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A’ conpunent carrier with forced air cooling of the

elcectric conponents. This inyention relates to a conponent carrier
with elec- tric or electronic. conponents nount ed t hereon, having at | east
one channel for cooling |iquid. Such conponent carriers are used as

carriers for conpo- nents of el ectronic power devices the cooling liquid
flowng in the cha%g serV| t o _cool q§ép onentf They are
of fered on the marKef &ﬂﬂﬂﬁn SYRFEL Wi ?ﬁ%e u?oﬁ p8€kage or
firmMy integrated in a packagethbBueltetihe @Qﬁpo&h@ﬁ@|y I ncreasi ng packi ng
density of electronic power devices the cooling of the power conponents is

an ever greater prob- lem Furthernore conponent carriers with the electric
conpo- nents are frequently used in cl osed systens, for exanpl e to fulfll

reqU|renents f htness nd | P requirenents. rqved renD of the
arising t her me§ Y%g bﬂnpﬁ ?ﬁeF%fBrEoﬂﬁﬂgﬁpFuFé rdkTe ec—

pot ent i algfiQf Jﬁlréi'@étréhlér@@ﬁ 6ﬁeﬁﬁ§ Retkited dﬁa&ebn,ah@v@@r@oactt nees tof

el ectroni c power devi ces. is therefore the problem of the present

|nvent|OQQ§)ﬁﬁ%ﬂﬁQﬁa%PEO%%%%%%? L4A¥+Rr which inproves removal of the

thermal di ssi paidOncdi¥shet é‘éﬁfié?@' £r€0{1BEACAES carriershifdr Tomploal ned
according to the_ invention in that the conponent carrier _has an air cooling

body, and®eRbmPf ctrebropiarReWer (HevhEeEonpbReRPOdANA A aEA SloHdsiong a

forced aijh HHLARMeRi SeFPPAGNEO aéoéfaﬁhepgbheef cb Eoﬁ@mgne&h%yala&ef or
air recooting on the air cooling body. In operation t forced air stream

permits Ofifierad vl they BACkek %bﬁb%ﬁe%?sP&chHnaPée&Pﬁ§§tW§GP@P§ @ependent

on air %@dk’&}e - ffrﬁiyrﬁhté% Qfe&apﬁcht?éékgbeannhet ebNgheCaBhing of -
the el ectronic power.de-_Vice. For conponents nolUnted due to their design

on basesS§§ﬂQ%YtﬁFQWﬁﬁ$4%®|Haébbmgnﬁenﬁhtﬁdﬁﬁt?éﬁ&FrQP#CCEQWﬁﬁgd@Xﬁcéﬁso
be effected W f}Fglty ke ;ﬁg«b&f eémlsbﬁeﬁegpszgeahsev&egka&e@w pRobhus

offers t he p055| ining I'1quid
lem. Furthermore component carriers with the electric compo-

nents are frequently used in closed systems, for example to
fulfill requirements for EMC tightness and IP requirements.
Improved removal of the arising thermal dissipation power
therefore constitutes an essential potentiai for further in-
creasing the packing density and compactness.of electronic
power devices. .

It is therefore the problem of the present invention to
provide a component carrier which improves removal of the
thermal dissipation power of electronic components.

This is obtained according to the invention in that the
component carrier has an air cooling body, and a fan is asso-
ciated with the component carrier for producing a forced air
stream for air cooling at least part of the components and for
air recooling on the air cooling body. In operation the forced
aif stream permits optimal cooling of the components which are
almost solely dependent on air cooling, e.g. a plurality of
capacitors or an internal cabling_of the electronic power de-
vice. For comoonents mounted due to their design on bases
cooled by the liquid cooling, an additional air cooling can
also be effected via the package walls of the components. The
invention thus offers the possibility of combining liquid '



