1 DESCRI PTI ON ALUM NUM SI LI CON CARBI DE COVPCSI TE AND HEAT DI SSI PATI ON
DEVI CE EMPLOYI NG THE SAME 5 TECHNI CAL FI ELD The present invention
relates to an alum numsilicon carbide conposite suitable as a base
pl ate for power nodul e and a heat dissipatoon device enploying the
sanme. 10 BACKGROUND ART In recent years, along with progress of
hi gh-i ntegration and downsi zi ng of sBRFEBABUEENr el enents, heat
generation anount at a tinme of using such 15 sem conductor el enent
sinply increases, and efficient dissipation of such heat has becone a
problemto be solved For this purpose, as circuit substrate for
bover modul e, %LWPEWrS%hBEWaE%Rg%DES€BMP@,ﬁF€ﬁ 8BRpPESTs D4 SEEPARTEN
substrate such as an alum nummnitr rate or _a silicon

nitride substrate having hlghDFWEGFaFMBHOEFHﬁeFE§ ﬁﬁHEhlgh t her mal

conduct|V|ty, a netal circuit nmade of copper or alum numfornmed on
the cerani’c substrate, and a netal heat di ssi pation plate nade of

copper or the rear surface of 25 the substrate.

A typi cal hegféﬁggiéggF?gﬁﬁgtructure of conventional circuit

substrate is that g b@?@s@h@tlnv ") Idereﬂ Q.a rear, surface .heat
e? ub

di ssi pation surfac a crrcui Straré ﬁﬁato i gﬂ 5\5&8‘? éﬁcgg

| at
this structure s ﬁ“%@%%‘é‘%esa@%‘?%ﬁ%'fsa?ﬁgeb%engggﬁ AL LAY
applied to arﬁﬁﬂ&ﬁ@“&H&thhggy'&fssﬁ GERBK QEv§QEdE&FEé¥EhggE§etQaﬁﬁ?

di fference of thermal expansion coef?|0|ent bet ween | at e

and the gigrcuit substrate occurs, and as a result, heat dissipation

becomes insufficient to cause mal function or destruction
BACKGROUND ART

In recent years, along with progress of high-
integration and downsizing of semiconductor elements,
heat generation amount at a time of using such

15 semiconductor element simply increases, and efficient
disgipation of such heat has become a problem to be
solved. For this purpose, as a circuit substrate for
power module, a circuit substrate is used, which
comprises a ceramic substrate such as an aluminum nitride

20 substrate or a silicon nitride substrate having high
insulation property and high thermal conductivity, a
metal circuit made of copper or aluminum formed on the
ceramic substrate, and a metal heat dissipation plate
made of copper or aluminum formed on the rear surface of

25 the substrate.

A typical heat dissipation structure of conventional

circuit substrate isg that a base plate ig soldered to a



io of a sem conductor el enent. To cope with such a problem an
al um num al | oy-silicon carbide conposite is proposed, which has a

t hermal expansion coefficient close to that of a circuit substrate
(Patent Docunent 1). However, Patent Docunent is 1 does not describe
as to the shape, particularly, a warped shape of the al um num

al I oy-silicon carbide conmposite, and accordingly, when it is actually
used as a base plate for power nodule, there is_a case that

suf fi ci ent heaFeﬂFs§?f@ﬂ?%nﬁﬁﬁ45péﬂ?§1P§th8¥ %HEEQQﬁ%jOfZ@ACB§§815Iate
is used as it is joined wth a g Pﬁ@ SSI aﬁlon |n in nD St cGases

and the shape ﬁﬁﬁgﬁﬁ?bﬁg‘élaofat TT ot &t A6 n‘ﬁorfanf‘d

heat - d|SS|pat|on usu SSI on’ grease aV|ng

hi gh thermal C899H§Eh¥%t ytﬂér@%lg %%ehoap?’f:&b?@ﬁ {0 b Gl %eqil’ea%ngoad

t he base plate i's fIxe heat - ssipation fin or

heat - di ssi pation Wphiiby @&réﬂ@%mf%dﬂahgugg B@bf@epréﬂﬂfkﬂildi heder
peripheral portion of the base plate. However, if many fine

irregul aritiesiayerppgsend ome tdie feasecpl aEEthér@aaD d:gpdrorimed bet ween
the base plate and the heat-dissipation fin, and even if a 5

heat - d|SS|patleaegfea$enhawetwpdngﬁhd:bas&ablabedmndlwheycmrcuamplied,
thermal conductivity is significantly decreased. As a result, there
has been a problbstrhae hearrsli ssidas anrpeopey t oot &as ime trisaul e
constituted by the ceramic circuit substrate, the base plate and the
i 0 heat - d|SS|pé@?@ﬁeﬁlhnséfélc4%n%|%ﬂuqﬁW§§nWF}fH%%?€§§éﬂr destruffion
cope with this problem in_order to reduce such a gap between the
base plateléndoﬁhé ﬁé@ﬂcavég?$ﬁ&.%ﬂ?W%q% as much as possible, a base

plate forned to haye a canve age in.,advance i.s use
war page is obtainaﬁp Cfgebylgﬁp?v qa RS rgntSEP gase ﬁ%ﬁte as

it is heated, %ﬁl%% %rbh@eh@M$ qxgﬁégg éghggd QQggﬁ;h;pw@ver

si nce war page obtalned such a o I'n fhe warpage anount

and shape, and t&l'é%atlh%&ﬁaﬂﬁox@e@éb@fﬁl%@ﬂterElleat cbt hauabi ty diseAat
consistent. Further, due 20 to the variation of warpage shape or

surface irregu's%lsttlr%%e t(hgt enbhasodheehta 1pr.obliewetdal medeitg®cgapehns
still formed between the base plate and the heat-dissipation fin.

15 1 does not describe as to the shape, particularly, a
warped shape of the aluminum alloy-silicon carbide
composite, and accordingly, when it is actually used as a
base plate for power module, there is a case that
sufficient heat dissipation property is not obtained.

