;1 ; <=e3erjj k<nXng6qTr~ Schott AG 03SGE.0163SG° d ass material for
radi o-frequéncy applications Description 5 The invention j ra
.terms with the field of radi ofrequency circuits, and in pgmﬂmﬂ m$|MNmE
invention relates to a glass material which is suitable f oducti on
of conductor structures appropriate for radio-frequency appliéé?gﬁns on a
supstrate, and also to a radio-frequency to substrate. Ié %ﬁﬁ&i g hat the
trend in the sen%cq&%uctor industry is toward ever higher data transm ssion
rates. Frequ%ﬁ%? 5 ™4 the gi gahertz range lead to increased signal
attenuation at 15 the feed and em ssion systens. Htherto, primarily
printed ceram c (HTCC) and gl ass-ceramc (LTCC) multiple wﬂmmwm’mmr
after they have been printed with conductive |ayers, |am
- sintered, realize a three-dinmensional or nultilayer wiring folg®os
radi o-frequency circuit, have been 20 used for systens of this type.
Moreover, organic nultiple |ayers which are not hernetic are al so used.
However, at Glaghs imateenalefort hadicafiserssnom hppiasatponsri ng systens of
this type increase on account of the attenuation in the interconnects. The
use of HTCC and LTCC materials at very 25 high frequencies - generally over
40 GHz - is pesérigtesnby the relatively high dielectric constants (DK) and
| oss angles (tan8) in these frequency ranges. The HTCC and LTCC cerani cs
have an inevitable granularity which has an adverse effect on the
radi o-frequency pieperioesdends!| eadgehordbetépher eoonechs Boeldt edr ahddo-
therein having a surface roughness correspondi to the grapularity. This
sur f ace roug%%%%%?q%%d%lf%u+ﬁire%%%dln @aFFhEHngsEE? }ng?PB??ﬂeFe¥35§8 of
the high degrees of 1 ¢ enwied i 0Rl i whkeeWdsr adi eabreqeencyheopdoatiotion of
substrates resides, inter alia, in 5 the agglication of .t he interconnects,

n

usual |y by rRAHUGIOE 1§ ekIFFRRTT cRPRBPREY2 CEntpar FREHPAF FBFURRENS of screen
printing. Thedntercommecss Hrogysedatis] ngnéihh ssbeebngl egyibayeeguency
consi der abl e i nhonogeneity and roughness of the interconnect contours. The
i nhonogkhei tSES©f2%%he 1o interconnects act as antennas, |leading to
extensi ve | osses

It is known that the trend in the semiconductor industry 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
ceramic (HTCC) and glass-ceramic (LTCC) multiple layers,
which after they have been printed with conductive layers,
laminated and sintered, realize a three-dimensional or

r multilayer wiring for a radio-frequency circuit, have been

20 used for systems of this type. Moreover, organic multiple
layers which are not hermetic are élso used. However, at high
frequencies, 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 frequencies - generally over 40 GHz - is restricted by

the relatively high dielectric constants (DK) and loss anglgs

(tand) in these frequency ranges. The HTCC and LTCC ceramics

have an inevitable granularity which has an adverse effect on

the radio-frequency properties and leads to the interconnects
30 integrated therein having a surface roughness corresponding

to the granularity. This surface roughness leads to increased



t hrough radi ation. Furthernore, sintering inevitably |eads to shrinkage of
the substrates, which makes it difficult to accurately maintain 15 desired
.di nensions. Mre recent devel opnents have been toward replacing the
di sadvant ageous thick-filmtechnol ogy by using various PVD processes to
apply the interconnects by evaporation coa;gng 20 or sputtering. However,
-the sintering of the HTCC or LTCC material ssto produce the wiring stack
required in previous processors still presents a major problem For
exanple, sintering of an LTCC ceramic requires a tenperature of at | east
950C. A tenperakuneseksl500C is required for the 25 sintering of HICC
ceram cs. These tenperatures |lead to changes in the interconnect
structures, and the choice of interconnect materials is limted. The
- inventi Ion i SAt Iﬂalre_h@ﬁcle chased ogn thféefrgl@ﬂrr]meeieggfedfor@/iaaﬂﬂw)uaaoidmm_noweﬁ%wn
materials, in particular in terns of the radi of requenc roperties,, for,
interconnectrégéPéﬁEeaHﬁnﬁﬁ CARRRFERGF FH@%%%ﬁQ%??hﬁﬁhﬁ%%;[ﬂQﬁﬁﬁtQ%ﬁﬁmﬁln
“radi o-frequengy eppduehen cal bANGARENNSercondicbtsS AUHLOL Y SRMESELBEIN a
very surprisinglx sinpl e way, by a glass material for producing insulation
|l ayers for r5Bt6XrfédletEFleGRSOYat 68 BRLtAdVd-S EYuSFAR T SHdRGIGen

arrangenent Spr28nPi AGESThEOL nREREAYEINRG +E GHHRRRRY Wity ami J adldrddieauency
conductor arrangenent or radi o-frequency interconnect system and a

conponent wi PAVE RaBPBStEeqabRey 10oRT0EE 1o angemamgings diodcIdved by the
| ndependent ?h@b%onﬁ‘g‘é%mc@ﬂ%%ﬂ%sqOﬁ’ftl'e%li}{'lﬁb&n%@%f%q%ire%f Ijtergfd s formthe

subj ect matter of the correspondi ng subcl ai ns. gl ass materi al
accordi A§ t olnherravpeAcitenakrsr agr eaGenng si- ndglagtiingn Hoaypertenisgive losses
radio-frequegﬁ¥o§ggsggagg§igﬁ_radiofrequency conductor arrangenents has, as
an applied layer, In particular with a |layer thickness in the range from
0.05 ~-m15 to 5 mm preferably in the range from0.05 ~.~mto 1 nm a |oss

factor tan8 gf n Qt t * i | eas freq
range above ufi§§§f§g%’a%éHE%%%Lﬁa?B%?éﬁgbgye&$%Pﬁe %1%Fg?%aaﬁ§ gﬁng%gbunt
of 20 their gebateatapsubhicbnmpkeperti d$fiwkiudhy &losecenabltely sulisttedte of

this tyP§ ton?iPégd gﬁeggggngf t he housi ng of conponents. The
encapsulation propergles of "glass layers are even better, since glass has

an extrenely |low pernmeability to nost gases. 25

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 previous
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.



On account of the low loss factor of the glass material applied as a | ayer,
the glass material according to the invention is emnently suitable for
»radi o-frequency applications. 30 A glass naterial according to the
invention, as an applied layer, in particular with a | ayer thickness in the
range between 0.05 Eun and 5 nm may partigglarly advant ageously have a

-l oss factor tan8 of less than or equal to *10-4 at a 4 frequency of 40
GHz. This low |l oss factor makes the glass naterial according to the
invention emnently suitable for use for radio-frequency applications even
at very highThEGQUBﬁébeSibnath&eﬁbdrOW@V& W@&qesdip%msﬂnﬁﬂxgsﬂmgie way,

refi nement o the invention, .the _loss factaor tans a layer with.a |l aye
t hi ckness in ¥hé Pgﬁéé H@gﬁéﬁq fes ere u&ﬁ&%ﬁﬂﬁq\ﬁrﬁ ye%ye’oréserrfL Hppl |>/ed

- using a gl asgagaberirabuagey dubg ttra tkle ornvverticFrddheaign doegiudtan or 1o
equal to 30*10-4 at a m crowave frequency of 40 GHz. This | oss f.act or IS
even | over tRARZPABTEBSS f AcPEPSSSF LPECPARGUSTAE SuLSYPRNEDY (1

" mcrowave rapggioAeeapdengyt @oddRatbirChakhy advaniageaus Lirhedjumiy of a
15 glass material according to the invention, the material for dep03|t|ng a

layer can belBV8p6PRTEHT THIS SR | 6WE BhECABRBSI o t8F 3 FRGHErITET AUBNETS

using a 9|as§oH8E€Eb§|a%%ﬁﬁ@@h@ﬁttOaEh@lb&!%%%bo%ybkh%VQd@@yédaénQr by
evaporation coating onto a base. This is particularly advantageous inter 2o

ali a becauseCtpémfhePRHRNESEEPHE 6ANEREUBASE CNBoRNEX FRFIIEeMRE tSubSattdle i s

only noder at gy, MpEEONEE tethe rdepastbi-@B sgbnaliags sh@d¥eaa My, evaporation of
the glass material, for exanple froma target arranged opposite and at a

di st ance0
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 a layer thickness in the range from 0.05 pm

15 to 5 mm, preferably in the range from 0.05 pum 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, since 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 advantageously

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



fromthe surface to be coated and conprising glass material 25 according to
the invention, allows the production of very thin, honbgeneous insulation
.layers. The use of the glass material therefore also allows an increase in
the integration density of radio-frequency conponents, such as for exanple
of radi o-frequency substrates. 30 A gl ass terial according to this

-enbodi nent of the invention can accordingly be evaporated in such a way
that a glass layer or vitreous layer is forned on that surface of a
substrate which faces the evaporation source and i s exposed 5 to the
vapor em ttedrkyomntheofodncaeHzThiraipr dper tlysef faojlcas maketsertihal gdesor di ng

to the invention i.s.not praovided by,all glass materials.. Wth y ass
mat eri al s, tﬂéggrﬁgln8°F§F§ﬁP?gE°o¥h§|é&gepgjg segfnﬁniggbﬁglﬁg3gf%ggIht
rat her non 5Sugkt feeusadxbdérkgyensyanepalilcathat sakeretepasivieed, hdargth such

| ayers genergll t hen do.no% have gﬁod encapsul ati on and/ or radi o-frequency
properties. FREBUPRFLEPar gFAEsBECHRMEN cEAPPfse an at | east binary 10

"systemof materials are also particularly suitable as evaporation-coating
gl asses or glass materials whi¢ch can be evaporated and degpsited %gin as

¢
vitreous or QF8SECFRGeFS. 2GFESsNPREBESORNIEER RAVENEEER  dEPESLOEF ByCtOT
evaporation | asses, of i ype | ri d p Lan
and 15 radio?%?gdﬁgn%yl%¥%%2¥f?%sgo%gg%gogﬁ§g%ﬁg% e#% ngkrgﬁgge?gggégﬂlt
is particul apl ysexpeghent ih, avglasshaBt pekal apptoedi ngihg theglkrgention
can be evaporated by el ectron beam evaporation. 20 El ectron beam
evapor ati on BRFotis2a 9eF9rdiag| teotiPBelBBBR L8 be ifr 6dGEcd eSS &NRAr §&t

conprisifng thgugl ags seteptalrah e RNle Frd MER8NCE ofo tdig: elmtitd on
beam and the power of the electron beamis then concentrated on this spot.
El ectron beah?®vapd¢aProhsSafyenalPvas Rhgh 8BBosPEFoA2ELPES P BECf5and

achi eved on ﬁ@@csg@ﬁ%fﬁé€e¥hiﬁht$é &chgwgggtg nga0 allow sinple processing

of the glass material, for exanple to forma glass target for the el ectron
beam evaporation, it is advantageous if the glass material has a working

poi nt of 30 0 T i I I s.hA~thLScanrt ext
generally uﬁ%§%§¥%gggéé§ﬁ%g%?hgf%%ggggﬁgéégggFg8gghah?@h8?%gbéfsggs?ty of
the gl as% i sgl®ods dRaser Tal azhieveéihgwepathat ionehbsses fhenmebaduetofor

fg;gftures, éépé%&éfn&dgafgﬁgfoggniéet39a§£9§§eggt@ﬁkglal?gwgntﬁgplied

deposition of insulation layers using a glass material
according to the invention by PVD coating 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 material, for
example from a target arranged opposite and at a distance
from the surface to be coated and comprising glass material