-2- - .cooling via the nounting bases of the conponents with addi- tional
ai’r cooling. The air recooling can be_effected on an air cooling body
cool ed by the cooling liquid of the | T qfii d cool i ng. The conponent
carrier is preferably conposed at |east of a carrier plate with the
conponents and the air cooling body. It is particularly preferred for the

carri er e%é‘g.ﬁnﬁ”@l rthgoﬁ{)é’t%welg%deatcs%gj f “é He ot res&ﬁérv@fﬁya&&‘ﬁ' enclose
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operation theFﬂrthétrQ&nhBrgﬁéfédrbﬁ gee’ *he at least one channel to

be provided with an inlet and outlet such that both openings

are located on or near one face of the component carrier. This
arrangement provides an especialiy simple possibility of con-
nection for supplying cooling liquid and removing cooling lig-
uid, ard the two can be combined on one side of the component
carrier. Alternatively it can also be advantageous to provide
at least one channel with an inlet and outlet such that the
openings are located on or near opposite faces of the compo-
nent carrier. _ | '

It has proved especially favorable to form the air cool-
ing body with cooling ribs or cooling slats. This provides an
especially large heat exchange surface, which accordingly con-
tributes to especially great heat exchange in operation. Heat
exchange can in addition be promoted by using a material with
good heat conductivity for the air cooling body. It is also
recommendable to use a material with good heat conductivity
for the carrier plate in order to permit good cooling of the
mounting bases.

It has also proved particularly preferable to disposé the
fan such that in operation the air stream produced by opera-
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-3- - tion of the fan |l eads away fromthe fan on one side of the conponent
carrier and leads to the fan on the other side of the conponent carrier.
Circulation can thus take place in a ctosed circuit. The component carrier
itself serves as a par- tition between the-air flowng toward the fan and
that flow ng away fromthe fan. The speci al advantage beconmes apparent when
the conponents are all disposed on one side of the conponent carrier and
the air cobdnngfbbthy fant beadshewayi deomlthecifaru-ord anengsiade abotlse t he

conponents on the first. part_qf ,its flow_path_and is.recqqled by.the.air
cool i ng W%e?ﬁecﬁfﬁégrs?ﬂg ‘kﬁgasf It8witﬁ§ %‘Q@k.oq tsdb%r?q-g}% de of
advant ageghes ¢ompoaghdecaprier . cqikcndaliddy @an vhy dakd@laddein a
conponent%-are di spos for in.,the vicinity of a conponent
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addition to the circul ation around the to- tal ngggfnt carrier, this can
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It can also be preferred for at least one flow opening to
be provided in the component carrier through which at least
part of the air stream can flow from one side to the other.
Alternatively or in addition to the circulation around the to-
tal component carrier, this can form circulation around part
of the component carrier. This is preferred in particular when
a component carrier flow opening is disposed near a component
such that the part of the air stream flowing therethrough can
cool it selectively. Depending on thé special spatial arrange-
ment of the flow opening through the component carrier and the
compenent on the component carrier one can supply an air
stream with a certain temperature to the component very selec-
tively, thereby obtaining éspecially optimal removal of dissi-
pation power. The cross section and number of the flow open-
ings can be coordinated with the cooling effects to be
achieved on the package surfaces of the compénents. The posi-
tion of the flow opening is one of the factors determining the
temperature of the partial air stream or total air stream.
When fixing the gegmetrical position of the flow openings

through the component carrier one preferably adjusts an opti-



-4- -, mumw th respect to tenperature, volume throughput and pres- sure
drop of the cooling air. A guiding elenent is preferably provided on
t he conponent carrier for selectively‘gd?dTng part of the air stream This
permts the air streamto be -guided for exanple selectively onto a
conponent or around a conponent. Such a guiding el ement can be a sinple

| ate-1ike guidi | t, f le in_the f f a baffle plate.
Fowever FURLAH S SEHRETh. Br EPBEF AR CUE R0 TP AORPicE NG BRIPRY e PO o

associ at gihrid tdrap fdPVEIPesdbdDindughra gui ding el enent can not only guide
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di ssi pat ispRrPANer, RN dibedint Neart CRPONGAL yCaLLLE! thbaalhe riguRagent
mount i ng ‘-bases with the corresponding tenperafure conditions is al'so to be
i ncl uded throsigdh Eyhst R AremEng | sete@t beepyeonter pegompopesdi jat can

TOMPONeNty §e0Ql R Ml Bh d 1L KD U & nﬂlaﬁ%wifg Qﬁ&ethhhpég%ah@ategg@_—powef
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is particularly preferred to coordinate the geometrical mount-
ing position of the components on the component carrier, the
guidance of the air stream in a circulation around the total
component carrier and/or part of the component carrier, the
arrangement of guiding elements, flow opening, etc., with the
diSsipation power to be removed and the permissible tempera-
ture increase, and design them accordihgly. The dissipation
power taken up by the component carrier via the component
mounting bases with the corresponding temperature conditions
is also to be included in such considerations. It can be pre-
ferred to provide components cocled via the mounting base
which have high dissipation power and require low woiking tem-
peratures, in the vicinity of the cooling water inlet and to
provide ones which have high dissipation power but can cope .
with higher working temperatures, in the vicinity of the cool-
ing water outlet.