20 A base plate is used as it is joined with a heat-
dissipation fin in most cases, and the shape and warpage
of the joined portion are also important properties. For
example, when a base plate is joined with a heat-
dissipation fin, usually a heat-dissipation grease having

25 high thermal conductivity is applied to portions to be

joined, and the base plate is fixed to e.g. a heat-

dissipation fin or a heat-dissipation unit by screws



There is a nmethod of form ng a warpage by cutting 25 the base plate
surface by machi ning. However, in this nmethod, since the

al um numsilicon carbide conposite is extrenely hard, significant
anount of grinding by a tool 4 such as a dianond is required, and
there has been a problemthat its cost is high. To solve the above
problem a nmethod is proposed, in which a3lat silicon carbide porous
body is inpregnated with a netal cqntaining alum numas the main
conponent, an ’é]ilﬁ??f%rﬁ%qso?rpé@g?gné’aeaﬁ gpaeﬁf@?;ﬁra okt Ai r]lloﬁgO% the

al um num as t hg_nai onpopent _is forne .each_pri . e nd

t he al um num aﬁ?%’? ?n]a%clteer‘ i {r%oi"'ﬁ‘éeﬁéa% d?aglgf)%al | oﬁrgfegg?i%l‘%% aahrl%al ly
fabricated. 10 v enrl f sPEodLci ; S M@ RYUSHLAT

t hi s met hod, mﬁl_g%\g‘%(xﬁife a11 lr}nl%aen%%%gl ?o?e{eéyerééﬁg j’?rsec anically "

fabricated, ityhseNSEESSaMA Lol fRkkcat 8sihe AdmiRUM-ald @Yehayeraso
that the alum numsilicon carbide conposite is not exposed to the

out side. Foi thist1H:dLasMtiorCgisiader hAgi MErPRge e a3t @chidortofithe
base plate itself and variation of its fabrication, the thickness of
al um num al | oyikayepl i@ becHeamad condeat bvpty nis ys ighaife aeeeds t o be
inevitably thick, and for this reason, the thermal expansion
coefficient of deheehosd. 2@spkaresilsel fhére rreas senand vwRbhent that
soldered with a ceramc circuit substrate at a tine_of assenbling a
power nodul e, bhRefedhasipriciPma RESRETePE aNEBER SO S giqrstisnted by

heat di ssipation plane of the ceram c circuit sulg)strate. 25Furt her,
in this nmethodthsi ABEAMIC | $L atds SHRFtEatEontPoI P2 R IS TP 1§ he

and ot ot Rk = oE EHRT R A Hurh G 125N A b BB EOHHOS{ CaSATEeER o

the To cope with this problem, in order to reduce such a
gap between the base plate and the heat-dissipaticn fin
as much as possible, a base plate formed to have a convex
warpage in advance is used. This warpage is obtainable

15 by applying a pressure to the base plate as it is heated,
by using a jig having a predetermined shape. However,
since warpage cobtained by such a method varies in the
warpage amount and shape, and thus there has been a
problem that its quality is not consistent. Further, due

20 to the variation of warpage shape or surface
irregularities, there has been a problem that a large gap
is still formed between the base plate and the heat-
dissipation fin.

There is a method of forming a warpage by cutting
25 the base plate surface by machining. However, in this

method, since the aluminum-silicon carbide composite is

extremely hard, significant amount of grinding by a tool



outside, there has been a problemthat high degree of fabrication
technique is required. Patent Document |: JP-A-5-507030 5 DI SCLOSURE
OF THE | NVENTI ON PROBLEMS TO BE SOLVED BY THE | NVENTI ON The
present invention has been nade considering the above circunstances,
and it is an object of the present 10 invention to provide an
al um num si | i con carbide conposite suitabl® as a base plate for power
nodul e. MEANS F SOV THECFRCBLEI\/B. Thg pr eéetr]{e]jen\ﬁer;t regnh ve
an

conduct ed ext eR8Fve*15 StATHIES t'6 AcHI'aVe"t hé above object, as a

result, they hay [ SC i B an.: al um-nu i i de
conposite that Sfr(gbgélﬁl a aegsﬁdclsfzg%tsga?%i gleaﬂf)'or g&s%ggi? F%r%@%ﬁ% ed with

a metal contai gkaﬂﬁwr@ NP tihe HIBLAsEQMANeM s c1PlAld1RE Le1th6n
conposite is possible by 20 providing an alum num i ayer made of an

al um num al | oy -QpL 088 Pb+daBs bddane (hpesgnsted acth ankdats flatness
can be inproved by grinding an al um num | ayer on the rear side to

make the al eim auAr&ihic®neloariide acorpesing én exqosaterity tare aduins nde.
Further, the inventors have 25 di scovered that by controlling the

t hi ckness of akilibpubayeerada g wampsge shapelnineraluw naloygsnghe

| ayer on the rear side is ground can be controlled, to conplete the
6 present invemeidncomponemNanigl \Eormed presafh PRYBHEY dh covicdds the
base plate for Eower nodul e, conprising an alumnumsi]icon carbide
conposi t e that 3L8maNERatl fpat i aged tgﬁel PEdh g]é?%’r%t%orboquéjt‘?s Hody

i npregnated with E rnata{L éh rei naf t referred to as al um num al | oy)
cont ai ni ng al ulEAATASAth e onent, and an al umi num | ayer nade

of a metal gont ainiag LU pHIM, 45, L6 (1D RIRANENE, LOr FREk Qb O

one of the”princip planés of 't e conposite, ereln a rear
surface bei ng 8,0t BRE < OREL R4 Prid¥H RAle BhaResuRT %111@3, layer is

al um num silicon carbide conposite is exposed to the

mechanically fabricated, it is necessary to fabricate the
aluminum alloy layer so that the aluminum-silicon carbide
composite is not exposed to the outside. For this

15 reason, considering warpage or distortion of the base
plate itgelf and variation of its fabrication, the
thickness of aluminum alloy layer to be formed on each
primary plane needs to be inevitably thick, and for this
reason, the thermal expansion coefficient of the base

20 plate itself increases, and when it is soldered with a
ceramic circuit substrate at a time of assembling a power
module, there has been a case where a recess is formed on
a heat dissipation plane of the ceramic circuit
substrate.

25 Further, in this method, since it is necessary to

control the thickness of the aluminum alloy layer on each

primary plane to have uniform thickness and not to make



. outside, and the shape of the exposed al um numsilicon carbide
conposite is a rectangle or a rectangle fromwhich portions
enconpassi ng holes in the peripheral is portion are renoved.

