Circuit carrier 5The present invention concerns a circuit carrier
having a netallic carrier layer on which a dielectric layer is
arranged In at |east region-wi se manner, wherein the dielectric |ayer
has a plurality of pores. Circuit carriers of that kind are
used primarily in the field of power electronics, in particular in
the field of high tenperature uses as in the 10 engi ne conpartnent of
not or vehi cl es. The operation of any electrical or electronic
circuit is linked to the generation of waste heat which, to avoid
adversely affecting operation or seriously damaging the circuit, nust
be dissipated as quickly as possible. In particular power electronics
I's distinguished in operation by a VEF¥U&E£Q r15 amount of waste
heat. As a further difficulty in hig enperature uses there is also
the relatively high anbient tenperature of over 100C (for exanple
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conductor trac ar r anged | ayer of dielectric material
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pores adversel %/ a Joft e relatlvely high ambient temperature of over 100°C (for example
about 150°C in certain regions of the engine compartment of motor
vehicles). To provide for dissipation of the waste heat as quickly as possible
the electrical or electronic circuits are mounted on circuit carriers, the

20 metallic carrier material of which can function as a cooling bedy for the
circuit.

The layer of dielectric material which is generally very much thinner
than that of metallic matetial serves in particular to electrically insulate the
individual conductor tracks arranged on the layer of dielectric material,

25 from the metallic carrier material. In addition it is possible to select a
dielectric material which Is distinguished by a very fow heat transmission
resistance so that the waste heat from electrical or electronic components
arranged on the layer of dielectric material can be carried away by way of
the metallic carrier element as quickly as possible.

30 After its rmanufacture the dielectric layer may have a large number of
pores. For various reasons it may be necessary to seal those pores with a
sealing material. For example the presence of pores adversely affects the
electrical insulation capability of the layer of dielectric material, which can
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el ectrical insulation capability of the layer of dielectric material,
whi ch can be problematical in particular in a hum d working
environnent. Due to the penetration of noisture into the pores,

el ectrical short-circuits can occur between the conductor tracks and
the metallic carrier material. Depending on the respective production
process involved, the 5 problemof the formation of pores occurs to
differing degrees. In particular production processes in which the
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countries. |n atldimhalosprayinbas thedaydrafrdieletiaic reatEhiabh acesianit spgéalzenits
the layer of dielectric material to seal the pores. DE 195 29 627 C2 also
discloses sealing the pores by applying an epoxy resin. In addition, sealing
20 of the pores by a ceramic glaze melting in the temperature range of
between 600°C and 800°C is also described.
The use of resins is disadvantageous insofar as this involves a
relatively complicated and expensive process as the resins have to be
hardened in a suitable mold (for example by polymerisation - see EP 48
25 992 A2). The application of a ceramic glaze as additionally described in DE
195 29 627 C1 is disadvantageous insofar as the ceramic glaze which melts
at the specified temperatures and which comes from the porcelain industry
is heavily lead-bearing and therefore ¢an no longer ba used in most
countries. In addition it has been found that such a ceramic glaze is
30 frequently itself porous so that the film applied to the layer of dielectric
material can itself have holes. In that case the probiem of the occurrence of
short-circuits is not overcome at all.



30 frequently itself porous so that the filmapplied to the |ayer of
dielectric material can itself have holes. In that case the problem
of the occurrence of short-circuits is not overcone at all

The object of the invention is to provide a circuit carrier which
avoi ds the above-nenti oned di sadvantages of the state of the art.
That object is attained by a circuit carrier having the features of
claim 1. 5The use provided in accordance with the invention of gl ass
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t he gl ass does not hav dened 1 n di‘gﬁrate wor ki ng
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simul taneously with thernmal 10spraying of the |ayer el ectric
material (for B@Wly: the dielectric layer). In both cases hardening

of the glasg takes Wh@qgeaHFd%mﬁd' bbb rBIN@ORIthNghe invention Idf @Qﬂ: %559
be provided that the glass is spread or printed on to the | ayer
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the application of a ceram c glaze, descrjbed in the state of the
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appl i cati oq Op?slr:)?e;tyllr?gnot! %he layer of dielectric material (for bravity: the dielectric layer).
In both cases hardening of the glass takes place automatically by cooling.