25 according to the 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



6 in particular with a |ayer thickness in the range between 0.05 ~mand 5
mm has 'a relative dielectric constant sR of |less than. or equal to five in
.at |l east one frequency range above 1 GHz. 5 In an advant ageous refinenent,
the glass material, as an applied layer, in particular with a | ayer
thickness in the range between 0.05 ~mand 5 nm nmay have a relative
-di el ectric constant sR of |ess than or equ§1 to 5, in lo particular a
relative dielectric constant ER of 4 0.5, in the mcrowave range at a
frequency of 40 GHz as well. According to a further enbodi nent of the
invention, the ghassafBieehaltteds fadmappld ebdayer ,TleS @ardgjecztﬂyaroﬁmat h a
| ayer 1s thlckness in the ran%eﬁbetmeen 0.05 ~. mand

a
coefficient Sf3FRePAEPTERpaRSTORAD §@oqn%tHﬂ¥%%£ﬁﬁ9f%%nﬂq§s?%??&?%?y?ﬁ

-to 3.5 x 10- 81K- §1bhBsambheBRekakUr @ikangR nff @Nad@Criad e30QC s, Thine rexpansion
coefficient is, inter alia, well matched tq the expansi on coefficient of
silicon or ZSOBBPBFPBaP§396P§§slaTﬁFé ﬁ&k&ég%e%%%§@MQ§sd P LR

" substantkal | yiayebdst srRaEat HE R r8t Geesas IWheR tUsirRd deiddsa@r Qr aBer ¢fdgat 33
gl ass as substrate materials. Even better thermal matching_is achieved if

the gl ass 251AHEEFi dPNea3lal APBRi €8 P&FehnaVien 9ot .e@ma@rS%attﬁoal |3g\FRO T

t hi ckness |nr53§otgggaugggye Qogeg§l§5 ~mand 5 nm has a coefficient of
t hermal expansi on aZO 300 = ? . 2 ) x 10-6 Kin a tenperature range

from 20C to 300C. 30 Yet another enbodlnent of the invention provides a
gl ass materi gl §Q¥Ebcui £k detsLe LAdUGe bRg Bl %hr%%8§§a@@eglaﬁ%@ as an

i nsul ation | aye n substrates, as an applied layer, in particular
with a ﬂ@yerSYﬁt@kn@ésmﬁherhélﬁaﬁgé alsbepﬂééncgl@5l¥ ﬁvaﬁébgenﬁﬁ has a

coel 1 oi ot _of.bheLRlcxpanshono e dbil gissts gELEDe 000l ehent ok

t her mal expansi e su mat er 1 al or exanple of silicon
| ess than 1 gvdpeosaked andadepqpetaduaganange Wn@me@@@ to §l366Claperst.he

| ong-term encapsyl a1100sPLAPEL he5o00.80LERS oL AXRI HYNLEH-BRs DERN B oduced

using gl ass na erla accor nvention, It ex I ent

gl ass | ayer gsdasesesfstans tppasnpmsspbkeltulatﬂac@soﬂrentapsdiaOuon and
al kalis,; Ther ef 01 e¢, 0n¢. eobodient . of 5t Be LOYSNLLOBLPLAYL des .8, alass
material” whi ¢h*3s anqapp?YeE ?%yer Ps Hcld-redirstant to acid resi st ance
glass <_ 2. @eﬁemdsng to a further enbodi nent of the invention, the glass
material, as an applied layer, is 15 alkali-resistant to alkali resistance
class < 3. Gass materials whose constituents are within the foll ow ng
conposi tion Iange paveiptdyebysekpablent CofpangntssCaapesikioacrtangeng 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 concentrated 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 the

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,



Si 0240 -90, B20310 -40, A12030 -5, K200 -5 , Li 200 -3, Na200 -3. 20 The

nuneri cal

val'ues given above are in percent by weight. The radio-frequency

.properties and the evaporation properties can be inproved in particular
using glass materials according to the invention which include the
followi ng constituents, in 25 percent by wei ght: Conponents Conposition
-range Si02 60 - 90, 8 B20310 -3 0 ,A12036 -3 , K200 -3, Li 200 -2, Na200 - 2.
d ass materials according to the invention preferably have the foll ow ng

conposition,

in percent by weight: Conmponents G assl dass2 Si02 84 5 71

511 5 26 §nh%g9623u?a% Qibn 9 2aLk20tB8i3kn@s2 Andth@ Zakkd@ AL2QR e 3

0.21.0 0.2 0.

0.2 5 The follow ng properties were neasured for

a gl ass of thig5typeanta¥img, anesnposetronvef diedebyrivei ghnssrnsi 62,0260 by

o S e e B B8] AR

case O .

ien rmal - expansi on

bet ween 20C anevad00C:HRefracti ve i ndex: Transformation tenperature:

-Softening
0

Loss fac

10

15

20

25

30

poi nt: Working point: Relative dielectric constant at 40 GHz:
r at 40 GHz: azo-300 = 3.2 x 10-6 K-1,

In an advantageous refinement, the glass material, as an

applied layer, in particular with a layer thickness in the
range between 0.05 um and 5 mm, may have a relative
dielectric constanz gz of less than or equal to 5, in

particular a relative dielectric constant gg of 4 £+ 0.5, in

the 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
thickness in the range between 0.05 pum and 5 mm, has a
coefficient of thermal egpansion O20-300 in 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
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

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

coefficient of thermal expansion ogg-300 = (3.2 = 0.2) x 107% K~

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

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



nd =1. 465, T9 =466C, TEw= 742C, TEA= 1207 C, ER = 3.9, tan8 = 26 x 10'9, 9
Density:r p =:2.12 gcm 3, Water resistance class: 2 Acid resistance cl ass:
2" Alkali resistance class: 3. , This particularly suitable glass is also
referred to below as glass (018-189. 5 A further enbodinent is given by a
sui tabl e gl ass having the conposition 840 by weight of Si02, 11% by wei ght
-of . Bz03, < 2% by wei ght of A1203, 2.0a by ﬂeight of NazO and in each case
0. 30 by weight of Li20 and K20, for which the follow ng properties were
measured: |10 Coefficient of thermal expansion between 20C and 300C:
a.20-300 = 2 X_10,6,K- f.ractjve,index: = .47, f tion
tenperature:bZTgwge 68C9§RéWa$ﬁ§e%dbgVe€FEig gg%gféﬁﬁeéﬁ_odo%%ﬁfgkgg = 5.
Loss factor akpdAsGhr: whan8 didl@exsl@rom Demsicopffpciedt of gheomad , Water
- resistance class: Acid resistance class: 1' Al kali. resistance S, 1 2.
This grase, RAPERSLSP| PRoiiBe SHaPEreUEarry SEartanies FEourae i airef ¥y
bel ow as gl ags B329. tdanThexCOUPOK i PASa Ut ¥R AROY LT hAGE EookheogLass
“material prior to application. The | ayer which has been applied using a

gl ass maberi aP0oE-this type may al so have a conposition

For the long-term encapsulation properties of a glass layer
which has been produced using glass material according to the
invention, it is expedient if 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 layer, 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,

B20; 10 - 40,

Al,0;3 0 -5,

K20 0 - 5,

Liy0 0 - 3,

Na,0 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 accordihg

to the invention which include the following constituents, in
25 percent by weight:

Components Composition range

Si0; 60 - 90,



10 which deviates fromthe above. By way of exanple, the conposition in the
| ayer may vary fromthe conposition of the glass material according to the
invention if the layer is deposited by evaporation coating and the
conponents of the 5 glass material have different vapor pressures. A glass
materi al as described above may particul arly advant ageously be used to
-produce an insulation layer for a radio-fr@quency conductor structure or a
radi o-frequency to substrate. A correspondi ng process for producing a
conponent with a radio-frequency conductor arrangenent may for this purpose
advant ageousgyn.conpri se the steps nf; 15 - depositing a structured gl ass

| ayer having at | east one openi ng over a contact-connection region on a
substrate ushhzPsa gl ass materi®@l~idr particul ar as described above, and -

- applying at kgﬁst one conductqj_§p§ycture to the glass 20 | ayer, which has
el ectrical contact wwth the contact'connection region. In particular on
account of theGdvant ages |isted above, consideration is given to

~depositing the glass |ayer by 25 eyvaporation of the glass material.

Accordi ngly, the process according to the invention can be used to produce
a conponent with a radio-frequency conductor arrangenent, which conprises
30 - a subst LNg. I ne _cpnt -G - L,AN LO 3 t
east one o A6 07 Thes SURSTr ar o0 A BPacs [ayer an chonBEcar roat: Mave
openi ng wit htlze viallohengi achpoagtionel éot pecakntohyvaveighth t he

cont act-connection 35 region, .and 11 - at least_po conductor structure
on the glasggé%g%ﬁ?n ic% i's pﬁaég%tact wth tﬂ%l%%%E In this context, the
term conponesiioi s to be under giygogdsas 5 enconpassifg not only an el ectronic
conponent . Igg}he context of the present invention, the term conponent also
enconpasses Coat ed substratélwitt B a radi o-fretfuendy conductor arrangenent
or radio-freguency conductor system which then as a unit serves as a
carrier and ﬁor the connecti o &f 018 further cdﬁﬁbﬁéﬁ%éﬁ Simlar conponents
with carrier® & erial and radlo-fgegugggy condqfﬁgg:§x§}en1are general ly

also referredd o as radio-freaugncy S trates.
A1,0; 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 Si0,, 26% by
weight of B,03, 1% by weight of Al,03, 1% by weight of K;0 and
in each case 0.5% by weight of Li,0 and Na,O:

Coefficient of thermal

expansion between 20°C and

300°C: Oz0-300 = 3.2 X 107° K_lr
Refractive index: nd = 1.465,
Transformation temperature: Ty = 466°C,

Softening point: Tew = 742°C,

Working point: Tea = 1207°C,
Relative dielectric constant at

40 GHz: €x = 3.9,

Loss factor at 40 GHz: -4
. tand = 26 x 107°,



Suitable substrate nmaterials include, inter alia, silicon., 15 ceramc,

gl ass or even plastics. It is also possible to use conposite materials, for
.exanpl e glass-plastic lam nates, in particular including those with

i ntegrated conductor arrangenents. As well as silicon, it is also possible,
for exanple, to use other sem conductor materials, such as for 20 exanple
-gal lium arsenide. Silicon, ceramic and glads are 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 gl ass | | articularly preferably deposited._by thesevaporation of
gl ass nater?% ﬁ%%% Fding to the invention. Fb&bﬁé?[qﬁt%ignhl%o concei vabl e
for the gl askateyeretbsbandeposased on that surface of the substrate which
-is to be coa b sputtering froma target conprising 30

gl ass mat eri‘gé P%c%%?%?%%}??%n?%gslshventi on. Acéor di ng to a refinenent of the
i nvention, thkkglassesnyeancs appssed by evapagration coating through plasma
-ion assisted deposition (PIAD). In this case, an ion beamis directed onto
35 the surface which is to be coated during the evaporation 12 coating
process. Thigh]eads-tochvithersdenshitcaihon apdadsheddebi-0Bdi ot Be16af g6t
density. As well as conductor structures, such as for exanple 5
i nterconnect®lass $&l%t5%° possible for one or nore passive el ectrical
conponents to be applied to the glass |ayer and brought into contact with
or connected to the conductor structure. By way of exanple, it is possible
for a cdpacikofurtthees¢mbodimentol$  ghvemrpstarsuatpyte ghapgFhavengethe
applied 1o t i ct rqcal ; t for.ass
filter el emcﬁ?rﬁé}gs%éej?i%p%?%g&(gﬁ?ﬁ@gl%ﬁsﬂgﬁ/erl.lc%‘z\bp}é%g}cﬂi arcﬁ/oéZOB’ <2
advant ageousPemsidimemt oilithe Enl&nbyonepobvi désNee® ahé proedachi oasef a
three- di mensj onaly, pr,, .5l 01 | Byer Gandys! O o3 ahemoR 8 $ubgLiake. For
this purpose, the steps o epos%tlng a“stfructured gl ass layer and of
appl yi ng at pmgstrioms coewkict@xrsstedict ure are carried out a nunber of
times. The individual glass |ayers and/or conductor structures may be
structured differently in order to produce 20 a three-di nensi onal conductor
system in pardfiftidisgntalsd fetmgl passi ve conmponents, which are forned on
one or nore individual |ayers ﬁo#he %ul tilayer conductor system In this
case, it is ARANEYRJEINEHOsST Bt €3%r a conductor structure which is
applied at a®8dE®r stage to be connected to og,25 bropght & nig@scaritact with
a contact-connection region of a conductor structure applied at an earlier
stage, so that an electrical connection is created between two individual
layers of tIrefondiictoriede:angenent and the ipdividuah |ayers can be
electrically, linked to one another. Accordingly, it is 30 thereby possible
to forma cﬁﬁﬁﬁﬁ TG S " RE TR Y S ayer coRdutt®®2 Hrangement with at
| east two glrasisdiayerdsi s ethr haveoheeint appl i ed by evaporati on coating and
each have a conductor structure applied to them wth a conductor structure
on a first dﬁ_éghﬁhyer being in electrical coftacts, 35 with a conductor

structure onassecvbylasssd ayer: via a vi a.