Further, the present invention provides the base plate for power
nodul e, wherein the peripheral portion or the peripheral portion and
portions surrehedaiguiohes sdrnd doade:0fh et alorpagdr € efddddito the
al um num as the nmain 20 conponent, or a conposite of ceramc fiber,
ceram c parti chesiaded &heetalhacohteginiangrallemimnaas Hith ddree of
conponent; O the base plate for power nodul e, wherein the

al um num si | i ¢ebriapbiide cerhosidue iis eeuosewtd.n t he peri phera
portion of the base plate. 25Further, the present invention provides
t he base pl ate foPaiewsr Dooduker wher éPnat hieso@rage of the rear
surface is fromO to 200 umper 10 cmlength; the base 7 plate for
power nodute, wherein the depth of recess in the rear surface is at
nost 50 pm the base plate for power nodule, wherein the average

t hi ckness of PH§C&P§ﬁFﬁhﬁﬁl§ﬁ§'ﬁN¥ENQﬂWﬁ.to 500 pm or the base
plate for 5 power nodul e, wherein the average thickness of the

al um num | ayePROBLEMSMTE 8 £60-R Bh FHELSIWEVIEBhce bet ween t he
maxi mum t hi ckness and m ni mum t hi ckness of the alumnum | ayer |s at
most 80 pm Furt héf® & S5ids dMtVSHVEM it v dwds h‘éo%%%‘ée¥bn%l‘élﬁ%
for power nndu% mhlch hagﬁe t her nal %deCtIVI of at _@&st 180
WnK and a thé FPE(F &5&9@ n&?e?'f ii%nit k= oxab- % PrFReNE

base platfgfor al umi numsilicon .ca blde

conposite’Ts pro uce %O |gh 6?é§§jluq%ﬂ%ﬂrﬁ} StHod® T heat 15
di ssi pati on d%‘é@%%s%@%‘u%‘t%%f he base Alatq Lo RONELo, [l &y & N
u

filmof from |"at'e "Tor power % Farfa a cer c 'su ra e
for bonded to the base plate on to 20 pmthick fornmed on the by a
Ni -plating treatnment, nounting a sem conductor, which the Ni filmis

formed. 20 EREEGESFIR HIENENHENRORLEMS

The present inventors have conducted extensive

i5 studies to achieve the above object, and as a result,
they have discovered that in an aluminum-gilicon carbide
composite that is a flat silicon carbide porous body
impregnated with a metal containing aluminum as the main
component, plating to the composite is possible by

20 providing an aluminum layer made of an aluminum alloy on
one primary plane (front surface), and its flatness can
be improved by grinding an aluminum layexr on the rear
side to make the aluminum-silicon carbide composite
expogsed to the outside. Further, the inventors have

25 discovered that by controlling the thickness of aluminum
layer, the warpage shape after the aluminum layer on the

rear gide is ground can be controlled, to complete the



The al umi numsilicon carbide conposite of the present invention has
characteristics that are | ow thernmal expansion and hi gh thernal
conduction. By 25 grinding one principal plane (rear surface) of a
flat alum numsilicon carbide conposite inpregnated with an al um num
alloy, it is possible to significantly inprove S the flatness of the
ground surface to be used as a heat dissipéation surface, whereby as
conpared with a conventional,K nethod of attaching a ceramc circuit
substrate to aPREFBRE prUFRLIHeat dissipation property s after the

conposite is soldered with ceram ¢ circuit substrate is .inpraoved,
and accordingly, tﬁgmsyﬁpogﬁ? F1E S tlé%’legtégnapﬁ%‘é%é%ﬁ at ebafr%er P\SLS‘\%&

nodul e for noutin 1 u I n i I - e :
nave high rel | ABF1 PR T BH Er EEKAF BTN O T BRAN NS B
|1 An expl anat cQR ¥k eWeOfnah A WNMum $hkic0Bh£REhI el iGQI QSR dkor
base plate in an enbodi nent of the present invention. 15Fig. 2: An
expl anati ong Vi @wrelisapoadl Uit deC i teakbindea T omosd res fftgyr base
plate in an enbodi nent of the present invention. Fig. 3: An
expl anati on vi ewfetraf abuas nmnsiunc @ logh bodet e Dnposi 4laafiorurbase the
pl ate in an enbodi nent of the 20 present invention. Fig. 4. An
expl anati on vi ewiof campahent nuandidn edmrdanbi deyeonpods tef fomdiade
plate in an enbodi nent of the present invention. Fig. 5: An
expl anati on vi @ANSRIAANE| ahiRLINSidY dde PS5 ieaFPrEeRRpRIted (B hasge

plate in an enbodi nent_ of the present invention. Fig. 6: A graph
showi ng t he ne&S6r QﬁeﬁperBEEﬂ“Eﬂiﬁl B apgsped §H§p8°'5130%11‘b‘?'0f‘%feelpem a

neasurenenHOtO%ga%fSEé gggebéinéagﬂémg%lég“ogg thg¥¥%éﬁpal planes of

the aluminum-silicon carbide composite is exposed to the
outside, and the shape of the exposed aluminum-silicon
carbide composite is a rectangle or a rectangle from
which portions encompassing heles in the peripheral

15 portion are removed.

Further, the present invention provides the base
plate for power module, wherein the peripheral portion or
the peripheral portion and portions surrounding holes are
made of metal layer containing aluminum as the main

20 component, or a composite of ceramic fiber, ceramic
particles and a metal containing aluminum as the main
component; or the base plate for power module, wherein
the aluminum-silicon carbide composite is exposed in the
peripheral portion of the base plate.

25 Further, the present invention provides the base
plate for power module, wherein the warpage of the rear

surface is from 0 to 200 um per 10 cm length; the base



1: Alumi numsilicon carbide conmposite 52: Alum numalloy 3: Through
hol e 4: Surface alum numlayer 5: Countersink 6: Threaded hole 10
BEST MODE FOR CARRYI NG QUT THE | NVENTI ON The net hods of
produci ng netal -ceram ¢ conposite are roughly categorized into two
types that are inpregnation nethods and powder netal |l urgy method.
Anong these, 15 netal-ceram c conposites having sufficient property

in e.g. thermal  conduction coeffjcient. are, not. obtained owder,
ot i Dur gy ot ROOSE. £l GORrEIHIy A0RFF 5Bl Aot SE G arie oo i

composi {es are. pLodueed. pyeLIpragnal [ogcreLhads  JHOLe AGA Nk cLyPes

of inpregnatio ods i ncluding methods of carryi

i mpregnat i on ugggér?}ﬁ%g@{) S %h@nﬁvg?gggd@h%kr@@gg Wgrut

i npregnation u essure (high-preSsure forging nethod).

