiplicity

of components are processed simultaneously.

The international patent application filed by the Applicant
on the same date as the present application éntitled "Process

25 for producing a component with a conductor arrangement
suitable for radio-frequency applications"” discloses
components with a.radio—f:equency conductor arrangement, and
processes for producing them, in which glass layers deposited
by evaporation coating are used as insulation layers. The

30 glass material according to the invention can in particular
also be used for the processes and components described in
the above application, and the content of disclosure of the
above application in this respect is hereby expressly

incorporated by reference.



10 applied. To all ow contact-connection of the conductor arrangenent on
the substrate, it is advantageously possible to create at |east one via
through the final glass layer. This glass |ayer can be produceg igtg@&m
same way as the glass |ayers of the conductor arrangenent benea@h it

Thi's further 15 layer can serve as an insulation |ayer which insulates the
conductor arrangenent with respect to t}& outside. For econonic producti on
of conponents according to the invention, it is also advantageous if the
substrate is coated 20 while it is still joined to the wafer, so that a
multiplicity of components are processed sinultaneously. The international

pat ent agg#gcation filed by the Agglicant on the sane date aikthe pr esent

appl i cati MGG IRFS P eSYPOBREF BREAGEPRE ASCEMPIRent it &pove-

conduct orrd IRt i Seb i @bt £ éQr ihadir-RathsaHenpy tapRl agaliienss oH S6l oses

- conponents with a radio-frequency conductor arrangenent, and gprocesses for
produci nFREhEA™S P innieh T a3t AHePsigapbsrREdtlEy eFap6EESi dPcoating are

used sas it AHIRN d BY&Sondhe BOv0hgss PBhALLRLrageeEdLBHhe /MR- dphvention
can in particular. also be used for the processes and Conponents descri bed
in the @yovedpplivatiatoahiegrenenepht 168t dP56[' 03urePat tilftl agdove

appli catign ddh i s, f 630eGlsd S hey ebys SXREESSLY hOEGLAoRAred byl ef er ence.

0 8 S EP 2006 18 The processes and conponents descri be ere and in the
above- rdfgrearide - iHcorporze edhoweeenat 1onad pasenpoappbieaticonriogucehe

nare of 16, Aes el ARl LA et | efly B 0GESSOf 9L BnPLOGUE g dcomponent

havi ng a conduct or arrangenent sulta or radio-frequency
appliocat ifoesiuearey pantliicidtardys ssin@btiee folashemaserbblgl Assomategilal,

g?gngLn%n%oa%@%cé'B@”gﬂénknégnéfggSfél§9¥§vfﬂ’g££e£§la£§9m90§8ith to
use of a glass material according to the invention for
producing an insulation layer for a radio-frequency conductor
structure or a radio-frequency substrate in order to imprbve

15 the radio-freguency properties of such elements.

In the text which follows, the invention is explained in more
detail on the basis of exemplary embodiments and with
reference to the drawings, in which identical and similar

20 components are provided with identical reference numerals and
the features of various embodiments can be combined with one

another. In the drawing:

Fig. 1 shows a sectional illustration of a first
embodiment of the invention,

Fig. 2 shows a sectional illustration of a further
embodiment of the invention with two conductor
arrangements on opposité sides of a substrate,

Figs 3A use cross-sectional views to illustrate the

to 3G.  steps involved in one embodiment of the
process according to the invention,

Figs 4A show a variant of the process steps of thé

to 4E process according to the invention illustrated

in Figs 3B to 3E,



sim lar conponents or other types of conponents for radio 10 frequency
applications using the glass material. Accordingly, one aspect of the
invention relates in general ternms to the use of a glass mater( &ISEP 2008
according to the invention for produci an insulation [ayer for a

radi o-frequency conductor structure or @ radio-frequency substrate in
order to inprove 15 the radi o-frequency properties of such elenents. In the
text which follows, the invention is explained in nore detail on the basis
of exenpl &g énbodisimemt st Mgt s ref ecemeentnt $ hacdeoadiingstoi n which

| denti cal and, sim #tﬁre 2Q, AN : A enﬂ%&é’?’égé’? fﬁ%@ig%”%%ﬂ' af ef erence

nunerals and the

eat ures of vari ous enbodi nent s~ can be conbi ned with one

anot her. In the drawndgctiimg.adratmemsent sectlonatill] gsinatdi bn of a first
enbodi ment of the kg%egﬂfg% Fig. 2 shows a sectional illustration of a
further enbodi ment 'of "tHe i’‘nvention with two conduct or arrangenments on

opposi te dglides 8of ahswubstyr atieyg g 3 usey€r ossesegémonal furena to
illustrate the to ?G steps inv in one enbodi rent of the process

according to the i A

| ved | '
eWFP&quﬂﬁﬁ§<P SHow & vari ant of the process steps . of

the to 4Emgacess gheakdiang atye rt ke dapaidron fdt uspemt €dplanakigs 3B to 3E,

08 SE

the i nvention whi cHéH

P 2006 19 Fig 5.show enbadjments of conponents according to to 7
ggglggénCHW%Ji&%d with a conductor arrangenent while

still joimad.tqo tbaowsf er .labied o e tdi Bgr pRie€ tayeinarr angement

for an

10

RF neasurenent structure
waveguides CPW 3,

Fig. 11 shows a list of properties for measured
specimens, the measured values being
illustrated in the following Figs 12 to 23,

Figs 12 show the magnitude of the scatter parameters

to 14 and their phase profile for specimen GlACPW2 2
(glass 8329),

Figs 15 show the magnitude of the scatter parameters

to 17 and their phese profile for the specimen |

_ G1ACPW3 2 (glass 8329), _

Figs 18 show the magnitude of the scatter parameters

to 20 and their phase profile for the specimen
G2ACPW2_6 (glass G018-189), and

Figs 21 show the magnitude of the scatter parameters

to 23 and their phase profile for the specimen
GZ2ACPW3 2 (glass GO18-189). |

Fig. 1 shows a simplified sectional illustration of a first
embodiment of a component according to the invention, which
is denoted overall by reference numeral 10 and has a
substrate 1 with a first side 3 and a side.5 on the opposite
side from the side 3,.as well as a radio—frequency conductor
arrangement which is arranged on the first side 3 of the
substrate and is denoted overall by reference numeral 4. A"
layer 6 comprising conductor structures 61 - 64 is arranged

on the substrate 1. The conductor structures 61 - 64 may, for



Fig. 9 shows a | ayer-arrangenent for open coplanar wavegui des CPW 1/ 2,
Fig. 10 shows a | ayer arrangenent for buried coplanar waveguides CPW 3
Fig. 11 shows a list of properties for nmeasured specinens, t hel freXfduPu
values being illustrated in the following Figs 12 to 23, Figs 12 show the
magni t ude of the scatter paranmeters ta@d4 and their phase profile for
speci nen J ACPW2 2 (glass 8329), Figs 15 show the magnitude of the scatter
paranmeters to 17 and their phase profile for the specinmen GLACPW 2

(gl ass 8329 Figs 18 show the_ nitude of the scatter paraneters to 20
and thei EARTRAE D | 1 e T BFOTRES Epecteh o es ACRIB 6 (ol Aos T 38 _and
Fi gs 21 shawdtheramgbl t-uded abayhelscabkeropacdnetepasstioe?2?d land tikelr phase
profile for the specimen GACPW 2 (glass (018-189). Fig. 1 ws

Dol 11 SRR TS CTTEAT Y At TBRe o LA FREEOMargal it S5F SoidEna
accordi ngHea d heoridwvetd t os rivdit €hes | 61 denet ednoviealkh riy seider snes runeer al
10 and has a 5 substrate 1 with a first side 3 and a side,5 qn t he opposite

si de 5f r oMU G e 37 At Sl FRasCARTUaF ot f FEGHEREY 2 EoRdulEr LedArafgenent

whi ch i s narfeangecth apglneed) r&d shélel 3c Ohgt Heassubsyeat @ agdthendenot ed
overall by reference nuneral 4. A layer 6 conprising conductor structures
61 - 64 C€PASIRGed N O HEr *AUbSe At @™ 1EhThEl EBRdBEESr SsPrutfGres 61 - 64

may, for sQp&tS P RO agd £x20P| €oabEnd Nt £16QANAREE St MBI 8Q¥EKL, 15978 Of
the conductor structures 61 - 64 nmay al so be formed as passive el ectrical
has .openings 8 above the contact-connection regions 71 - 74.

10 These openings 8 are filled with a conductive material 19, so
that the openings in combination with the conductive fillings'
in each case create vias through the insulating glass layer
9. A layer 11 with further conductor structures 111, 112, 113
is applied to the glass layer 9. The conductor structures

15 111, 112, 113 are each in contact with at least one of the
vias, so that the conductor structures 111, 112, 113 are
electrically connected to the conductor structures 61 - 64 of
the layer 6. Consequently, the substrate has a multilayer
conductor arraﬁgement, the individual layers 6 and 11 of

20 which are separated from one another by an insulating glass

layer 9 with excellent radio-frequency properties.

Depending on the intended use, the glass layer 9 may have a

thickness in the range from 0.05 um to 5 mm, with glass

25 layers produced by evaporation coating expediently having a

- thickness in the range from 0.05 um to 1 mm.

A further, final evaporation-coating glass layer 13, which
serves as outer insulation for the conductor structures 111,
30 112, 113, is deposited on the layer 11 comprising the
conductor structures 111, 112, 113. To allow contact-
connection of these conductor structures, moreover, further
vias 15, which are in contact with the conductor structures.

