; 0123e3e_XXY<\X\\ _6_T_v1 03SE.0163SGP Schott AG G ass material for

radi o-frequency applications Description The invention deals in general
terms with the field of radio 5 frequency circuits, and in particular the
invention relates to a glass material which is suitable for the production
of conductor structures appropriate for radio-frequency Ez%)llcatlons on a
substrate, and also to a radio-frequency substrate. 10 93SGIO0KnbHFP t hat t he
trend in t heckentcafduct or industry is toward ever higher data transm ssion

rates. Frequencies in the gigahertz range lead to increased sig |
attenuation at the feed and em ssion systens. Hitherto, prlnarlmm“MI‘W|mwmmH
his§158Y

ceramc (HTCC) and gl ass-ceramic (LTCC) multiple |ayers, which aftej %

have been printed with conductive |ayers, |amnated and sintered, realize a
t hree-dinensional or nultilayer wiring for a radio-frequency cir

been used for systens of this type. Mreover, organic nultlple I%mmwtmmni Hmm
are not hergghks Mheezhial !sedraki%er%quehc@ applieataRmLs,

transm ssion losses in wiring systens of this type |ncrease on accoud?”%?
the attenuation in the interconnects. The use of HTCC and LTCC material s at
very high freguencies - generally over 40 Gz - is restricted by the
relatively ETQE_3§EEECTriC constants (DK) and | oss angles 15 20 25 (tan8)
in these frequency ranges. The HTCC and LTCC ceram cs have an inevitable
granul agi tyruhi 60,038 180 AdUGLSerehigel 1an it adicdr feiRAYaNON MORIA]6S
and leads to the interconnects integrated therein having a surface
roughness c6regsponrgi ggreoitise gnandhapiamEicPiiag $ivef dawardugimessiateddls to

I ncr eased 390 a glass material which is suitable for the production of

conductor structures appropriate for radio-frequency
applications on a substrate, and also to a radio-frequency

10 substrate.

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
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 also 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 angles
(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



2 line losses. A further cause of the high degree of attenuation in known
radi o-frequency conductor substrates resides, inter alia, in 5 the
application of the interconnects, usually by neans of thick-film

technol ogy, in particular by nmeans of screen printing. The interconnects
produced using this technol ogy have a congi derabl e i nhonogeneity and
roughness of the interconnect contours. The i nhonbgeneities of the 1o

i nterconnects act as antennas, |eading to extensive |osses through

radi ation. Fupthepopee, sintering inevitably |eads to shrinkage of the
substrates, which nmakes it difficult to accurately maintain 15 desired

di nmensi ons. More recent devel opnents have been toward repl acing the

di sadvant aggous -t Rgk L, I b i.ng various PVD pracesses to
apply the inte(gon%gcféhggl%?gggga?ﬁéw ?géﬁﬁ%go %ﬁigﬂﬁégﬁégiﬁé¥%¥ﬁﬂﬁber,
t he sinteri Hgddp-fheqHFGCYoconTCC timart emibalts atte sprreduck s,hd nigd nrg. ist,adk

required in ey] SSQr ti,l | _presents a major,.problem For
exanpleg siﬁ?ér%hgggfggggﬁT%% %g§a&P€eF§8EPFé%Sa {4 t fPe RS Afeast
950C. A tenpbiakufelof t&65006logyredui padtfieu lale b5 nriamted Mg He ddl CC

ics. T Lur | ead t h in the inter, t
STt ur s, DAAEHR. CROEoR B AL BFESRNEEE SHEER: FASd & A HEaRnogY

OI'CcE
invention i bavheretoneibasedleninhemobjetel tgf aprioHoRighte3® g RGwed
materials, i rticular in terns the radi o frequency properties, for
interconnecfggggggﬂgeﬁﬁdC8FtPHﬁP0v&%§ PHQOP8@F8§FFg&ﬁeﬁ€yt@@bperties of
radio-imequﬂntgfcondacréraatraggeﬁE@F&as, l%aﬁhh? ?Qj@@ke?%fygﬂy@ggﬁsi n a
very surprisin siml e, way, by a glass material for producing insulation
| ayers for'féﬁgBXPrﬁgaéﬁEﬁoﬁubstrates or radi o-frequency conduct or
arrangenments, a process for producing a conponent with a

Furthermore, sintering inevitably leads to shrinkage of the

substrates, which makes it difficult to accurately maintain

15 desired dimensions.

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

20 or sputtering. However, the sintering of the HTCC or LTCC
materials to produce the wiring stack required in 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.



5 radj o-frequency conductor arrangenent or radi o-frequency interconnect
system and a conponent with a radio-frequency conductor arrangenent, as

di scl osed by the independent clains. Advantageous configurations and
refinenments formthe subject matter of the corresponding subclains. to A

gl ass material according to the inventionor producing insulation |ayers
for radi o-frequency substrates or radi ofrequency conductor arrangenents
has, as an applied layer, in particular with a layer thickness in the range

fromO0.05 ~m15 to.5 nm, preferably i.n the range fromJQ ~m a
| oss factor LF[“&EB og’fj SCks & KA IS SEud™ % ‘L/ed;*yl%-uzlrﬁrgl@a%nge%s@%elf"\rr]%r%hency
range aboveby @HzlalsECGaard iHICE amtperddlcsiray einsl et omtsayets afon account

of 20 their good capsul ati o roperties, i ch. al so _enabl e trate of
Chis type 5908 oreas Bens ST Aous: gt or CosreieL e otbs
encapsul at i e reheReicntes &f Hassd awr prsducren detdmponshincel gh ass has
an extrenely Iqm/perneabiIiH¥ to nost gases. 25 On acco nt_ﬁé the | ow | oss
factor 8f tHF&Gradd SmGYalCUPIGTRF & LHET (He TS METErFarY
accordi ng tQnithe donRIMd Ay dtfergMdientd Yedmpdradie wirh radi odf sefipeqeyncy
applications. 30 A glass material according to the invention (gs an applied

layer, in p&RCY@AtAT GRIRNIaTERd 137 s the g dR RN D. 05 ~m

and 5 mm ey Par.l aar os RAUaNtAaeoUs] ya tieves aaddSse f asdment anBoo tres
than or equal to 50*10-4 at a 1 4 frequency of 40 GHz. This | ow | oss

factor make$WREH ot tfst &t dhaGIFHIRPIG NS IR THN eni nent |y

sui tablyg for use for radio-frequency applications even at very high
frequencies in the mcrowave range. 5 According to a refinement of the

i nvention, Phalasss Meg@wiral AFEOTdng Berth tipeeraier AT cRR’EECHATt he

range betwegn Q107 ;4R %grérmomm&aﬁr@@%h@y%&@gtﬂﬂag 8r9kaaso-

mat erial according to t Invention, is even less than or 10 equal to |
30%10-4 at & neiosreneay e dnditieic \a Df aneI@GEE S TS, | d5sah a2PBE1ed EIBATY oner

than the |lo factars of, LTCC and HT bstrates _in the m growaxe-cange.
Accor di ng tg’%étdé:r‘{ 'a?ﬁjl"%irq LAt ag czly’é%%%d}rh;#feo?a%giﬁﬁ%ﬁsé'Prét rial

according ta ¢ [NV i tyard shtheg Yelmganabe
1M Q‘Phl@sa rﬂéxpl giv%éii%eaﬁdlgﬁg mteld al o 4 oL 9}?&9_@ Ml‘)‘ R t8YErm@anabeoss

evapor at ed. osition of Tnsulation layers using a glass
materi al acoRrddiclg dand ke ileentiem yr R@cbatd mpuro Byiavapolatisanone

coating onto a base. This is particularly advantageous inter
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 pm and 5 mm, may particularly advantageously

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



20 alja because the thermal |oading on the base, for exanple the substrate,
is only noderate. Moreover, the deposition of glass |ayers by evaporation
of the glass material, for exanple froma target arranged opposite and at a
di stance fromthe surface to be coated and conprising glass material 25
according to the invention, allows the prdduction of very thin, honbgeneous
insul ation layers. The use of the glass material therefore also allows an
increase in the integration density of radio-frequency conponents, such as

for exanpl e ok {adl0r redyenay Subsly ales 130 Qs el 1dle apeprdl ng to
t hi s enbodi ment” 0 hé i nvention can accor di ngly be evaporated in such a
way that a ghiassilkdyecoording éousheayigrveng ifagr s nemn tlhats sirgake 07r a
substrate whi_ch fac t.he v ratj ' ; t he
vapor emtt élé‘%f rfg% t%ﬁaglgoﬁce%&%?%vs% rpos%ﬁatccéog‘{yéév;elrg?g@%n%&e% ikgjlérgccor di ng
to the inverftrieguensirst ipr dMhieded dnowdve gleasye .materials. Wth many gl ass
materials, there is no formation of glass |ayers or vitreous |ayers, but
rather non 5 vitreous oxide | ayers are all that are deposited, and such

| ayer s generaldoydimen tao anate friaeenegoo o fe rdegp siun wetri wiroranditoe Y@el ofde¢eeuency
properties. In particular glasses which conprise an at |east binary to

system of n&eEdi 8fs2aka@Yarsyisar @ d@var IdGngsiSe 18s R gdnas &t T ng

gl asses or glass materjals which can be. evaporat.ed and deposi gain as
vi-t r eous or%glegJ s P& 8. rad 31‘%\/3? S \i%h ARRE Cgeuns%e%oa}si%]gags%y

evapor at i onnpRftegliasses Afrditics doy phdamerqragidrcul iy | v goade enciapsnl at i on
and 15 radi o-frequency properties on account of their Iagﬁ gh detrqscts. It

i s parti®cul &I letPediO8ritC i fah @I BESTAERET | HFSqREBrdi A &:i h&Ati on
can be evaparalLGdut A e¢ rorerbaanay aaration. 1 24k Heactson deanTcC and
evaporation allows a very small source spot to be produced on a target
conpri si ng tHECQISALS HRALGS AN &he M PRMRVDOIT3MS dence of the el ectron
beam and the power of the electron beamis then concentrated on this spot.

El ectron beam evaporation also allows high deposition rates to be_25
achi eved onptq@féﬁﬁlsa et @ W Gulanl haepitteggeous embodiment of a

15 glass material according to the invention, the material for
depositing a layer can be evaporated. This allows the
deposition of insulation layers using a glass material
according to the invention by PVD coating or by evaporation
coating 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 depcsition 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



To al | ow sinple processing of the glass material, for exanple to forma
glass target for the electron beam evaporation, it is advantageous if the
gl ass material has a working point of 30 |l ess than 1300C. The term worKki ng
point is in this context generally understood as neaning the tenperature at
which the viscosity of the glass is 109 dRas. To achieve | ow radiation

| osses from conductor structures, it 35 is advantageous if the gl ass
material, as an applied | ayer, 6 in particular with a layer thickness in

t he range bet n 0.05 ~mand 5 h a relative.,dielectrl anstant sR
of |ess thaﬁoggggqﬁﬁpoFoepﬁ&geﬁn?gk“\g%%ﬁ Sé reﬁﬁﬁﬁ%§ﬁﬁ§%%§3§6%§é?1 GHz.
5 In an adr@mb@geﬁdﬁelfc&failnalwair,ditnh_;e 3 ad®e nalvermtdlon ds aroapatowiddayeyr ,
in particular _w a layer ,thickn in the.range hetween 0.Q05 ~ cn d 5
mm  may havé‘&é fgélaétsi PatGitétetr iwgsci’oﬁ‘?tré’ntglfﬁ of™4 eesrslaﬁhsa(n t%}ereéqulaﬁ ar?% 5,
inio partigulrattaohebdt igiesd dlafeirs o rcandmiusRaoferds, W fathdwre non-
m crowave range at a frequency of 40 I 1. cording,to a, further
embodi nent 6’{1%1rﬁ8uisn\?éﬂndi oﬁr,a%eﬁé:‘ @r&gﬁaﬁﬁ\/%a,reaﬁc‘f osalptp%’eaal}%ysel%?hi n
particul ar watBra baverallyt Rindness dot therd anpgel katowenu s or-. andnar 5
mm has a coefficient of thermal expansion a20-300 in the range from2.9 x
10-6 K-1 tor8djoxfreagercy PFoPSTdmSs-ature range from 20C to 300C. This
expansion coefficient is, inter alia, well matched to the expansion

coefficient of silicon or 20 Borofloat33 glass. This nakes it possible, for
exanpl e, tol8uBSEAACUAAILy JARSSES eI Rt Gt 5% b2 kiR 2si PP &TY i con or

Bor of | gt 33 5glsassh 3% sabsidiahie MLrd1a)s phmanbeldinf dhefamle r@éching is
achieved if the glass 25 material, as an applied |ayer, in particularbgjth

a | ayer thi ENAPST A oPTE REigY B1GES RO La5H LML & 1A S el gh can
evaporated and deposited again as vitreous or glass layers.