H gh-pressure £o(gi AGn"BLHOHS] ArE FAheger 5380uk Nt & "Dhd BhdetAlate for
forging nethods and di e cast nethods. 25The nethod suitable for the

present invent peRekSmadhl gN- eSS eheobgenggaet hocknds£ast ydhrg out

i npregnation under a high pressure, both of nolten-netal forging 10
met hod and di e atastinmat hagderahs bixrarsad tbuti Onohihenanet @he farffiergnce
method is preferred. A high pressure forging nethod is a nethod of
putting a cer abietwpenoubeboayirurertdiivditees peflentethwn sl @mefsr of in
a high-pressure s container, and naking nolten al um num al | oy

i npr egnat ed i ntt&et BAUPLBEBr ARV e¥S HtgMSEnB8r BPure and hi gh pressure

environnent to obtain co site. Now,, an exanpl e of .method for
produci ng t he netaﬁprégP§angﬁoﬂfE@ﬁ?Qa%ﬂ”%ﬂ%&ogpg§8ﬁfd?ﬁvgh?i%ﬁ?%w

Uoing 210 g0l LIyl LOLOLG B0 Sa8Sg1 O B LA iy

car bi de powder B a5 a silrcais ad

requires) as afogf?%tgggégla‘gghs&g{/ﬂ hth and Raked LRpRALIYS oG Y £ UHD

of at most 10x10°%/K; the base plate for power module,
wherein the aluminum-silicon carbide composite is
produced by a high-pressure forging method; or a heat

15 dissipation device comprising the base plate for power
module, a Ni film of from 1 to 20 um thick formed on the
base plate for power module by a Ni-plating treatment,
and a ceramic substrate for mounting a semiconductor,
bonded to the bage plate on which the Ni film is formed.

20
EFPFECTS OF THE INVENTION

The aluminum-silicon carbide composite of the

present invention has characteristics that are low
thermal expansion and high thermal conduction. By

25 grinding one principal plane (rear surface) of a flat

aluminum-silicon carbide composite impregnated with an

aluminum alloey, it is possible to significantly improve



| am nating such a preformis not particularly limted, 15 and for
exanmpl e, the follow ng nethods are nmentioned. Nanely, they are a

nmet hod of sandw ching the preformby nold separation plates on which
a nol d-separation agent is applied, and lamnating themto forma
singl e block; a nethod of disposing a fiber and spherical or
fragnented 20 particles containing alumnasor silica as the main

conponent on one side or both sides of the preformso as to be
directly in coRtactlaingss i phef SFﬁPn‘énﬂu%g?ﬁﬁ/\jt@nibﬁg WeREnPBy 2nBEYc

separation plates to forma single block; and a nethod. di sposing a
fiber and/or 2%*SHpHRATE %ﬂlf%F%bngﬁﬁﬁﬁg%a??i%ﬁ%ﬁ??ﬁﬁ%ﬁ %&iﬁg al um na
or silica as the main co nent on i r. bot i.d .t.he
preformso as ?%n%eentd]ic?nearc? ;?"y‘a%lhﬁ3 dggrji:t gg{:gt\%\ngjfe%gt%ecoe%iﬁﬁr gjﬁg(ra%lgt a
time of puttin f [ fraoe, puding sthemy

nol d frane, sa%ﬁ%?%ﬁ?%gtgtg%fgégﬁglgqég%ératioﬁﬂg%%fgg gﬁdgFggfﬁg?ing

themto forgm a;siogl@dl Qilpoitiens QBEIRFed WPLIH IS piiecesrehiithe
above bl ocks that are prelimnary heated at about from 500 to 750C

are di sposed i BuBshigthe P Sy @waant anfebecoPiingil gl WHenuwonldsayei §s
poured into the container as quickly as possible to prevent

t enperat ure drepivébideadlndksie tpfieyel@oar popeessuiilzed cat m@uptésguae
of 30 MPa or nore so that the alumnumalloy is inpregnated into
pores in the peehbrasdugirr ebhernini wdchi e coraehresd de devsodilegs
each provided with alum num |l ayers on both of primary planes, are
obt ai ned. Her eretdebthetpur pose of renpving is distortion formed at
the tinme of inpregnation, an annealing treatnment of the inpregnated
product may°be carried out. The aluminumalloy in the

aluninun}siIicggIEgaﬁégﬁﬁe |ngh%§F%&:BHiWEﬁ§§ent i nventi on,

preferably has nt as nuch as possible to be

sufficiently pe“et%éﬁedll“helgg&ﬁ% IR 1bRe PR OF Myata LG dundT® 19k con
i npregnation. As such an alunlnun1§lloy, an al um num al | oy contai ni ng

from?7 to 25 nagsia el sbhb&ON B6r iseepabpkeinbgn B dDIVecht B¥e the
al um num all oy preferably 25 further contains nagnesiumsince it
strengt hen bongrbetweeinséht Lom. carbi de particles and nmetal portions.
15 Fig. 2: BAn explanation view of an aluminum-silicon
carbide composite for base plate in an embodiment of the
present invention.

Fig. 3: An explanation view of an aluminum-silicon

carbide composite for base plate in an embodiment of the
20 present invention.

Fig. 4: An explanation view of an aluminum-silicon
carbide composite for base plate in an embodiment of the
present invention.

Fig. 5: An explanation view of an aluminum-silicon

25 carbide composite for base plate in an embodiment of the

present invention.

Fig. 6: A graph showing the measurement result of



There is no limtation as to netal conponents other 12 al um num
silicon and magnesiumin the alumnumalloy so long as its property
does not extrenely change, and for exanple, it may contain e.qg.
copper. In the present invention, in order to forman al um num
| ayer having a uniform predeterm ned thickness, it is preferred to
formthe preformor to fabricate a face of 9a baked product of the
preformso that its_thjckness variation in the entire reaqi is.at
most 150 pm  pPEFRFALFYRET Wodt MO IpHe PPOPHESTRTCKERs Takr GRS o
in the entire region of preform exceeds 150 pm the thickness
variation of an alum num |l ayer fornmed on the front surface of an

aluninun}siIicg$ﬁg§ﬁggg§Nq9g@@&§é%ﬁgnajned becones | arge, such being
e a

not preferred. ove preformis preferably |lam nated with nol d-
15 separation pl ates egchnanpliad iWohhcarPPad-seRatdeon agent that
are sandwi ching the preform or the preformis preferably | am nated
wi t h formedsproductz(.s)atomrainmialg iy om 60 to 95 nmass% of fiber and
from40 to 5 mass% of spherical or fragnent-shaped particles nmade of
alum na or 20 silica ashtdeghraiagleconponent, and the nol d- separation
pl ates so that the formed product is sandw ched between one or each
surface of the preflor nfantheherlwlidugepayari on plate. By thus

di sposing the formed product in _advance, there is a nmerit that an

al umi num | ayer of 25 pfedeteisdHed thi ckness can be forned on a
surface of preformand_ the {hjckness of the alum numlayer can be
easily controlled.EV%eﬁh¥ﬁ%é%%ﬁF£%ﬁ of the spherical or 13
fragnent-s@aped particles in the fornmed product is less than 5 nass%
control of *the thickness of al um num | ayer on each primary plane