It can also be provided that the glass is spread or printed on to the
layer of dielectric material (for example in a screen priniing process). In
that case hardening can be effected in an oven.

15 In comparison with the application of a ceramic glaze, described in
the state of the art, the use of glass has the advantage that it does not
have to be lead-bearing and in addition does not have any holes after the
application operation itself.

It is particularly advantageous if it is provided that the surface of the

20 side of the dielectric layer, that is remote from the carrier layer, is
substantially free from glass. That can be achieved either by the removal of
the glass from the surface of the dielectric layer or, in the case of using a
thermal spraying process, by the selection of suitable process parameters.

Conductor tracks can be applied in known manner on the sealed

25 dielectric layer. The finished circuit carrier can have electrical and/or
electronic components. To produce conductor tracks a conductive paste can
be applied to the dielectric layer and then introduced. Application of the
paste can preferably be effected by screen printing or a jet process.

By way of example a ceramic material, preferably aluminum oxide

30 (Al;03) or aluminum nitrite (AIN) can be used for the dielectric layer.

By way of example it can be provided that the glass used comprises
dibismuth trioxide, aluminum oxide, silicon dioxide or diboron trioxide or a
mixture of two or more of those components. In a possible embodiment: it
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It is particularly advantageous if it is provided that the surface of
the 20 side of the dielectric layer, that is renote fromthe carrier

| ayer, is substantially free fromglass. That can be achi eved either
by the renoval of the glass fromthe surface of the dielectric |ayer
or, in the case of using a thermal spraying process, by the selection
of suitable process paraneters Conductor tracks can be applied in
known manner on the sealed 25 dielectric layer. The finished circuit
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sprayi ng procesbaictheesealiing material can be sprayed on to the metallic carrier material
in combustion-free fashion up to the necessary spraying temperature, for
15 example 2100°C.

By way of example it is possible to use Al:O; powders of particle
sizes of between 5 pm and 60 um (typically 5.6 pm or 22.5 ym) and with a
melting temperature of 2050°C,

In all embodiments it is preferably provided that the layer of metallic

20 carrier material functions at the same time as a mechanically (rigid) carrier
for all components of the circuit carrier.

Further advantages and details of the individual embodiments of the
invention will be apparent from the Figures and the related specific
description. In the Figures:

25 Figure 1 diagrammatically shows an apparatus for carrying out a
process according to the invention, and

Figures 2a, 2b, 2c show a plan view, a side view and a detail view of
a circuit carrier produced with the process according to the invention,

Figure 1 shows the thermal spraying of a layer 3 of a dielectric

30 material on to a layer 2 of metallic carrier material of a circuit carrier 1, The
Figure diagrammatically shows a plasma gun 13 having a cathode 14 and
an anode 15. The arrows 16 indicate the feed of plasma gas. High
frequency ignition results in the formation of an arc between the cathode

4



shoul d be taken to ensure that the sealing material which is nostly
in powder formis selected to be of such a grain size and nelting
tenperature that the sealing naterial can be sprayed on to the
nmetallic carrier material in conbustion-free fashion up to the
necessary spraying tenperature, for is exanple 2100C By way
of exanple it is possible to use Al 203 powders of particle sizes of
between 5 pin and 60 gm (typically 5.6 gin or 22.5 gn) and with a

oref erably brobt dog fie,E3RGe, 15/ resufting. I ResafBf °CF B plasrla s, e
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details of the 1n |V|dual | ments e i nvention
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| ayer 2 (represent ed by
5 being mounted on the layer 3 of dielectric material of the circuit carrier 1.

15 In this embodiment the metallic carrier layer 2 comprises aluminum which,
prior to the thermal spraying operation, was cleaned and roughened by
means of a sand biasting procedure, Arranged at the four corners of the
metallic carrier layer 2 are bores 8 by way of which the circuit carrier 1 can
be later screwed in place. Figure 2a further shows a twenty four-pole

20 contact strip 6 and a nine-pole contact strip 7. The illustrated electronic and
electrical components 5 involve a microcontroller, regulator, driver circuits,
power transistors and resistors.

The conductor tracks 4 were applied by printing after the operation
of thermally spraying on the dielectric layer 3 and were then sintered at

25 temperatures of between 400°C and 530°C. A soider paste layer was then
applied by means of screen printing to the printed conductor tracks 4, and
then the electrical and electronic components 5 were fitted into the paste
layer.