Glass layers which have been deposited by evaporation of
glasses of this type have particularly good encapsulation and
15 radio-frequency properties on account of their lack of

defects.

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

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



coefficient of thermal expansion a20-300 = (3.2 0.2) x 10-6 K1 in a
tenperature range from 20C to 300C. 30 Yet another enbodi nent of the

i nvention provides a glass nmaterial which, in order to reduce thermnal
stresses when used as an insulation |ayer for silicon substrates, as an
applied layer, in particular wwith a | ayer é hi ckness in the range i
between 0.05 ~.un and 5 mm has a coefficient of thermal expansion which
differs fromthe coefficient of thermal expansion of the substrate

material, f i.Li.cqn han 1 -6 K-1
tenperaturegﬁa %gﬁggoﬁlkh % éﬁg% E%ﬁ ?Hgsloﬁﬁ éﬂ%%ﬁxﬁﬂEﬁQQﬂ1
properties otoa ghaSﬁdlayﬁm thghahéélEQQQeDHQQQ%%@rﬁ%'%%n%&%%% RRtSEI al
according to the jnvention, it is expedient if the glass layer is as

resi stant 10°38 p 28| BFecfiBaat tacKS VEr om ati deast shealfirequRmerefmmge one
enbodi ment ghotrBe1li gMenti on provides a glass material which, as an applied
| ayer, |s acid-resistant to acid resistance glass <_ 2. According to a
further>®enbodi nent of the invention, the glass material, as an applied

layer, is 1Pnakbkakiivhgehstant Eef%bﬁla»htf eghgt grlggsckn%%serlﬂ 3>

mat eri al s whose constituéents are within th OW ng conp05|t|on range
have provena%Bi%%%lan€ﬁnpeneE§§tC§n@QS|WRbh pahgeedi 021i46n@6s B203 hED- 90,

A1203 0-5, i 20 3,-Na20 0-3 20 The punerical _val ues given above
are in percen?g% gm% oAt OTﬂg Hﬁd?ﬁdfpeﬂﬂen@ﬁypgéﬁérﬁlé@léﬁdvﬁhe

evaporatlondpép@@££l§s o= Ta Moy o] rti sing glass materials
according to the |nven%|on t |§Zﬁ%§% f%% 4%2) %%}Cd%s ituents, in 25

per cento by perghtul£bn@onenaslﬁbnﬂﬂéiébeﬁlEaagﬁsgbﬁg 80 sf W+ 0.8

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
15 thickness in the range between 0.05 pum and 5 mm, has a
coefficient of thermal expansion og-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

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

or Borofloat®33 glass as substrate materials.

Even better thermal matching is achieved if the glass

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

coefficient of thermal expansion Ozp-300 = (3.2 * 0.2) x 10°¢ K~

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

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

layer, in particular with a layer thickness in the range



B20310- 3 0A12030- 3 , K200- 3, Li200- 2, Na200- 2. dass materials according
to the invention preferably have the foll ow ng conposition, in percent by
wei ght: Components G assl Jass2 Si02 g4 571 f 5B203 11 526 5 Na20 2
0.2 0.5 0.2 Li20 K20 0.3 0.2 0.5 0.2 A1203 0.3 0.2 1.0 0.2 0.5 0.2
1.0t 0.2 5 The follow ng properties were measured for a glass of this
type, having a conposition of 71% by wei ght of Si02, 26% by wei ght of B203,
1 o by weight of A1203, 1 o by weight of K20 and in each case 0.5% by

wei ght of Li20 and Na20: Coefficient of thermal expansion between 20C and
300C. Ref r abetveernde®S FiaadCoOmit ok ase fp&ioaific i egds ni iy Bdnt :

Vorking poi @xpag%ll%tn' Vﬁll@heloq(\ffrd:% Casst atfe @loMri@Hantlass frackef1 at 40
GHz: aao-300 = 1. 465, Tg =466C, TEWF 742C, TEA= 1207C, sR
= 3. 9, texRansienx ofpthe suh;trate materlal for example of silicon,

by less than 1 x 107® X! in a temperature range from 20°C to

5 300°C.

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,

B,03 10 - 40,

Al20; 0 - 5,

K20 0 - 5,

Liz0 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 according

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

Components Composition range

Si0; 60 - 90,



Density: p =2 . 12 g cm3, Water resistance class: 2, Acid resistance
class: 2, Alkali resistance class:3. This particularly suitable glass is
also referred to below as glass (G018-189. 5 A further enbodi nent is given
by a suitable glass having the conposition 84% by wei ght of SiQOz, 11 % by
wei ght of B203, < 2 by weight of A1203, 2.90% by wei ght of Na2O and in each
case 0.3% by weight of LizO and K2O for which the foll ow ng properties
were nmeasured: 10 Coefficient of thernmal expansi on between 20C and 300 C
azo- 300 = 2.75 x 10-6 K-1, Rférgcébve i ndex: Transformation tenperature:
Rel ative di érBetric constant~dt 46°GHz: Loss factor at 40 Gz: Density:

Wat er resistanog class: Acid pesigtance class: Al kali resistance class: nd
= 1.47, Tg = 562C, ER = 5. tan8 =4 0 x 10-6, p=2 . 2 g cm3, 1, 1, 2.
Thi s gIass,Fﬁﬁich IS Iikemﬁseopér??cularly suitable, is also referred to
bel ow as gl agsp8329. 15 The conpogitions given above relate to the gl ass
material prior to application, The | ayer which has been applied using a

gl ass mat er ™2C0f this type nﬁy"a?so have a conposition 10 whi ch devi ates
fromthe above. By way of exanple, the conposition in the |ayer may vary
fromthe co ion of the glass material according to thgﬁgggint'on i f

it
the |ayer i ?ﬁ;ﬁoﬁaﬁ&iﬂt@l%\ﬁéﬁﬂ%@% Dt gl mHR E R RFD Yofatfie

the following composition, in percent by weight:

Components Glassl Glass2
510, 84 + 5 71 £ 5
B20; 11 + 5 26 £ 5
Naz0 2 4 0.2 0.5 + 0.2
Liz0
K,0 0.3 £ 0.2 0.5 £ 0.2
A1,05 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 Si0O;, 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,O and NayO:

Coefficient of thermal

expansion between 20°C and

300°C: O20-300 = 3.2 x 107¢ K%,
Refractive index: nd = 1.465,
Transformation temperature: Ty = 466°C,

Softening point: Tew = 742°C,

Working point: Tva = 1207°C,

Relative dielectric constant at

40 GHz: gr = 3.9,

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



b glass material have different vapor pressures. A glass material as

descri bed above may particularly advantageously be used to produce an

i nsul ation layer for a radio-frequency conductor structure or a

radi o-frequency to substrate. A corresponding process for producing a
conponent with a radio-frequency conductorg arrangenent may for this purpose
advant ageousl y conprise the steps of: 15 - depositing a structured gl ass

| ayer having at |east one opening over a contact-connection region on a
substrate usgjnd, yglass material in particular as descrlbed above, and -
appl yi ng at l'east “one conductor structure toRfle ?gll%sg'zm'l ayer, which has
el ectrical W@meactewusmamhe captsact connection region. In particular on

account of %Eg qadyant, es li sted above, consideration is given to

deposi ting € g ass’® ?8? 3 ags ‘evaporation of the glass material.
AccordingIyAlkhélpmes&S$aa©60tde@g :to the invention can be used to produce
a conponent with a radi o-frequency conductor 7arrangenent, which conprises
30 - a substrate having at | east one contact-connection region, - on at

| east one STH@SOEaEE§c§§Q§E§a%91t%bqla 3 288 ?%ﬁtgg %%ﬁ%?ﬁﬁg P

opening with a via, th beingin ectrlca
cont act - confié@sPoR038- ﬂ@élon and

5 A further embodiment is given by a suitable glass having the
composition 84% by weight of Si0,, 11% by weight of B,03, < 2%
by weight of Al,0;, 2.0% by weight of NaO0 and in each case
0.3% by weight of Li,0 and K,0, for which the following
properties were measured:

10
Coefficient of thermal

expansion between 20°C and

300°C: O0-300 = 2.75 x 107¢ K73,
Refractive index: nd = 1.47,
Transformation temperature: Ty = 562°C,
Relative dielectric constant at
40 GHz:

€r = 5,

Loss factor at 40 GHz:
tand = 40 x 1078,

Density:
Water resistance class: p=2.2gren”,
Acid resistance class: L
Alkali resistance class: L
2.

This glass, which is likewise particularly suitable, is also

referred to below as glass 8329.

15 The compositions given above relate to the glass material
prior to application. The layer which has been applied using

a glass material of this type may also have a composition



11 - at |east one conductor structure on the glass layer, which is in
contact with the via. In this context, the term conponent is to be
understood as 5 enconpassing not only an el ectronic conponent. In the
context of the present invention, the term conponent al so enconpasses a
coated substrate with a radio-frequency cpmductor arrangenment or

radi o-frequency conductor system which then as a unit serves as a carrier
and for the connection of 1o further conponents. Simlar conponents with
carrier material and radi o-frequency. conductor systemare .genenally also
referred tOWB%CPag?B;PFE(ﬁugﬁ@V §§ﬁslarbé’t"§s. B ui é%lo fﬁ‘@é‘}prl%t’eecrlrla erials
include, intempakidiofi ihCehe 1ayeer amiyC vaghasyom téreeraulpastiittson Idf ithe

al so possible to use conposite materials, far exanplejg%qég% | ast.i c

| ani nates, Phapar PREGFAALI AECAEFRGS hOs &N LA vttt hat Or +°
arrangenent §epAs 1 ekl b@s ewhabiog@rtiont dotalngo apes I eonfpwnaxaie, tho use
ot her sem conductor materials, such as for 20 exanpl e gallium arseni de.
Silicond ceBaapé BAGegradshave gdftfiecandr MPPOS AR trate materials on
account of their coefficient of thermal expansion being very simlar to
that of the glass applied by evaporation coating. 25 The glass |ayer is
particul arl G#éﬁér@@ﬁ?rdééo§ﬁt@@ﬂ@}%ﬂﬁ?(éﬂﬂﬁﬁ%ﬁQXNPQﬁtkﬁh%%F%%teria
according t I i QN "o drddicdl S Gentgiamaide THFet heogl &ss

| ayer to begggggstflgégﬁ%rﬁ’?r?ae{_@sé%\réfgcoe F{)rfddt%he substrate which Ef)js to be
coated by, frediex&mplaensyutCoadUsd ol Grhla Atartfeto o dha &l gl BRAYTHES
nateriﬁb ac BEQE?QtEQ the invention. According to a refinenment of the
invention, the glass |layer is applied by evaporation coating through plasna
i on assisted deposition (PIAD). In this case, an ion beamis directed onto
35 the surfac i IS rd e LV, i - ting
process. Th?s%logé s%%tog%fl&%[ %grrocc%%sg%%zﬁ#gjn&%ﬁ]@e aé%ﬁé:?%ﬁi%%ﬁg@def ect
density. As raelilo-dsegomdioyt aronstuatctras;angfite s May exanphes ppurpose

i nt er connect %,Vaintta:g%o%lsg?/t %%t%ﬁhq ftq{ﬁ e y e passive electrical

conponents 0 be applie € glass layer and brought into contact wth
or connected to deposdtdumct @ stnuattuwred dasmylalfeexaapirg 3§ 182pbserdl e