Density:

tand = 40 x 107¢,

. = 2.2 g-cm3,
Water resistance class: 2 grem

Acid resistance class:

Alkali resistance class:

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



13 However, it is also possible for two or nore vias which are positioned
above one another or offset to be brought into contact in individual glass
.layers | ocated above one another, 5 so that, by way of exanple, a

cont act-connection region of the substrate is through-contacted to the
outside through a plurality of glass layers or is connected to a conductor
-structure of a further layer. to Furthermot®, an advant ageous enbodi nent of
the process provides for the step of depositing a structured gl ass |ayer
having at | east one opening over a contact-connection region by evaporation

com ng to inghudg HBeigkeRsSrebm thaPRb¥wRY &\Stiayclosr edampiier,| ayer, which
covers the 15 contact-connection region, - applying a glass layer b

act - cor y
evapor ati on €eBPPR§LLENt hE sNBSLPYEE BAY VRE Ystirest (Whéd SoOmPeSIiay&n Wi ¢S s

- present thergpnssthecbhigkngssoehihhecsl ase Liaven el arraklhe heieg ligss
than that of "the structured interlayer, and 20 - renoving the structured
inte.rlayer,dopehitndsbyr egprbBasadionheogtasy kaethghicomPanentsc&fedén t he

ostructured | g gclaxet obeIOnbiL! gdetbtlnk! valB Addklisat ols0
photol i thographic resist structuring, it is 25 also possible for a

structured interlayer of this type to be produced directly, for exanple by

printing. Fujt r et i - e e p I 15en
conductive n%tgg%gg ﬁﬂF%ﬁE%;OFEEEEEﬁggﬁg?eggégg ?%yr§§¥ég§%38 ag?acent to
t he cont act -zdnartégenuséyi ba amddi socpvededebyn ttheudetacnudeyefr tfle a

| nterl ayer tPagf?éPP%aﬁgnég %ﬁ%a@%t£$agErBE%B%S”E%CB'%gﬂ@%gkkgau%%%yon
prior to the appricatiron o e grass rayer "by "evaporating coating. “This
produceso a coumdsictave, rai sed structure on the contact-connection 35
region. This step can be carried out, for exanple, by the 14 interl ayer
bei ng photolithographically structured together with a |ayer of conductive
material, i Amwhbdchesasedihe payeessf foonduotiivénpaberbabonsntewpvédaf rom
t he regi ons which . ' .
radro-frequency conductor arrangement 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 opening with a via, the via being
in electrical contact with the contact-connection

35 region, and




surround the contact-connection region together with the 5 interlayer. The
gl ass | ayer can then advantageously be applied by evaporation coating in
.such a way that its thickness substantially corresponds to the thickness of
t he applied, conductive material, so that after the glass |ayer above the
cont act - connecti on regi on has been |ifted off, a to substantially planar
-surface is present. According to yet anot hkk reflnenent of the invention,
first of all a glass |ayer having at | east one opening is deposited
directly above a contact-connection region or advantageously 15 with a
lateral offset, apd {hgsatoheasbnaletopeBiRE it Ah@nglass ghayer liaydhen.
filled with conductlve material. This too creates a substantially planar
surface as a basewhbght he éDb§@§GéﬁF ¥pphi &€ d2of one or more conduct or

- structures. 20 Furthernore, it has proven advantageous if the substrate,
during the application of the glass |ayer by evaporation coatin is held
at a tenperafurehbet aerhe8DC hhe 260T, CpREPEEAB| | Shéwsen UBGEraneo2@s. The

“heating of tgn ﬁg%g%?nhgﬁeén?kognpé%‘é%%n&@e fo% Ehen 9& %ﬁ%h%‘ ccaelthS

stresses. s a advantageous e nmor phol ogy o

gl ass Iayersofath¢hpsesembsina@atienpetaEutesm cpmmasep@sgibpeen@omp@@@@@
partlcularly Po, e a r -

evapor at i on- coa%%%%&c uQ 9§§m% g @ég ?gnghgﬁ?g ?ﬁgeﬁgﬁge of 10-4

mbar , preferabtqng@meme mangedoé 1©e6uﬂbay opnbekowr Byséqual Wpipbsithieve
for the requiged LRYE" QgL s 35 Tp,produne ROl LAUOUS,ALASS chayers Wi Lh

a |l ow pore dehsity expedient if that
sur f ace1of tﬁ@rsm®5t¢@mpomﬁhth i SimDlbe compedehas a1$brtace1eougbhe$3adf

| ess than 50 # % anot her adv tE eous Feflnenent of %ge Qgess
according t AtherFhVRnt FORIBPoVi aRLCFBFCF haY§F &8s F Sy 8Pt 62 ey %%Fled by
evaporati on copdingd wd hag depds+ireqguente etibatrheast 0.5 dun of |ayer

t hi ckness per mnute. This high deposition rate can readily be achi eved
wi-thout detrinent to the layer to quality of the glass |layers and allows a

short producti Dfaildres iies bea t apheveni £ds thendgacuuabdepmshtiemlpbaaesses
such as for exa Ie s uttering, bX contrast, onl i eve deggfgtkon rates

of a felw nanohel a3 n%{eeve plastics. It is a SO poSs use
composxte 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-



i 5 Moreover, the application of the conductor structure may advantageously
conprise the steps of applying a negatively structured interlayer and then
.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 glass |ayers and conductor structures
.arranged thereon. This interlayer may al solBe photolithographically
structured or produced by structured printing. 25 The substrate itself may
al ready have a conductor structure, for exanple in the form of

i nterconnect g,,Thgge PRS0 ad\waniageous ¥ e rPldLd it reatioh tahd he
substrate prior to the step of depositing the structured glass layer. In
particul ar, ??dp§tﬂﬁénlpo§gﬁbﬁ@fﬁ§ﬁ ale@snittact - connection 30 region to be

- provided on an interconnect which has been applied direct to the substrate,
and for this contactconnection region then to be brought into contact with
a conduct or 8&rWetdr aswapobuics ogubbsEeanttiey  aFpidhed st dodn sixeswl#t i ng gl ass
“layer. | .'Sihgeggbﬁn@@¥spo§?'Qgeaggoc %%Elee1§o% %%Etb&a¥%&é & Gapnect
system whi ch™1's "appropriat e fof “radio-frequency applications, or-a

mul til ayer cehdottoral armpngemtst towbieckpipd i@gproprtihat glfasrs Hiagtedf reeguency
applications, _aft t he ste of depasiting a _glass.layer

appl yi ng at Péggggénén§8n88§?8FEsP%§§tSFecggnF%E%élggsxﬁgyggqﬁgﬁgnﬁgen
carried out ptustconece. BY wayrsé€, ekamphies dantiextpoistsibd estfiold aposgiadiedmn
create further | ayers of _a three-di nensional _i rcqonn syst i .
particul ar a?sBeﬁ¥fE°ﬁas§i981 0nﬁoﬁsﬁ%§tPﬁfe§r§?§d Fﬁeﬁg?h,xﬁy%ggﬁé§¥éé¥§
10 carryong ouatthbhegstepslafedepesptsngva glassrliawér cangoappltyi g £or a
conductor structure, . Yet another enbodi nent t he i nvention provides for

t he substrat l¥EeEoﬁﬁ??gﬁgatgeﬁFCSHagéfgft?u%&?rgﬁgsﬁdﬁﬁygﬁe or 15 nore
active sem conductor regions on a first side of the substrate. By way of
exanpl e, the_substrate conprise an integrated seniconduyctor circuit. In
this case, t%ep%Ft‘r%‘é%i‘gg%ea@gg%é%?%t ?Gégéﬁé‘eﬁ‘&yoglethnﬁ@cYFél&lPS a .
connection | 9eati@8s0fothenachyausenbaopduat @hreegbQRewhiibaalilt oirs being 20
applied, so that there is electrical contact wth the conductor structure
and t hetef orBUaF 562 ¥F ¥ hCPREUEBAAUEY BFCBr PENGeRBRECTRIEEnef P, thof BXERPISE i n

LTCC nDduleSthéhgt@ﬁéhoba§e€695t2§gtaksergEth@baggab%Bg;hpe&vgduabf
sem conductor building blocks in nmonolithic formin cavities in the
ceranmic, so iPREViRG 2BrhpRetfBRASCPAGUEEPKI 8FTPEEYFRe2EBNTESAAEEL G 2

bui | di ng bl ogksne Byo£opinast , ThBei hayenahan ghbowsihherceuangerr edhaukedze
taken, with the conductor arrangenent being applied 30 direct to a chip and

the latter theFeFbrecg8eRdyngeasteueEnerdf g ffREcREAUUEROPLERFaRGeREREUCA

foth?rz@”bogiHﬁﬂéeoéiﬁéﬁslaﬂgﬂtEQHdQEEMEdg s%eﬁHbihr@5%tﬂ@h@ﬁrh§§s%t | east
one via. Then, the at | east one conductor 35 structure can be connected to

the via throb@hinteraspsye agemponents, which are formed on one or more
individual layers of the multilayer conductor system. In this

case, 1t 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 an
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 thereby 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.



17 while it is being applied. This enbodiment of .the invention inter alia
al l ows structures on one side of the substrate to be connected to a

.radi o-frequency conductor arrangenent on another side of the substrate. S
| f the single-layer or nultilayer conductor arrangenent on the substrate is
conplete, it is additionally possible for a further, final glass |layer to
-be. deposited by evaporation coating so as ¥d cover the | ayers whi ch have
previ ously been to applied. To all ow contact-connection of the conductor
arrangenment on the substrate, it is advantageously possible to create at

| east one via through the final glass layer. This glass |ayer can be
produced in the same way as the glass |ayers of the conductor arrangenent
beneath it. Havevenrt her is52lapePocaabder FOraswan orndQrSt Véa S| AP Chmsizeh

-insulates th o§99988é?ra855@ngﬁgegho%hg BQSB??EeEOtBh%eOBE%h%%t 1%&0

econoni ¢ productron o onent's according to the invention, it is also
advant ageouscofitape subsndaveduleGéaéd 26 ve@krs| docetes sbove faienag atdetthe

“wafer, sp thal a yy'tbgt kpféf%{cgfa@g”e d%g%ﬁﬁ ggﬁﬁé%@lawlegg%owy

The i nt ef nat t onar pat e icatro I cant e sane
date as the phesembsapptecaslohrenghtbedtaétedegg 28ef gutpiddushmwgugh a

conponent “‘ﬁf%§aff@g“8koélgééaﬂgg §“&Eaghﬁn at [adh0oLf EEAUAREY,

applications I SCT 0SeS conponen ara requency conduct or
arrangenent , sandcproeesfes fortpeodhayag.thenl in which glass |ayers
deposited by evaporation coating are used as insulation |ayers. The 30
glass material according to the invention can in particular. also be used
for theiprocessese afidrepnpanedtrsndegeoiibedmbodtinenabofetapppircatsen, and
the content of di$clo$ure of the ab vg aggllcatlon i

ito ef'&H

r,es ;S
her eby expr 5P Y+ Dor BEBASH§Pr 8 1tinggaTh rBFEBéggeggﬁﬁa 13yer
conponents d@§@iﬁ@eﬁkheé@sananenopbﬁla@oaeefeﬁeeeﬁeedt teanepetiahedegion

ot o S BERSRR SEPbh ST DRI CLek BB £5g0L oPlT cam

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 preferably
being less than that of the structured interlayer, and