The fitted components 5 and the contact strips 6, 7 were

30 simultaneously soldered on the circuit carrier 1,

To achieve ideal dissipation of the waste heat of the electrical or

electronic components 5, all electrical or electronic components 5 were



5 arrow 18) is introduced by way of an introduction device 17 into
the plasma jet where it is nelted thereby and accelerated to a high
speed. The nolten material inpinges at high speed on the netallic
carrier layer 2 (jet 19) and is deposited there as a | ayer 3 of
dielectric material (for brevity: dielectric layer 3). In a preferred
enbodi nent a m xture of the sealing material 10 (glass 9) and the
dielectric material is introduced jointly by way of the introduction

device 17 into n%c%t@é SPMelcieuit carrier 1 Edrgel-reed.%%c&ktowefaz Rhafeor) @iectly,
illustrating by way of exanple a circuit carrier 1, with conductor

tracks 4 and eF%%&$¢@§FY&W@°BF@&FF@HP%“@@ﬁﬁEH@hts 5 bei ng nounted on

the layer 3 of diel pghrd 8b BREWS t 1aQér §ﬂa@ct9re.r 64 lire@t Ear@iérl ackBrdifg to
this enbodinment the fretallic carrier |ayer 2 conprises al um num

whi ch, prior t & HYepHRR i Wil Re-gRrigciafsel Wit Shis WYy ik nelalibg tamgale. For
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further shows @etw&dN 30 fLUEndPPd gm20 contact strip 6 and a nlne pole
contact strip 7. The il ustrated el ectronic and electrlc%% nent s
5 invol ve a ni cr ocofiBFE fephovwssg dridlofew @ e Fireit casrigs 1 BWBr' igures

transistors andar# st @f the region oflihe digleeitetigyert 3 .agks péssmé&oas@al;soeds
by prlntlnqpafter t he ogé#atlo of t hernal

on
i el ectriciPaydP whish@r i 1l 1ev3E 5 e i B seped by 2
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of screen printin t he printed conductor tracks nd then the
o ect 11 cal " andOLFHS T PEBABREMS 5 ReLbsENEabaTTah0ERs Spast o
| ayer. The fitted conponents 5 and the contact strips 6,
7 were 30 simultaneously soldered on the circuit carrier 1. To
achi eve ideal dissipation of the waste heat of the electrical or
‘el ectroni c conponents 5, all electrical or electronic conponents 5
were nounted on the circuit carrier 1 (on the dielectric layer 3
thereof) directly, that is to say wthout an internediate carrier.
Figure 2b shows the layer structure of a circuit carrier 1 according
to the invention. It will be appreciated that this viewis not true
to scale. For



5 exanpl e the thickness of the netallic carrier layer 2 can be up to
10 mm (typically 1 - 5 m while the dielectric layer 3 is usually of
a thickness of between 30 pin and 70 gm Fi gure 2c shows a
detail view of the circuit carrier 1 shown in Figures 2a and 2b in
the region of the dielectric layer 3. It is possible to see pores 10
20 which are disposed in the dielectric layer 3 and which are seal ed
by a glass 9. It is further possible to see that the surface of the
dielectric layer 3 outside the regi o®t8iME he pores 20 is
substantially free of glass 9. CLAIMS 1. Acircuit carrier having e
metallic carrier |ayer on mhichzﬁ dielectric | arranged in DAL

| east regi dn- Vi dEUThEaRTRSnavinmha Mt R HRT B & aldé‘i}%ﬁm%%er arrangs

pl ;JL alit Iy of néyseSeg[@h%@cﬁmemr':eﬁedme@mt et dichetipokes ha0)a ahsliveaf qures,
W a gl ass 0 e [ ¢

t hat i sgr enot %E%I’P%ﬁlilsteﬁ &'ﬁii’ts? Rprep g%pggre %Eg%tﬁj%?eﬁg E&ﬂ a?lelaﬁ%% the( gf%e of the

side of the dideleticriaer(3ytat E3pmotetam ihe c:naeuebteusserf(é’-brvrvlhreﬁael;n tfwarsturf@qe Of the
layer (2), is S%g%%%%ﬂ&b.%%gfua@éﬁ% ) AR RS bR @ blifibidaye 19, Isaaboantally