beconmes di ffi cyldar ﬁBﬁE“@bEe@A§@@Bﬁ3QﬁH¢H%Eﬁﬁﬁﬁgﬁ@kﬁﬁy be drastically

changed by an annealing 5 treatnent after the alumnum | ayer on one

of the prinary plangs kecsdbkestegdrb@ud i iddiRd -keeahiBNtompds SOMare
cases. On the other hand, if the content of particles exceeds 40

mass% the prefhughrgy cheegoacked @ Hucesspee ahatheréi tmpvdgnation
i npregnation. ioThe annealing treatnment for the purpose of renoving
di stortion at aetheesotnidnpredaatnegglthegl methoed. al Aroyng rithestehe
preform is preferably carried out at a tenperature of from400 to
550C for atisl eawitalQ crirant esconpos heealmerdinonguféapérat UPECPSY 1esis?
than 400C, the 15 distortion in the conplex is not sufficient]y

rel eased, and thé wahsageloforRECebmp welfay igrtserearry ehamyeed Py

t he anneal i ng process aft a_machj ni progcess. Cn.tﬂ ot her %@ d,
1 the anneal | E D EFSPLI 7 B CBBHAOSR0E ] O IREFagNaY ot &t LA fum
alloy may nelt. |f -the 20.annealin %' '%ﬁl h %ﬁ ] H%@f
even’at an anndiiHg TEANErat aPEOBT LT on 46D Ty 500 ¢ hB &7 or ey on
in the conplex |5 Nofs SUELLEL €L Yndif) @3384, oBNEnbLEgMRE DAY EdEbds
drastically change i'n the annealing treatment for refoving distortion
fornmed by &.9rifiNMing methods of carrying out impregnation under a
normal pressure and methods of carrying out impregnation
under a high pressure (high-pressure forging methoed) .
High-pressure forging methods are categorized into
molten-metal forging methods and die cast methods.
25 The method suitable for the present invention is a

high-pressure forging method of carrying out impregnation

under a high pressure, both of molten-metal forging



25 treatnent. There is no particular Iimtation as to the nethod
for producing the fornmed product of porous silicon 14 carbide
(hereinafter referred to as SiC preform according to the present

i nvention, and the Si C preform can be produced by a known nethod. For
exanple, it is obtainable by adding to a silicon carbide powder e.g.
a 5 silica or an alunina as a binder, mxilfg and forning then1and

baki ng them at_at t .800C. Th | imitat
For m ng. mot hodMe kARG ees%a%%ﬁr%.thadngale'rm.%#% A g Fhg

may be used. 19.LRenfORIlNgs SiLR Bl ader {9l Pk ﬂ'r'%gnggPﬁlmy

be io used in CO 4t Ton as casé requires. rt icu
| npor tant char g«gkﬁaas_{gcas Aeide ﬁ Wi-RuAySh | Lepty carhids, Loumesi te

is thermal conductivity and thermal “expanSion coefficient. As the

content of siligepe¢asbide S HDrdd tihasabuat sy Sid i £ani b HBakiuge
conposite increases, the thermal conductivity increases and the

t her mal eXpanSb@ﬁtQQﬁéfl caedtmglecieanasenanliuhbusy 4 oS Geenhentdi s
preferably high. However, if the SiC content is too high,

i mpregnati on cantpokhefptéfomt umdamimibekhoyebpevarsrali ddd cuidh HR@ssure
Practically, the conposite preferably contains at |east 40 nmass% of
coarse Si C par engtizenhavt nte solpearini A ecsppeibe. at | east 40 pm and

the relative density of the SiC preform.is preferably Wi thin a range
of from55 to 75% NPrt RBr eXfHelS| ¢f ﬁ'i‘%?% BFePéPQBF&'/nHaEh% “%Ei"raelngt h

f at 25 | t 3 MP t f t d t d
br eakage o?afhgem&s'r APUBORTES (i P haRaRERG OFVERBT Rt SHPT 5
Partlcle_3|ze of EFy g;us%gééEW%|§§$E%£H%CES§CL?EeBrO U%h quge SiC

preform is ‘BrefSr S because i ficul't for a

Si C preform ”Hg%r%%ié fwGoar 32 paldd:LlfsH QeexhiRit hi gh §&é@{19§§mm

and it is not OSSIb e to expect high thermal conductivity of

al um num si | i C%s%arrqu@regnp%l 4 er ARG ti% 10k f FBempar khelBsked to
According to the study of the present inventors, for exanple, a m xed

powder cont ai Nigigducema4freeos. nase¥methatl oﬁommixbgohe IEIaATS &y
particles having a particle size io of at least 40 pmand from&60 to
20 mass% of si |liaxdmacanyi dechi aeppafdit!ies neay prgtacpdetriyl biwi el of
at nost 15 pm is preferred. The SiC preform.is obtained by
degr easi ng %&nd asekifoy gxpophed prodietlefing me@@ﬁdéaﬁﬁﬁd@ebé%@?%¢es

When the 15 baking tenperature is at, | east 800C, gr orn1ha¥
bendi ng st rengtfmsilvat tPEXsATS ﬂ/lj&e‘?léo%b%falsr?é'ﬂlwr’“é?&é g1 5§ BF® 'ﬂ

s SR o B s g L e gt

of silicon is applied, and laminating them to form a single block; a
method of disposing a fiber and spherical or fragmented

20 particles containing alumina or silica as the main
component on one side or both sides of the preform so as
to be directly in contact with the preform, and
sandwiching them by mold separation plates to form a
single block; and a method of disposing a fiber and/ox

25 spherical or fragmented particles containing alumina or

silica as the main component on one side or both sides of

the preform so ag to be directly in contact with the



20 carbide is pronoted, and there is a possibility that the thernma
conductivity of the alum numsilicon carbide conposite decreases. For
this reason, it is preferred to bake the forned product at a
tenperature of at nost 1,100C in a case of oxidizing atnosphere.
Baking tine 25 is appropriately determ ned according to the
conditions such as the size of SiC preformi the anount of the forned
product put in a baking furnace or the baking atnosphere. 1