20 - removing the structured interlayer, with those regions
| 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 to 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 covered 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



5 produci ng a conponent having a conductor arrangenent which is suitable
for radi-o-frequency applications" are particularly suitable for the use of
.glass material according to the invention. O course, however, it is also
possi bl e to produce sinilar conponents or other types of conponents for
radio 1o frequency applications using the glass material. Accordingly, one
-aspect of the invention relates in generall4ernms to the use of a gl ass

mat erial according to the invention for producing an insulation |ayer for a
radi o-frequency conductor structure or a radio-frequency substrate in order

to inprove 1p,tfe) £adiopkl RQUBAGY oRY PRBELLES 18R 13YCR tehemRRks tldydtha d ext
which follows, the invention is explainéd in nore detail on the basis of
exenpl ary enbodl nentayandow eAnFereigAcBaEE LR dEAWWRGST icasRhitele layer
~identical angesi é@&tEQeCﬂgPQ%Q&Si@rﬁeﬂg%ad%c_iow thel deptiigal Jigfer ence
nuneral s and the features of various enbodinents can be conmbined with one
anot her. | n sherehat pge FPotattshonseatsent reaapni khgsthati oatdf taefir st
~enbodi ment o i ntton, ,Fi [ i | rati of a
Further erbod HEnt of -t hElPHIERET on A ChCE do CORActor P aigatiedts on
opposite si dasphbied Sybstaporat FbgscB8Atiusg cnosschkeet wenalktheitews st o

illustrate the to 3G ste ipvol ved in_one enbodi . r.oces
accordi ng to" h%k?%%%n§?%§§aﬁpb%kZﬁ %ﬁ%ﬁﬁapeaagaﬁ hgﬁgtﬁél%gggggsggtégg of
the to 4E pragessedccosddngtivethetenventi sa thhtustfacedthe Bilgss3Batyer3E

Inventi on AR haes DEER B U QEREGr FRnar CahatCRer APPANdGASHE KA st |
joined 1o theuvedattidl gy Blsheowssardaagr apmptesehayer arrangenent for an
RF neasurenent structure,
According to yet another refinement of the invention, first
of all a glass layer having at least one opening is deposited
directly above a contact-connection region or advantageously
15 with a lateral offset, and the at least one opening in the
glass layer 1is 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 possible 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



Fig. 9 shows a layer arrangenent for open copl anar wavegui des CPW 1/ 2, Fig.
10 shows a | ayer arrangenent for buried coplanar wavegui des CPW3, Fig. 11
.shows a list of properties for neasured specinmens, the neasured val ues
being illustrated in the following Figs 12 to 23, Figs 12 show the
magni t ude of the scatter paranmeters to 14 and their phase profile for

-speci nen GLACPW2-2 (gl ass 8329), Figs 15 show t he magni t ude of the scatter
paranmeters to 17 and their phase profile for the speci men GLACPWB 2 (gl ass
8329), Figs 18 show the magnitude of the scatter paraneters to 20 and their
phase profil enfogubherapeci MereGLACPVE £6 i 60lkase R 189)rhand Ji Os-2lo show

t he magni tude of the scatter paraneters to 23 and their phase proflle for
t he speci nentt® €PWBt2a€@IH§§CG018 tgobe Firgtet dcwe £UifRNS frHwhness
- sectional il]us f i rst enbodi ment of a conponent according to

t he |nvent|o!r)1%I %%QE Qﬂggdggopmd overall by reference nuneral 10 and has a
substrate 1 with a flrst side 3 and a side 5 on the opposite side fromthe

" side 3, as ra | uenc duct or rr ement
orrangedton TRb SrpBetd advahEHoEREY R E e s T GerOsE S Aty

reference nuterehedinfehayen breonpessEsg eanddthers ab@@@tmbeﬁethpﬂwéds

arranged on the substrate 1. The conductor structures 61 - for

exanpl e, be Pht&YRBARRELSD ﬁBﬁEbQErWlEBné SFPPﬁétéSHdﬁéFGrOét@&cﬁ&@é§ 61 -
64 may al so pegf g SN t on Léaat ac gq@q%%tlon
regions 71 - 74 %ﬁggde??%gg gnyg gégg %égﬁé%g?ggfrﬁgééreggg é b on the

first side 3rafethenbrsabdsiyabe dchiéted WhEhoomddetmnmshmucbum@s dfa yielre

St uct utbd fOre O CRE FITSE arae S or G o absPra 8 ByCevagoraoacn
coating, suchammatothe51gpaemehayer OaBenpeacngm 8e@beuelbheprocesses,

cont act - connect.i on rﬁgions 71. - 74't%0 . eseb peni ﬁg g lfl||%d wth a
conductive natetial 19° S5°PRAT TRBCbpehiAgsPYn CBibrfaLi SH Wi EAOERES
conductive fddpodiysiom eachscaseacfeateanbmstehsopgh mheuiknsul ati ng gl ass

| ayer 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 i nixontastesddh, athé easpl ooec Ddnthe vhascosauthat theueenduchak
structures 111, 112, |13 are electrlcalléaconne ted Eo t he conduct or

structures GATYRBAGTOUREY | GYRPIESS oM ettt 9L BRBL¥GBG PaPBIRGLVELY

mul tilayer coneluet @fe@riat@eentéy e m@m@paglt@ﬁgréoﬁdaadlﬂzé phtéeial
whi ch are separated from one another by an |nsulat|n% ass layer 9 with
g i

excel lent r &jF?éﬁﬁ%ﬁc@hbv%p%?§|%%ent%%%ﬁ%?nﬁléh £ ﬁF%ﬁaéMeGseT“?he

gl ass | ayer admyidame & hiekosssrifed hent angestrarL02a08/5:mhe 5 MM with
glass-25 | ayers produced by evaporation coating expediently having a

thi ckneds i HHE FarRye” FFRnPoS 057 dUREE *RP eI ASEAPBheRYeFFnand conductor

evapor at i on-£oald g O assrdyed dderdi ChTseEVestas1aytermhpsyhabi ga for
t he conductor structures 111, 30 112, 113, is deposited on the layer 11

conpri si ng tHE CONRIDF2RE F 6RELY 3L FRFCUIg9 0x18rofyCE By Structured
cont act connegti o @f . t hese conductor structures, noreover, further vias 15,
which are in contact with the conductor structures 111, 112 113 are
present in the final evaporation-coating 21

25 The substrate itself may already have a conductor structure,
for example in the form of interconnects. 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-connection

30 region 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 a
conductor structure which is subsequently applied to an

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



gl ass 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 is
preferable for a target conprising glass material according to the
invention to be evaporated by el ectron begggevaporation and deposited on
‘the substrate 1. to The glass material us to produce the insulation

|l ayers 9, 13 is in particular a glass according to the invention, which, as
an applied layer having a |ayer thickness in the range between 0.05 dun and

5 mm has a jogsifacigert anBebtohpestt baprefn feEuah te 28HiBpsiatel €ast in a
frequency range, 15 above 1 GHz. The above-descri bed %Iasses 8329 and in

particul ar PABLagbradecRsBedPal§2kLPRaDI 87F 8r “HhFL IpYPPoSERATRREcount of

- their excel | gptaf@hont ! egHeEBRYi B 8P8Fbbesat20rbkgnidhshewguansgct i ona
illustration of a further enbodi nent of a conponent 10 according.to the

¢ . : g
i nvention. TRRLEFMoHPAENt 2RET atRdP BEPF eqlicABYOEORHNEL 8r FARFANgEHBAL 2AE

“and 42 on eagheRfa M0, ORPOSET EoSidesnd 8BHdBctbespeehibyaky. tdheneogduskor
25 arrangenents 41 and 42 -are of anal ogous construction to the conductor

arrangement WRYRT thevenpoem nedtried uReF ajedti AnFrg. Of. CPHIBr al !, thRE
conduct o arcgngegente 44 andh A2%,0068, 89310 LR 30.cAckcRaSe1 A9NE Aol aSS

layer 9 of glass applied by evaporation coating with openings in which
there is conthesévdimeneiondl f orteheougbctopyaceMpuiposestifaubpectiFeal

contact wth, cont - n I i e t hy,t.h L .
Cayers 6w th Sortet o1 orriReieACs! lecatanRlocnDR0eR, Toy IEepReRaaty. et
with the vi agrayieng nout 22heastenasef adepogbtion &helgbassavayeasd9 of the

conductor ar ments 4 42. in the enbodi mrent shown in Fig.
{éﬁ#&% Q e cénﬁﬂ%ko%%&f¥§%%&§?

1, the condu uctures on glass Tayer 9 are covered with further,
final evaporation-coating glass |ayers

Yet another embodiment of the invention provides for the
substrate to comprise a semiconductor substrate with one or
15 nore active semiconductor regions on a first side of the
substrate. By way of example, the substrate may comprise an
integrated semiconductor circuit. In this case, the at least
one conductor s:tructure may be connected to a connection
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.

Hitherto, 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 allows the reverse route
‘to be taken, with the conductor arrangement being applied
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

35 structure can be connected to the via through the substrate



5 13, in which there are vias 15 for connection of the conponent. Figs 3A
to 3G use cross-sectional views to show the steps involved in production of
.a conponent according to the 1o invention in accordance with one enbodi nment
of the process according to the invention. Fig. 3A shows a substrate 1
following a first processing step, in mhlch a layer 6 conprising conductor
.structures 61 15 64, such as in particular l%uitable interconnects, is
produced on the side to which the radi o-frequency conductor arrangenent is
appl i ed. These conductor structures nmay, for exanple, be contact |ocations
of el ectroni gngorpoRentspal nhhappubstr atre i sWRintib Ak ntoto £S ROWN 1indritd.oBA
or may be connected 20 to_such contact |ocations. Then, in further process
steps, a gIaé§tPéyéﬂlﬁsaééBU§lﬁéédCFHF§SgP@s@“ﬁaf@ﬂehéﬁ g CoSERSHgS T dve
- contact - connggt LgANEEELANE o7 4 raé&ookrkﬁﬁeﬁ%r QAR 2l nlglin nRUIROSE,
first 25 of all, as illustrated on the basis of Fig. 3B, in afurther step
a structuredaPﬁFé?Fayéﬁeh8§lﬁ@esﬁﬂﬁéﬁﬁﬁé§ 21 whi ch cover the corresponding
-contact-gonnection regions 71 - 74 is applied. This is preferably realized
by photolitho%raghlc structuring of a suitable photoresist coating.
Al ternativel §f Bbehshegeelpversoal B lpddsiybire COsIYSE OFnBEHERSEREEESSN such
as for exanp f h e, ;to.pr r I 2 en,
as iIIustratEg Ehgét?ggg g Sfagggﬁgye%EQl?sggaqﬁﬁgg%%g& Bgééggﬁa%Pon%
coat i ng, th|§ugtass,layealcgwessngabethtbhee dzaogomedcbycenneemaﬁnomeglons
71 - 74, which e coxered, By Lhe SLLUCTULEs 2hn0kit e Lnberlaver, jand the
surround|ng reg|on f The"Suffdcé of the ase I's ‘context, it |
pref er abd e f@pplhedtthkaékswotohbechassnbayeanoﬁotbe bessutham the 5
t hi ckness of _the struc nter [ |nterl [ h
with the reg?%ﬁ%n g E e g asg %§¥g?t ﬁSCSQg%%FRQ%SFFEQtE?ggxgﬁeof
t he. |nterlayE® oreate hbcaeedtooneh91stthcbughdthaténhayeglbebngaybtted of f
withit. t he sub trate faollowing, this ste
Rccor di ngly THR Kb 80 ol B4t st B8 B ALShunt hotns aaBRe bhets Ele glass
cont act - connegyéof ®Egt@@Sc6ﬂducEérOérth&géMéﬁaCBebehﬁw lEheprenfngSharcan
t hen, as shan in Flg 3E, be filled, ;or exa m% th a, conducti E
materi at® 10. L4%RN, CAT| 8§EYe 135 187 cHAPRF &FRGhc MGEtB ighriBPUrasci1the112,
113 and passtyedeonPenent sndamean hetapptigdctotbhengl agsshayer 9, as shown
in Fig. 3F. The conponents 23 may, for exanple, conprise a capacitor, a
resistor, a coil, a varistor, a PTC, an NTC or a filter elenent. Capacitors
and coils capofne@@m@mg@l@fo@u@@laﬁ be teapbredtbyacepduchgr st tHet ures of
i ndi vi dual ﬁxers ositjoned on tog@of one anot her and |nsulated from one