111, 112, 113 are present in the final evaporation-coating



conponents. Contact-connection regions 71 - 74 are defined on these
conductor structures 61 - 64 on the first side 3 of the 5 substrate 1.
After the conductor structures of the layer 6 have been applied,8 &aP 2006
insulating glass layer 9 is then deposited in structured formon the first
side 3 of the substrate by evaporation2éoating, such that this glass |ayer
has openi ngs 8 above the contact-connection regions 71 - 74. 10 These
openings 8 are filled with a conductive nmaterial 19, so- that the openings

in conbi nﬁié,@@ %g@rt he .caRducidive dd | Idddf riidy eacdusase L¥eaigpVviag
t hrough the |nsul‘t|ng gl ass | ayer d. ATayer 11 with further conductor
structuresoliie tigs 1331inj oraley ifed ttd e KFOMRRENT ayert® . Pehefebnduct or

structureg, 1o, }’sééﬁreél%oa%% eEN di GO aCda W thhatcd gasdc&pe of the
vias, so that the conductor structures 111, 112, 113 are electrically

connected to the conductor structures 61 - 64 of the |ayer 6.
Consegquently. ubsLr has qa nul tis-l gyer Qndl ﬂénf5¥réﬂgg¥§%?, t he
indiﬁ?dug%$l%§%$§cg gﬁ% %%§Sf 28'wggéhlaré'séﬁgiate fromone anot her by an
i nsul ati ngogpassingagéesd wetk rérdekicentrdiadi ¢&-of rdpudmssegrioperte e
Dependi ng_on_t he intepd t I I I, : - 4 i gk in
t he rangéa § %%%?%@ ﬁ?t%qggggfnw??ﬁggggggcgé%ﬁégéngk?%%ﬁﬁiéx%y evggﬁgation
coati ng expesliemtéylhaving a thickness in the range from0.05. mto 1 mm
A further, final evaporation-coating glass |ayer 13, which -serves as outer
insulation for the conductor structures 111, 30 112, 113, is deposited on
the iayertHd g¢hbapsisangribhe ceerdutboprsuuget whes ihklil atlizn LEY e Al | ow
cont act - qgnnection of.thg;e conductor str cturgﬁy nor eover,. further vias
ct

15, whi charks i 11 oAt BEEURAFh =t HE2EOnGERE 186 It 1Fés TP P Y, 113 are
present iwhidwe favabnexpporati cayeeahandng & SakeR 200G kr2ks in the

range between 0.05 pum and 5 mm, has a loss factor tand of
less than or equal to 50+*107" at least in a freguency range

15 above 1 GHz.

The above-described glasses 8329 and in particular G018-189
are especially suitable for this purpose, on account of their
excellent radio-freguency properties.

20
Fig. 2 shows a sectional illustration of a further embodiment
of a component 10 according to the invention. This embodiment
has a radio-frequency conductor arraﬁgement 41 and 42 on each
of two oppoosite sides 3 and 5, respectively. The conductor

25 arrangements 41 and 42 are of analogous construction to the
conductor arrangement 4 of the embodiment illustrated in

Fig. 1.

In detail, the conductor arrangements 41 and 42 once again in
30 each case have a glass layer 9 of glass apolied by
evaporation coating with openings in which there is
conductive material for through-contact purposes in
electrical contact with contact-connection regions arranged
beneath the openings. Layers 6 with conductor structures,

35 which for their part are in contact with the vias, are in



glass layer 13. In addition, soldering beads 17 are applied to the vias 15
in order for the conponent 10 to be, for exanple, secured to an SMI
circuit board and connected. 5 To produce the layers 9, 13, it 188 Sgp
preferable for a target conprising glass material according to the
invention to be evaporated by el ectron2Beam evaporati on and deposited on
the substrate 1. 10 The glass material used to produce the insulation
layers 9, 13 is in particular a glass according to the invention, which,

as an appli r .bavi a ayer i S,d . the o e en,.0. 05 m
and 5 nnléagg %g¥§s§°?ég %F Pgnsﬁgf égég%%Hgﬁn%r&éﬁEa. tcféﬁﬁq%-ﬁrat | east
in a fregaengypgemnages 15 abové2l @GHzo Ewe iabdves deswrd beeh hresisewn 8329 and

in partic r (018;18 ~especial Ly suitable for. this ose n
account o?lsheff.ggéchpgggtggdggf ngﬁéﬁbﬁgbﬁﬁﬁ%r ﬁ%ég 2% %lg? irghoms a
sectionalcoveusdirat tbnfottaekur fher lemyagioreriti crofc e Conpaniead s 102 wecor di ng

to th; i ny ntion.gggbs ggggdinent naﬁéggradio-frequency

. duct or
10 W ol r 3 . < ofxﬁbe .
arrangené% "41"an 6n-each® “of o §si 1€ 81 des 3 dhd , respectively.

The conductrmpo2&narrangenents 41 and 42 are of anal ogous construction to
the conductor arrangenent 4 of the enbodinent illustrated in Fig. 1. In
detail, the conductor arrangenents 41 and 42 once again in 30 each case
have a glBssgs | 3y eto936f ugkassoappkiedibyalevdparsatic0rsmaatinyg sddds openi ngs
in which there is .conductive material for through-contact purposes in
electricaﬁn%%ﬁY%itlﬂﬁPﬁo Bhtatk- e nﬁeEPPBﬁ“F@§i€%§9§ eath the

openiongs.idpyret So® Wht Aceonduster wsthushurl embodd maitChhff ahe Rgidcfpyt are

in contact with the vias, are in.0 8 S E P 2006
according to tne 1nvention.

Fig. 3A shows a substrate 1 following a first processing

v, 1in which a layer 6 comprising conductor structures 61 -

15 64, such as in particular suitable interconnects, 1is
produced on the side to which the radio-frequency conductor
arrangement is applied. These conductor structures may, for
example, be contact locations of electronic componénts of the
substrate, which are not shown in Fig. 3A or may be connected

20 to such contact locations.

Then, in further process steps, a glass layer is deposited,
this glass layer having openings above contact-connection
regions 71 - 74 of the surface below. For this purpose, first

25 of.all, as illustrated on the basis of Fig. 3B, in a further
step a structured interlayer having structures 21 which cover
the corresponding contact-connection regions 71 - 74 is
applied. This 1is preferably realized by photolithographic
structuring of a suitable photoresist coating. Alternatively,

30 however, it is also possible to use another prccess, such as

. for example printing of the surface, to produce the

structures 21.

Then, as illustrated by Fig. 3C, a glass layer 9 is applied

w
w

by evaporation coating, this glass layer covering both the



22 each case arranged on the glass ' layers 9 of the conductor arrangenents
41 and 42. Also as in the enbodi nent shown in Fig. 1, the conductor
structures on the glass layer 9 are covered with further, finalgg SEP 2006
evaporation-coating glass layers 5 13, in which there are vias 15 for
connection of the conponent. Figs 3A t»33G use cross-sectional views to
show the steps involved in production of a conponent according to the 10
invention in accordance with one enbodi nent of the process according to
the invention, Fig. 3A shows a substrate 1 following a first praocessing
step, in %ﬁl%%c%"?%gl%?c%l%‘énﬁ??’s?ﬂﬁ ndudtior "YU e SHLEEAP B4 Dguch
as in pardioutanrssi2hbbe theeLaoOBRREYS,, | Snpr @tlc ed b uRkE i ded i ch
the radio-f is applied. These. conductor

r uenc)}/ccondu tolrr1 arrangement i ] ‘
structurées rége FOr -2 eXafhl B pRaEBnt 4Bt CPAEaCPGS S difedtS Gt Lamhent s
of the stdistdred eshbikedsarer Nohe SKONEsi Nabd. 93AL LAY Re tgeagied 20
to such contact |locations. Then, in further process steps, a glass layer is

deposi t eSS G As st ayRr T havi Ay opBRRAGE YEBoV 8 NeoRnaCE leoimTedts on

regi ons then "edvdde Wi acge bed @¥bn 5050t BieS cRUr BOS&s fiak Sl %SW%%sﬁl » as
illTustrated on the basis of Fig. 3B, in a further “step a Structure
i nt er | ay &P Hhf strikgitess 241 vif chheovrEeriRgesoprespendiosgted on

cont act - GORNGAI QLR 0N i sy dA heingPPLERDy ThiS g prglerably realized
by photolithographic structuring of a ui table phot or esi st coati ng.
Al ternatively, 30 however, it is also possible to use another process, such

Ther “as st ot el by K o S MR D R OBHRE Sh%p iR eER Ty ot
evapor at RGFOESENHY, NdN hafl asglagerlaover ? ngi bot bpehéngs 8 above the
contact-connection regions 71 - 74 of the surface below. The
ovenings 8 can then, as shown in Fig. 3E, be filled, for
example, with a conductive material 19. Then, a layer 11
15 comprising conductor structures 111, 112, 113 and passive
components 23 can be applied to the glass layer 9, as shown
in Fig. 3F. The components 23 may, for example, comprise a
capacitor, a resistor, a coil, a varistor, a PTC, an NTIC or a
filter element. Capacitors and coils can in particular also
20 be realized by conductor structures of individual layers
positioned on top of one another and insulated from one
another by an evaporation-coating glass layer. By way of
example, a conductor structure of the individual layer 6 and

a further conductor structure, located above it, of the

25 individual layer 11 can be used for this purpose.

The conductor structures can be applied, for example, by
application of a further, negatively structured interlayer
and the deposition of electrically conductive material, the
30 conductor structures 111, 112, 113 coming into contact with
the conductive material 19 in the openings 8, so that an
electrical connection or eléctrical contact with the
respectively associated contact-connection regions 71 - 74 is

also produced.