, . . 6
When the Si C pPEREPTH aicGr diifl§ ©F PHEL bResERMt TEREHT dRtPs af BPHEd
into a predetermnm ned shape, dryi ng. one C.preform each,tinme _or by
drying SI C pref b#Hg: %u'%ﬁé}? %?’(“ mogéir ?Bdeafil‘ hfga“éepacsgfl%ﬁﬁﬁglf)l? Egar.n
carbon 5 interpgsed, bet we t. i.t LS Ssi ' revent. c e_ of
t he war ped sha%% %91%nﬁﬁgﬁ%%ﬁﬂ§% &F%ﬁgrégglgéﬁﬂé?%%% %ae%h§°s?§gg %y
carrying out as§£§1éaglgé@atnent to the treatnent in the drying step,
it is possible to prevent change of the shape of SiC preformdue to

the change of i0 ifhepNabnd &t U or morkhpishapecpftnd Grywel YiPcks
preferably a flat-plate shape of rectangle (refer to Fig. 1) or a

rectangl e fromwhich-postd ons LNGOMRasskngt hghest | fi-dhe cpericphsnat
portion (refer to Figs. 2 and 3). It is necessary that is the

peri pheral portirendbfptded alrura rimhs plresenreacdn dei reonposiltternof t he
present invention has a predeterm ned shape or e.g. holes for
attachnent ar eafomipdnonl 19 iFeriowredainper Ehencoptofar af W€ ktheas
conposite as a base plate for power nodule after it fqrns a

conposite. 20 PRSERPSE cBR HTHIHe HERPCERGHFRUAF R | PP & Ee: they
conposite is extrenely hard,.and | arge anmoun i ndi ng by usi a
tool of e.g° aaﬁFaﬁﬁﬁgs?El?ee%Lﬁtr@d,pl%ﬁ@f*l?i §tfa%r}géﬂe?ﬁt At iEtost@%%t
becones hi gh. Accordi ngl in, order ., Lt, eas] | i it is
preferred ?hatt%g ?ggm%%¥ i%ﬂhﬁ6Jﬁ%]hﬁgggﬁgaeﬁsl%%%éﬁ%%ggﬁlgﬁ%ﬁ%num

alloy or a composibend! RSN, WBIKARKS TaheEbAl LN Udih SR ©

fiber, ceramc particles and an alumnumalloy, 17 in advance.

The area of Si gaphebebi a8a theieliie niR0ilaRe®t SasKoth ate, prtisnaigt
particularly limted so long as it covers a portion to be joined with

a ceram c circgiltnegbshrat éhtbienrt | Heks, pfef etlablpumatodecast rédering
based on the area of base plate. By using an alum numsilicon carbide
conposite fier a@ipoptitdnnt bobreqd citheathanittiimea ofeimpiregedttent an
substrate, it is possible to reduce the thermal expansion difference
bet ween these mewiseidnanbreatnem ovle the impregnated product may be

carried out.
The aluminum alloy in the aluminum-silicon carbide
composite of the present invention, preferably has a low
20 melting point as much as possible to be sufficiently
penetrated into pores in the preform at the time of
impregnation. As such an aluminum alloy, an aluminum
alloy containing from 7 to 25 mass% of silicon may, for
example, be mentioned. The aluminum alloy preferably
25 further contains magnesium gince it strengthen bond
between silicon carbide particleg and metal portions.

There is no limitation as to metal components other



ioreliability of the joined portion. If the area of SIC preformis
| ess than 70% of the area of base plate, the thermal expansion
coefficient of the obtained base plate itself becones too |arge, and
there is a possibility that the reliability of warped shape or
reliability of joined is portion decreases. Then, an exanpl e of
machi ni ng nmet hod of the alum numsilicon éarbi de conposite obtained

w || be described. K The perjpheral portion.and. holes aof the
aluninun}siIicaﬁu@é?%mdes%%ﬁﬁﬁbF?@PHFgPﬁﬁlb?e%%n?h§d£PWV§ﬁW\8%18§n83e
easily machi ned by usi ng.an r at S I or

machi ni ng centg??gF%%th€$,pﬂﬁgﬁgpgéﬁégtﬂ§g §%F?€%%{%ﬁ%ﬁgﬁfhga09 Fﬁg
above conposit if+LS i.bl appl ¥ a Lndi ng treatnent by
using e.g. a sgf?g%%égr?ﬁagépéﬁnggﬁglE'éfiﬁg%$ggb that the al um num
25 silicon carbi dezﬁoqﬁes;ﬁiéséﬁt exprsfd 0 theooubsi de. rdwmw ther, it
is also possible to cut the conposite to have an optional warped
shape by e.g. alli@athem S@v@s HOrfddiasShinif8rint predbayenihapherickakss,
shape. After the alum numsilicon carbide conposite is produced
by using the ahevesSpEepeefted mo iforns thksprpbssinbbe to MEwhicee he
peri pheral portion or the peripheral portion and the hol es by using
e.g. a water jéecrachi ai hgkadahoruasr ofntékepreferdi sehdiafe yrechi ne
so that the alum numsilicon carbide conposite is exposed fromthe
side face of th&iFEREEReYAFIpbE?H ot et RETRASeTBFAPR 1T teMAH R

4). Further, after an_alumnum io silicon carbjde conposite is. ..
p%oduced by usifig 8r§FEF5gl¥o?ﬁﬂW§Viﬁﬁjéﬂ“argé ?%ﬁdép' 5t NAE 18k Lon

the base plate, it.is also possible to faormthe Lp p j on or
the holes df & HE bASoBFAte Bt Sodrs oath R BE e kot od ™ b that

the al um num si. . r bi os te i f j f S
of Chot hof -t he (EReB8) PLECACOTRSE o o ufdnGkP BaGH: FORM U5 jaRe

Further, the fagesobuthacaashi gedh Nipdiiet QhtdibRedakB1fer édt@fosite
machi ned by e.g. a surface grinding machine or a belt grinding

machi ne, to pregueenadbasecpkat Baf@s, pawer badsd eocef prheepresent 20
i nventi on. The al um numsilicon carbide conposite machined is
subj ected to an anrda iabgver eakffent 8¢ mrafEnrdrigt deeioktiedowi 8O0 bd-
500C for at least 10 mnutes to have a warpage. The al um numsilicon
car bi de conposistepagktiibe Rbapeasenth i snmrittdon ivds 2aRcaloftPRFT T ¥fer
on one principal plane (front surface), and by subjecting t he )
conposite to toaBoRaknAES PAROYE At FHREPFEge OF s SPF ot EF byt S
19 the thermal expansign qifteren e beﬁ en the a