;g;l ?egapaci tor, o%ernei%igSto(%rre’r 4 CQlead VAR A 10 TS oRMoNTE sh9sPRate
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



10 to. the gl ass | ayer as passive electrical conponent, or for a filter
el enment to be applied to the glass |layer. A particularly advantageous
enbodi ment of the invention provides for the production of a

t hree-di nensional or 15 nultilayer conductor systemon a substrate. For
this purpose, the steps of depositing a structured glass |ayer and of
applying at |east one conductor structure are carried out a nunber of
times. The individual glass |ayers and/or conductor structures nay be

structured differen i.n_order t roduce 20 a three-di nensi onal conductor
system in parti (%EI %rgxgitsggﬁa\gpﬁggﬁgggi Ve IS 5r€fer?flsf%h\ﬁn' S5 ¥ hred on
one or nore indi vhdohl ikayer sontathewittht ithayeriagonduct or system In this
case, it is advantageously possible for a conductor structure which is
applied at a later stage to be connected to or 25 brought into contact with

a cont act - cénnebisononegkon eheateemndaeetpbnshitUuckure aRPhindd af: Y earlier
stage, SO t%g& an electricgl cgnnectiﬁn IS created between two individual
|l ayers of the condudtBf BPFaRfeieAl SnECCtRENERJFPI@RENtay dis tign asntext

el ectrical | yfl thkedrésenneianehbebn, Aeser derdl ¥ombbnks t3@ 1ReTeRY PRSI €
to forma congongnt mthE has a,nultil ayer conductor arrangement wth at
| east two gfas2®Fayer8PRhFehehdiENbBeRadpprieqangrevasernatics® coat i ng and

each have aacoadgenentsbruehdie-apphhiedclocbhalttwht Byareandyglios, stdcture
on a first glass |layer being in electrical contact 35 with a conductor

structure of"a®sBibhdSgF4ues payarcoralgrvpad forzthswepansecitions of so

possi bie fofuttledrcoPpen¥has. WikhiakecBApbhRRgd,2RAY e 120 3NqLher. ;ar
of fset to be brought into contact in individual glass |ayers FoCated above

one anot her?™% k3dtfatrepyenay epnerarpresyatepnaaet geormediivonlsegi on of

t he substrai@féﬁ;é@regggsCPQ&E@IPPe&QeBB§ ouistdgethrough a plurality of
glass layers or is connected to a conductor structure of a further |ayer.

1lo Furthernore, an advantageous enbodi ment of the process provides for the

Step of depasi ¢4 s ohaerd v ofla ol assy Layge; haki ngoeL, | gast, one,openi ng

over a contact-connection region by evaporation’ coating to i
steps bf: -CHHMSnP RSt reeteved phaetiayer Itwhschlsovppsstibéelbo use

cont act - ConiWigdd O & GEH Ofr 1 5 PEYEN S e gvaporation coating
to the substrate and the s%?b%fu%%% ?ﬁ?%§#§y§%£§%iéﬁg¥§lﬁr §BATAEREr e,
t he thi ckné¥sriofcular gingbudbyertees evabhyiheeggatedscobhdnctbat of the

structured 4 Elp s @ r ' the structured inter er, with
t hose regi ons ﬁdﬁe ol 'agzgs ﬁg?/%lr %?%thg‘r’%ﬁ ojcé\t%a 6515?h8<’§?r‘-5%ur58r
interl ayer e@myle i fiediss tdther semacondiototr omphetohlshognanhke kesi st
structdy i ngy, dobn1 d ssible for.a structured interlayer of this
type to be pr o&?uceZagangflec Ié;]jps %Jfé%'xa teC8y” pr FhEPhg. @ r@ﬂé?ﬁnﬁ‘é? a
refinenent RArtilmogessupravidesubotrate 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-



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 | east one contact-connection region
prior to the application of the glass |ayer by evaporating coating. This
produces a conductive, raised structure oh2the 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, in which case the rer of conduct iy terialc. [TV, fyrom
the regi ons “RRTCAIsBFPEERE t 1 or‘-{'tefgfs- %@nﬁftélcﬁtﬁlc?n@rage@%nf]t%agt;ﬁ eraer\g(vjlt t he
5 interl ayekredlibeighads lthyededartt Rikmsddyant ageously be applied by
evaporation coating in such a way that its thickness substantially
corresponds to the thickness of the applied, conductive material, so that
after the ghaswelayers abovedthe catiasirmonnentdlong eginresdmgplbeen |ifted
off, a to sybstantially planar, surface is present. According tq et.qyother
refi nemént 6Ptteﬁ§°|nﬁ\?€)r/?15i'or3r,t fis &S5 %ﬁs_LSJg)lgq agqsr 1DrerhdVing pa%lsﬁle‘ést one
opening i s depesidied digeagidnenlowe & afcied aitnetd ayl 4 €gi ayer and
advant ageously 15 with a lateral offset, and tqﬁﬁft Ie%§t one, o ening in
the gl ass | &FOMANE dR&e GANESE bt e SHd RAMRAE TR i &t 1HI Y 6 Zreat es a

subst ant i al gy yRlcamale SWf 368, as akaga d,orid hies phsepientfapp | capaont of,
one or nore conductor structures. 20 Furthernore, it

| _ has_ proven .
advant ageoud it StsE ubst Stid,r uriatt I 1RF aphl it iBh I\Eféc't he® éP%s%p?JaJs/%‘? by
evapor gl 0N +¢0akheNQ1 dss Nl Ata A JLaperatdr & bet weeneSfilomdtk 209€, for a
preferably between "80C and "120C. The heating of the substrate inter alia
prevents t hiflderatslomesft e imianil 2 sie s Il abtiet@X e heating i s al so
advant ageous for the norphology of the glass |ayers at these substrate

tenperatures, it was possible to produce particularly pore free gl ass
| ayers. 30 A Ipagd igrdssune adrvatrﬁeamp%r%mwﬂhlm@mé eanbeYeRt R is held

at most in %@%ﬁ%{&e £r 1t ucPf&f &5 abl Ve Fed hei fngeoRs1 1025 nbar or
bel ow, is equally p05|t|ve% r the required | ayer qualltg. .
15 multilayer conductor system on a substrate. For this purpose,

the steps of depositing a structured glass layer and of
applying at least one conductor structure are carried out a
number of times. The individual glass layers and/or conductor
structures may be structured differently in order to produce

20 a three-dimensional conductor system, in particular also
having passive components, which are formed on one or more
individual layers of the multilayer conductor system. In this
case, it is advantageously possible for a conductor structure
which is applied at a later stage to be connected to or

25 brought into contact with a contact-connection region of a
conductor structure applied at an earlier stage, so that 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.



35 To, produce continuous glass layers with a | ow pore density on 15 the
substrate, noreover, it is expedient if that surface of the substrate which
is to be coated has a surface roughness of less than 50 Vim 5 Yet anot her
advant ageous refinenment of the process according to the invention provides
for the glass layer to be applied by evapoBation coating with a deposition
rate of at least 0.5 ~mof |ayer thickness per mnute. This high deposition
rate can readily be achieved without detrinent to the layer 1o quality of
the glass layers and allows a short production time to be inplenented.

O her vacuum deposition processes, such as for exanple sputtering, by
contrast, omloyweaeh,eve depesidd gogstds dform tew crammrst erisa perhicmudee 15

Moreover, the application of the conductor structure advant ageousl| y
conpri se thé)o?tlgﬁ?_“&% Vﬁ‘r?dlea %&%%ﬁ st{%ﬁtt ut}oeggie?/rﬁ%wga rl?ﬁ]%l t hen
depositing contueid Ve MadENialuadn dis Daseyers codetsedessoroaded andthehe
interlayer. The base in this case %gggrlses the substrate and/or,the 20

subst r aPe wisth TRE o PYRY &pISHaPR)i%s £ | SR B THHAU R dr T &9 TR t Of es

arranged t heheorubEtirs dentiey layeiugmyec s thel pwtiid thogs agdi clakdygh a
structured or, produced by structured printing. 25 Th substratgucl:%osglf may

al ready hav@®ldTedidcdh BE i r s Gt e §Hehe ? of it

i nterconnectstrubtese Y Alsa adwantagaously 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
provi dag on pat il &RNNest Mt hipsoReampnplhad dif egte t9rdbessubstrate,
and for this contact

provides for the step of depositing a structured glass layer

having at least one opening over a contact-connection region

by evaporation coating to include the steps of:

- applying a structured interlayer, which covers the

15 contact-connection region,

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



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 16 a multilayer interconnect system which
is appropriate for radio-frequency applications, or a nmultilayer conductor
arrangenment, which is appropriate for high4frequency applications, after
the steps of depositing a glass |ayer and 5 then applying at | east one
conductor structure to the glass |ayer have been carried out just once. O
course, in this context it is still possible ta.create further |layers of a
t hr ee- di mensGRAl aiyr?tre&%e&ﬁlr?e&hoﬁ qur?%‘alﬁﬁolclm fr%réicstouw ht%gaés/@il%re
gormonents mﬁ:ielgraaulaq/etrhe;rfei;mndmlxwiemeatamﬁ%aﬂg car mtiingh oresd hﬂustmﬁenf
epositing a gl ass, | ayer and appl.yi,ng a conductor structure. Yet another
enbodi ment 6F CREGUGETE J1 HtdhvdilddS fr(ﬂm%??éius{ﬂ%‘l A% 159 i L

seni conduct @i ryRsld athe \Wdnt a6 @nnkr e @efiore tsendanduatis tlegi ons on

a first side of the substrate. By way of exanple, the SUbS”%}]}Z may
conpri sé aninfeddratdd FEF GIRRTCLGYSS <@k tER9h aga t@geeu B% | east

one conduct @hp3tildCiiy & iR A iGNNIt d 0 R fectiop dipcation of the
active sem conduct or re%lton while it is being 20 applied, so that there is

el ectrical EHACKPESA AT rdGriddct FORIIRAFL Ehd I drEroiRe st soF Wit t he

conduct or  aREANYRREN ordUNERD nftQr i@XAR & i d HHe e A esg1d e pajér has
been 25 taken of integrating individual sem conductor building blocks in

monol i t hi ¢ B&OYE kFhearantesf1eame derihi ke thist ReRD ek e ¢bFms2t he
carrierof or S sePicaNduE i iddingdlacks.e hicontrast, the invention

allows the reverse routée to be taken, with tthe conductor arrangenent being
applied 30 direct to a chip and the latter therefore serving as carrier for

t he conduct gr. ay. t J_e%? “Y@KEE e i nvention, prpyides a
substrate |ccd%r[?g@q;:ﬁ]gaes¢ %Ar%gﬂ\}eﬁ{a. ggé, the (g{ | east one conductor 35
structure caf kdlcenmdatsd tayathdaning mougritheonuiereniey 19 7depeseted

(s being applied. Th i R, & 1, d WO | 0L I 5 8L oL UG s

structures gir%r%%gl i (fzoog];g)&e su as ra‘{e éoél%le conér}%ect ed ]fo a _8 Y

radi o- fisequericyh eonducimrl arfifregemartd orharmst hevast denofopdrizabsnr bhe.
glass layer is then filled with conductive material. This too
creates a substantially planar surface as a base for the

subsequent application of one or more conductor structures.