0 8 SE P 2006 23 contact-connection regions 71 - 74, which are covered by
the structures 21 of the interlayer, and the surrounding regions of the
surface of the base. In this context, it is preferable for the tQL%Eness
of the glass layer 9 to be less than the 5 thickness of the strudiureg 2006
interlayer. The interlayer is then remaved, with the regions 90 of the

gl ass layer 9 which cover the structures 21 of the interlayer or are

| ocated on the structured interlayer being lifted off with it. 10 Fig. 3D
shows the substrate following this step, which accordingly now has a gl ass
| ayer 9 with openings 8 above the contact-connection regions 71 - 74 of

t he surfateebebaducthe smm@muu;e§3mzy1dﬂﬁﬁlhames@@mmctmrEsgcoaﬁribeng
filled, exa a conduct.ive materjal 19. | ayer 11 15
Compr 1 5i ng-E6RARBEoF CEE M TP S EE 1 a1 01 P Snc Hhseryaic Eahpanent s 23
can be apmhtedlhmst, hmgl asampdyebyd thas fpicativligi Sfe dbedcovpenents
23 may, for exaggas nprise a capacitor, resjistor,_a coil, a varistor,

a PTC anSNfEchH PFFP@rcéFénﬁﬁtOqéadébﬁid} Lt 'hi 5 TERPT niHEREi cul ar

al s0 20 beiFeakbaedmby ceaadyct an ist UGUras s | Nt dlbatuh @yessalities
positioned on top of one another and insul ated fromone - another by an

evapor at i bf- E%a%PE@G§F5§§ LRy&he BeNRRF TS &aRi e Rt coffuct ™Rt uct ur e

of the ingh¥idyal ckayeing asdiachuither erductdnsddusctdre, |ocated above
it, of the 25 individual layer 11 can be used for this purpose. The

conduct or tBEFHRELPEET£GnCBBEASSSi-ed, for exanple, by application of a
furthger, negatively structured interlayer and the deposition of
electrically conductive material, the 30 conductor structures 111, 112, 113
com ng i nt®ecBRPALET %PBhOftﬁéecﬁﬁéécbhﬁ@U@@téh%ﬂgéﬁﬁﬁri%¥ﬁ¥(ﬁx#ﬁ{@% 8, so

that an glegleieal S9POEELT O 90LHELACLN Galy COom Gty WH ddifiication

of the conductor structures illustrated in Fig. 3F may also
ke carried out in a single step. By way of example, the

15 conductor structures 19 can be produced by electroplating, so
that the material which is deposited first of all, starting
from the contact-connection regions 71 - 74, fills the
openings 8 and then continues to grow on the surface of the
glass layer 9, Qhere it forms the conductor structures and

20 also, if intended, may form the passive components 23. It 1is
also possible for the conductor structures 111, 112, 113 to
be produced by evaporation coating or sputtering, in which
case it is also possible for the contact-connection regions
71 - 74 and edges of the openings 8 to be coated, so that the

25 corresponding conductor structures come into electrical

contact with the contact-connection regions 71 - 74.

The interléyer can then be removed again, with conductive
material which has been deposited on the interlayer also

30 being lifted off and the intended conductor structures and_“
any applied components, including the surface of thé glass

layer 9, remaining in place.

The steps, shown in Figs 3B to 3F, of depositing a structured

35 glass layer having openings over contact-connection regions



respectively associ ated contact-connection regions 71 - 74 is also
produced. 0 8 S E P 2006 24 The conductor structures may al so h§¥§
structures conprising different conductive materials or also se oRefu A%r
materials, for exanple by the applicati of the conductor 5 structures
being carried out in a plurality of st using different materials. This
also allows further functionalities to be integrated in the conductor
arrangenent, for exanple thereby creating sem conductor-netal contacts or
t her noel esyt rdvamond aces. cddcThe psodycyilaessohatke ivilasdduralighy tthe ghass

| ayer 9 using .conductive material 19 sh Fig d the a | ication
of the corlthitore®t riker 88 %PFU%F?QP%S gﬁnFﬁé?s§FG9§§ g%go Cﬁb ri ed out
in a si ngd@sactﬁp;e Byndvadfoipexgﬁmbecohheciarcglﬂdu@tarre%tru@hurteﬁerﬂ%ecan be

pr oduced el ectroplatin at the nmaterial which is deposjted first
D T o e P AN Lo pEeROEanPErRGE T ayPeas oF they FORNq D4 he

openisngs & raddnfiit COm i s &Qsgy oW @anhh@tawfs@eac@hrrehezm@ﬂrm% | ayer 9,
where it forns the conductor structures and 20 al so, i ntended, may form
t he passF\PePldt?rﬁjpdaﬁerﬁ S+ 3EaEe GRRo PRoBEPBERES 6PtPh€°€6ﬁ&Gctwdft“ a

struct ur e kbt -EbbhnddBid® 81 pr 0dHCLd-BYevaper atk-aRtoeat g 18lked at
sputtering, in which case it is also possible for the contact-connection

regi ons aﬂlearﬂ$%ﬁuﬁ%%@%s of the openings 8 to be coated, so that the 25
correspondi ng conductor structures conme into electrical contact with the
contact-connection regions 71 - 74. The interlayer can then be renoved
agaild, wiH dHGUAUTROSSmteRtal aghith dassheen HepbsgsedFofot RE/i tter | ayer

al so 30 ;hging 4yid J%@{f @t {fge d g ended, GONHUGT P5 SHhEURLHEES ARG ¢t -

connection regions 75, 76 of the surface of the coated
substrate 1, the contact-connection regions expediently being
located on applied conductor structures or also on vias.

15 Then, a further insulating glass layer 91 with vias'through
openings in the glass layer 91 is produced over the contact-
connection regions 75, 76, the production being carried out
analogously'to:the process steps which have been described
with reference.to Figs 3C to 3E.

20 |
Figs 4A to 4E show a variant of the process steps of the
pProcess acéording to the invention which have been shown with
reference to Figs 3B to 3E. This variant of the process
according to the invention is based on a conductive material,

25  which projects with respect to regions adjacent to the

‘respective contact-connection region and is covered by the
structure of the intérlayer, being applied to the contact-
connection regions prior to the application of the glass
layer by evaporation coating. This conductive material

30 subsequently forms the via.

In detail, first of all, starting from a substrate 1 which
has been prepared as in Fig. 3A, a conductive layer 25 is
formed, followed by a photographically structurable

35 interlayer 27, as illustrated with reference to Fig. 4A.



any applied conmponents, including the surface of the glass |ayer 9,

remai ning in place. The steps, shown in Figs 3B to 3F, of depositd'éu;!3
structured 35 glass |ayer having openings over contact-connection régigﬁ%
0 8 SEP 2006 25 by evaporation coating using glass material according to
the invention, such as for exanple the2glass (@018-189, on the substrate
and of applying conductor structures, can then be repeated in order to
produce further |ayers of the conductor 5 arrangenent. In this case, a
conductor structure which is applied at a |later stage can be brought into
contact with a contact-connection region of a conductor structure applied
at an eaFiger4Btagews10hFosublsits ager pdser died AgdinpIzaPsiown in Figs 3F
to 3G an__jinterlayer w st.r I IS |4 £ 4 ndended, cont act -
connectio%t?%%?%%éxg5? 7%H8fEF§%EgSS%§§§7BfT?ﬁglbﬁg?igjggﬁ%@tratggﬁ,afhe'
cont act - conmect | vayr egrons texpédirest 2L baiimy doosat e Epgsldedl conduct or

struct ur es of 2l S0, 0N VLS, b TNeR, 8 Hur ther, Jnsul aling olass, | ayer o1
t oauce

W th iasc?%To%gh opéni'ngs in“the glass layer 91 1s p d over the

cont act - <loswmecinoRigegiOnsths, cphducte vier ddwetrd &P e meroewed efrgutthe
anal ogously to th rocess steps i.ch have be escribed . wt ef erence
%YQ%V%)‘Eegzgeﬁ_agsélﬁu ;Ohl\,él%lncr t%e CO.H%%CCEOfCOt r%%lélﬂ gl&iltéﬁg

to Figs 3 o show a vari ant rocess eps of
the process-at¢ortdhhg tant be kaventidomuwhiich ahaseneee whsiown sM irh

reference to Fi 3B to 3E. _This vari nt_of.tge process _ according to the
i nventi on® &N $AE2d BRYE ¢BnéiliEt F\?S%&?élsitalf,le 8 which B LM th respect
to regi onsc@di@gentictortibaglyespaet cve taert-achneatiect i@y ireeg Ol and/ 4 s
covered Qy t he strgcture of the Lnterlayer,.bein% applied t Qpe cont act -
re covered by a conductive material whith '1's elevated or
projects with respect to regions adjacent to the respective
contact-connection region and which is in each case covered

by a structure 21 of the interlayer 27.

Then, as shown in Fig. 4D, the insulating glass layer 9 is
applied by evaporation coating through e&aporation of glass
material according to the invention, the thickness of the
glasé layer_9 preferably being selected in such a way that it

20 approximately corresponds to the thickness of the elevated
conductive material 19. Finally, the structures 21 of the
interlayer are removed,'for example using a suitable solvent,
and in the process the regions 90 of the glass layer 9 which
cover the structures 21 are lifted off. The result is a

25 substrate having a glass layer which has openings above the
respective contact-connection regions and vias in the form of
the conductive material located in the openings. This
processing state is illustrated in Fig. 4E. As a result of
appropriate selection of the layer thickness of the glass

30 layer 9, which is matched to the thickness of the conductive
material 19, the surface of the conductive material and of
the glass layer 9 are at approximately the same height,
resulting in a planar surface. The process can then be
continued as explained with reference to Figs 3F to 3G,

35 wherein the second glass layer 91 in Fig. 3G and any further



connection regions prior to the application of the glass I|ayer by
evaporation coating. This conductive material 30 subsequently forns the
via. In detail, first of all, starting froma substrate 1 whicH 8 k& Béen
prepared as in Fig. 3A, a conductive layer 25 is forned, followed by a
phot ographically structurable 35 interlayer 27, as illustrated with
reference to Fig. 4A. 0 8 S E P 2006 287'Fig. 4B shows the substrate after
photolithographic structuring of the interlayer 27. The layer is
structured in such a way that structures 21 which cover the intended 5

contact - cgnoeet 1R J;2gi s Jd prddus&dmneh nyphacen Thensaas oghawn in Fig.
4C, the conductive layer 25 is renoved fromthe _uncovered regions

sur r oundi A§MEAE rcodyadte cohfectiorh riedg open 7axplzinedhd tRaf SHE TS ed
out in a MANRELWAIRCR §J 1d N standard usage in the specialist field, for
exanpl e by 10 étching. Accordingly, the contact-connection regions 71 - 74
are covered by a conductive material which is elevated or projects with

[ espest tacE‘th%g aqy %%@d&%é%%%s%ﬂﬂ&neﬁ@n&?c%h@oﬁ?@ﬁ%isgo kgl on
and which 1's in edach case covere y a structure 21 of the interlayer 27.
15 Then, asmphowntisn 1B greaRradhecdhdy atdonyigl assbrbyeres whilgppshesd by
evaporati cQatihng.thr evapor.ati an i ak:accarding to
t he invengggn?“f%g %ﬁb%ﬁgggjo %kégﬂij'agélﬁgégg Ee%§%§éfahr§gb§iﬂ5 /

sel ect ed Bhosughraoway entratdiinter®s apprand ned ebyfeps r 2spohdscoopbhents

(0 cknessoat IR AP, SOUEt b s g B gL e cstuctyres
and o theapeecess the regions 90 of the glass layer 9 which cover the
structures 21 are |lifted off. The result is a
Fig. 5 shows an embodiment of the invention in which a
semiconductor wafer 2 has been provided with a sequence of
glass and interconnect léyers. The wafer material used for
15 this purpose is preferably silicon, since this material has a
coefficient of thermal expansion which is very well matchéd
to that of the evaporation-coating glass. Once they have been
coated while still joined to the wafer and once the
processing staté shown in Fig. 5 has been produced, the _
20 individual substrates 1 are separated by being divided along
the intended separation axes 29, in order ultimately to

obtain components 10 with a conductor structure which is

suitable for radio-freguency applications.