a

anot her by BYRpoPat i bh-toat g gFRRCEAFeNS Bf A SFOEXAAPFelsacoated

conduct g StWMQI@rﬁtOistﬁﬁllDd¥&iﬂ@@|tbayﬁé faand, asBUthberacmauu@p@ﬁClty
structure, |ocated above it, of the 25 individual éy 11 can be used for
-f

this purpose®l TRIMROMBRES 07 T8t PHRERF BRI c%hmﬁétéBSPPé or exanple, by
application of a further, negatively structured interlayer and the

deposi tion of electrlcally conductive material, the 30 conductor structures
111, 112, 11Bheokdherpatooedht BREC t APPL heaEbABUELLSE RHt BRPaPPROIFANENe

openi ngs 8, &R Eh@tséﬂeeéQEérh§a£h50898§éh9”a8ﬁl§E§EEBhC@BtEQDEQCbPEbEQ khe
respectively associ ated contact-connection regions 71 - is also
produced® for producing a component with a conductor arrangement

suitable for radio-frequency applications" discloses
components with a radio-frequency 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.



24 The conductor structures may al so have structures conprising different
conductive materials or also sem conductor materials, for exanple by the
.application of the conductor 5 structures being carried out in a plurality
of steps using different materials. This also allows further
functionalities to be integrated in the conductor arrangenent, for exanple
thereby creating sem conductor-netal contak®s or thernpel ectric contacts.
10 The production of the vias through the glass |ayer 9 using conductive
material 19 shown in Fig. 3E and the application of the conductor
structures illustrated in Fig. 3F may also be carried out in a single step.
By way of exanple, the 15 conductor structures 19 can be produced by
el ectropl ati Bge BEOERAESEhanfnEempanenfsisc Keiss rdbses nese ﬁpﬂsﬂnoﬁhﬁlabove“
- starting frOPEEQ?eﬁQQ&aCRnEBQBSEBEQB ?ﬁQbQQ%tl%nal7§atEhE|%pb@%d%ﬁﬂ&ﬁg§18
and then continues to grow on the surface o | 'ayer “9, where it
forms the cohdecn@mesofutharBseaﬁdtZAPﬁﬂs@anﬁfenﬁnﬁéﬁéedPr@§FSﬁoﬁ@ﬂthe
- passive conp I I (o] ru res ;
DT 1T O TAPEEh BT, 2 behBoBb e, BT hY: 8, oAt s e
case it is assnt@bkelﬁbe f@dlbhéreanacw-appﬁacﬁtgnnségagnspart¢Cﬁ4amﬂy
edges of the,openings 8.t o,be, coateds, 39t hat the 25 carrengond Ree
conduct or stTUEEEPeS £Bhe 'Rt 38l 8Ct PIrEaP CONtACt with fhe
cont act - connenVemnloegl@ﬁscaarse74hoWbeerntetlayealsanpbhembbe tenpreduce

again, with conductive nmate been rIayer
al so 3o belnﬁler?Edc%T?O%ﬁﬁ ?h%rlﬁﬁ ﬁﬁegygonductggagggggggrgg%angg§
appl:edl@oqﬁﬁﬁ@?mémcynﬁbpﬁi@gtéyﬁssugi?gegbé g?ajglaasfkayér afcpemamggwgS
i'n place e steps, shown in Figs o] , .of depositin stru I

gl ass | ayer %%9|ﬁgp%%ﬁn?ﬁggh%vb?gﬁﬁﬁfQEtfégﬁﬁgétﬁBngFBSFSg ge m§5 t%e
evapor ation @9@t©ﬂgaU@lﬂgsgmasérnaleababra@agrdbnghéolhhentmwanfb@n such
as for exanple.the glass (G018-189, on the %ubstrat

conduct or stP{QQﬁ?é%g %%nl?ﬁ%%aBbo?e BYPEJTPR Br§é lPogﬁﬁgHﬁggnyPgﬁgFtor

| ayers of th§t§@66@§é06r5daia@ﬁgeﬂea@uehaytBuss@agee ancendeet @6 Shpueter e
which is applied at a |l ater stage can be broug Eﬁcontact wth a

contactl%onnE%§|Bﬁd¥%gf5%qb?n%ycBﬁﬂE%FB%eEtP CFHF TPBESat an earlier
stage. 1o For this purpose, once again, as shown in Figs 3F to 3G an

interlayer with structures 21 is applied to, intended contactconnection
regions 75, ¥® orethexsurhhele BPLifwScohhBdiBUBRE+aRelE, SR 1INEd 1N more

contact - connggt i on 5@9t9@8b§§9§db§nék¥m @h@ E@E@B@Heﬁ@saﬁﬁhlQ@tﬁondUCtor
structures or al so on vias. urt |nsulat|ng gl ass %ag
C l

with vias th¥%@gﬁe@©%ntﬁg§h$nd¥ﬁ@l@g§sslﬂayéﬁcbllﬁ§nbﬁéé egdové

ContaCtQ?nne@5m§$héﬁgé09§e7§roJ§deah@lQBOQH@BkQEa@ekQQeE§BEbeguﬂHEals and
anal ogously to e process steps which have been described with reference
to Figs 3C teh®@Efeatures 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 opposite 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 the
to 4E process according to the invention illustrated

in Figs 3B to 3E,



20 Figs 4A to 4E show a variant of the process steps of the process
according to the invention which have been showmn 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 interlayer, being applied to the contat?connection regions prior to the
application of the glass |ayer by evaporation coating. This conductive
mat eri al 30 subsequently fornms the via. In detail, first of all, starting
froma SUbStF95651‘MHHHMrﬁﬁb$§ﬁﬁbﬂ%§p@fe@oﬁﬁoh@ngégacéérdﬁnEOBQUCt'Ve
| ayer 25 is forned, followed by a photographically structurable 35
interlayer 2¥0 as il W rigtesniwieh weteh cpeeetpeen| groupded wathig. 4B
- shows the substrate phot ol § LC,miBLYI 1 0g; t interl ayer
27. The layer is strﬁéc:%ﬁued moés%%: %érﬁvg@tm%%§%t$ﬁ%%r2§l§%d\/\£§ch cover
the intended 5 cont adthecommfesti on regions 71 - 74 remain.in place. Then, as
“shown in Fige:4C oth ctiwv, i h ngover ed
regi ons surr%h di%g trgﬂggE%é%%_%%ﬁﬁgi%%%nig%%fg%g§g3$§ﬂg§§ %ﬂ?sggan be
carried out in a mankér ngrEcirdmenth stanctawde usage in the specialist field,
for exanple 10, et chi C I n t- n | egions 71 -
74 are coverg%gby9a %%h ucf?@égaa 2%%%.n%ﬂﬁ%ﬁgi%ggl%éﬁﬁeggé%g%?%jects with
respect to regions adjaatentides t¢R¥W rleSpecti ve contact-connection region and
which is in gach se,covered by a structure 21 of the |nter] 27. 1J
Then, as shoﬁhglﬁﬁgithﬁﬁ %Ek?|?ﬁnﬂ%ﬁ%?ﬁf%ﬁ%@sf?%y%¥rb@$sc%%g%géﬂ by
evaporati on coating tWaveugh casamawati on of glass material according to the
i nvention, the thickn ss of thetgl S I%¥er 9 rfferably bei ng selected in
such a way thad: 11 Z64Fproximd eqalf/ RS Espotdst o THe°tHiCkness of the
el evated conductive mleefin@nsl9.tHd naddytrddevsiuactngasg 21 of the
interlayer are renoved, for exapple sigg a suitabl e sol vent, fnd in the
process the regions 96 10f Tie d§étﬂ5? olgh it KHFRrld e sttuctures 21
are lifted offgs Tie el tthes rda @b Sithstaatthd stk e Pgasandvyes which has

openi ngs above the respective cqntact-connection regions and vi in the
form of the'%%ﬁﬁﬂctiﬁg '%ﬂsﬁ%ﬁ%u&ﬁPégi% e Tige™ it ocessi ng

state is illustrated (ignakisg.s3E) As a result of appropriate selection of
the | ayer thickness og the glass 30 layer_ 9, which is matched to the
t hi ckness of'i%e ondheM FEendasidiud of Hd'& FIadE HP S ohdict | ve

material and-©f11he ghassatenrh R & aff ARPrasd el spddansame hei ght,
resulting in a planar surface. The process can then be continued as
expl ai ned with refer&A@ERNE B 913t #3Q) /35 wherein the second gl ass

layer 91 in Hg 306 andamnd WdHEtudebf the scatter parameters
to 20 and their phase profile for the specimen
G2ACPW2Z2_6 (glass G018-1838), and
Figs 21 show the magnitude of the scatter parameters
to 23 and their phase profile for the specimen
G2ACPW3 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

5 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

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



gl ass | ayers can be produced with vias in the sane or a simlar way to that
whi ch has been explained with reference to Figs 4A to 4E. 5 According to an
.advant ageous refinenment of the process, the conponents 10 are produced by
coating substrates while theyare still joined to the wafer. In this
respect, Figs 5 to 7 show various enbodi nents of coated wafers 2, the
-conponent s bei ng obtai ned by separating i ndPvi dual substrates 1 fromthe to
wafer. Fig. 5 shows an enbodi ment of the invention. in which a

sem conductor wafer 2 has been provided with a sequence of glass and

i nterconnect ekawpgne., bRe iwalslcomleritisal MésRb, Bortdict pHPasendisctor
preferably silicon, since this material has a coefficient of thernmal

expansi on WhSERUF§UFERy Selr Staféedlts® Ofatf Gimache ewiforials dht¢oat iyt

- glass. Once theyoRane sheeprntaat-ed i igh Idedi@imied 1t o the vaf efe Atk Pnee
t he proce55|gg state shown in Fig. 5 has been ‘produced, the 2o individual
P

substrat es ?tBpEesEpBARCEQ DY tBEICHY r@iSvicded Sldomg tHhe ifitraided Sephardd i e