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

25 stresses. Moderate heating is also advantageous for the
morphology of the glass layers; at these substrate
temperatures, it was 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 10™* 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



5 If the single-layer or nultilayer conductor arrangenent on the substrate
is conplete, it is additionally possible for a further, final glass |ayer
to be deposited by evaporation coating so as to cover the |ayers which have
previ ously been 10 applied. To all ow contact-connection of the conductor
arrangenment on the substrate, it is advaniageously possible to create at

| east one via through the final glass |layer. This glass |ayer can be
produced in the sane way as the glass | ayers of the conductor arrangenent
beneath it. This further 15 |l ayer can ,serve as an _insul atiaqn | whi gh

i nsul ates t ﬁgecéhlhﬁ&régear Mﬁ&éﬁ?ﬁ’ Wit 1S eegcﬁeeccfletrbt t#eatg‘uachsisd‘? Jl'eécoer 33
econom ¢ pr adeckiubs tehteomhdréntis aec drediquntedl thees isnwemfany fdudlsnedso
advant ageous if the substrate is coated 20 while it is still joined to the
waf er, so tRé&t 1&sgultbepl 58 #4r-of conponents are processed sinul taneously.
The international patent application filed by the Applicant on the sane
date as the present application entitled "Process 25 for producing a_.
conponeht witel anosheuc o aategisgparte me fimiangiite Fhrthaditnreesyrgryrding
appl i cationg”, discl . j t e :

ar r angenent ?"aﬂﬁ‘%p%@%?&g?ﬁ?g’?%%? \tljgciérzl)grat%ge?ng%afnsrsmi @h gI@aés)s %lﬁe)é]éle{j
deposi t ed bpyeesppoaiaitdonc cakitigioams s ed depdsidulcrt imate ayferat MresBo

gl ass material according to the invention can in particular also be used
for the prolessé® 2bdlegREorEHENEES A%e P4 GSre ijlo?/g“aggbl‘?ecpacﬁjoﬁﬁo%nd

the content ygkedicael 92w 19f @ AR ARBIHHAIY Ukt FiddHts t@Spestliper
her eby expressly incorporated by reference, 18 The processes_and
conponéfit s QEdditHe@théhe i@ S Lave bt eter¥ht &, ShiclorRye? d el on

i nternat i ongl RASNt,ARRY1GR AR d N dthee NafE Al tdp N BSEN. FPpEé 885,
entitled "Process for 5 producing a conponent having a conduct or
arr angement SWihclasi §oguieaFiod o GPUteE -1 e dUie ritSN et § c R bnsaclyteve

parti cul ar| yosuitiatles, Lol d1ouse oy YARmdBA 19l: aegrding to the

i nvention. course, however, it 1s also possible to produce simlar
conponents or other types of conmponents for radio to frequency applications

using Ghe OARRARLE! iile AROUNGY o LN AW Ook NE: LiER Oflagel al s

in genéral terms to’the us ass material according to the Invention
for produci agvan tiagswustlivorcdmpyars e drhea sttt 0-9f aaprehicinc ondueyarivetvict ure

or a radi 0- LEeQUENGY SUBSIEALS d:N JIAY 40 daprave 4o Liigadad] 0s fheauengy

properties of "'such elenents.” I'nt he e rnvention Is
expl ai ned i ennthe detsa whdrcht e shasien afoabeshpiidtly Bmbodihentayand Wneh

ref erence t ts.%e iglr YIS, N c%é)cpisledseq{}{ecaguﬁ‘ﬂrcﬂén%r%/gf) ‘?Qgpo_nent S are

provi ded w idéentical” reference numeral's an e features of various

enbodi ment s scas the teomiithedna tdr omeraaregigiered Iqldse dawewrmgand conductor
structures arranged thereon. This interlayer may also be
photolithographically structured or produced by structured

printing.

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



Fig. 1 shows a sectional illustration of a first enbodi nent of the

invention, Fig. 2 shows a sectional illustration of a further enbodi nent of
the invention with two conductor arrangenents on opposite sides of a
substrate, Figs 3A use cross-sectional views to illustrate the to 3G steps

i nvol ved in one enbodi ment of the processlé@ccording 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, 19 Fig 5 show enbodi nents of

conponents ac I, R Q. 7.t i.nyent whj have QM ith a
conduct or a?r %ﬁ%grlrégy te\%m&?’gegtc ?ﬁlnej@céi %&’dc'%{é 0 t“}rkllgﬁé\?/af§L \eér a%‘é%pqé%\gheg\i\% fg
di agrammat i eabaygelf raguanggmepp liicatdonkBl; measumertentl agtemuctamdgictking. 9

shows a | ayer _arrangenent  f.or open_copl anar vegui.des Fig. 10
Shows a | ayBrTaPPRRGETent iR S0 PR 2osI Are Tidvdda Hae S F g, 11
shows a | i stppflipaapentieaffter mhesuste sspecideprs itting reasirssd heataresand
being illustrated in the followng Figs 12 to 23, Fi 12 show.,t he

magni t ude o%kﬁﬂeagé’gtytl&g Bgr B L cfﬁldélr?%orrhéﬁtrr“g%élsree [S)Croo:‘l)élr}ee Fess
speci men GLAGPYE Rafgl a2en832%)r.ickd gutl5 ustowndee meEgridurde ofirt hehiscatt er
paranmeters to 17 and ,their phase praqtile for the specinen ACPWB 2. (gl ass
8329), Fi gscf§t§l‘fgwltthésrr§€jﬁiq‘ralu@é’s tbllr‘?e t?c&tﬁe&%ep%?gﬁ\g% atyoe%_oa%aagt hei r
phase profi karkerdihenspesiaren nG2ACRWAec (sgisastn, CAI8-pd)i b Figso 21
show t he magni tude of the scatter paraneters o .23 and their phase profile
for the spediiBnPaSAEBRAB COPPCHILASS AHTEITEdS Y Mg retTah l:-fl%%pﬁ%’ ed
sectiongl ikhustrial entokna foitepls eFbedipwitt i9fy a carenayaccaiding to

the invention, which is denoted overall by reference nuneral 10 and has a
applying a conductor structure.

Yet another embodiment of the invention provides for the
substrate to comprise a semiconductor substrate with one or
15 more 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 structure 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



b 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 arrangenent which is
arranged on the first side 3 of the substrate and is denoted overall by
reference nuneral 4. A layer 6 conprising conductor structures 61 - 64 is
arranged io on the substrate 1. The condugyor structures 61 - 64 may, for
20 exanpl e, be interconnects. Mrreover, sone of the conductor structures 61
- 64 may al so be formed as passive el ectrical conponents.

Cont act-connection regions 71 - 74 are _defined on these duct or .
struct ures Hﬁl&%&tor}%t ?&?Lf“igr ?tppéil@é"S Tg‘rlst & C&ﬂ%’t aﬁé & AT T
conduct or sthtietruaes aofaltidersl apeudt uraee eehapldedf athd nsidstraige gtass
| ayer 9 is then deposited in structuEed form on ng first side 3 of the

substrate bPeeFRPEREEEG todt iHRGH SUAF TIRRCH HAOPIHY 1A I Upetit ngs 8
above the capbagerc@IFRCIHORNLF Y- r&ke. 74. 10 These openings 8 are
filled wth a conductive material 19, so that the openings in conbination

with thé conductive fillings in each case create vias through the

insul ating glragsel a¥Qlg12-1AJe3yr Wit Jdir thald s orarsddmisitres 111,
| 12, 113 is applied to the glass layer 9. The conductor structures 15 111,
112, 113 ar &heasKbLisk radst adt G &dte ddstl orfdbift ke MiaLosH R ifatt ehe?

conductor Stery¢hires fihh g:h%s sL13ane & edd rd &Gl d e LPecd@tbd € f e
conductor structures 61 - 64 of the layer 6. Consequently, the substrate
has a nul ti CQpEENGoE@UESort Cardoaifgerfdift | lavers iU ve a6l @lahyg Qaehf

20 whigh argp separat ed, f1am,one AN MYe AN d U AtHN G GHASSEdayer 9 with

excel | ent radio-frequency properties. Depending on the intended use, the
gl ass | ayer agrangengnd #nt Hihek redstinniche frtange FFGHRRIBPUNM Y PSS HHPLH t h

glass 25 | axer & RLaduead jue 4YaRQs Al NERA N G IRX PO LN Ya JAVI A 2.

t
thickness in the range from0.05 ~mto 1 nm~A further, fina
evapor at i onTbdat iodgsgl dsydmyen 18 piddicebriesths aRerwvansas athondiass

t he conduct qrﬁlg%rsug}&grt%se g %Ocojrl%fffa,j%ff&zé,nql . %ﬁglfé‘. e 4 ayeFeidr

conprising ft con tor structures ow
cont actieonnéatyiean cafn tsese @enductiorsstatuciurlesye morfeiovterinwiates vihes 15,

which are in _caontact w.th the cqn or_stru es 1 113 are
present in tcﬁg(&flic%éjlr 3f§%§rgaetrrie(§ln- S'Jt)ig%l} nrge§ﬂe2ci€ g%s%ﬁ?la?/%r S 1n additi on,
sol dering beads 17 are applied to the vias 15 in order for the conponent 10

to be, for ampl e, secured to.an SMI. circuit board C t 5 To
produce t he%fégygrcson@,mlﬁ,priot&ulcstlpornefoefr a ?mep?rbernqzas t%ﬁcge dlcrg n%gs%% gl ass
material acdanveintgorg tifte lisnveddd arutan tyevapar @t Be byulesecd toni Heaonted
evapor a2t0| Onw%q ed%.QOSilst es i rfl_ tjho%.riseucpsgor attlr?e 1v'1afer, so that a multiplicity

of components are processed simultaneously.

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

25 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.



o The glass material used to produce the insulation layers 9, 13 is in
particular a glass according to the invention, which, as an applied |ayer
having a | ayer thickness in the range between 0.05 ~mand 5 mm has a | oss
factor tan8 of less than or equal to 50*10-4 at |least in a frequency range
15 above 1 GHz. The above-descri bed gl ass@s 8329 and in particul ar (G018-189
are especially suitable for this purpose, on account of their excellent

radi o-frequency properties. 20 Fig. 2 shows a sectional illustration of a
further enbodi nent of a conponent 10 according to the invention. This
enbodi ment has a radi o-frequency conductor arrangenent 41 and 42 on each of
two opposit &hsi peoc@sand Bnd espeatriaredsy .deBver lucd ¥ 254 aF f aNgeNERs s 41

and 42 are I us .constructio t he .conduct or. arrangenent 4 of the
enbodi nent ?IF%E%P%%ed |% e P ft%4:%ﬁ§%ﬁqat% qkdﬁﬁﬁ%t raEﬁt%ﬁ@k%%%t%n4l

and 42 once tagainamen cZo bé@clpmmatg@latcgiraﬁser{@yﬂre& 'dHrodass gpplied by
evapor ati on %g@hlg% mnth op enln S |n Whi ch thg;e is conductive material for

t hr ough-'contact pur 0Ses qg%g DA TSGR Y T RIS IHn ol i @ 15

regions arr angedbbené@trh rtatdetoeﬁe:mqt@stcy_aawlsl&wdrm 'C WG DF ¢ 5L UG LK e,
35 which for 3@F in contact with the vias, are in 22 each case
S

he
arranged on P bﬁgs U5 Sof° ASSh ARG Hr RIS WL Hrl 42.