25 On a first side 3, the wafer 2 has individual active
semiconductor regions 33 which are connected to connection’

locations 35.

In this embodiment of the invention, the conductor

30 arrangement 4 is arranged on a second side 5 of the wafer 2,
or of the substrates 1 of the wafer 2, this second side being
on the opposite side from the first side having the active

semiconductor regions 33.



25 substrate having a glass |ayer whi ch has openi ngs above the

respective

contact-connection regions and vias in the formof the conductiy

| ocated in the openings. This processing state is illustrated

(5 T

As a result of appropriate selection of the |ayer thickness of the gl ass
mat eri al

30 layer 9, which is matched to the thi @Bness of the conductive

19, the surface of the conductive material and of . the glass |ayer
The process

can then bee egablaied %S‘r%)ﬁ?re%?‘ec?rfw 'T%.{@&?%tﬁ%@eéoﬁr?E‘ngbkgegcaﬁoggzo%

approximately the same height, resulting in a planar surface.

wherein the second glass lay any

9 are at

27 gl ass fayekrsecankiee ofr ecduced wi tWibh asirtret hel sameabl thestondactway to

t hat Mhicgt gétB%%g %?Bh .%%%&gé Iéyﬁfgfggéhc%ﬁgﬁ%gfafpi59 4§§85

to an advantageous refinenment o process, component s

Accordi ng

are

produced bydtceatinag Salystrsatods tivel lcendwtomrer stngdmemot nédndp t he wafer.

In this rggecha

the conpohents-*Berng-db

Figng %%_% show vari ous nbodinen;s.of coated wafers 2,
ai

é:&dwegeﬁﬁr 3 Ei%i?ff%u%srn%%b"éﬁ%t es 1 from

the 10 waééerektcg. tb Fhaws 3an tenBicdiamento ofFide dnventd4on im which a

i nt er connB®f & WafErc

seniconductog.ma er 2.has been provided with a sequence of Iasg
i 2BLRE, %5 R8ce Fbses

PR NESEE For® 157V st

D5

e’

gnd
.SS

pref erabl y1sbl peocaucstdnce ibilsimaler &orfgs for coelfdi gherdosd ther mal

expansi on mhicg is ver% well ma
&

gl ass. ORECPhEy Aavet

| tched tq that of the evaporation
e " B0aPEdIRRPIG SV 19 JT T 400 e of

-coating

2¥hd once

the 1procgssi agpsyahg sbawickBrFs8rusthassheen prraducateddndbhdngi vi dual
substrates 1 are seEarated by being divided along the intended separation

‘axes 29, FH-bEderOH

100 which 1is applied at a later stage being brought into

contact with a contact-connection region of a conductor

structure 100 applied at an earlier stage.

15

Moreover, vias 37 through the substrates 1, which are

t?nﬁ?@P?rtBI times, and with a conductor structurse

electrically connected to the connection locations 35, are

introduced into the wafer 2. The via may preferably be

produced by etching pits into the wafer from the second side

20 5 to as far as the preferably metallic connection locations

25

30

35

35, which simultaneously act as an etching stop. Then, a
passivation layer 39 is produced on the walls of the etching
pit and the etching pit is filled with conductive material

43. Th

(0]

conductive material 43, which is uncovered on the
side 3, of the wvias 37 serves as a contact-connection region.

for conductor structures 100 of the conductor arrangement 4.

Moreover, the regions of the surface of the second side 5
having the vias are used as contact-connection regions for
some of the conductor structures 100 of the conductor .
arrangement 4. If these conductor structures 100 are brought
into contact with the contact-connection regions during
application to the previously deposited glass layer 9, the
conductor structures are accordingly also electrically

connected to the connection locations 35 on the first side of



obtai n conponents 10 with a conductor structure which is suitable for

radi o-frequency applications. 25 On a first side 3, the wafer §8h§§p2m5

i ndi vi dual active sem conductor regions 33 which are connected to
connection locations 35. In this enbodi nent of the invention, the
conductor 30 arrangenment 4 is arranged @® a second side 5 of the wafer 2.,
or of the substrates 1 of the wafer 2, this second side being on the
opposite side fromthe first side having the active sem conductor regions

33. 0 8 S{E_P The tor arrapgengn IS all; r d.in
sinplifieéﬁfoféggggf%iEEH§aEgpg#E% a#?¥y,fgﬁg%,kpépeﬁogfrgigaﬁﬁgtﬁge
conduct or acstimgc tsgres drsivnf aenoteicohy 32f eoebeesnppiéiad ¥08. thke

i ndi vi dual /ers of t conduct or . ar rangenent . 4 . 5 _advant ageously be
pr oduced §§hﬁ§§t§§eﬁ1€%p%§ﬁ%§ Vﬁq?lf?%f%f %€51f8T2¥é§n§;Stgr§§ gﬁ&/or'Figs
4A to 4E. aknivpastmiwoadudte cogliumtortarsangeimened4tshone conBugio® i S

al so produced in nmultilay for for which purpose _accordingly the steps
of degosif%ﬁﬁcﬁu§F5uépgr§§r&Q§JEQQ§kﬁtﬁﬁ ah %gﬁ??PHQECOnductor structures
100 are correspondingly carried out a nunber of times, and with a

conductor _structure. 100 which is applied at a |ater stage bei png brought
into conFSCF“ﬁFPﬁu&aégn?§@;P 6ﬁﬁéﬁfi ISP SR C 2 EBREEEESRC Lt ruct ure

100 appliedtatinad &gl skghrsitrdds. ForMUROVE! fe¥) aSh37ehbo@USENEt N€hown
substrates 1_. which are_  electrically connected to the connection |ocations
35, are iAt FoBucadifnedSeheraieeD Witle an £ 3yt beed brabfiPbelapieluced

by etghi ngapetsiunbe thepwaben Ji-emdtheperodk sigle 20pba40i88 Eaveasnhhe
preferablglnggaLLlc cgnnectlon | ocati ons
T e slae

Fig. 6 shows a further embodiment of the invention[ in which
substrates which are likewise joined to the wafer have been
15 coated with a conductor arrangement 4. This embodiment of the
invention is similar to the embodiment shown in Fig. 5. A
semiconductor wafer 2 with active semiconductor regions 33,
which are assigned to individual substrates 1, is also used
in the embodiment shown in Fig. 6. As in the embodiment shown
20 in Fig. 5, during application of conductor structures 100 to
the first glass layer 9 of the conductor arrangement 4, the
connection locations 35 of the active semiconductor regions

33 are connected to conductor structures 100.

25 Unlike in the embodiment shown in Fig. 5, however, the glass
layers 9, 91, 92, 93 and 13 of the conductor arrangemént 4 _
are applied by evaporation coating to the first side 3 of the
substrates 1, on which the active semiconductor regions 33
are also arranged. The vias 15 in_the bottom glass layer 9 of

30 the conductor arrangement 4 are applied direct to the contact
locations 35, with the contact locations 35 accordingly
forming the contact-connection regions of the substrates 1
for the corresponding conductor structures 100 on the first

glass layer 9.



35, which sinultaneously act as an etching stop. Then, a passivation |ayer
39 is produced on the walls of the etching pit and the etching pit is
filled with conductive naterial 43. The conductive material 43, wgigI8EPS2006
uncovered on the 25 side 3, of the vias 37 serves as a contact-connection
region. for conductor structures 100 of3G he conductor arrangenment 4.
Mor eover, the regions of the surface of the second side 5 having the vias
are used as contact-connection regions for 30 sone of the conductor
structures 100 of the conductor arrangenment 4. |If these conductor
structures 100 are brought into contact with the contact-connection
regi ons ddfen§or@emisindat ildh ol athea e edbbasngddeposepedagliassfrayeths, the
conduct or Eucit a rschi - el e i cal onpeect o the
Connect | of Fosat foas 35 2o The 1 rar-aras 81 65 Cete8be Dot is ©
subst r at egng. o, nmali,s fway exandle t Het postihed forrafeo-freqavency
sem conduel oo el any A b6, synalied ¥ia EhequcRoduct opoger apgdenent and
for efectrical signhals fro the 'active sem conddet of regions to bé enitted
to the coaduptertiSudErudtonr € ei®rofiehel wondectangar a apgedeh @HzTor
encapsul aj e _and protect the conponents subsequently obtained by separation
fromthe wafer, 'the enbodi ment shown in Fig. 5 is also provided with an
addi ti onal encapsul ation 10 | ayer 14 of evaporation-coating glass and a
pl astics verin 31 on.the side 3. Fig. 6 shows_a further enbodinent of
Phe i nvent F8n, 1 ARACCH® S aRET Rte ST BN 11 KEWPSE ] oThet €5 The wal er
havelibeenhatd beatedrwvtihiea eancthuc aradird-afrgegqestcd. cdidscesbodi nent of the
invention is simlar to %hﬁ enbadi,ment, SQ?g%)qughg.FS; A  sem conduct or
waf er 2 wifh3REERTB séni'EonGuctarr &5ioHE 39 “hthi Thiar e AT gredr 1 o°
i ndi vi duavisnbsheatiesehtibs.alfse usedluctor arrangement 4 comprising

the glass layers 9, 91, 92, 93, 13 and the conductor

structures 100 has in this case been applied to a wafer whose

substrates 1 likewise have vias 37. The components 10 with

-
w

substrates 1 and conductor arrangements 4, after they have
been divided from the wafer, serve as radio-frecuency
rewiring substrate for further components wnich can be
connected to the external contact locations of the components

20 10. The external contact locations are for this purpose
provided, for example, with soldering beads 17, so that:
further components can be mounted and connécted using
surface-mounting technology. The substrates 1 in this case do
not have any active components. Accordingly, the substrate

25 wafer 2 may also be made from insulating material, such as

. for example glass or plastics. A glass which is particularly
suitable for use as a material for the wafer or the
substrates 1 of the components 10 is Borofloat®33 glass,
which has a coefficient of thermal expansion which virtually’

30 coincides with that of the preferred evaporation—coatihg

glass.