“axes 29, sin Qudek Yk Aat @ley (40 @Rt AR jceRINERLS 1Q, Wid by 8 GRNAULIOr ¢
structure which is suitable for radio-frequency applications. 25 a first

side 3, the Rhaverbg2enagppAdedidaal lacviled 1senidderdudroe &gilens B3 whi ch
are connect eeebé)s&‘ggae%' %@rh%ﬂfrlean%o%ﬁr oh thid! %ﬁ%ﬁo%‘ﬂ&%ﬂ% It the

i nvention, the conductor 30 arrangenment 4 is arranged on a second side 5 of
the wafer 2.substodtehbysebsprpapéson ebathagwaibeich? thialti $hdscaidssi dayvssl ng

on the Opposhég éif_%gir‘légnbt D& bLT %Eeskgﬁtg%ﬁi—!a%nhg%tﬁ%g ‘é%gi%’??scgz'. jducty
regi ons 33. 8 e conductor arrangenent is illTustrated in sinplified
form foiot heThake openliagst §, awet liillirtewidhi a, cebiuche veomdtietraral 19, so

structures being denobed.by cet erence,pumeral 100, Jhe jadividual J.ayers of
t he conductor "arrange At gmay 57advan ageousﬁy be pro UCEd “as “has beé
expl ai ned wi th eatierease toektgsv3Ast tbrd3Ggandher ikisgda4Angogdlssl nayer

part L eular, Aoy coDOUEt oL BLCANGEOEOL 4 SHNLLD, ELRcB 3 2430 pragioqd 4
structured glasspphyed 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 arrangement, 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 pym to 5 mm, with glass
25 layers produced by evaporation coating expediently having a

thickness in the range from 0.05 pum 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



| 0 and appl yi ng conductor structures 100 are correspondingly carried out a
nunber of tines, and with a conductor structure |00 which is applied at a
later stage being brought into contact with a contact-connection region of
a conductor structure 100 applied at an earlier stage. m Mdreover, vias 37
t hrough the substrates 1, which are electrically connected to the
.connection |ocations 35, are introduced itlo the wafer 2. The via may
preferably be produced by etching pits into the wafer fromthe second side
20 5 to as far as the preferably nmetallic connection | ocations 35, which
SinUltaneOUS%Ya§§tl§§e§nl§§Cfﬁngdél@Ponjhgﬁldérﬂﬁésbéaﬁbom7|aféraﬁglﬁéd
produced on the walls of the etching pit and the etchin it is filled with
conduct i ve n%&® efhel vias #ﬁel@oﬁHGEFi@%rnﬁF%rFQPPQB?nﬁhﬂgh PsPBncéd9éred on

-the 25 side 3caff1d hesyi@bed7tSCEYNCSMASC ArEQDEAELaEANARA! EOAnEEBEAN foOr
conductor structures 100 of the conductor arrangenent 4. Moreover, the

regions of the surface of the second side 5 having the vias are used as

-contact -£onnget ) Ok egi Ofs i9§e§9 §ome3 of s thescopdugt op1 8t EYSt Ur eg 400 of
the conductor arrangenent 4. 1f these conductor structures 100 are brought
i nto cont actcomphi ey cohr agtmeopnbel i dpcergivastduEhaglappnréati 6A P8 the

previous! y dgpasd et glaps Jr§e4§%o§,bém SONJUELOIOR! BHG! HESSSREE] on the

accordi ngly ectrica connect ed e connection | ocations 35
on the firstsWderafe 129 the substrates 1. In this way, it is then

possi ble for the active sem conductor regions 33 to be supplied via the '
conductor arrangenent and for electrical signals fromthe active

sem conduct drhe egliaosts natdei 2lntéded to phedconduot oinSusatilchukage 1609 of

the conduct ar, arrangenent. 4., To encapsul ate and protect th nent s
'subsequentl?fL?’obltsai @%{/%%%Lbja?%t?o%f#) son??%%r%?(gr?ot 42 et %%ﬁ%%?’shom in
Fig. 5 is alwolqir,ovddech il ped adalyd i ansad 1 regncapsayat | oni¢knéayein 1dheof
evaporation-coating glass and a plastics covering 31 on_the side iH?Fig. 6
shows a fur tHEl9emidi$Rht0 of > e 30 entTon, N3 h Wt et stAst?at BN filch are

l'i kewi se jc"fggétﬂhéﬁmbﬂwgéﬁapay@ §@*¥Dﬂ5aEO§E§gtmﬁhhaan@QQHEFRErange

arrangenent 4. This enbodi ment of the inventionis simlar to

enbodi meént sHwe iln 3z 5. A semiconductor wafer 2 with active

sem conductor regions 33, which are assigned to individual substrates 1, is
al so used in the enbodi nent shown in Fig. 6. As in the enbodi nent shown 20
in Fig. 5, divd rpappldeatyidredfobormhRet®i2standtin ezal00cebar el0igrsdd

glass layer 5 Of.dde. condiclof 81 SNASIaNt; & p 1S SOMNGE L0001 RE A £ OPSe £
of the active sem‘conductor” r'egions
excellent radio-frequency 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 arrangement 41 and 42 on each
of two opposite 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 applied by
evaporation coating with openings in which there is
conductive materia’l 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



33 are connected to conductor structures |100. 25 Unlike in the enbodi nent
shown in Fig.. 5, however, the glass layers 9, 91, 92, 93 and 13 of the
.conductor arrangenment 4 are applied by evaporation coating to the first
side 3 of the substrates 1, on which the active seniconductor regions 33
are also arranged. The vias 15 in the bottomglass |layer 9 of 30 the
-conductor arrangenent 4 are applied direct?fo the contact |ocations 35,
with the contact |ocations 35 accordingly form ng the contact-connection
regions of the substrates 1 for the correspondi ng conductor structures 100
on the first eﬁ'cﬁs%a's@)’@rrr%nged3%nTﬁ%eC@Wﬂfa%/e]& which wafee aiaidesk by
separation fromthe coated wafers 2, as illustrated by way of exanple in
Figs 5 and 62rFAPISHENtexdipPEd He -dédiSgheéd 4 F@ﬁ(?%gqgﬂﬂﬁﬂﬂ/%?own in

- transm ssi ongfgcepti QRmedulgs ther ftﬁ:%‘&l%%'}%'se%natt%‘ée G FHz.a et pArddLul ar
for frequencie$S in the range around 40 Giz hi ghe Fig. 7 shows yet
anot her enboépieredofislibsurshes, 1fWWﬁéheﬂ@ﬂ%ﬂﬂiHﬁﬂﬂ?%ﬁﬁ%ﬂquﬁiQﬁ%t%%¥er3
‘radio-frequengy eanduetar (ALLaNgemeRt «4 W 113 Stdddadclingdl di0 dife wafer in
accordance with the invention. The conductor arrangenent 4 conprising the
gl ass | ayerscomponen®2 93, 13 and the conductor structures 100 has in this
case been applied to a wafer whose 15 substrates 1 |ikew se have vias 37.
The conponents 10 with substrates 1 and conductor arrangenents 4, after
they have beEhgdi VARded BFomsehermabesecsdove layicad ¢of séQuetdye rséRiRS ng
substrate fot r.co 1.Gh_.c n erna
cont act |oca§Pg§%5§§ ﬁegggﬁg§%28ﬁhogoalggm$ﬁg%g§tg%%%%d ﬁtact %%atlons
are for1ehi sipuepbsenpiovadedrdhoreexanpl enewetbosidneerti g Iéadprofesso
that further cong nentg gg bengnugtgd and connected using surface-nounting
t echnol ogy. Fhe“stnser abes™ TR thirs“Case do not have any active
conponents. Accordingly, the substrate 25 wafer 2 nay also be made from

i nsul at i t f | _ A gl ass_which
< par ti Cul aftg SaMt SBPACt or SHOBTAECA. hafBrLAF LRy % Rd R BFCGEoEAGS

substrates lsaépthEncanDOHeat$ag6r|S Bonptlieah3d3cghasstowhistlhubasras 61 -
coefficient o t her anS|oE hch V|rEu%&Iy 38 c0|nC|d%s w.t h that of
opds) olg” df

t he pref%rred Vabﬁggt?ﬁn BoBEF a5s>YEGP-§ WS PRBCGi-8gr afmat i ¢

| ayer arrangﬁﬂ@ﬂbceﬁobnchﬁéagi&élzatWBmcﬁfthberaﬁleﬁm%thﬁSy bn@ﬂudhng t he
| ayer 35 thicknesses of the ne?sured fest struyctures. éHg? 9 and 10

illustrate r%ﬁF?Q%ﬁmgPFuéFuFBB 5FdopEReSRACBAFPESCE 0P uﬁﬁ@e@ﬁydegorThe

fol | owi ng meagamerent Beokohbhgcscabtationpab@netecsrSh2c 83hpobdhtand £S2Re
were realized on the basjs of these structures. The _specinen desb%natlons

for the - 5 SePBEFaEeNedREFRNBAESIOEhSRAYRNLIRI §49123R00F3MaYr Bt 6OBBEFEEAd
in the t@bl echl bushrabgdatd Fbfatidns.

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 1is
applied. This is preferably realized by photolithographic
structuring of a suitable photoresist coating. Alternatively,

30 however, it is also possible to use another process, 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

35 by evaporation coating, this glass layer covering both the



Figs 12 to 14 show the magnitude of the scatter parameters S11 and S22, S12
and S21,' and 't he 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 umi num i nterconnects. The scatter paraneters S12 and S21 are al so
referred to as transm ssion attenuation and the scatter paraneters S11 and
S22 as reflection attenuation. 15 Fig. 12 €Pearly reveals an extremely | ow
reflection S11 and S22 of the signals at this specinen from-20 dB to - 40
dB up to a frequency of 50 GHz. Furthernore, |ow attenuation values of |ess

than <- 2 dB.fprathecsaatiel cRArapebaES 7812 and S92k c20 a3kt cRRRARN L 11018
the nmeasured values illustrated in Eig. 13 up to a frequency of 50 GHz. The

scatter paraferegsusgs ahd0312hewhpéﬁrﬂéﬁﬁéseﬁﬁdtﬁ@ev§P&é§uP§ﬂn€héeglons

- transm ssi on_pf rpeals si nt e I € frque ggféyw%l
shown up to 39f$%§u§%g$gg% bg l:EsléiingThe Flnggﬁ p%%?gggroflf @ Soe

scatter paraﬁerethszuhhaknasseoﬁ Ebw disper sbygrug te @efﬂéqﬁeﬁ@@no¢h50
‘Gz The, easyl 60, yal ugs shOVD. MLER,LELCIRRES 1L LR 9%%215%}&5@@ Isso be

verlfled by neasurenen?s carri ed ou urt speci nens ing to
whi ch: Flgs iBen ordimovhdw weaBurked vagdessf 8P @fbahﬁe@l@§pléﬁaﬁrw@v@@Gﬁ@e

wth glass .Sgﬁgef':tl% 8%3558t89e§hgg E?SgH%eqn‘é%fgi%g/efro%ra@rgpggc%%'da%r

wavegui de w gl ass 17to how nmeasur val ues for
a buried coptlawmast waveguedeintéhlgiassbEDhg- 189 teThesd measuiénents reveal
a trend toward |l ower attenuation of 5 the scatter paraneters S12 and S21
when using the RF glass G018-189 33 5 10

10 Fig. 3D shows the substrate following this step, which

accordingly now has a glass layer 9 with openings 8 above the
contact-connection regions 71 - 74 of the surface below. The
openings 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 NTC or a
filter element. Capacitors and coills 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 electrical contact with the
respectively associated contact-connection regions 71 - 74 is

also produced.