Al'so as in uheeenhodlﬁemtc&hQW@ ;1 MoieGrer], itthe QNAUC DY séﬂﬂﬂé“ﬁgfﬁﬁéﬁhége
gl ass layer 9 are covered with further final evaporation-coating glass

layers 5 13°*"%h %ﬁlEﬁmPHQFQtérQrvP§§ef5tM@e%uﬂﬂuﬁﬂmRﬂﬁﬁﬂt&tﬁ@mdmﬁbMEﬂt
Figs 3Moto BEeyaeneyoappieehitabals Visawy t®eShAW e &lBRS, 1 ”‘A%’oﬁf’d rgng H
anc

production of a conﬁonent according tothe 10 invention i n accor
one enbodi nBAE BFPERE Broléss 1AVEsTtdLRg Ied aties ilay gisniegal FttagrmSBAtcshﬂws a

substrate lubel bewanglaski fnéttewiaqea%'clagd%%prto' i ol o) 5 %%ﬁer
COITpI’I Si ng con uct or Stl’UCt ures 61 , such as I n partl cul ar Suitable

i nt er connecP&® Pglﬁgoaacéasﬁﬁaﬁh@nsﬂé&eﬁof@ﬁl@hr@@eQﬂﬁmaﬁdanﬂukﬂunductor
conduct or aﬁtﬂﬂ@@ﬁ?@toksaaPQthdfrgaﬁéﬁc§OQQ%%E9%t%tE%Ct d%% Y.

exanpl e, be contact | ocations of electronic conponents O e su&
whi ch & e nbfe shadkoT AT EAYSNSA BECREY thescodneutad e2@mentsuch contact

| ocati ons.

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

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

another. In the drawing:

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

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



Then,,in further process steps, a glass layer is deposited, this glass

| ayer havi ng openi ngs 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 correspondi hg contact-connection regions 71 -
74 is applied. This is preferably realized by photolithographic structuring
of a suitabl e photoresist coating. AIternativer, 30 however, it is also
possi bl e to use _anot h ocess, such as_for exa tlng t he
surface, tofpPoduce ?ﬁ@w ?Wﬁ8?b?8§ 21° Tﬁ8ﬁp08§ngglﬁgg ?eagby Fig. 3C, a
gl ass Iayert& i7s appthedlﬁﬁebylenapbﬁahlhaveobéengprbhuaeglasshlayer
covering both the é act - connectloE r gaons 7} -.74 ghlch are
covered by the struc?ﬁ? 4C59T P FEABRIFPHER Igs € §hdlthd°diFPodRdi ng regi ons
of the surface of thehbaﬁgfekn this context, it is preferable for the

t hi ckness of the glass | ayer to be | ess than the 5 thlckn%ss of the
structured Fafer Bayefl oTﬁe |ﬂ%égFé?@FtF§ 9ﬁ¥ﬁrr€ﬁﬁ9888mﬁPFh ffie #egi ons 90

of the glass |ayer 9rwhihehsGo¥REnthetrsticugkeres 21 of the interlayer or are
| ocated on the structured interlayer bein lifted off with |t lo Fig. 3D
shows the sdBStrdte FBPYBWRNY2YRFs2EL8pIe PEhfSECBPGPnQPP AGRThas a gl ass

| ayer 9 with openlngﬁagegggagstbgwcgnggct connection regions 71 - 74 of the
surface bel ow. The openings can then, as shown in Fig. 3E, be filled, for
exanpl e, wi f&% é@mabtWeanﬁﬁé?raprtgngméﬁt §°Fa§°élrlfi1 £5PdEREM si ng
conductor structuresy,iidquléds &p@ 8nd passive conponents 23 can be applied
to the glass layer 9, as“shown in Flg. 3F. The conponents 23 may, for
exanpl e, compdi-séla BhPHEI folish PEsSPEPBEItacEoifPr mepaMirsbor, a PTC, an

NTC or a filter 3|e”§BEc1ﬁ€H§C'EHESméQ ucghl§agggslgegﬁgtlcular al so 20 be

real i zed by conductor” structufes of ivid l'ayers positioned on top of
one anot her and insulalvdattroadons éh@tﬁ@ﬂlbylaﬁ &\-gsorat iten2deat i ng gl ass

| ayer. By wey Jof jexagplg. tﬁecﬁggHEEﬁBe B%U%h%r%c%&t%@ePbQ%h%E%%%' layer 6

and a further con uctor structure, located above it he 25 i ndi vi dual
layer 11 camobédusedandrthhis phegesarofhaéecdnduspecisenuGlacsi2can be
applied, for exanple, by ?pgbbgition of a further, negatively structured
interlayer and the dé305| ion"of "electrically conductive nmaterial, the 30
conduct or stiiiget diSesshibd, tm¢2magm3tudﬂing ithieo scatttact pairamettleersconduct i ve

material 19 |n1ghe Ogﬁﬁlp elr pgc%rgépyllgl%%&r%% I §%Qqﬁ% ion or

el ectri cal contact € e associ ate connecti on
regions 71 - 74 is ab3AaCpwadacdédlass243Fl¢,conductor structures may al so
have struct dlfferent CO”%“%%% erlals or .al so

h

sin
seniconductgﬁgﬁaterlabgw 28? 5§5Hﬁ gdﬁy pSFlcatloﬁarﬁnfﬁgrgbnductor 5
structures hei 29 carehedthet ri phaspl pralfiitly dorsteps speicigedi fferent

materials. This also # further f b llities to be integrated in the
conduct or arrangenen??k gwﬁeéanﬁﬂé thgg q@% eat PRG seni conduct or - net al
contacts or Figs 21 show the magnitude of the scatter parameters
to 23 and their phase profile for the specimen
G2ACPW3 2 (glass G018-189).

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



thernpel ectric contacts. 10 The production of the vias through the gl ass

| ayer 9 using conductive material 19 shown in Fig. 3E and the application
of the conductor structures illustrated in Fig. 3F may al so be carried out
in a single step. By way of exanple, the 15 conductor structures 19 can be
produced by el ectroplating, so that the naperial which is deposited first
of all, starting fromthe contact-connection regions 71 - 74, fills the
openings 8 and then continues to grow on the surface of the glass |layer 9,
where it forns the conductor structures and 20 also, if_intended, nmay form

the passi ve S€6MBaTent’s 23t 9HCqEHtYy JIGHIYF f FOMNeL T oeRicERALEFREL ur es

111, 112, 1k3rtuethedy dluced DOynBY HIWAHON SO d s QFa SPLtd €41 8@ r i Hanhi ch
case it is also poE%issbl e, for the contact-connection regions 71 - 74 and

edges of th&BRENERTS '8 QB HE CERABEC KPR HRIYIMES 25 cortesponditgined on

conduct or sthegleUicen @B M RItHdd i@l cogy asd Md NE{Nee side 3 of the
cont act-conn%tl on regions 71 - 74. The interlayer can then be renoved

agai n, Wit hSEOSFEEESy & ndtfdiSTal thmhi QAP HE Ve et HEposiee P bnthhel aveerfayer
al so 30 bei navlel Headh afpiard,t he iiﬁis@ﬂ%r&?ﬂj’l@ééﬂlaﬁéﬁcé U est el any.
0

appl i ed conponents, including the surface the glass |ayer 9, renaining

in place. TREPSSEED dioit Hurttinpd I am ogF the fepdsitidR 2 frkured 35

gl ass layer shdwitRG t@P@RI RES RMASL IAN R GRNINEGIAIPN KLY OSs gZ2sHY1aver
evaporation coating usi n% gllass material according to the invention, such

as for exanpPé PRENGN&Ss SCBFRVEsSheoFarfe dutsnnact anl vigepps yihg- 74.
conductgr SThUgkULSen 153 t8hed'}eb%irlel%ecfifvﬁ.dg[mré PGt L ;{-&%’%{r{éﬂitf@ Yo

| ayers of the conductor 5 arrangenent.  this case, a co of StructUre
whi ch is apfhieédtie @peatiang sstidye e neg immouwgith it comdective thiklings
contact - conngcti;eR 8%0n ,Qf r i el L er
tage. To Fof ChD Sirsosaoasndiak ot Lole T AP Sl Y A TPLLLE
interlayer Wi-t A seveet dleyiZh ifairdhsn exbridndtme medictontest thhnekl12 pnll3

regions 75, ;16 14 rf.ace Qf. th st rat h
cont act - coniect T on Ir%glgijc%nst{?%x;gfei i“ent a%%teﬁ'g%}geca({ognﬁo#%%p TR ESRict or
struct dbes oilal $62¢n Midasrel®afiherin adnradiewitis datliewstylass dAyehe 91

Sont act conndetranscograne e FEE GBS SRET TP LA Ty ot b DAL

anal ogousl yef ectine cpildge sonseers dmtice it Heave rakett e st netdiwé 4 6T ef e £nee

to Figs 3C E8e3§ayer 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 pum to 5 mm, with glass
25 layers produced by evaporation coating expediently having a

thickness in the range from 0.05 um to 1 mm.

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

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



zo 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 contactconnection regions prior to the
application of the glass |ayer by evaporation coating. This conductive
material 30 subsequently.forns the via. In.detail, .first | ,_.starting
froma subs?iﬁ?é a%ﬁFC%BHagnbg 15A80ar 8§ 18R Iibg 2 /&fﬁiigﬁuﬁéhﬁxéé

| ayer 25 istbothedyitel l6wed by de rplfoetroghap kicomldnerst rifctter asd e 35
interlayer 27, as illustrated w.th ference to Fi 4 26 Fi 4B shows
e substr aPE3EPLEr SROLGER: MEOPIPRME Sorieid AR gt Hih GBI 57 The
| ayer is structured in such a way that structures 21 which cover the

i ntended 5 contact-connection regions .71 - 74 remain | | ace. Then, as
shown i A Fi ¢© RECIRE LBhadevers |9ay§r3f2§ti &5 SRS om SHo oS od
regi _onz sur l’c_@mpdii@gnbh@l\?ﬁ!%t ﬁ@f[t'e(iqlallaatdd(?]:ddi@@ aies thk -irll'ﬁ#ént'ﬁhj:rs mrbekf)_e »
carried out in a manne i.ch is in standard usage in specialist field,
f or exanpleeﬂﬁpraéFéhLHg?%&ﬁﬁﬁQﬁ R qﬂﬁ?%ﬁﬁﬁiﬁﬂ-%ﬁﬁné%ﬁé%ﬁF?éxﬁQnﬁp%l -
74 are coveke®shyagecanductive nmaterial which is elevated or projects with
respect to regions adjacent to the respective contact-connection regi on and
which is in each case covered by a structure 21 of the interlayer 27. 15
Then, ag shewa 4N aklsImatldrite useultd) IfiD RS THAYEIs L d 5 3PPl Pehr DY9,
evaporation _coat’ing through evaporation of glass material according to the
i nvention, tReishilekpassictlete aglddssy Ao iNe et 818 el <Brected in
such a way tRatp,t 220 ;APRLATNRE 8l GOMASRRNGS R dha i gkdess: of chde

el evated conductive material 19. Frnally, the structures 21 of the
interlayer anageebereeenf @r. 0&xaunplaadusdi mn,a hsais taalllcs ssdlaamiy, tzand iaf t he
process the re%i%ﬁs 90 of th §Ia§%*hgyer 9 ich cover_the structures 21
are lifted ¢FF° FRETY 8LuISAY %0 dst rat et FATF i a gf BEUFRGEr “RAPEN has
openi ngs abawpevkhe caspective contact-connection regions and vias in the
formof the conductive nmaterial |ocated in the openings. This processing
state is illustrated in Fig. 4E. As a result of appropriate selection of

the |ayer thhekRgsye0lielshe iWaas %13 dcay @3 aMH Gih iga et cliedr toothe189
t hi ckness of the conductive material 19, the surface of the conductive |,

materi al an@r8f SERECHRAdY ISiidabd e fe ratt s MG RARS It SRR et ghReir

resulting i Bxachhanar SWifAGscqthe Y Land hen be continued as
explained with reference to Figs 3F'to 3 35 wherein the second gl ass

layer $f in Fig. 3G and any further
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 material for through-contact purposes in
electrical contact with contact-connection regions arranged
beneath the openings. Layers 6 with conductor structures,