Fig. 8 shows the diagrammatic layer arrangement, for
characterization of the RF properties, including the layer

35 thicknesses of the measured test structures. Figs 9 and 10



in the enbodi nent shown in Fig. 6. As in the enbodi nent showmn 20 in Fig. 5,
during application of conductor structures 100 to the first glass |a V@
of the conductor arrangenent 4, the connection |ocations 35 of th@EhgﬁF 06
sem conductor regions 33 are connected to conductor structures 100. 25
Unli ke in the enbodi mrent shown in Fig. 5, however, the glass layers 9, 91,
92, 93 and 13 of the conductor arrangenent 4 are applied by evaporation
coating to the first side 3 of the substrates 1, on which the active

sem conduct or i ons 33 are also arranged. The vias 15:in the bottom

gl ass |ayert QSBFg§8 £Ré é&mﬂuﬁ%ﬁu%ﬁ?%%@éh%n?oﬂna?@daBbFF%ﬁ 8PPé&fR 3o t he

contact Leeahi19A8s35Thw e 1tiRey iGRNtACE s 4 OGR4 085S 8oL RECOEdE rgky formi ng
the contact-connection regions of the substrates 1 for the corresponding

conduct or P&FRUBERFESS1B0 & vheS ¥l rid Paseerayerablzedgos the bagés 30

The conpopentge10 @fekgec@rr%sobwen%e%ﬁpaa@éi@rna{wmth@r grated wafers
2, as illustrated by way of exanple’in Figs 5 nd 6, may, for exanple, be

desi ghed asleadre- W?éqﬂéﬁ@?%strréﬁ%fsshfbrﬂlr%%ebﬁl% Pduies terbe
frequenci g, akoyg ngGgéblelg1g% |4§nég fpreffequencies in the range

around 40 GHz or higher. Fig. shows yet anot her” enbodi ment of substrates
1 which 10 have been provided mnth a radio-frequency conductor

arrangenemgrﬁ i Le §E'Ekoh0[tﬂ%dm%% g oef ik asc\{%%ln ar %!\Aébe&f;e

i nvention e conductor arrangene npri sing avers 9, 91,
92, 93, 18lanandh&22eonduet end §Qﬂucﬁmﬁe$nhxpﬂﬁﬁeigrdfnbeoaéetmeen appl i ed

[0 RSt a0ese dncabslistes Ly ko 36 haveuse e ferBongLs 10
di vi ded fusim¢ hehevafbassséBleé as radiosfrlequen®etween the aluminum
interconnects. The scatter parameters S12 and S21 are also
referred to as transmission attenuation and the scatter
parameters S11 and S22 as reflection attenuation.
15
Fig. 12 clearly reveals an extremely low reflection S11 and
S22 of the signals at this specimen from -20 dB to - 40 dB up
to a frequency of 50 GHz. Furthermore, low attenuation values
of less than <- 2 dB for the scatter pafameters S12 and S21
20 are apparent from the measured values illustrated in Fig. 13~
up to a frequency of 50 GHz. The scatter parameters S21 and
S12, which represent the values for the transmission of the
electrical signal at the respective frequency, are shown up
to a frequency of 50 GEz. The linear phase profile of the

25 scatter parameter S21 has a very low dispersion up to a

frequency of 50 GHz.

The measured values shown with reference to Figs 12 to 14 can
also be verified by measurements carried out on further

30 specimens, according to which:
Figs 15 to 17 show measured values for a buried coplanar
waveguide with glass 8329,
-Figs 18 to 20 show measured values for an cpen coplanar

waveguide with glass 8329, and



rewiring substrate for further conponents which can be connected to the
external contact |ocations of the conponents 20 10. The external contact

| ocations are for this purpose provided, for exanple, wth sol derg iEBedds
17, so that further conponents can be nmounted and connected using’
surface-nmounting technol ogy. The substrates 1 in this case do not have any
active conponents. Accordingly, the substrate 25 wafer 2 may al so be nade
frominsulating material, such as for exanple glass or plastics. A glass
which is particularly suitable for use as a material for the wafer or the
substrates 1 of .the conmponents 10 is Borofloat(r)33 glass, which has a
coef fi ci eALISF 2LhEPTEIS SAPIhIGT W Ehvadvetiaf Py 30PESBERET 888 LGPER t hat of
the prefeppedgayaroratdron ot i gl@ss. Fig. 8 shows the diagrammtic

| ayer arrangenent, for characterization of the RF properties, including
the layer 35 thicknesses of the neasured test structures. Figs 9 and 10 O
8 S E P 20Q8sc3hebklystiale nealdzed; Strdeh U3 24 0peBrapd-bHLLEed sqoBlFanar
wavegui des. The foll ow ng neasurenents of the scatter paraneters S12, S21
SI| ahd SRRewerétfredl PRE@TET stdve Takiand of2l heken segbeg ukRs. RThelsgeci men
desi gnati gpsgf9epqthe 5 sel ected nmeasurenments, shown in Figs 12 to 23, are
to be found in the table illustrated in Fig. 11. Figs 12 to 14 show the
magni tude of the scatter paraneters Sl11 and S22, S12 and S21, and the
phase profile of the 10 scatter paraneter S12 and S21 of an open copl anar
wavegui de using the glass 8329 as an insul ator between the al um num
-interconnects. The scatter paraneters S12 and S21 are also referred to as
transm ssion attenuation and the scatter paraneters Sl11 and S22 as

refl ection attenuation.



15 Fig. 12 clearly reveals an extrenely low reflection S11 and S22 of the
signals at this specinen from-20 dBto - 40 dB up to a frequency of 50
GHz. Furthernmore, |low attenuation values of less than <- 2 dB for the
scatter parameters S12 and S21 20 are apparent fromthe measured W&l3EEs 2006
illustrated in Fig. 13 up to a frequency;gf 50 GHz. The scatter paraneters
S21 and S12, which represent the values for the transm ssion of the

el ectrical signal at the respective frequency, are shown up to a frequency
of 50 GHz. The linear phase profile of the 25 scatter paraneter S21 has a
very |ow di bpeEspbnrapergnge FrE§Fedcy of 50 GHz. The neasured val ues shown
with reference to Figs 12 to 14 can also be verified by neasurenents
carried out on further 30 specinens, according to which: Figs 15 to 17 show
measured values for a buried cofM&S&rat®avegui de with gl ass 8329, Figs 18
to 20 show geasured val ues for ap,QREREARANGsrNaveguide with glass 8329,
and 0 8 S P 2006 32 Figs 21 to 23 show neasured values for a buried

copl ana¥ wavegui de with gl ass E018t189deTiodse neasurenents reveal a trend
toward | owef ajifengyation o S r rameters S12 and S21 when
using the ’gégésy96018-lg8258kggé Egkgggg@%n%B Li st of reference synbols
1 Substrate5 2 Sem conductor waBeron8 3iFier stf gi de of 1

6 Laver with conductor structures on 1’
6l - 64 Conductor structures of 6
10 71 - 74. : Contact-connection regions
8 Openings in 9 above contact-
connection regions 71 - 74
9, 91-93 Evaporation-coating glass layer
10 Component
15 11 Layer with.conductor structures
100, 111,
112, 113 Conductof stiuctures
13 Final evaporation-coating glass layer
14 | Evaporation-coating glass
20 | encapsulation layer
15 | Via
17 ' Solderin@ beads
19 Conductive material
21 Resist structures of an interlayer
25 23 Passive eiect:ical component
25 Conductive layer _
27 : Photographically structurable interlayer
29 ' Separating axis '
31 - Plastic covering
30 33 Active semiconductor regioh
35 Connection location of 33
37 via through 1
39 Passivation layer

43 Conductive filler of 37



4, 41, 42 Conductor arrangenent 5 Second side of 1 6 Laver with conductor
structures on 1 61 - 64 Conductor structures of 6 10 71 - 74 0.8 SEP 2006
Cont act - connecti on regions 8 Openings in 9 above contact- connection
regions 71 - 74 9, 91-93 Evaporation-coating glass |ayer 10 Conponent 15
11 Laver with conductor structures 100, 111, 112, 113 Conductor structures
13 Final evaporation-coating glass |ayer34 14 Evaporation-coating glass 20
encapsul ation layer 15. Via 17 Sol dering beads 19 Conductive material 21
Resi st structures of an interlayer 25 23 Passive electrical conponent 25
Conductive,d a 27 Phot ogr aphi | y.structurabl e interlayer 29 Separatin
axis 31 Plgi%yﬁgcovering go 23&§§%?§%—é8ﬁP885688t5Fgﬁéﬁfbﬁ 35 Cbnngction °
| ocation ¢&f§ 33 37 Via through 1 39 PasBegabnonfl aher eA2pCoradiictn-ve filler

of 37 0 8 S E P 2006 34 75, 76 betact-connection r.egi ons
coating ass layer on resist structure