t he gl ass-seal’e ircurt carrier, as set forth in
cl ai m 1 char adeefromatpsp )PH@tdeé'éﬁw@E'@B gtthe B'&E‘k%ea{e&‘ Pores)(2Qr e arr anged
on the dielectric layer (3). 3. Acircuit carrier as set forth in

claiml1 or cIa m 2. characteri.s trlc and | ect,r oA C
conponent s (S)A gt gatiist 8%S%ﬁ°'ﬁh’8 G@'rPCLﬁthFra %F' zi]r(ai)w“ {Ogﬁgﬁﬁﬁé’ﬁ“
carrier as setaré eraiged on thedlisécing laient3).l t hr ough 3 characterised in

that the material of the dielectric layer (3) is a ceramc mat eri al ,

preferably alum num oxide (A 203) or aluminumnitride (AIN). 5 A
circuit caPri e citgarrior gs13¢t fosthgpslagp 1opralaie 3 cflqaf@g:args}qd 4n that electrical

charact eri sed dnb/ot Biaétrdneofbpasts((8) are aivnhies 66 trdichtwisatrer {191 oxi de,

al um num oxi de, silicon dioxide or diboron trioxide or a mxture of
two or nore of those conponents. 6. Acircuit carrier as set forth in
cl ai m 5 chér ack graui edrrienas hettfottthin qriead $lafrey 1 dlorayghi & ebaracterised in that the

material of the dielectric layer (3) is a ceramic material, preferably aluminum oxide
(Al.O3) or aluminum nitride (AIN).

5. A circuit carrier as set forth in one of claims 1 through 4 characterised in that the
glass (9) comprises diblsmuth trioxide, aluminum oxide, silicon dioxide or diboron

trioxide or a mixture of two or more of those components,

6. A circuit carrier as set forth in claim 5 characterised in that the glass (9) comprises
55% dibismuth trioxide, 21% aluminum oxide, 14% silicon dioxide and 0% diboron

trioxide.

7. A circuit carrier as set forth in claims 1 through 6 characterised in that the amount of
glass (9) is between about 5% and 30% of the total amount of dielectric material and

glass (9).

8. A process for the production of a ¢ircuit carrier as set forth in one of claims 1 through
7 whereln a layer of dielectric material is applied to a metallic carrier material,
characterised in that a glass (9) is applied to the circuit carrler (1) during or after the

applicaiion of the layer of dielectric material.



55% di bi smuth trioxide, 21% al um num oxi de, 14%silicon di oxi de and
10% di boron trioxide. 7. Acircuit carrier as set forth in clains 1
through 6 characterised in that the amount of glass (9) is between
about 5% and 30% of the total ampunt of dielectric nmaterial and gl ass
(9). 8. A process for the production of a circuit carrier as set
forth in one of clains 1 through 7 wherein a |ayer of dielectric
material is applied to a netallic carrier material, characterised in
that a glass (9) is applied to the circuit carrier (1) during or

after the appl AGRddeeNadEletidith ih AWRH 8 @harditeses i that th&19&d aldielecRic rixterial
i rised in.that the | ayer of

process as set forth.ip claim8 characie

B el ectri o m Brrbiedia PR 2 B it apfee? B ert iy er () % a
screen printing process. 10. A process as set forth in claim8 or
claim9 characjer] i : . i i k
of di bl ect 1B raPLres gt Set 3R if BEmEh 89 Shrd iRl b e Bl
forth in clai nepliehiaribrlergriosdiglestic matgtialibiepreadiey orghintfigel ectri c
material is thermally sprayed on to the netallic carrier |ayer (2),
preferably jointly with the glass (9). 12, A process as.set forth i
one of clailtts %Pf%?mfeiﬁ’”éﬁ%'a'& éP'%aé%CéefFﬁd gt bl e cii RS
tracks (4, 4')is-th¢malesmabled doytosthe ewtellprdanier tayer () prafepadly jpinte eitis the a
conductive paa&&ﬁ%g)applied to the dielectric layer (3) and then
fused therein. )

12. A process as set forth in one of claims 8 through 11 characterised in that to produce
conductor iracks (4, 4) — preferably by screen printing — or a jet process — a
conductive paste is applied to the dielectric layer (3) and then fused therein.