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



27 gl ass | ayers can be produced with vias in the sane or a simlar way to

t hat which 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 they are still joined to the wafer. In
this respect, Figs 5 to 7 show various enpodi nrents of coated wafers 2, the
conponent s bei ng obtai ned by separating individual substrates 1 fromthe 10
wafer. Fig. 5 shows an enbodi ment of the invention in which a sem conduct or

waf er 2 has been provided with a uence of. gl ass and. interconnect |ayers.
The waf er n&E&ER glasl?sédfrﬁ&g% %?cgl%pl.ﬂﬁﬁo%se Jiag’eprrsefggroaffblt;}‘esﬁcf%d;%tos’? nce

t hi shrrgt eri aErB@@feﬁleﬁﬁ%f faicieent 40f. tHieyorals e:frpacn&l (Hmkwftijﬁdmritﬁ sk&jivyéh wvied |
mat ched to that of the evaporation-coatin ass.. Once they have been

coat ed whil €8¢i L jEien &P IHF v’éeFrréJrC%?F%er’e e %ao%se?s‘%ﬁf?gf st £ %° shown
in Fig. 5 hagvheen pretucedtHdle 20 rdwdiskiditdatsidistdadesnd s sepayated
by being divided along the intended separation axes 29, in order ultimtely
to obtafn cédipoAdnt&itd Ghet e atdhdii@or! SthUctE SH P i st abl e for
radi o-frequergyocaRpld.cations. 25 On a first side 3, the wafer 2 has

i ndi vi dual active sem conductor regions 33 which are connected to
connection locations 35. In this enbodi nent of the invention, the conductor
30 arrangengniys4 3as t& rRANGRG Ut b SALd Slde widls (e Wdercide Sfewd the
substrates 1 of the wafer 2, this second side being on the opposite side
fromthe fidewodivgs HavIRFPIURE it idfe & HRMRATRRE ACTRER oME B3.the 28 The
conductigr ani3RGeMRRL 14 It ddd PHIALLLH Thiid TBHddd Sfbd ©TH e U Sake Of
clarity, with, inter alia, all the conductor structures bei ng denoted by
ref erence nagsoxdin@0.toTHde ndivdrduisdnd ayers of the conductor arrangement 4
may 5 advantageously be produced as has been explained with reference to
Figs 3Ato 3G and/or Figs 4Ato 4E In particular, the conductor
arrangenent F4Agsh@an showd g Sibist e tso privelubeding afifsayero¢essing or

whi ch pur po ccqrdinal y. the o] 0S4 1 1 t yer
to and appl %i%r?g”cgr?duc oc%l st rluai{eﬁlPZGS l%igﬁglrszi% P(f%e@%%én%g%ﬁg%%?%ﬁ %gt a
nunber 16f ti wds, sawdh wist hina peortdiuotler stuicthire I0tewdrmhe¢ssapbtied at a

| at er stage_heing byou i nt.o, cantagt. wit ont act - i i of
- conduct or PTG ST100 i S Bratt bartd RSt Soki CRTED ShaseLee
t hr ough t he asulasigeatees: 1i,s wih ad ¢ Blexd rcaflgtconsectetutes tihey, for
connection |l ocations .35, are introduced into the wafer 2. The v]

preferably §565F8§Uc§§5@fQﬁ§ﬁﬁrﬁf?ﬁgﬁpqﬁn%ﬁn?ééﬁﬁﬁ%ﬁl?r%%$?%%e%€%g§é EF%e
20 5 to as fsabsaxaths Mefar abtey et adldwn connerd | ode | ocahapnise 3Gonmhcthd
si mul t aneously act as an etching stop. Then, a passivation layer 39 is

pr oducéd onﬁi%g"{i%\ 1< a‘ithgloeﬁagffﬁ?fbé)‘pi t and the etching pit is filled with
conductive material 43. The conductive material 43, which is uncovered on

t he

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



25 side 3, of the vias 37 serves as a contact-connection region for
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-connection regions for 30 sone of the conductor structures 100 of
t he conductor arrangenent 4. If these con@Bctor structures 100 are brought
into contact with the contact-connection regions during application to the
previ ously deposited glass |ayer 9, the conductor structures are

accordingly also electrically 35 connect.ed tp, t C i tyl 5
on the firstOd &é:%ofconnfé%t S 0 g7tsl 1. 7?‘lrf t |ls&pM/2a§€é i?&éslo%ﬁewnéhé
possi bl e forstirhe tactesve 1senfi codved Uattarr raggi onsar88 tthoe beustgyph d sy vieg § dres

conduct or arr.angenent .and fa | ectrical_signals fr.o he, actjv

seni conduct 6’Fart S eoé:’frer}:l%te[ gad':\s[eo. b tgc]holns’ducf:(fr})tré?%é ’stjftgc%éur!g;se?%ﬁa%%e

t he conduct dorathangeiRiknebs ©of entoapsld sd e ek 1 ot@die t hes g onipamenih s
subsequent |y qbtai ned b eparation fromthe wafer, the enbodj nent shown in
Fig. 5 Ps al$d 'sde%/\ﬁi}eg ST Uit S Dridh E ErcRpsut aqttt?%nlribelfja? erzrlhgof
evapor at i on+¢Qeat irdehd@lcdss Wath & asddichLMeréNaeizd Pladdelsyee 3.whigh 6
shows a further enbodi nent of the invention, in which substrafes which are

i kewi se j 0i9P¥@% &ens Mt nes & beédh e oHi - W eh &F cohgutofted on

arrangenment +he HHrs R MBite 10faJdie daMentiOfcés SEMbathtott he
enbodi mrent shown in Fig. 5. A sem conductor wafer 2 with active
sem conductor regions 33, which are assigned to individual substrates 1, is

al so used i rithe #hodienth Shawkd hifd o BLowdnd Nchhe eabedi wenehshown 2o

in Fig. 5 during application of conductor structures 100 to the first
gl ass | ayer ST ARG ISoMATCRS o refRRTErYE ¢ Hel eonPReRiBns | 6cabrBfstas

of the actiye semcondiet s JEG N33 A & cppneet e t 91 6PRAEECHOLow. The
structures 100. 25 Unlike in the enbodi mrent shown in Fig. 5, however, the

| 1g.
gl ass | ayer or®nigys g2 cags tdren 13 vfshewn condlied or 3%r reagbibheds £PE
appl i ed by evappnali on Gpal i g d @A\ Tdd e sh e 8. ofndhge %Ui)%é@t es 1, on

whi ch the active sem conductor regions 33 are al so arrange : e vias 15 in
t he botlittom glcawy ilsdyer @rofu@en het vondies orl bt r ahleneht 3 42ad ePappived

direct to tQ%ﬂE%HéH%s 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 coils can in particular also

20 be realized by conductor structures of individual layers

positioned on top of one another and insulated from one
another by an evaporation-coating glass layer. By way of
example, a conductor structure of the individual layer 6 and
a further conductor structure, located above it, of the

25 individual layer 11 can be used for this purpose.

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

also produced.



locations 35, with the contact |ocations 35 accordingly form ng the

cont act-connection regions of the substrates 1 for the correspondi ng
conductor structures 100 on the first glass |ayer 9. 30 The components 10
whi ch are obtained by separation fromthe coated wafers 2, as illustrated
by way of exanmple in Figs 5 and 6, may, fow exanple, be designed as

radi o-frequency 5 transm ssion/reception nodul es for frequencies above 10
GHz, in particular for frequencies in the range around 40 GHz or higher.
Fig. 7 shows yet another enbodi nent of substrates 1 which to have been
provided with a radi o-frequency conductor arrangenent 4 while still joined

to the waf efThien cancioredanc e twiutdt s inamendlian. hake SONMICT S s aEsRPageRat 4
nd t he conductor structures

conprising t l.ass layers .9, 91, 92, 93, 13
100 has in tdﬁ%sf% a Z‘ Eé”é%?{%ptﬁ‘iee&‘att&%%a? &r SHUISARAYEERE 1 | kewi se
have vi as 3hatErdadenpdeentskakid W Uy saHstap e ak i sondCtdnductor

arrangepents . 4 fter they have heen divided fromthe wafer, serve as
radi o- f rggquéﬁ&c%é’\ﬁersi &P&%’L?osctarrzft@ St dt erP ldgdcehtat viHi s casine

connect ed t diffife rexite fadle ra@UACITHIQC i % 18fou N & GHMON Nt 2 10 1 dNEs
external contact Lo%ations are for this purpose provided, for exanple, wth

sol deri ng b&2d8S17NTEGTAREA ity her CHHIHOR £ IZAN IRGRfunt il @verrkmect ed

usi ng surf ackerebnt i@ atte el Yt lon iR 1R Be T ohddb ddisy case do not
have any active conponents. Accordingly, the substrate 25 wafer 2 may al so

be made fromtRERFAEICH Lratt@ntaCtSsuch” as for exanple glass or plastics. A
glass which is particularly suitable for use as a material for the wafer or
the substrates 1 of the conponents 10 i s Borofloat33 glass, which has a
coef fici ent THf PREFREL ioRpedsitde wWiiash thinougdl Ithe3@ lesindiades: i tus thmt  of

the preferrednauarekat hAR=G9ahi 19 hass iH & di 'g"ﬂé-i ¢
| ayer arrangenent, for chgracterization.&P ?HggRéﬁg?%%%r%F%§&gﬁﬁbEhdfﬁb t he
| ayer 35 t hPEkhBEsEeNECtRE MEAsGtad cisestl latstuettgdesn Figs BRAmhylalsS31

|| Justrate peabhzedest buet uhes @finpRen AR by el LoN Al yaveqyides. The

foll ow ng neasurenents of the scatter paraneters S22 were
real i zé8l onCPREBUBASKEs St uEhugessilPucanr &s. pTocuseecibye e léedi mydta tainsy f ;o

t he 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 it is also possible for the contact-connection regions
71 - 74 and edges of the openings 8 to be coated, so that the

25 corresponding conductor structures come into electrical

contact with the contact-connection regions 71 - 74.