90 Region of the evaporation- coating glass |layer on resist structure 0 8 S
E P 2006 35 Anended clainms 1. A glass material for.producing insglagk&n

| ayers for radio-frequency substrates or radi o-frequency conduct g 2006
arrangenents, having the follow ng conposition, in percent by weight: Si Q2
71 5, B203 26 5, A12031 0.2, K2O1 0. 2, Li200. 51 0.2, Na20
0.5 0.2, which, as an applied layer (9, 91, 92, 93, 13), in particular
with a laver thickness in the range beoween 0.05 umand 5 nmm preferably
in the range fromO0.05 umto 1 mm, has a loss factor tans of |ess than or
equal to 70*10-4  in at least a frequency range above 1 GHz. 2. An _
insulation layer (9, 91, 92, 93, 13) for radio- frequency substrates or

radi o-frequency conductor arrangenents, in particular with a | ayer

t hi ckness i ambthg=dr angembet ween 0. 05 umand 5 mm preferably in the range
from 0.05 urn to I nm which conprises a glass material ‘and has a |o0ss
factor tans of less than or equal to 70*10-4 in at |east one frequency
range aboveil GE.gBasdhgakBsubat ror bayRiudi%g Yhs D%t Fh 113)=8s £dai ned
in claiml1, which has a |oss factor tans of less than or equal to 50*10-4
at frequencfadiPnffREUPARYe SHPSHAEG 46 G r0lip Sa=Piefpgs cgpiuctor

arrangements, having the following composition, in percent

by weight:

SiC; 71 £ 5,

B,03 26 £ 5,

Al,0, 1 £0.2,

K20 1 +0.2,

Li,0 6.2 £ 0.2,

Na,O 0.5 = 0.2,

which, as an applied layer (9, 91, 92, 93, 13), in

particular with a layer thickness in the range between
0.05 uym and 5 mm, preferably in the range from 0.05 pm to
1 mm, has a loss factor tand of less than or equal to 70*107*

in at least a frequency range above 1 GHz.

2. An insulation layer (9, 91, 92, 93, 13) for radio-
frequency substrates or radio-frequency conductor
arrangements, in particular with a layer thickness in the
range bethen 0.05 um and 5 mm, préferably in the range from
0.05 um to 1 mm, which comprises'a glass material and has a
loss factor tand of less than or equal to 70*107% in at least

one frequency range above 1 GHz.

3. The insulation layer (S, 91, 82, 93, 13) as claimed in
claim 1, which has a loss factor tand of less than or equal

to 50*107% at frequencies in the range around 40 GHz.



4. The insulation layer (9, 91, 92, 93, 13) as clainmed in one of the
preceding clainms,. which has a |loss factor tan6 of |ess than or EguwtPr 2006
30*10-4 at a frequency of 40 GHz. S. The insulation layer (9, 91, 92, 93,
13) as clained in one of the preceding clains, which is produced by
deposition of an evaporated glass materkal. 6. The insulation layer (9,
91, 92, 93, 13) as clainmed in one of the preceding clainms, which is
produced by, depgsiti.on .of .a gl.ass ri i chshas ep_e .ed_by
electron beam veip(‘)“rnastuil(%\r?.l . ‘%ﬁ’e“lliqﬁéu’l aﬁb\r,l\@%éy%?’(b?%%s }ég@?@%& g},) as
clai med inonene Of Hchg frecadiNg-1d @ 415, wihéghnk § Br odueedaatoa wenkiag
point -of less than 1300C. 8. . The insylation |layer (9, 91, 92, 93, 13) as
cl ai med i nlese Wfant i maedditry 373 Grs, ahhEch feas ea Gvelodt i4fe Gdizel ectric
constant sR of less than or equal to five in at | east one frequency range
above 1 GHz. 9. The insulation layer (9, 91, 92, 93, 13) as clainmed in one
of the prededi nghel dinss,lastiicch Ysaem (2 ativeddi ebect kL 28onseaned ER of

| ess than qr equal_.to 5, i .particul relatiyve dielectri :onst ant .sp of
5 aa Pt et R kT or TP A S bF 635557 o
13) as cl aiofedn rvagreagfed e grecediamial ai ms, whi ch has a coefficient of
t hermal expansion U20-300 in the range from2 . 9 x 10- Kto 3 . 5 x 10-
K-1 in a tenperature range from 200C to 3000C. 0 8 S E P 2006 37 11. The

i nsul ati ond.ayemrhe9d,in31,1a%20mM3,avE3) @, 3l n®2, | B3, ob2) okst bkz pnededh ng

clainms, which h coefficjent of . thernal expansion a20-300,= ( 3.,.2 0
. 2) X 10_o§eK_o§fSitﬁleame Lﬁ%ealrmaswgewn?fam% 2%>cpt8“§00% B9%a8pbs 1ok
of a glass material which has been evaporated by electron

beam evaporation.

7. The insulation layer (9, 91, 92, ¢3, 13) as claimed in
one of the preceding claims, which is produced at a working

point of less than 1300°C.

8. . The insulation layer (9, 91, 92, &3, 1i3) as claimed in
one of the preceding claims, which has a relative dielectric
constant g; of less than or egual to five in at least one

frequency range above 1 GEz.

9. ‘The insulation layer (9, 91, 92, 93, 13) as claimed in
one of the preceding claims, which has a relative dielectric
constant € of less than or equal to S5, in particular a

relative dielectric constant gy of < 5, at & freguency of

[

40 CGHz.

D

10. The insulation layer (9, 91, 92, %3, 13) as cleimed in

one of the preceding claims, which has a coefficient of
. : L - -6 -1
thermal expansion o¢-300 L1n the range from 2.9 x 107° K to

3.5 x 10°® K! in a temperature range from 20°C to 300°C.



1.2. The insulation layer (9, 91, 92, 93, 13) as clainmed in one of the
preceding clains, applied to a substrate material, which insulatdenSdirayes,
in a tenperature range from 20C to 300C, has a coefficient of thernmal
expansion which differs fromthe coefficient of thermal expansion of the
substrate material by less than 1 x 10-67K-1. 13. The insulation |ayer (9,
91, 92, 93, 13) as clainmed in one of the preceding clainms, which is
acid-resistant to acid resistance class 2. 14. The insulation |ayer (9,
91, 92, 93,11 3)Thss gl haediom lanerof 9t h8lpr 8CediFsy A3 ms, aldiicted $n

al kali-resigtant-t0 . all . resistat o 3. ., The d | at.i | ayer
(9., 91, 92§$©§- 1%“ %¥6T5?£§ ?ﬁé‘ﬂ%%é (L)q?!s"?ﬁe rfasgcaed'{bﬁegf%%gie?f%, %S‘:r oduced
from a gl asshemiLr iaatpamdich das;the fol.bow ng2gompasitiwh, ihnapercent by
weight: Si02 40 - 90, B203 10 - 40, A1203 0 - 5, K20 0 - 5, Li20 0 - 3,
Na20 0 - 3.CHBeTHATHsTARIT onTPAVEP F9E09800358 . 93, 13) as claimed in one
of the preceding clains, produced froma glass material which has the
foll owi ng Conposition, in percent by wight: Si02 60 - 90, 0 8 S E P 2006

1

38 B208 10514- 3dHe imppxpionzlayep 05, 81, FR2098.- 13) aRazdagmedin

one of the preceding claims, applied to a substrate

}_l.

material, which insulation layer, in a temperature range
from 20°C to 300°C, nhas a coefficient of thermal expansion
which differs from the coefficient of thermal expansion of

the substrate material by less than 1 x 107% K.

13. The insulation layer (9, 91, S92, 93, 13) as claimed in

one of the preceding claims, which is acid-resistant to acid

14. The insuletion layer (9, 91, S2, &3, 13) as claimed in
one of the preceding claims, which is alkali-resistant to

alkall resistance class 3.

Lo

15. The insulation layer (9, 91, 92, 3, 13) &s claimed in
one of the preceding claims, produced from a glass material

which has the following composition, in percent by weight:

Si0; 40 - 90,
B203 10 - 40,
21,0, 0 - 3,
K,0 0 - 53,
Li,0 0 - 3,
Na,0 0 -3

16. The insulation layer (9, 91, S2, 93, 13) as claimed in
one of the preceding claims, producecd from a glass material
which has the £

o
Si0, 60 - 90,



17. The insulation layer (9, 91, 92, 93, 13) as clainmed in one of the
precedi ng cl ai ms, produced froma glass material which has the 48 PowiZpl
conposition, in percent by weight: Si02 71 - 5, B203 26 T 5, A1203 1 =0

2, K01 0. 2

, Li20 0.5 - 0.2, Na20 0.5 - 0.2. 18. The insulation

Iayer (9, 91, 92, 93, 13) as clained in3 one of the preceding clains,
produced from a glass material which has the foll ow ng conposition, in

percent by wei ght:
0. 2, LB2p320 0.

conponent gégéamjth
conprising t

s$i0284 5, B203 11 - 5, A1203 0.5 0.2, K20 0.3
30. 20Na2@30>, 0 . 2 . 19. A process for producing a
a rad|@ frequency conductor arrangenent (4, 41, 42),

steps of: dep05|t|ng a structured glass laver (9, 91, 92,

93, 13) paktPcul ar as set fort.,in one of the preceding clains, having a z
| east one_??qging (8) over ja_contact- connection region (71 - 74) on a

substrate usi ng
cl ai med i nNek@i m 1,

0 8 SEP 2006 39 the glass material, in particular as
and apPplvyicng at | east one conductor structure (100,

111, 112, 113) to the glass laver (9, 91, 92, 93) , which has electrical

contact with the co
17. The

ntact-connection region (71 - 74)
insulation layer (9, 91, S2, 93, 13) as claimed in

one of the preceding claims, produced from a glass material

which has
S1i0;
B,0;
21,03

K,;0

18. The

the following composition, in percent by weight:

~J

1 x5,

26 = 3,

insulation laver (9, 91, 92, 93, 13) as claimed in

one of the preceding claims, produced from a glass material

which has the foliowing composition, in percent by weight:

Si0; 84 £ 5,

B,0;5 11 = 5,

A1,0; 0.5 0.2,

K,0 0.3 £ 0.2,

Li,0 0.3 £ 0.2,

N&z,0 2 = 0.2

19 A process for producing a component (10) with a radio-
frea cy conductor arrangement (4, 41, 42), comprising the

- depositing a structure

13),

Q.
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in particular as set forth in one of the preceding

claims, having at least one opening (8) over & contact-
4

connection region (71 — 7



20. The process as clainmed in claim19, wherein the glass layer is
deposited by evaporation of glass material. 21. The process as cl af #redkFi 4006
claim19 or 20, wherein at |east one passive electrical conponent, which
is in contact wth the at | east one conductor structure, is applied to the
gl ass layer (9, 91, 92, 93). 22. The process as clainmed in one of the
preceding clainms, wherein the steps o é@positing a structured gl ass | ayer
and of applying at |east one conductor structure (111, 112, 11-3) are
carried outthe minbes rofteines, Wwnthazatdondact es cdkrimeturder wiiadm ils appl i ed
at a later stage hein roug nfo_cantact with,_a cqntact nn ion
region of a conléﬁ%%£h€t?hc¥%?%£a%§rle8 chaﬁ Fe &Y §tag %% %ﬁ%

process as cl ainegd®, ntbhe of tihe piessdingeel dBns91,. Baer &3 th@.&heha@f

d iti t t d | 92, 93, 13 t 1 t
et 0o (8 A e e e b B 5HE GRRSACEy EOTh AL oy dekibhati on

coating conprisegsl thelsteps of: - applying a structured interlayer (21),

whi ch covers the contact-connection region, applying a glass layer (9, 91,
92, 93, 13) by evaporation coating to the substrate and the structured
interl aver AR1) ™ Prdcegy esendld hes@onn Eheikhicknessrefint he=gkasssl aver
(9, 91, 93, %é%dfreferab Y beln | ess than that of the structured
|nterlaver'%%ﬁ5- RSOV HeVSRPhet uPBACF nEepFaAVBRALEZERL -with those O
8 S E P 2006 40 regions (90) of the gl ass Iayer (9, 91, 92, 93, 13) which
are located on the structured |nterla er (21) being lifted with it. 24.
The proces<las dif&i MFPGST CIE A8 NSher ki plpiFor9t®r 20, wherein at

least one passive electrical component, which is in contact

with the at least one conductor structure, is applied to the

t

glass layer (S, 91, 92, 93).

22. The process as claimed in one of the preceding claims,
wherein the steps of depcsiting a structured glass layer and
1 (111, 112, 11i3)

are carried out a number of times, with a conductor

east one conducitor structure

structure which is applied at a later stage being brought
into contact with a contact-connection region of a conductor

structure applied at an earlier s

ct
b
te]
(]

23. The process as claimed in one of the preceding claims,
wherein the step of depositing a structured glass layer (9,

91, 92, 93, 13) having at least one opbesning (8) over a

pvj

contact-connection region (71 - 74) by evaporation coating
comprises the steps of:
- applying a structured interiayer (21), which covers the

contact-connection region,

interlaver (21) which is present thereon, the thickness
of the glass layer (S8, 91, 92, 93, 13) preferably being
less than that of the structurad interlayer (21), ard

- removing the structured interlayer (2i), with those



the application of the glass |ayer by evaporation coating, a conductive
material (19), which projects with respect to regions adjacent to the
contact-connec-ion regions, is applied to the at |east one 08 SEP 2006
contact-connection region (71 74), and this material (19) is covered by
the structured interlayer (21). 25. Thg process as clained in claim23 or
24, wherein the structured interlayer (21) is produced by printing or

phot ol i t hogr aphi ¢ structurlng 26. The process as clainmed in one of the
precedi ng cl ai ngegiwier i 1t el gt i cadFdnlaverhédcoRducPdr §8rudBlre
conpri ses the stgpsyofs ggnxéegmbéigwgag£v§£¥u truckured inteclayer,and of
deposi ting conductive naterla . The Drocess as cl alneé fn one of t he
precedi ng cl ai mpel nwhémaﬁﬁiuwﬂeasluone conductive structure, in particular
an interconnect, is applied to the subs-rate prior to the step of
depositing a structured glass layer (9, 91, 92, 93, 13). 28. The process
as cl ai med2i4n oﬁeﬁop*pheSQrecedﬂmgnﬁdnrm clawmch3inahadeSntheisrepoof
depositing.a_ l . er. using a_gl ass nater al as set forth in
one of clafﬁs f%%l‘%fTﬁand%%T 6F£ dici hyg at? T g%¥ ohePvr %i%)c?ﬁ the f fnal
gl ass | ayecoptiB)ti2@. riEhe miradcelisd )as wﬁfnmmmeﬁo@ﬂe vithheepnecedtag
clainms, wherein_the substrqle 1) Cbmprlses a sem conductor substrate w
i-.111 active" géﬁlégﬁﬁdcbe‘Teg10hs(f§€3c“Wﬁ@?%?ﬁ 9°8 SFE'®'2000° 41 the at
| east one e@mdu@horostmucbw%1déiﬂ)oﬂJJcoﬂﬂibtJdaa ecvbbherégios being
applied, is c?nnecteq to a connecti on, | ocation ( ﬁ% of the actlve

sem conduct dr° ' r e§6n -(3%) T3¢ bwﬁ%e%%‘ﬁ%v%¥ 4 FRSoRerBFtEhee

pr ecedi ng Qh&h&&ayathDQ|n the at |east one conductor structure (100, 111,

112,
25. The process as claimed in claim 23 or 24, wherein the
structured interlayer (21) is produced by printing or

photolithographic structuring.

26. The process as claimed in one of the preceding claims,
wherein the application of the conductor structure comprises

the steps of applying a negatively structured interlayer and

of depositing conductive material.

27. The process as claimed in one of the preceding claims,
wherein at least one conductive structure, in particular an
interconnect, 1s applied to the substrate prior to the

S
of depositing a structured glass layer (9, 91, 92, 93, 13).

The process as claimecd in one of the preceding claims,

g
which includes the step of depositing a final glass layer
g

Ih
‘._l
‘_l

a glass materizl as set forth in one of claims
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29. The process as claimed in one of the preceding claims,

wherein the substrate (1) comprise semiconductor

n
v

substrate with active semiconductor regiocns (33), wherein



113), while it is being applied, is connected to a via (37) through the
substrate (1) 31. The process as clainmed in one of the preceding c 2005
wherein the substrate (1), during the application of the class Iayerg?b -
91, 92, 93, 13) by evaporation coating, is held at a tenperature between
50C and 200C, preferably between 80C aqq 120C. 32. The process as cl ai ned
i'n one of the preceding clains, wherein‘the class layer (9, 91, 92, 93) is
applied by evaporation coating with a deposition rate of at least 0.1 um
of | ayer ttﬁnﬁ<mesgjp£stn@mateonﬂ@cuahesprocesssas1@Dainéd i Al@ne 1df3)t,he
preceding clai.ns, .  wherein the at.|east_one op E g8) in_the. glass | ayer
(9, 91, 92tigs’ 13) ?sb?f??eﬁp%wtﬁatoﬁEUEPIQ r&ferPal CP8)'°534 Fhe

process as lojcitiesh i (BONeo df thdeapt eeedsvgiebade:orwhengon t(Bg)substrate
(1) is coated while it is still joined to the wafer. 35. The process as
claimed in one of the preceding clains, wherein the application of a class
laver (9, %b. 9ZhO9%rddss bys eyapniad i on €0at bAY: 'hé gtteestiedgby pliasya ion
assisted deposition (PIAC? 0 8 SEP200E 42 36. P. conponent glo) haV|ng
a radi o- f r eGIFEITCY COHRILRE of S2 & r eMYeTRAEIEACT4E T rgsyurej BQrt#&uPar—~'
produced usiing tnﬁujpfoﬁesﬁsa§eCﬁﬁ-Q@@liQconQSOLohHecPEQC€g|Bgvgbal

whi ch conprises a substrate avin | east one cont act connectlon
regi on (71tf”pﬂah(Hh%u5¢%%5¥a%%e %ide (3, 5) of the substrate (1), a
glass layer (9, 91, 92, 93, 13) which has at |east one opening (8) with a

via, the glass |aver belng deposi t ed _ - .
31. The process as claimed in one of the preceding claims,

wnerein the substrate (1), during the apolication of the
glass layer (9, 91, 92, 93, 13) by evaporation coating, 1is
held at a temperature between 50°C and 200°C, preferably

stween 80°C and 120°C.

32. The process as claimed in one of the preceding claims,
wherein the glass layer (%, 81, 92, 93) is applied by
evaporation coating with & deposition rate of at least

0.1 um of layer thickness per minute.

33. The process as claimed in one of the preceding claims,
wherein the at least one opening (8) in the glass layer (9,
81, 92, 93, 13) is filled with conductive material (19).
34. The process as ciaimed in one of the preceding claims,
wherein the substrate (1) is coated while it is still joined
to the wafer

35. The process &s claimed in one of the preceding claims,

wherein the application of a g¢glass layer (8, 91, %2, 83, 13)
by evaporation coating is effected bv plasma ion .assisted

deposition (PIAD).



by evaporation of a glass material, in particular as clained in one
clains 1 to 17, and the via being in electrical contact wth the 08 SEP 2006
contact-connection region (71 - 74), and at |east one conductor structure
(100, 111, 112, 113) on the glass laver (9, 91, 92, 93), which is in
contact wth the via. 37. The conponem2 as clainmed in claim36, which

i ncludes at | east one passive electrical conponent (23) on the gl ass

| ayer (9, 91, 92, 93, 13), which is connected to the at |east one

conduct or sStér- uctPurCé’ﬂ(DEGOEnbllfO 1iEving)a 38dighéreanrporgncoagusgizned in
one of the " ch cludes . I c tQr. .
arrangementap’r(éqll%deléir(l‘]ng 42{ vmth g&)l eais? %\%\/o 3 gégu g;é?}sﬁ%%g %3%11%9%h“93)
appl i ed by Pé@aaﬂﬂsatasorﬁmqmg-lamh%a@h haei pgeasdonducterimsst widtoir e (100,
111, 112, ,q] Jed to them a conductor structure on a first glass

| aver bei ng |n el’'ectrical contact with a conductor structure on a second
gl ass |ayer viaédashbstqads G9. Hitelwonponéatsascokacnedach-opanefctibe
precedi ng cl ai Mg g3 r@f n the subst rate (1) conprises a sem conductor
substrate with at Jeast one aclilve sem conductor region (33) , which is
connected to0 thercaductart siraictive, (dn &) 0o8 ShE Pu206at43 (Lir st side
(3) of the substrate (1 40 Th use_ of gl mite i al e as an
applied layer (9255 " 9%5 99 gértﬁ&%{lﬁ W't A3 Féygratshl EKhess
in the range betosedmd. (Cea mmtanda me:r) pref grabkylbpethpeiaggaepbeonel. 05
urn to 1 nm has a loss factor tans of | ess_than_or €4 ual -to 70%10-4 in at

| east one frequélcy FPETFE GV €1 GEE25F of2pFoUati ng” |ﬁ§ut—éFPoﬁ | &yers for

radi o-frequency claimed in one of claims 1 to 17, and the via being in
electrical contact with the contact-connection region

(71 - 74}, and
- at least one conductor

s
on the glass layer (8, 91, 92, $3), which is in contact

37. The component as claimed in cleim 36, wnicnh includes at

least one passive electrical component (23) on thes glass

cf

layer (9, 91, 92, 93, 13), which is connected to the at

least one conductor structure (100, 111, 112, 113).