A further important factor for design is the flow cross
section between the outer limit of the system in operation and
the component carrier. This has an essential influence on the
speed of the air stream on the air cooling body and the speed



-5 --, and distribution of the air stream near the conponents. It can be
di mensi oned so as to obtain an optimum of air volunme throughput and speed
on the conponents, on the one hand, amd3 ecooling on the air cooling body,
on the other. The fan is preferably di sposed on one of the faces of .
t he component carrier. This ensures especially sinple nmounting and
especially easy access and noreover |eads to especially favor- able flow
patter ns andhdlfsmm:m igf gehe iakn aftzeamonear| bhef apmponepkst.ediblgn a

radial T80 gimensidhediPHs B e Lin L8 6@%.’%@&&0&' §ifubbhamean el ec-

tronic deV|ce avi ng one of the above- descrl onent car- riers
di sposedthmoag@m@®1¢lﬂeemmn mhe)mmcbmntﬁe anrtbemam hsndui dad
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air coollng img dlspose opposite formng
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part of bitel AW P Gy dlowshannel, sopLiogieltBer e 1o

conponen f the e conponen carriers ere or elng cool ed
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carrier and the package wall. In the electronic device two
component carriers are preferably provided with a joint fan in
a package, the sides with the components or the sides with the
air cooling bodies being disposed opposite each other and
forming a flow channel for the air stream between each other.
The air stream thus flows part of the flow path in a joint
flow channel, cooling'either the components of the two opvo-
site component carriers there or being cooled by the opposite
air cooling bodies there, and is then divided on the second
| part of its flow path to flow back on the corresponding eompo-
nent carrier sides protruding away from each other. The re-
verse direction of flow can also be preferred. The advantage
of this arrangement is that only one joint fan is provided for
two component carriers. This permits an even more compact ar-
rangement.
The invention will be explained more closely in the fol-
lowing by embodiments shown in the drawing, in which:
Fig. 1 shows a longitudinal section through an inventive
component carrier; ' _
Fig. 2 shows a cross section through'an_inventive compo-

nent carrier; and



-6- . Fig. 3 shows a longitudinal section as in Fig. 1 showing a
speci al kind of arrangenent of two conpgnent carriers. Fig. 1 shows
conponent carrier 2 with electri-c conporients 4 nounted thereon, air cooling
body 6 and fan 8. Conponent carrier 2 is disposed in package 10. It is
conposed of carrier plate 12 on which conponents 4 are nounted, and air

cool i ng body &.; 18, t e qﬂgj |11 C ' body sub spially
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through Smﬁgégﬁght and not shown in the drawings. The cooling liquid
flowing through channel 14 serves firstly to cool the'compo—
nents fastened to the component carrier via their mounting
base area, and further to recdool the air circulated by fan 8
on air cooling body 6. This leads to an especially high cool-
ing effect with relatively low effort.
Air cooling body 6 is preferably made of an especially
heat-conducting material a@d provided with cooling ribs or
cooling slats 16 to ihcrease the heat exchange surface in or-
der to achieve maximum heat transfer between the air stream
and the cooling liquid. _
Fan 8, which is a radial fan to attain a maximum pressure
difference, is disposed on one of the faces of component car-
rier 2 so that the air stream produced thereby leads away
therefrom on the upper side of component carrier 2 and leads
to fan 8 on the underside of the carrier, as shown by arrows
in Fig. 1. When flowing past electronic power components 4 the
air stream picks up dissipation power released in the form of
heat and emits it to the cooling liquid at air cooling body 6
on the upper side. The air stream flows through a channel