The interlayer 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 the 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 regilons



5 sel ected neasurenents, shown in Figs 12 to 23, are to be found in the
table illustrated in Fig. 11. Figs 12 to 14 show the nagnitude of the
scatter paraneters S11 and S22, S12 and S21, and the phase profile of the

| 0 scatter paraneter S12 and S21 of an open copl anar wavegui de using the

gl ass 8329 as an insul ator between the alpgi numinterconnects. The scatter
paraneters S12 and S21 are also referred to as transm ssion attenuati on and
the scatter parameters S11 and S22 as reflection attenuation. 15 Fig. 12

clearly reveals an extrenely lqw reflectiqon S11 and ,S22 of the signal,s at
Chie sheci nBH FRORPTS0LR CHatihg G810 €043 feqtdiay deasyian) £ thé
Fur t her nor e i nkewtabhenyalkhor svadre s x@ingles s Hhal ass LB f199,t hen srad t er
parameters S12 and S21 20 are apparent fromthe measured val ues il ustrated

in Fig. 13 SPPELTaLEr 85GeRdy 6P 1563 NEHE OPEINE tOTa et Pt it &1 S AMf S12,

whi ch represeptatbe Val Uesiehot d pe-ddrrs Hissimtr ofayidres edeciid cdndignst at
t he respective frequency, are shown up to a frequency of 50 Gdz. The |inear
phase ppofi PEXERIERENSES dEatthdl SasEreteCoBtaE & RISt ity H<perss on up

to a frequegpy196qSQ Gz .1 ;The NRAJY GV HLgs SN WD saief@enceidw &igs
12 to 14 can also be verified by nmeasurenents carried out on further 30

speci mens, &E8SRELNGONGeRtiion ML Di @ TSR e ket W WP Frd £t
buried copl apagvaveguisdg u th glass 8329, Figs 18 to 20 show nmeasured

val ues for an open coplanar wavegui de with glass 8329, and 32 Figs 21 to
23 show neasured values for a buried coplanar wavegui de with gl ass

AT AR (AR LS JeieraieNsien o S
interlayer with structures 21 is applied to intended contact-
connection regions 75, 76 of the surface of the coated
substrate 1, the contact-connection regions expediently being
located on applied conductor structures or also on vias.

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

20
Figs 4A to 4E show a variant of the process steps of the
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 interlayer, being applied to the contact-
connection regions prior to the application of the glass
layer by evaporation coating. This conductive material

30 subsequently forms the via.

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

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



5 to 15 20 25 30 List of reference synbols 1Substrate2Sem conduct or
waf er Fi rst side of 14, 41, 42Conductor arrangenent5Second side of 1lLayer
wi th conductor structures on 161 - 64Conductor structures of 671 -
74Cont act - connecti on regi onsOpenings in 9 above contact-connection regions
71 - 749, 91-93Evaporation-coating glass 2ayer 10Conponent 11Layer with
conductor structuresl100, 111,112, 113Conductor structuresl3Fi nal
evapor ati on-coating gl ass | ayer 14Evapor ati on-coati ng gl assencapsul ati on

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

| ayer 27Phot gggaphic ahby ss tthec tsuibaltlre tientagitdeay exh2@3apatatg mepradd s31Pl asti ¢

covering33Active sem conductor ,regi qn35Connectjon .l ocati,on of 3337Via .
T ough 1 50PEEURTRETOH Py EhEs R RrIATRE i1 ar o aypY |1 e d e in
Cont act - congechi anwa§gittns & rlegivor sof2 1t ke ieaparvaid athecdatierglel ass | ayer

on resist structure 35 Patent clainms 1. A_glass material, for oduci n
Phsul at Bon. FREPGEr 6P PAG Ao CAUMEF Jdbst TSP ol PHI B, 49

conductor 5sabkanganenis, 4t ¢he aBrAUAARE adaayers (i% EhoWd Hom e
in particular with a | ayer thickness jn the range between 0.05 ~m and 5 mm
pref erably pﬁcpﬁgrpgngggﬂpéﬁl@pggoqﬂqkyg the contact-connection regions

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 is 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.

15
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 is a

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

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

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



1 mm, has a loss factor tan8 of less than or equal to 70*10-9 in at | east
one frequency range above 1 GHz. 10 2. The glass material as clained in
claim1l1, wherein the material, as an applied l|ayer (9, 91, 92, 93, 13), in
particular with a |ayer thickness in the range between 0.05 ~mand 5 nm
has a | oss factor tan8 of |ess than or 152gqual to 50*10-4 at frequencies
in the range around 40 GHz. 3. The glass material as clainmed in one of the
precedi ng clains, wherein the material, as an applied layer (9, 91, 92, 93,
13), in particular, with a |ayer th%gkne s in the range .20 between 0.05 ~m
and’ 5 mm h4S5S JEY SR AT 1S TR Hhidh HraqhI Lo AP B0 a
frequency ofsi4Q 1@z wad tBhergtasairat etdslbam o g eicthad) witeh ofe fdwence
precedi ng cl ai ng, which c be evaporated in order for a layer (9, 91, 25
92, 93, 13) %o BaSdéfodia -

precedi ng cl ai ns, which can be evaporated by el ectron beam evaporation. 30
6. The glass material as clainmed in one of the preceding clains, which has
a wor Ki

of the precedinp@dnendids,0 WMHLhrAfucdy appld st iy efubd trPodd 161l BE thép a
36 | ayer thickness in the range hetween 0.05 ~, mand 5 nmm has a relat]ve
diel ectric @FSst&itl lsHBMaBdL tHith WHiPquall tl ¥ Ve §Reat | 8b3% vkl 7

frequency ramge ahoueus @dbodinkent& B @SS dBURIfdd s 85, Cf1Rd NBShp SnREs Of
t he .preceding clains, which, as an applied |layer, in particular with a

| ayer thi ck®ed®d phtird neshqy HFarat D5 ndiTitip s svhshaates rkl Brewethe

di el ectjhi ¢ g@nstant sR of less than or equal to 5, in particular a relative

dielectric constant sR of <5, at a 1o frequency of 40 GHz. 9. The gl ass
material as clainmed in one of the preceding clains, which, as an applied

layer, in p%ﬁbhc%l%m&%grhﬁiembodiment of the invention in which a
semiconductor wafer 2 has been provided with a sequence of
glass and interconnect layers. The wafer material used for

15 this purpose is preferably silicon, since this material has a
coefficient of thermal expansion which is very well matched
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

suitable 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.

5. The glass material as clainmed in one of the

g pOGTCIGH N%d® B R AFOTE ISP USTHe iy Hat et i HPe et fredtih one



| ayer. thi ckness in the range between 0.05 ~mand 5 nm has a 15 coefficient
of thermal expansion a2o0-300 in the range from2.9 x 10-6 K-1 to 3.5 x 10-6
K-1in a tenperature range from 20C to 300C. 10. The glass material as
claimed in one of the preceding 20 clains, which, as an applied |ayer, in
particular with a |ayer thickness in the pange from0.05 ~mto 5 mm has a
coefficient of thermal expansion a20-300 = (3.2 0.2) x 10-6 KL in a
tenperature range from20C to 300C. 25 11. The glass material as clainmed in

one of the ecedi n | ai ns, which, as, an applied |layer, in particula
having a | a§p? tcl‘ﬁnéig‘r?§§§ i T 5T e et Wefor?tlélfﬁ Ja{hdsg&%rﬁfﬁ%i faorm
coefficient fofr ther malkeexFansiaai tyhi e thi f fiertse f ramd heaXbeftie ce@mduotfor

t hermal expansi on of the subsirate teri by 30 less th 10-6 K-1 in
a tenper at urE TG SFr HRITGC e@%tﬁg%y ’i??gel”gncﬁélﬁ‘?ea%%l %@iv ﬁa €as
clained in apgiefiduRe pra8ced G drd MondMdtdy @Sratgamit ed hayer, is
acid-resistant to acid resistance class 2. 5 %?. The ass material as

cl ai med%in GRYSTEAROYSIeC &S My RduE 5,2 Smitah, %ﬁ?eﬁﬁéﬁﬁﬂ?%@ RSy s

al kal i - r esi sle3atr @ Altaldi JeIrstancys dsto 8. Filds dhecgl ass mmterial as
claimed in one of the preceding 1o clains, which has the follow ng

conposi t i onPatk isdlEgnt the wangHict oy G vgngengit ghshen up Fidooy ¥5- 5 |

15 K20 0 - {1dld 20 fhuced iNZR1G 11 her?]-5for-|ftlﬂh,e B ASHh e efhdbods clained in

one of the preceding 20 clainms, whic as the follow ng conposition, in

percent by WSICGIGingGlon e Stops mi-Fersithus a mppscoired glass khaver-
3, Li2Q40 - 24 Mﬁﬁlﬁlﬁg:%onductor structures 100 are correspondingly
carried out a number of times, and with a conductor structure
100 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.
15
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



16. The glass material as clained in one of the preceding 30 clains, which
has the foll owi ng conposition, in percent by weight: Si02 71 5, B203 2 6
5, A12031 0. 2, 38 K201 0.2, Li20 0.5 0.2, Na20 0.5 0.2. 5 17.
The glass nmaterial as clained in one of the preceding clains, which has the
foll owi ng conposition, in percent by weight: Si02 84 t 5 B203 11 5, 1o
A1203 0.5 0.2, KRKOO. 3 0. 2, Li20 0.3 0.2, Na20 2 0.2. 15 18. The
use of the glass material as clained in one of the preceding clainms for
produci ng an . insulation layer (9, 91, 92, 93, 13) for a radio-frequency
conduct or stFcEHRE A RES icﬁrfrtéh]L?er’r@W'sdﬂ'stlrsatté?erﬁé’ﬁ%ﬁﬂ&%r%@és%h?or

produci ng a seanpene’inickdudddr adq@dings fIRquensy aasiucd®rvas ramngement (4,
41, 42), conprising the steps of: - depositing a structured glass |ayer (9,
91, 92, 93, %ﬂrn@%aqgeeé%ecmbr?é%p%ﬁ rf'gm(%)“d%?e]r S Tt actr s th
connecti on regiieR (sehicofudibd i ate (o disi thged heo ot BSScombestar as
clainmed in one of the preceding claing, and - applying at |east one
conduct §r stFFHHESELGF0 191t Zﬁoqﬁ%StQQ)%qﬁﬁéh Y ayer (9, 91, 92,

93), which has 30 electrical contact with the contact-connection region (71

- 74) . 20. The process as clainmed in claim 19, wherein the glass 39
To encapsulate and protect the components subseguently

obtained by separation from the wafer, the embodiment shown
in Fig. 5 is also provided with an additional encapsulation

10 layer 14 of evaporation-coating glass and a plastics covering
31 on the side 3.

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

33 are connected to conductor structures 100.

25 Unlike in the embodiment shown in Fig. 5, however, the glass
layers 9, 91, 92, 93 and 13 of the conductor 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.



| ayer, i s deposited by evaporation of glass material. 21. The process as
claimed in claim19 or 20, wherein at |east one passive electrical
conponent, which is in contact 5 with the at | east one conductor structure,
is applied to the glass layer (9, 91, 92, 93) . 22. The process as cl ai ned
in one of the preceding clains, wherein the steps of depositing a
structured glass layer and |10 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 into contact with
a contact-connection region of a conductor structure applied at an earlier
stage. 15 28heThempvaeess a® Ghdicied rien obnaitfed ey e didre! Bidi®, the

wherein the st of depositing a_structured glass |ayer (9, 91, 92, 93, 13)
havi ng at |88§§g8n8‘agﬁgﬁi g é%) l&aéﬁstara&?ﬁt t-W@é’nr?g%tq Rlggiloh Kis -5 74)
by evapor at had €9ahkRy ZerCempripies e dHsapmedf as raRploH Mk quaidyict ured
i nterlayer £21%’ whi ¢h covers the contact-connection region, - applying a
gl ass | Ayer TF8N @i Ssgon/ggceptiopy MAMNIESatiodh IEEAISHF 1 dRe@bd rdize and

the structuggdpdbthibtieahayer FZbyusicGls S npreseMarddieraaiind e tdi £kdess
of the glass, layer (9, 91, 92, 93, 13) preferably being | ess than that of

t he structupéahpﬁterlayer (21), and - renoving the structured interlayer
(21), with those regions ( 90) of the glass layer ( 9, 91, 92, 93, 13 ) 30
which are | ocated on the structured inter|layer (21) being lifted with it.