38. The component as claimed in one of the preceding
claims, which includes a multilayer conductor arrangesment
(4, 41, 42) with at least two glass layers (¢, 91, 92, 93)

a
structure (100, 111, 112, 113) applied to them, a conductor

with & conductor structure on & second glass layer via a via
(15) .

'39. The component as claimed in one of the preceding claims,

whereiln the substrate (1) comprises a semiconductor

'_J

(33), wnich is connected to the conductor structure, on

83



substrates or radi o-frequency conductor arrangenents. 41. The use as
claimed in claim2, wherein the material, as an applied |ayer (9,7 8I1SEP92i06
93, 13), in particular with a |ayer thickness in the range between 0.03
urmand 5 mm has a loss factor tans of |less than or equal to 50*10-4 at
frequencies in the range around 40 GHz.,K 42. The use as clained in one of
the preceding clainms, wherein the nate?%al, as an applied layer (9, 91,
92, 93, 13) , in particular with a layer thickness in the range between
0. 05 um andi5simsikas (8)| ofs Hractaurbstanstef (Leéss than or equal to 30*10-4
at a frequency of 40 GHz. 43. The use as clainmed in one of the preceding
clainms, wherein the glass material can be evaporated in order for a |ayer
(9, 91, 924093, Th3) use bé depdsistethatddridhewsehasael ahneppl tednkapért he

recedin l.ai ns, erein e glass materjal can be evaporated by el ectron
Eean1ebago§3f:gﬁ! 32@ %ﬁg &§Q’agjb&%Vﬁéhc?La6nﬁlB? ?hggﬁgécéﬂfﬁﬁn%Fﬁih%, '

wher ei n thengl ags graberhalrhas i wol k9 pohnt Sftesspthan, éﬁ@o&ﬁeS S E
P 2006 44 46. Thé use as clained’'in one of the preceding clains, erein

the gl ass mabericals as ap appi,edhdsayeriosh fpardt cuhad of thess [@year or

t hi ckness in the rangg efween 0,05 yn1and£5 mm has a relative dielectric
constant ERIBEL FBsIUTRAN o cRfual©3dEf PRE FRSAHePEdsE2BAE BPeYBencfiFange
above 1 GHzord4prolheiuse iasuladi:mrd i, one ofrthe: pseeedhngnel ai ns,

wherein the glass material, as an applied layer, in parficular with a

| ayer thi cRHESSTRREEhE T AAGE CethiEBIFN QY 05PN HWE el B FppSPas e rel ati ve
dielectric constant R of _

41. The use as claimed in claim 2, wherein the material, as
an applied layer (8, 91, 92, 93, 13), in particular with a
layer thickness in the range between 0.C5 um and 5 mm, has a
loss factor tand of less than or egual te 50*%107% at

frequencies in the range arocund 40 GHz.

Thne use as claimed in one of the preceding claims,

h
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wherein material, as an applied layer (9, 91, %2, 93,
3 . .

), in partic
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1lear with a layer thickness in the range
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5 um and 5 mm, has &a loss factor tand of less

than or egual to 30*107% at a fr
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43. The use as claimed in one of the preceding claims,
wherein the glass material can be evaporated in order for a

layexr (9, 91, 92, 93, 13) to be deposited.

44. The use as claimed in one of the preceding claims,
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wherein the glass material can be evaporated by

beam eva ion.

'
)

o

]

a

45. The use as claimed in one of the preceding claims,

t

wherein the glass material has a working point of less than
1300°C.



| ess than or equal to 5, in particular a relative dielectric constant ER
of <5, at a frequency of 40 GHz. 48. The use as clained in one of the
preceding clains, wherein the glass material, as an applied |ayel§ 38 2006
particular with a 1 Ayer thickness in_ the range between 0.05 umand 5 nm.
has a coefficient of thermal expansion agpP_ 300 in the range from2.9 x
10-6 K-1 to 3.5 x 10-6 K-1 in a tenperature range from20C to 300C. 49..
The use as clained in one of the preceding clains, wherein the glass
material, ast@n dHF iVSE 1By rlainepaitientapinibh arkapeinchicéRhBSs in t he
range from QHa5-4m £ 1 = &\ fficient t.her expapsion a20_
300 = (3.2 0.2) % , s Eﬁgt%‘rgr%g’ra%ﬁrgqrgg’fﬁé‘rr%omﬁ% & 300¢ 50,
The use as ATEdLaT ohicofe t ey r et hgeebaiims thewmengenbeliezghass
material, a pli | ayer,, in _particular haying a |aver thjckness in
the range b?t'\?ge%“prb.aé%dr% g}r‘frd 2%m 2 hlé%l%“b‘éef‘fiilce,i\féﬁfréf: FREFHED e%p&itsi on
whi ch di ff eldesfsr amanhe rcaaffd Cient £ Dfe t her avl 1expanshen st Q=89 EaR;2006
45 the substrate qat?;ial by less than 1 x 10- K-1 in a tenperature range
from 20C t 0300& “5F"%The use as claimed in one of the preceding claims,
wherein the glass material, as an applied layer, is acid- resistant to acid
resi stance %Iass %5 52. The use as clained in one of the preceding clains,
wherei n t he *dlrasS "Raféfi 415 ASLEPRPS i |2y ek BXaFRELNY FE3iBEant to

al kali resi shame@nchass (d.a H3 makher sk, ass chai gd1iBgongyaf, the preceding

clains, which _has the follow.ng conmposition, in percent by weight: Si Q2
40 - 90, particular with a layer thickness in the range betweéen

0.05 um and 5 mm, has relative dielectric constant gz of

a
less than or equal to 5, in particular a relative dielectric

g

constant gz of < 5, at a frequency of 40 GHz.

he preceding claims,
lied .

particular with a2 layer thickness in tn

r

48. The use as claimed in one of
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wherein the glass material, as an ap

o

2y

between

1

r

a1}
D

ng
0.05 um and S mm, has a coefficient of thermal expansion cgzo-
300 in the range from 2.9 x 10°® K™! to 3.5 x 1078 K! in a

. temperature range from 20°C to 300°C.

48.  The use as claimed in oné of the precéding claims,
wherein the glass material, as an appliied layer, in
particular with a layer thickness in the range from 0.05 um
to 5 mm, has a éoefficient of thermal expansion 0p-

300 = (3.2 £ 0.2) x 107 k! in a temperature range from 20°C
to 300°C.

50. The use as claimed in one of the preceding claims,

®
y
3

wherein the glass material, as an applied layer, in

icular having a layer thickness in the range betwsen

(]
+

a

o)

o
O

.05 um and 5 mm, has a coefficient of thermal expansion

the

h

which differs from the coefficient o

s

mal expansion of



B203 10 - 40, Al1283 0 - 51 K200 - S, Li200 - 3, Na20 0 - 3. 54. The
use as clainmed in one of the preceding clains, which has the follown
conposition, in percent by weight: SiQ 60 - 90, B203 105 - 305, 041 2496
-3 KOO - 3, Li200 - 2, Na200 - 2. 55. The use as clainmed in one of
the preceding clainms, which has the fg4low ng conposition, in percent by
weight: SIiO2 71 5, B2G3 26 5, Al2aB 1 0. 2, 08 SEP 2006 46 K2 01
0 2, Li20 0.5 0.2, Na20 0.5 0.2. 56. The use as clainmed in one of

the pr ecedichg %h@sﬁ&atéMMéﬂb*EéﬂtﬁyéI@ébOﬁhEg gcoRpPOsit ikoh,in @ percent by
weight: Si02 84 5, B203 11 _S, ALZOS 0.5 0.2, KOO. 3 0. 2,
Li20 0.3 GePPerREpEe rprye from 20°C to 300°C. : |

51. The use as claimed in one of the preceding claims,
wherein the glass material, as an applied layer, is acid-

resistant to acid resistance class 2.
52. The use as claimed in one of the preceding claims,
wherein the glass material, as an applied layer, is alkali-

resistant to alkali resistance class 3.

53. The use as claimed in one of the preceding claims,

which has the following composition, in percent by weight:
Si0; 40 - 90,

B,0; 10 - 40,

21,03 0 -5,

Kzo 0o - 5;

Li,0 0 - 3,

Na,0 6 - 3.

54. The use as claimed in one of the preceding claims,

which has the following compcsition, in percent by weight:

Si0, 60 - 90,
B,0; 105 - 305,
A1,0, 0 - 3,
K30 0 - 3,
Li0 ' 0 - 2,
Na,0 0 - 2.

55. The use as claimed in ons of the preceding claims,
which has the following composition, in percent by weight
S10; 71 £ 53,

B,0; 26 £ 5,

Al1,05 _ 1 £0C.2,



08 SEP 2006

46
K,0 1 £0.2,
Li,0 .5 £ 0.2,
Na,0 0.5 £ 0.2
56. The use as claimed in one of the preceding claims,

which has the following compeosition, in percent by weight:

Si0; 84
B203 11
21,0, 0
K20 0
Li,0 _ 0.

Na,0 2
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