15 20 25 30 List of reference synbols, 1Substrate2Sem conduct or waf er 3Fi r st
side of ‘1 -4, 41; 42Conductor arrangenent5Second side of 16Layer with
.conductor structures on 161 - 64Conductor structures of 671 -

74Cont act - connecti on regi ons80Openi ngs in 9 above contact-connecti on regions
71 - 749, 91-93Evaporation-coating glass |ayer10ConponentlllLayer with
-conduct or structures100, 111,112, 113Conduéfor structuresl13Fi nal
evapor ati on-coati ng gl ass Iayer14Evaporat|on coating gl assencapsul ati on

| ayer 15Vi al7Sol deri ng beads19Conductive material 21Resi st structures of an
interl ayer23Passi ve el ectrical conponent 25Conducti ve

Iayer27Photo§raph|caII structurable interl ayer29Separating axi s31Pl astic
cover i ng33Act 'eeCeBANESRIUELSHCEEGESNTBCo RIS NG SN LSS FPTRAsing

- through 139Pgssgiedathenchangrd3cendueti-ve s Ideni1efh 3emni BhdRroibd
Cont act - connection regions 90 Region of the evaporation coating glass |ayer

on resist sthagegials,350pacsptPérabis the Apgildss tiwheGifaltheocomdydifdhg
“insulatign '§X§ﬁét{1953régmah£§ E%&Yoﬁlﬂb%r at ?%ur%rlft o%frt%g)%ewm

conductor. 5 arrangenents as an applied layer (9, 91 13)
in part|culadlﬁfeheatlayeernhﬂakn§938|ﬁlﬁneaﬂéwg@ ﬁ@nm@@m @u®5timmﬂkiﬂiaﬁn

preferably ipolBe ABEELLERM 9n0RnaMbALAD: 238080 ] AGt Land il

| ess than or equal I'n at east one frequ ncy range abov
10 2. The gl bksreabyecrabhtasgckammednidnctbarmetalwkensiaatshermateri al, as an

applied | aye 9 in particular with a | ayer thlckness in
t he range be hé?mo%iggggic ganégéts has a | oss factor tans of |ess than or

15 equakoto 50*10-4 at frequencies in the range around 4C GHz. 3. The gl ass
racorial 8 ShELIEd)conp 8E Lhg progeuhugclaLtl, pihsceLd, Lo el al
t hi ckness i ncohéucainge material 19 shown in Fig. 3E and the application
of the conductor structures illustrated in Fig. 3F may also
‘be 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, where it forms the conductor structures and
20 also, if intended, may form the passive components 23. It is
also possible for the conductor structures 111, 112, 113 to
be produced by evaporation coating or sputtering, in which
case 1t 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



20 between 0.05 ~mand 5 nm has a loss factor tan8 of |ess than or equal
to.30*10-4 at a frequency of 40 GHz. 4. The glass material as clained in
.one of the preceding clains, which can be evaporated in order for a |ayer
(9, 91, 25 92, 93, 13) to be deposited. 5. The glass material as clained in
one of the precedlng claims,. which can be_evaporated by el ectron beam
-evaporation. 30 6. The glass material as cfained in one of the pr ecedi ng
claims, which has a working point of |less than 1300C. 7. The gl ass nateri al
as claimed in one of the preceding clains, which, as an applied |ayer, in

particul ar “byhe@apo§§théﬁebobﬂhﬁﬁn@%inbngUﬁ%sr%&Q@ﬁ@ﬁDM%ﬁEd}dﬂig‘dBEﬂﬂb5
mm has a relative dielectric constant ER of | ess than or ual to five in

at | east onelfVeghtéfBy FHRe28bdPE x@mplestye ?HQS&I§§§8n&gQW|£“z£?e
-claimed in OgﬁbQErEB@ Qhaceélagpqyahqscowaughora%t%@cﬁﬁgb@edcb®meed be
particular with a layer thickness in'the range between 0.05 dun and 5 nm
has a rel ati verepeeécini eréenstanbroruse fagdheradayersqedl the sondpctor
“particul gr a E?L‘xf}gér\dgng' e&ﬁcmg eqgs! agt C%Rdcafct%r stdhcaul@ Lheauency of
40 GHz. The ss material as claimed in one of the preceding clains,
whi ch, as anaapble@datayeiatﬁrnSﬁagﬁléahabewbﬂﬁuahﬁayéﬁotﬁP@%ﬁ§§sMH¢Hlﬁa
range betweep.0: Q5= C?Hnggg én gﬁ gflg E%ﬂhﬁb%b%ngtgﬁckﬂg%”% p2XRANSION
a20-so00 in the range from -0 K-1to K-1-1n a tenperature
range fron12@ﬁ:€@rBD®C.Sl@geThe glass naterlal as clalned in one of the
precedi ng 20 clains, which, as an applied layer, in particular with a |ayer
thickness in the range from0.05 ~ mto 5 mm has a coefficient of thernal
expansi oo aZBoBoﬂhrs(ﬁuﬁpoﬁeZ)oxc&Oa@aKhm ast ehpe@natior €igangé~tooRG20@rt o
300C. 25 11. ass na r| claipged.in_gn f Ln l_ai
whi ch, as anlag%¥?% efayé{;ﬁ ﬁrﬁﬁfP Sulg? ﬁ5v988§18 aEer B%?ggges%oﬁt%C%B
range bet weetofn&5t Fom 39@15n5n75ha§6aofoehélsueﬁhcefofhEhﬂaboexpdnS|on
which differs fromthe cogfficient of n? ?ansion of .the s éé e
material by 3%°Te53 than 1'% 18°B2K C?H“S shpber aPUP8°r afige %ron1 69
300C. 37 120c§b@dg¢@55ppniedlabnaectbalaedubnumae ot hheopbecedaag
ol ai s, yhi ofy 25 an-applled; Layery; he aehdsr esiatant LocRcldaLeshatagee
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
process according 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 preparéd 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.



5 13. The glass material as clainmed in one of the preceding clains, which,
as an applied layer, is alkali-resistant to alkali resistance class.3. 14.
_The glass naterial as clained in one of the preceding 1o clains, which has
the foll ow ng conmposition, in percent by weight: SiOz 40 - 90, B203 10 -
40, R120] 0 - 5, 15 K20 0 - 5, LizOO - 3, Na20 O - 3. 15. The gl ass
.material as claimed in one of the precedi g®20 clains, which has she
foll owi ng conposition, in percent by weight: SiQz 60 - 90, B203 105 - 305,
A1203 0 - 3, 25 K20 0 - 3, Li20 0 - 2, . Na20 O - 2. 16. The gl ass
material as clainmed in one~of the preceding 30 clains, which has the
followi ng conposition, in percent by weight: Si02 71 5, B203 26 65,
A1203 1 0 .Fpg; 4B3ghgee theQspbstiagepasteq. phoRgdthographic 5 17. The

- gl ass nater|§£ @étﬁf@h&egf'Eh9n§n95rﬁg§e9rgqedTﬂg Qb%b@sas“@kgﬂcm@%ehhﬁn
foll owi ng conposition, “in percent Oz B203 11 5, to

. Si
A1203 0.5 OSQChK@OWQY3th®t25tEﬂ§€M©e§ 28 zhlmazeozerotbe itgtegdethe use of
-the gl as | f-the Qe 15 ckor tRe@dugisng
an |nsulgt| ég#%%%? fgﬁhgégEga PSQES g ? 9 4 ﬂhggre gnc§ condt?ctors

structure orsaowadin- FquuéﬁcthabsDndUetlze leyeA éﬁoaésgeﬁgweéréd@@lﬁ@ea

component (10J- &8 £80}8nLr IVEBEKTREIALOLALLRRIBBRALCE ont begths
conpri sing the g ep
71 - 74 This can be carried out in a manner which is in
standard usage in the specialist field, for example by
10 etching. Accordingly, the contact-connection regions 71 - 74
are covered by a conductive material which 1is 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 evaporation of glass
material according to the invention, the thickness of the
glass 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 1is 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 illusﬁrated in Fig. 4E. As a résult 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 6f
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



- depositing a structured glass layer (9 g91, 92, 93, 13) having at |east
one opening (8) over a contact 25 connection region (71 - 74) on a
.Substrate (1) using the glass material as clained in one of the preceding
clainms, and - applying at |east one conductor structure (100, 111, 112,
113) to the glass layer (9, 91, 92, 93), which has 30 el ectrical contact

Wi th the contact-connection region (71 - 74y . 20. The process as clained
in claim19,, wherein the gl ass 39 layer is deposited by evaporation of
glass material. 21. The process as clainmed in claim219 or 20, wherein at

east one pagshye ehogLtl eah SATBORRNLAIER 1 ddn PRSI 4 he at

| east one conductor Structure, i ied to the glass layer (9, 91, 92,

93) . 22. Theipibesswasstel ahasdwhaconbasf belka grededingg ¢liding: e ffr@ng s
-.the steps Oftge?9géthﬂgt8 gkructured glass |ayer and to of applying at

| east one conductor structure (111, 112, 113) are carried out a nunber of
times, with a conductor structure which is applied at a | ater stage being

‘brought | nt 0,coptash W LA GAYLAELAEBNICELEONREHIOD Ol 2 CORUMGLON che
structure applred at~“an earlier staae. 5 . e process as clainmed 1n one
of the precedomgoréatas)Owaeeepmotiheedt bp obadepgsistibsg ra tstsr whtldreed hglvass

| ayer (9, 91, 92,.9 13) having,at | east one eni ). .over.
contact-conn%%?i%%lf%g?8%n?%1£9 ?ﬁ? 89%86ap§Pa?5&% %%éégﬁ&'zgﬁg%nérf§b§ t he
steps of: - sipphyvagiaust embbdiednicnt efl ageref2dpfewsi @h cheersnphaments

contact-connection region, - applying.a glass_layer (9 1,.92, .93, 13).b
cvapor at | on TonrT g EaLERY BunSPPaFatifa R w AR  pinsRE R e Syl (5D
whi ch i so presenérthereon, the thickness of the glass layer (9, 91, 92, 93,
13) preferably being |l ess than that of the structured interlayer (21), and

- renmoving the structured interlayer (21), with those regions ( 90 ) of the

glass layer £id, ®lsho92, af3emddd)imdncwWbrchhar énkeaated o twhecat suct ured
interlayer (21), bei clainmed in claim

23, whor ol n BTHGTOAGTEHRE aBBEFEaC] DR oPoEhebGPUSaoayeribg SOAROPEL: O
coating, a 3p1&£&oNdued i ver&Btehhakt (19)er¥hi eheprafeet savethalegpeat rbe
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 state 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

sultable for radio-frequency 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.



40 regions adjacent to the contact-connection regions, is applied to the at
| east one contact-connection region. (71 74), and this material (19) is
.covered by the structured interlayer (21). 5 25. The process as clained in
claim 23 or 24, wherein the structured interlayer (21) is produced by
printing or photolithographic structuring. 10 26. The process as clained in
.one of the preceding clains, wherein the application of the conductor
structure conprises the steps of applying a negatively structured
interlayer and of depositing conductive material. 15 27. The process as

claimed in opg.of .} A8 gdi-ng,chahrs4 Waerehnsat-akeast nonRe pANGUGEH & rm

o
structure., 1In partlchg? an interconnect, is applied to the substrate
prior to thefstephefsdeposit chgratytrusths edngedssliayerldo thg) cogplucgpr
-13). 20 28. eSS | gi MgNely 8ePHEREFSRT 1¢l0al A8, Whi ch
i ncl udes theg€?%§£g?g%egggF i%éHgg?Png? §F§%§Epa§er ?13? usi ng thg gl ass
mat eri al as thaiweduah dageof cfathe tondutioandrohngesdoti MgMatly | east one

-via (15)_in the final glass, la ( . .25 ) s . Glai med in
one of he s aLRdH NG RPAT oS wherahrotnasonas: pAeE PRPIETRs A,
sem conduct oreSeibshcat eowFihsadhi ve 3énaodAducFagsr dgi ¢rs 4E33XN wherein the

at | east one_conductor structur 00, 111, 112, .1313 il;e it isc:30_.being
applied, is ROhhEEY ﬁrtoEéeCSHHg%%%8ﬁ ?553?589e5§5% éppw?hé%ag e> 1s

sem conduct o1 §€gb o (33). i30muThel pyeecessras €Ebai whdchnpamgosk t he
precedi ng clains, whereip the_at |east one.conductor structur 0, ,
112, 35 113)?C%ﬁ¥?bngiyiEhBeFﬁapip%?iQa?oFé“&BﬁnécFééuféuéeéi§l%%g)la%%%

t hroughig he sndsipel ¢ifd)codducTbe ptocessras tbai aed cnrarspohdihgly
precedi ng clains, wherein the subs%rate 1), gurigg t he agglkcati%n %quQe
5 glass | ayefafBleg10ugra BaMbER)OhytLlaSor aPFoN1EBafi RGN LS hal § “4HCE
tenper at ur e heg weencBOLs angp 200, a br of esablysbetwepsi8@Coandgh20€ntad2. The
process as claimed in one of the recedlng_clalnsh | O ghereln thg glass
| ayer (9, 9I1COWRPacHIYifl AppPTEAChyCeVBPEFAPRoRSE0aRI RY i CANGYGERSsI ti on

rate of at |gastcOude ~M0Ofabpyetat bt cknessrpeermsadge. 33. The process as
claimed in one of the preceding clains, 15 wherein the at |east one opening