"-7-  formed substantially by package wall 10 and conponent carrier 2 both
on the upper side and on the underside, Viewing Fig. 2, one can see that
the air channels are limited by walls gf'backage 10 on the side as well and
the air channel of the up- per side is separated fromthat of the underside
by carrier 2 protruding as far as package 10 in each case. Thr ough

conpone carrie t her re.apluralit ow qpenings 18 through which -
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the air streamleads from,air cooling bodies 6 to fan 8 and away {herefrom
to conpbfiERtEh, coFgespending F1on PR okdd Charieht 1HnfeFr€@PLING shown -

for eachifgfiddiyi dyalot@ERORAYsRRITHRIEm or Iddtopdeings oxuaqaggund the

faces of conponent carrier 2 and no fIOW/qunings are provided

therebeynggﬁﬁore.narrower in the area of flow Openings 18 than in the
area shown in Fig. 2. '

The view 0f Fig. 3 shows the arrangement of two component
carriers 2 "back to back" with fan 8 in package 10. One can
see how air cooling bodies 6 of component carriers 2 are
aligned with each other and how the sides of component carri-
ers 2 where components 4 are mounted point away from each
other. This forms between component carriers 2 a channel which
is sandwiched by air cooling bodies 6 on two sides. Therefore
one can dispense with one fan 8 for two component carriers 2
compared to the arrangement shown in Figs. 1 and 2. Improved
cooling power can also result. This permits an even more com-
pact construction. Compared with the above-described embodi-
ment the direction of circulation is reversed in the embodi-
ment of Fig. 3, i.e. the air stream leads from air cooling
bodies 6 to fan 8 and away therefrom to. components 4. In addi-
tion only one closed circulation circuit is shown for-each in-
dividual component carrier 2 so that the air flows around the
faces of component carrier 2 and no flow openings are provided

therebetween.



-8-° . C ai s 1. A conponent carrier
(2) wthetectric—conmponents (4) nnunéed t hereon, having at |east one

chann ng liquid, characterized in that the conponent

carr| E""ﬁmuﬂwmﬁnl cool i ng body (6), and a fan (8) is associated with
one marisi ew (2) for producing a forced air streamfor air cooling

at Ieast part of the conponents (4)%gnd for air recooling on the air

cool ing body (6). 2. The conpo Wt %arrier (2) of claim1,
characterized in that it is conmposed at least of a carrier plate (12) with
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(14) between each other.

4, The component carrier (2) of any of claims 1 to 3,
characterized in that the at least one channel (14) is pro-
vided with an inlet and outlet such that both openings are lo-
cated on or near one face of the component carrier (2).

5. The component carrier (2) of any of claims 1 to 3,
characterized in that the at least one channel (14) is pro-
vided with an inlet and outlet such that the openings are lo-
cated on or near opposite faces of the component carrier (2).

6. The component carrier (2) of any of'the above claims,
characterized in that the air cooling body {6) has coollng
ribs or cooling slats (16) .

7. The component carrier (2) of any of the above claims,
characterized in that the fan (8) is disposed such that in op-
eration the air stream produced by operation of the fan (8)
leads away from the fan (8) on one side of the component car-
rier (2) and leads to the fan (8) on the other side of the |
component carrier (2).

8. The component carrier (2) of any of the above claims,

characterized in that at least one flow opening (18) is pro-
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13. The component carrier (2) of claim 12, characterized
in that a slip-on nozzle-like guiding elemeﬁt is provided.

14. The component carrier (2) of any of the above claims,
characterized in that the fan (8) is disposed on one of the
faces of the component carrier (2).

15. The component carrier (2) of any of the above claims,
characterized in that the fan (8) is a cross flow fén.

16. The component carrier (2) of any of the above claims,
characterized in that the fan (8) is a radial fan.

17. An electronic device having the component carrier (2)
of any of claims 1 to 16, characterized in that the component
carrier (2) is disposéd in a package (10) such that the air
stream is guided in operation between one side of the compo-
nent carrier (2) and the package wall and between the other
side of the component carrier (2) and the package wall.

18. The electronic device of claim 17, characterized in
that two component carriers (2) are prévided with a joint fan
(8) in a package (10), the sides with the components (2} or
the sides with the air cooling bodies (6) being disposed oppo-
site each other and forming a flow channel for the air stream
between each other.