24. The proEéds &sSBPHPN¥ET ANEItAeH 230 ORHEIRSIth ot I atoratiRe dppthicdii on of
the gl ags |ayee Bgeﬁvgagwbbtanw%% 2N Ga 8 o3F YERRALMCL) vceorﬁfe&rdra' (19),

whi ch projects with respect to 10 regions adjacent” to th
cont act - conAEERNEAMEAgI dnwhile gppliled oigachd cattNeeattfegheln accordance

the otructureal her Faver cpaty. Bt B Bl ndr e SR 2L o
24, wher ei nthRegsepaclavedsi At ePlayé2,( 2B) ilS$ pmoddded dondrdtns ng or
ph0t0|ithOgE@PﬂEEu§EEu§bHrhgg'in this case been applied to a wafer whose
15 substrates 1 likewise have vias 37. The components 10 with
substrates 1 and conductor arrangements 4, after they have
been divided from the wafer, serve as radio-frequency
rewiring substrate for further components which can be
connected to the external contact locations of the components
20 10. The external contact locations are for this purpose
provided, for example, with soldering beads 17, so that
further components can be mounted and 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 is particularly

suitable for use as a material for the wafer or the

substrates 1 of the components 10 is Borofloat®33 glass,

which has a coefficient of thermal expansion which virtually
30 coincides with that of the preferred evaporation-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



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 clained in one of the preceding clains, wherein at |east
one conductive structure, in particular aBlinterconnect, is applied to the
substrate prior to the step of depositing a structured glass layer (9, 91,
92, 93, 13). 20 28. The process as clainmed in one of the preceding clainmns,

mhlch inclu e _step of. .de i.iting a fin | ass (13) using the

gl ass mat erggﬁuasgrgfcal rﬁ?ﬁlllr?epdg K uc%uaﬁer?so? to% a&}gg%qupq, Ui i At

| east one viwavebbydes .t Méef ifodll ogliass Memyrrgmeht s of 2Zhe2%caifweeprocess as
clainmed in gne _of .the preceding i ns, ein the substrate (1) co rlses
a seni conduffSPTEISES %tlg ’V\n%ltzﬁ ’agtﬁvéansdegb?:)ﬁ’cﬁfce[ FEF e Thst Bé')g

the at | easbfon@esenductuet usigsuctire spmebl Besliihatlilih)s fdu [€hdt is 30
bei ng applied, connected to a connecti,on |.ocation (35 of the active
seniconguct5F1F§3 e eSS reREn 'Fhe%ho E$Qﬁ6%%é§9i%3Tﬁﬁ¥%ﬁtq e

precedi ng clfaiumg, iwhenhe rathe atll|u%a:&tat@a£‘ igordugct ary structure (100, 111,

112, 35 113), while it is being applied, is connected to a via (37) 41
through the substrate (1). 31. The process as claimed in one of the

precedi ng clfalgms,lzwﬁw Ql4n sm@ SRS =i tube SHUrdHY éd&@@plpé@ém@t{b@é the
5 gl ass Iayer (9, 91 13) by eva oratlon coat , IS held at a

t enper at ur e Stét \%@@lnSQ@C §r1réf 206C S 23re Eheidgre 32, The

procesgoas glaiwed A raRetelr the F&rn%f:%@'ln%§|a%i %erﬂ-%d’ﬁledr%lf‘ hdife Ph £§S
layer (9, 91, 92, 93) is applied by evaporation coating wth a deposition

rate of at MSA8C GhE IAeE BARSr ashidek iessilmgomibaiweeBEherhel Prigeess as

claimed in Qﬁ%e@f::ohlﬁ%cl%rsecﬂ'en%c%ltadéfs’pa]r%rﬁ@@reé yihe @ d£Ast,Oong openi ng
(8) in the glass layer (9, 91, 92, 93, '13) is filled wth conductive

materi al (19pfezxedrie gﬁo@égglsasw@laim@@ﬁan@tetm ariek tmeec%@nm@em ai ms,
uherein thepaibakhats G1) ot adted sida ddich Slitdn 20 to the

waf er . he process as clained in one of e precedi ai ms, wherein
t he appPication of a glass | ayer (9, 91, 92, 93, 13) by evaporation coati ng

i's effectengg_phgsgqeggqyag%g%%gg 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 wvalues
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
Sl2, 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



25 deposition (PIAD). 36. A conponent (10) having a radio-frequency
conductor arrangenent (4, 41, 42), in particular produced using the process
as clainmed in one of the preceding clainms, which 30 conprises - a substrate
(1) having at |east one contact-connection region (71 - 74), - on at |east
one side (3, 5) of the substrate (1), a gBass layer (9, 91, 92, 93, 13)

whi ch has at |east one 35 opening (8) with a via, the glass |ayer being
deposi ted 42 by evaporation of a glass material, in particular as clained

in one of clains to 17 nd the via bei in eglectrical contact with the
cont act-conr?aé@t% rté°g|]2c;§1 s?‘ﬂw meFgur dvagiq“le%ttecfreaastb%e(go% T
structure (WRGedulibe kith YPsHreote-Wass layer (9, 91, 92, 93), which is
in contact wwth the via. 37. The conmponent as clainmed in claim36, which

i ncludes at 10 | east one passive electrical component (23) on the gl ass

layer (9, 9Lhe¥ rdhsulBmet Gheddaronnecded towd e Bdwé east t Ofea€DOKIUCE Or
structure (100, 111, 112, 113). 38. The coy?onent as clained in_one of the
[

precedi ig cltRiSsS Cals ShiRAF A R sSS ¥ iite i T4y Yotk dr taF rBhg@hait (4,
41, 42) witlgoatgdgast 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
el ectrical contact with a 20 conductor structure on a second gl ass | ayer
via a via (15). 39. The conponent as clainmed in one of the preceding
clainms, wherein the substrate (1) conprises a sem conductor substrate with
at | east one active sem conductor region (33), which is 25 connected to the
conductor structure, on a first side (3) of the substrate (1).
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10 Component
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100, 111,
112, 113 ' Conductor structures
13 Final evaporation-coating glass layer
14 Evaporation-coating glass
20 encapsulation layer
15 Via
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19 Conductive material
21 Resist structures of an interlayer
25 23 Passive electrical component
25 Conductive layer
27 Photographically structurable interlayer
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31 Plastic covering
30 33 Active semiconductor region
35 Connection location of 33
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43 Conductive filler of 37



U U& ()- 1"5wWU3rS1!! Cys$nPd 0%

& ()-1ys$md oo ()-!ysSmVAdOUGEE () -! >f Z% 0% ()-! VF Z90%& ()-!fZ9%d0%@@ () -
suuV7! 1> 10968 () -f 10938 () -z 109%G&' () - 10%c& ()-M 10++ 10++

10++! Rys$nPA0%+& () - u$8/r<uV7! 1 f Z9O4 0% ()-y! S9$10%

& ()-]!S9$10UCEE () -]#|  109%G& ()- ! 10%3&' §)-s! 109, () -

8] 9} A2uVv7!I !, 1" 109658 () -z. "10%38' () - Sf(: $109%&' ()-f!f(:$109%& ()-ffZUAO%UL (
)-y! Hf Z%40%& ()-yEvb@'!!! D$10%& ()-,s10%& ()- 10G 10G

10GS: ! 10%38_() - ,,964" 10%G&' () - y410%3&' () -Vv| k* Y wX6b@!! M 3%40% & ()-S

" 1098 ()-y.7ésv@;%oo/ee&' ()-S! sw&ﬁ*ﬂé@&ggzcﬂn-n@%m%e{g&%s- SIN$109&' ()-Y!!!!
F'"$#7°?b@ ! ol F: " 109%& () - ! M ALnPA0%Nn& () RALHRARN0HE (Qvdp QU dn- 3YR10%&

"()-S\3%0%& () - S$#cHdH#e# #g#i #E&S(SHCI ! M 10% U&' () -f 10% U&' ()-z s10%
U& ()-110% U& ()-° 10 10 coating glass layer on resist structure



10f; : $109& () - ($$% %90& a?bCl! I My : $1098S& ()- Z940%
k& () - F! Z940%0JU& ()- F@10% U& ()-110% ;& ()-3 10% u& ()-'''n(()))zXI<Cl!!
10UU 10UU! VB9A.098JU& () - S2"10% U& () -! HL- #1098JU& () - Z! L- #109%& () - Z! Hy

L $10%JU& ()- ))))*+, , OM CSFYA0%GE ()-Y ! HSFY40% - -& ()-Y ! SFO0% ()-Y !;
$10%6G8' () - , t10%S8' () - 10%S&' () - M 10UU, <- 35- . . . a@CL0J

y3nVA0% & ()-y! y3nPdOvusGa () - yf 0#10%c8' () - $I10%& () - $

1098 ()-!)!1109%& ()-u........ J KC10J vy 109%6& ()- 109 ()- 1096 () -
@ 109 () - %Q%@gi‘t( ):15%91\}510\] ....... /1 R3C
1. A glass material for producing insulation layers for

radio-frequency substrates or radio-frequency conductor

5 arrangements, which, as an applied layer (9, 91, 92, 93, 13),
in particular with a layer thickness in the range between
0.05 pm and 5 mm, preferably in the range from 0.05 um to
1l 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 pym and 5 mm, 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 pm and 5 mm, has a loss factor tand of less

than or equal to 30*107* 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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5 8. The glass material as claimed in one of the preceding
claims, which, as an applied layer, in particular with a
layer thickness in the range between 0.05 um and 5 mm, has a
relative dielectric constant g of less than or equal to 5,

in particular a relative dielectric constant gz of < 5, at a

10 frequency of 40 GHz.

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

claims, which, as an applied layer, in particular with a
layer thickness in the range between 0.05 pm and 5 mm, has a
15 coefficient of thermal expansion dsg-300 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 aug-300 = (3.2 £ 0.2) x 10°¢ K-

lin 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 between 0.05 um and 5 mm, has a
coefficient of thermal expansion which differs from the
coefficient of thermal expansion of the substrate material by

30 less than 1 x 107® K in a temperature range from 20°C to
300°cC.
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3"10%5#S&f(diaiﬁépgﬁﬁﬁcﬁ)thgtﬁéo%g&lGhlﬁg composition, in percent by

weight:

Si0, 40 - 90,

B,03 10 - 40,

Al,0; 0 -5,
15 K20 0 -5,

Li,0 0 - 3,

Na,O 0 - 3.

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

20 claims, which has the following composition, in percent by
weight:
Si0; 60 - 90,
B,03 105 - 305,
Al,05 0 - 3,
25 K20 0 - 3,
Li,0 0 - 2,
Na,O 0 - 2.

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

30 claims, which has the following composition, in percent by
weight:
810, 71 = 5,
B,03 26 * 5,
Al,0; 1 +0.2,
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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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- applying a glass layer (9, 91, 92, 93, 13) by

evaporation coating to the substrate and the structured
25 interlayer (21) which is present thereon, the thickness
of the glass layer (9, 91, 92, 93, 13) preferably being
less than that of the structured interlayer (21), and
- removing the structured interlayer (21), with those
regions (90) of the glass layer (9, 91, 92, 93, 13)
30 which are located on the structured interlayer (21)

being lifted with it.

24. The process as claimed in claim 23, wherein prior to the
application of the glass layer by evaporation coating, a

35 conductive material (19), which projects with respect to
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the steps of applying a negatively structured interlayer and

of depositing conductive material.

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

of depositing a structured glass layer (9, 91, 92, 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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()" 1./ 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 pum

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 least one
opening (8) with a via, the glass layer being deposited

| #$U& () *+6Ti mes
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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).