¥b

the al umi num siBSTEHT 3 arbil B BBREBsT ! 1957 Bﬁ%ﬁﬁgtﬂ%g]%gﬁgé%ﬁn%%e
I's less than 3qgg&ntggagy %%OREEQQ of fiber and from 40 to 5 mass% of
spherical or fragment-shaped particles made of alumina or
20 silica as the main component, and the mold-separation
plates so that the formed product is sandwiched between
one or each surface of the preform and the moid-
separation plate. By thus disposing the formed product
in advance, there is a merit that an aluminum layer of
25 predetermined thickness can be formed on a surface of

preform and the thickness of the aluminum layer can be

easily controlled. When the content of the spherical or



of the alum num | ayer and the conposite is not 5 sufficiently

rel eased, and the warpage may change in a subsequent heat treatnent
process such as a soldering step. On the other hand, if the annealing
t enperature exceeds 550C, the alum numalloy enployed in the

i npregnation may nelt. If the annealing tinme is less 10 than 10
mnutes, the distortion of the alum num allBoy and the conposite is

not suff|C|entIy rel eased even if the annealin erature i,s from
300 to 550C, aREE¥MEte §hered |P§l¥ttlﬁféFSth% p‘gfg%ﬂ ﬁ§e1Fn1%SS
subsequent heat. treat ment, ste ? ﬁﬁ dg rin %%u% pe_15
formed by the BHW%a Wﬁfﬁ?eéi ﬁi b8 0 H aﬁb crose oyan

S ot S S0 i 8BS S

t her mal expan3|on ffer'enc

al um numsilicg %%%W i d%QEE?cMiPa&%ﬁQ&’Q}y e\ taﬂﬁeallng

exposed ground sur (rear surface) of the alummhumsilicon

car bi de conposiig.ehdef atﬂf@examﬁaldmdlhﬁﬂalm yont Sorf¥f efferalel yriifnaey 0
to 200 pmper 10 cmlength. Wen the conposite is used as a base

pl ate for poweplapdul fs andddtdcheqgroundt s faeeaBEertthatin someed as
a heat radiation surface has a concave warpage, a gap is forned

bet ween t he basespkat ®@randiea chibetr hadidatibrHd wontetlte o§ubseguehts
nodul e assenbly 20 step, and even if a heat radiation grease having
high thernal cerdaedsvi? ymdssipiitiednesdorfemgapde t ettt i 2
conductivity significantly decreases. As a result, there is a case
where the heat PAESSPBatFbr-hf opdit Wiof "RrAEBRAFECR - const i t ut ed by the
ceram c circuit substrate, ihe basiﬁﬁéate and he heat - di s atian

fin, etc. $PgnificaRtl §7RERT LRSS S H W e Ok F ?h@uﬁﬁ?ﬁﬁdﬁ a it
exceeds 200 urn:Ltg ogt55ge of SJ’émggyﬁngegggpmﬁgtghéo % Ig@ﬁ%lloy

di ssi pation f| join th Herei s re a

formed in the t the CeramlsG SbhGULE §9@§tc5@t§eat By
grinding the hggﬁgd?§§|%§§f%n pl %ﬁéﬁﬁ%t S gossfb le to nakeéihe heat

di ssipation pl aR&,Qf-atNEe COAPOSH &1 dP A8 oac shaPahadna hiot kiButes.
irregularities 15 and havi ng a recess of at nost 50 um deep. If the
depth If the annealing temperature is lesg than 400°C, the
15 distortion in the complex is not sufficiently released,
and the warpage of the complex may drastically change in
the annealing process after a machining process. On the
other hand, if the annealing temperature exceeds 550°C,
the impregnated aluminum alloy may melt. If the
20 annealing time is less than 10 minutes, even at an
annealing temperature of from 400 to 550°C, the
distortion in the complex is not sufficiently released,
and its warpage may drastically change in the annealing
treatment for removing distortion formed by a grinding
25 treatment.

There is no particular limitation as to the method

for producing the formed product of porous silicon



of recess in the heat dissipation plane exceeds 50 um and when the
conposite is used as a base plate for power nodule, a gap is forned
bet ween the base plate and the heat dissipation fin in the subsequent
nodul e assenbly 20 step, and even if a heat dissipation grease of

hi gh thermal conductivity is applied to the gap, the thernma
conductivity drastically decreases. As a ridsult, there is a case
where the heat dissipation property of a nodule constituted by the

cerani ¢ circui €25Rbde r SRS IRE A &S5 THPAL &° A TiHe PFEICTAY ssi pat i on

fin etc. significantly decreases. Here, the above d h Qf. recess
means § ts maxi AERPTSINE, C0 SHE PEORRBE APEREE Ao O Ne CcFELPT™
substrate face L8 BLELELAA ih0W 130! 8o lR0aPIARLr hongik 11cthe
war page of the Circuit 3Substirate face deVTates from the abotve range,
the sol der thi sﬁeggﬁaeietﬁf 5&&5%(?%01 Qi Bk Rgebt M dhQRIdSUit g, a
substrate can not be uniform and a void is Iitkely to occur at a tine
of soldering, whereRyoa heal1.4iisS Rt k0BiRAERENhYx g i ddréing them
constituted by a ceramics circuit substrate, a base plate and a heat
di ssipation fignat akifAgyckbmsdd el hyadecsease. raeFbeithhekness of
the alum num | ayer (hereinafter it is also referred to as surface
al um num | ayer Lipdoetded amn tdetsurficave ngf metheodl vmmdumsi [Hrees -
carbi de conposite may be any thickness so long as it is within a
range not causmpddangs obkeriatorm mdldd ngl ogr FAdt hgd avdiedre rred. In
di ssi pation side surface, and the average thickness |s preferably
from1l to 500 R FTREVERY cRHRIRs HPHRETs fPFratal Bf & Hitn THARS " Phe
adjusted to be a predetern ned, thickness by nmachining the surface of
o e rRge

the conposife ByeHedRsC BrPEnL 1 134 stF#ate" Al umi num 20 | ayer
. oh ; . € e
IS necessary to se%%g_,l% tcy?g?%@é#%%ﬂ%}ecs'c‘ﬁ%@%%ie@ﬁsé‘l&é NBe O%h%ﬁ]p ying

a plating treatnent. ckness i's Tess than

there may Occuazﬁmpuﬁl-m%&m éeﬁasi&éﬂ%oa%ggiieg%i Lih&pps car bi de

conposite is partirally exposed at a tine subsequent surface 25

treatment such.@saRcetkeay MRt e iMAl idBgpandidnt BePEatifg: | S AROthe
provided in such a portion or the plating adhesi veness decreases. On
t he ot her handcdfents of22i aves@agea thidkneds) exaeeds 500npmmidic icon
t hermal expansion of the base plate itself obtained becones too

| ar ge, anditherarisda casgonbee eindreasd, alihei theohal heopdieit i pidriti on
decreases or the warpage anount after the 5 annealing treatnent
becones too | arigerepsesnased %h?t%&ﬁﬁm%%HQKP%ﬁBMPﬁeCQQg?aﬁéeﬁ%ickness
of the surface alum numlayer js appropriately determ ned accor iqgl