(8) in the glass layer (9,
Moreover, vias 37 through the substrates 1, which are

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
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, The conductive material 43, which is uncovered on the

25 side 3, of the vias 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
30 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

35 connected to the connection locations 35 on the first side of



91, 92, 93, 13) is filled with conductive material (19). 34. The process as
clainmed in one of the preceding clains, wherein the substrate (1) is coated
Wwhile it is still joined 20 to 'the wafer. 35. The process as clained in
one of the preceding clains, wherein the application of a glass layer (9,
91, 92, 93, 13) by evaporation coating is effected by plasma ion assisted
25 dep05|t|on (PTAD). 36. A conponent (10)2%avi ng a radi o- frequency
conductor arrangenent (4, 41, 42), in particular produced using the process
as claimed in one of the preceding clainms, which 30 conprises - a substrate
(1) having athteegtseestggnta% ARECLAQN 501iaN thih poldlin1en Al least
one side (3, the substrate (1), a glass layer (9, 91, 92, 93, 13)
whi ch has ata¢éa§© @ﬁeieendpehpﬁgree}omﬁtH3at¢|@e ﬁW@P@H§§sVP§yéhebelng
.depOSlted égnQM ¥9p§§?5h§§m8htaagha 3r”§&@%t%lcaﬂnsg EEEQUEQEma%hgla'”Ed
in one of clarns 1 e via elng In electric contact with the
cont act - conne@ttbﬁ segionndyctor7aegiand §o- batemea§ﬁdoﬁ@ tordgenguctor
"structurg 1 113) 1, 92, 93), which is
in contact Qgﬁu%%&re; f@% &gTﬁgQC%ng%%§§§aég%ggp%e ?n4cla|n136 whi ch
includes at to | east one passive eIectrlcaI conponent (23) on the gl ass
| ayer (9, 9 92, 93 Lch i npect conduct or
structure (lB% e&iﬁps&% éél%@? pﬁgée%ﬁeggonggﬁgnpeg%s %gkggghFﬁQEXe of the
precedi ng clabtsindd MhlsépanatﬂdesfaomuthEIayéercohdacbmbodimangeshnwn(4,
41, 42) with, at_| eas tmo ass. la (9,,91 .93) applied b .
evapor at i on toatthy ant e oh%@?ﬁggﬁgcﬁhﬁﬁc?gr éPEE&%BFE ?Tﬁ@?sﬁtiFlez,
113) appdiedldpet heanof confocibfontetetung ohaasf khat agbasstliayecoberaggi n
el ectrical g t act Mnth @ 20 conductor structure on a second gl ass |ayer
via avia (1 f OB gtNgt %n%onent as clained in one of the preceding
claims, wherein the substrate (1) conprises a sem conductor substrate wth
at |east one actiye senlcon uctor re |on é % ghlch IS 25 connected to the
conduct or stitft uf SPOHS 8 f TFEENSTF eaingrtt AL SQBstPYEREEYY, A which
| . Al Au. A Aaduds thefBe ASvh Abn An 8. AFdw A2. foined to the wafer have been
2. AE. A?. A3l . A3. A3u. A2. ASNR. AF. A3Y. Au. AaY. A3uY. AFE. Au2. AaY. AF. A. AF. Al N%®. Al .
ANA. A APY. Al $9t o I, %chg%%@rrarlgﬁment 4. This embodiment of the
)£ 7 1] wrmhe” ﬂ@&l@@d&aﬁa&ﬁ@ip@]}C@{tC@&&aérﬁ@&&@ﬂtéﬁtceihcaihceﬂtcelea]ga] sajcalc

a]ca]ca]ca]ca]ca]c(Jca]cTa]ca caLﬂca cTa! 4CsuJG
semiconductor waféer 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 arrangement 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.
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provided, " for example, with soldering beads 17, so that
further components can be mounted and connected 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 1s 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-coating

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
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found in the table 1llustrated in Fig. .

Figs 12 to 14 show the magnitude of the scatter parameters
S11 and S22, S12 and S21, and the phase profile of the

10 scatter parameter S12 and S21 of an open coplanar waveguide
using the glass 8329 as an insulator between the aluminum
interconnects. The scatter parameters S12 and S21 are also
referred to as transmission attenuation and the scatter
parameters Sl1l1 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 parameters 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 GHz. 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 open coplanar

waveguide with glass 8329, and
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Figs 21 to 23 show measured values for a buried coplanar

waveguide with glass G018-189.

These measurements reveal a trend toward lower attenuation of

5 the scatter parameters S12 and S21 when using the RF'glass

G018-189.
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List of reference symbols
1 Substrate
2 Semiconductor wafer
5 3 First side of 1
4, 41, 42 Conductor arrangement
5 Second side of 1
6 Layer 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 Conductor stfuctures
13 Final evaporation-coating glass layer
14 | Evaporation-coating glass
20 encapsulation layer
15 Via
17 ' Soldexring beads
19 _ Conductive material
21 Resist structures of an interlayer
25 23 Passive electrical component
25 Conductive layer
27 | Photographically structurable interlayer
29 Separating axis |
31 - Plastic covering
30 33 Active semiconductor region
35 Connection location of 33
37 Via through 1
39 Passivation layer

43 Conductive filler of 37
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radio-frequency substrates or radio-frequency conductor.

5 arrangements, which, as an applied layer (9, 91, 92, 83, 13),

in particular with a layer thickness in the range between
" 0.05 um and 5 mm, preferably in the range from 0.05 pum to

1 mm, has a loss factor tand of less than or equal to 70*107*
in at least one frequency range above 1 GHz.

10
2. The glass material as claimed in claim 1, wherein the
material, as an applied layer (9, 91, 92, 93, 13), in
particular with a layer thickness in the range between
0.05 pm and 5 rm, has a loss factor tand of less than or

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

3. The glass material as claimed in one of the preceding
claims, wherein the material, as an applied layer (9, 91, 92,
93, 13), in particular with a layer thickness in the range

20 between 0.05 um and 5 mm, has a loss factor tand of less

than or equal to .30*10™* at a frequency of 40 GHz.

4. The glass material as claimed in one of the preceding
claims, which can be evaporated in order for a layer (9, 91,

25 92, 93, 13) to be deposited.

5. The glass material as claimed in one of the preceding

claims, which can be evaporated by electron beam evaporation.

30 6. The glass material as claimed in one of the preceding -

claims, which has a working point of less than 1300°C.

7. The glass material as claimed in one of the preceding

claims, which, as an applied layer, in particular with a
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layer thickness in the range between 0.05 pum and 5 mm, has a
15 coefficient of thermal expansion azg-3g0 in the range from

2.9 x 10°® K" to 3.5 x 107® K in a temperature range from

20°C to 300°C.

10. The glass material as claimed in one of the preceding

20 claims, which, as an applied layer, in particular with a
layer thickness in the range from 0.05 pm to 5 mm, has a

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

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

25 11. The glass material as claimed in one of the preceding
claims, which, as an applied layer, in particular having a
layer thickness in the range betweeh 0.05 uym and 5 mm, has a
coefficient of thermal expan51on which differs from the
coefficient of thermal expansion of the substrate material by

30 less than 1 x 10°® K in a temperature range from 20°C to
300°C.
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claims, which, as an applied layer, 1is alkali-resistant to

alkali resistance class 3.

14. The glass material as claimed in one of

10 claims, which has the following composition,
welight:
S10; 40 - 90,
B203 10 - 40,
Alp0; 0 - 5,
15 K0 0 - 5,
Li, 0 0 - 3,
Na,0 0 - 3.

15. The glass material as claimed in one of

20 claims, which has the following composition,
weight:
Si0; ' 60 - 90,
B,03 105 - 305,
Al,0, 0 - 3,
25 K20 0 - 3,
Li,0 0 - 2,
Na,0 0 - 2.

16. The glass material as claimed in one of

30 claims, which has the following composition,

weight:

Si0, 71 = 5,
B,03 26 + 5,
Al,0; 1+ 0.2,

the preceding

in percent by

the preceding

in percent by

the preceding

in percent by |

lﬁtant to acid
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5 17. The glass material as claimed in one of the preceding

claims, which has the following composition, in percent by

welght:
Si0, 84 + 5,
B,03 11 = 5,
10 Al,0; 0.5 £ 0.2,
K0 0.3 + 0.2,
Li, 0 0.3 £ 0.2,
Na,0 2 £ 0.2
15 18. The use of the glass material as claimed in one of the

preceding claims for producing an insulation layer (9, 91,
92, 93, 13) for a radio-frequency conductor structure or a

radio-frequency substrate.

20 19. A process for producing a component (10) with a.radio—
frequency conductor arrangement (4, 41, 42), comprising the
steps of:

- depositing a structured glass layer (9, 91, 92, 93, 13)
having at least one opening (8) over a contact-

25 connection region (71 - 74) on a substrate (1) using the
glass material as claimed in one of the preceding
claims, and

- applying at least one conductor structure (100, 111,
112, 113) to the glass layer (9, 91, 92, 93), which has

30 electrical contact with the contact-connection region

(71 - 74).

20. The process as claimed in claim 19, wherein the glass
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he proceds as claimed in one of the preceding claims,
wherein at least one conductive structure, in particular an
interconnect, 1is applied to the substrate prior to the step

of depositing a structured glass layer (9, 91, 82, 93, 13).

20 28. The process as claimed in one of the preceding claims,
which includes the step of depositing a final glass layer
(13) using the glass material as claimed in one of claims 1
to 17 and of producing at least one via (15) in the final
glass layer (13).

25
29. The process as claimed in one of the preceding claims,
wherein the substrate (1) comprises a semiconductor substrate
with active semiconductor regions (33), wherein the at least
one conductor structure (100, 111, 112, 113), while it is

30 being applied, is connected to a connection location (35) of

the active semiconductor region (33).

30. The process as claimed in one of the preceding claims,
wherein the at least one conductor structure (100, 111, 112,

35 113), while it is being applied, is connected to a via (37)
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through the substrate (1).

31. The process as claimed in one of the preceding claims,
wherein the substrate (1), during the application of the
glass layer (9, 91, 92, 93, 13) by evaporation coating, is
held at a temperature between 50°C and 200°C, preferably
between 80°C and 120°C.

32. The process as claimed in one of the preceding claims,
wherein the glass layer (9, 91, 92, 93) is applied by
evaporation coating with a 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,

91, 92, 93, 13) is filled with conductive material (19).

34. The process as claimed in one of the preceding claims,
wherein the substrate (1) is coated while it is still joined

to the wafer.

35. The process as claimed in one of the preceding claims,
wherein the application of a glass layer (9, 91, 92, 93, 13)
by evaporation coating is effected by plasma ion assisted

deposition (PIAD).

36. A component (10) having a radio-frequency conductor
arrangement (4, 41, 42), in particular produced using the
process as claimed in one of the preceding claims, which
comprises

- a substrate (1) having at least one contact-connection

region (71 - 74),

- on at least one side (3, 5) of the substrate (1), a

glass layer (9, 91, 92, 93, 13) which has at leaét one

opening (8) with a via, the glass layer being deposited
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by evaporation of a glass material, in particular as
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 structure (100, 111, 112, 113) on
the glass layer (9, 91, 92, 93), which is in contact

with the via.

37. The component as claimed in claim 36, which includes at
least one passive electrical component (23) on the glass
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 arrangement (4, 41, 42)
with at least two glass layers (9, 91, 92, 93) applied by
evaporation coating and each having a conductor structure
(100, 111, 112, 113) applied to them, a conductor structure
on a first glass layer being in electrical contact with a

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

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

wherein the substrate (1) comprises a semiconductor substrate

~ with at least one active semiconductor region (33), which is

connected to the conductor structure, on a first side (3) of

the substrate (1).