to the desired R FEGESansift LARE: tHE tHiCIGPESENG 1PhBIBASE Pt

10l n the base p| ate for ,power ule of the present.invention, the
aver age t hi ckn é"eé’fer'hé%sgﬁ?aggga‘ﬁﬁﬁ%tmﬁsaf;@ro i%%gBr et BPRBPY T8 1
to 100 pm and th i.ffer e MR a b L Ni mum

t hi cknesses iscﬁfﬁfggsfg8gﬂ%n?96&%ﬁ8?H%ﬁgjeraégH%%i?gﬁgsgugg'at_nDst
100 15 pm bhe fH3t:0/d:na aRRUNEoREGIHEE G Kt 4081 NBbRRL 18X PAST Ol
di fference between the surface al um num l'ayer and't he

al umi num si | i caip GaIdYerCeBResRt 8iCapaPei darlicRehingnd phabititysdie
t he war page shape such as the above heat cycle property, inproves.
Further, if the2Gudilffeatencenbet anéntdereieedimemdand ityeom hheudiC
t hi cknesses of the surface al um num|ayer exceeds 80 pm e.g. waving
due to the dif froresimom dfs pirefenpbknesstivin thaanasf afe faPBnPAURT| AT er

may be generated to cause uneven thickness of solder at a tine of
sol dering e.g. Butdiediri ¢he SiC preform preferably has a strength of at

25 least 3 MPa in terms of bending strength, in order to
avoid breakage of the preform at a time of handling or

impregnation.



25 circuit substrate, whereby the heat dissipation property nmay
decrease. The base plate for power nodule of the present 23
invention is excellent in shape stability when it is subjected to a
heat cycle test (a sanple is maintained at a tenperature difference
between -50C to 150C), that is a yardstick of reliability of power
nodul e, and for 5 exanple, the change amouw# of warpage of the base
plate after the heat cycle test of the above conditions is carried
out 300 tines, is BBrRBSEe30leen Perthro @ Mergt kel $1¢ ner M Pife for
change anount exceeds 30 umper 10 cmlength, .a i s forned between
the base pl at ePARAVEHRY B2F %C(ﬁ§ﬁﬁﬁ&gtFSHPFPEE¥$§i&E§q%ﬁﬁ§B dﬁ#és

assenbly step, ,and even if, a, heat_ di ssi pation grease havin i
thernal_cpnduchvE??aFgeab%l}%xﬁaﬁﬁa 4§t8§8rp%r %oh?r?{hf?féhé%ﬁgﬂly_Of
conductivity S'cggyggcggiigy%ggy ACCL88%8 ¢ E@ghagmw,sqa&% q& hide

conposite according t present invention has stress easing
property as well,sa$,900d,heate i SSiPALHRRMANL 0PSRNt BNk | Q¥ @XaMnam-
it is suitable as a base plate to be interposed between a ceranmc
circuit substrateiafd aahBade d&RAldeOmaceMpANENGE SELHE aSar itBals .

di ssipation fin. 20The alum numsilicon carbide conposite according
to the present pcavedthgntostleapdoyid «fs tihe pgepohneihwtitoss ceieam c
circuit substrate by sol dering when the conposite is used as a base
pl ate for powerexapglke. aFoixedipovdasoentaiNing| drengs heeds8 & gasss of
applied to the surface 25 of base plate. The plating treatnent nethod
i s not particulsdRigon ArrBéde apRRTee RAFHE 18/y NBHENST 2 cPREL +O 5K 28
plating treatment or_an el ectropl ati 24 treatnment. Th j ckness

[

t
of Ni platilig i€ Bref&r8hI §0fFBrdadt %Gtholf?OtW@Sfjfa?fnﬁl Hi®kness

is less than 1 .pi.nhol es_nmay. faormed in rt-of th at.e
film or a soI&%g#ﬁgevgﬁﬁe(ﬁ%¥eﬁcn%® %yﬁﬂ%'ﬁegag lgl%iﬁﬁzgf£% 4E%oet
sol dering, whi t e i,0 t dissipation property froma
circuit substrggégﬁguéh Eg%ﬁgr%%?'preferred. On the other hand, if

the thickness of Nl atiicnge¥eefdss 20PMnddePlrbedabihm BRY BEking
peel ed of f by the heat expansion difference between the NI plating

filmand the ia Swrhaeepabdltoust | ayBicod redv@ide phrthelpsti twheof thie
plating film thereis no limtation so long as it does not

det eri or at e swetba¥iope kknwpbera 8ok des , amrideddie guioPm nayprofibat haerigg a
phosphorus or boron. The alum numsilicon carbide conposite of the 15
present invent itemdimef etaighgthast aat hegarll Zofadudsi ehtyinpedaregangiess

180 WnK and a thermal expansion coefficient ) L
of the atmosphere at the time of baking. In an oxidizing

atmosphere, if the formed product is baked at a
temperature exceeding 1,100°C, oxidation of silicon

20 carbide is promoted, and there is a possibility that the
thermal conductivity of the aluminum-silicon carbide
composite decreases. For this reason, it is preferred to
bake the formed product at a temperature of at most
1,100°C in a case of oxidizing atmosphere. Baking time

25 is appropriately determined according to the conditions
such as the size of SiC preform, the amount of the formed

product put in a baking furnace or the baking atmosphere.



of at nost 10x10-6/K. Besides the above effects, the conposite has
hi gh thermal conductivity and a | ow thermal expansion coefficient

equi valent to that of a 20 sem conduct or conponent or a ceramc
circuit substrate, whereby a heat dissipation conponent enploying
such a conposite or a power nodul e enpl oying such a heat dissipation
conponent is excellent in heat dissipationeproperty and there is also
anerit that it is hardlg 25 defornmed even if its tenperature is
changed, and as a Fbsul the hfih prafoami Reeprisngbt @i el Preas X AVPLES
EXAMPLE 1 to 4 210 g of silicon carbide particles A (manufactured b
Paci fi ¢ Rundumitgentiey is Nowwsy infer agBTpartsTIe s §8¢< 6 Yuﬁﬂﬂ%@
g of silicon carbide particles B (nmanufactured by Y hi Denko
&t T - GC S0808EC Bk ERT jpaH ERBeLPEebY 10-UHS At 36 BT S Fi ca
sol (rmanufactured by N ssan Chem.cal | ndustri Ltd.; Sna wer e
vei ghed. and ¢ RESYVEFS B ShKdt P16 FEURERUISL® B i < PARBGm xer

and pr ess. ol dog gl .05 SSULE Lk, MER 01902 TAL Wl b8 Shaenahoe

190 mm x 140 mm'X mm'Si ze. The Tdrmed product rie

at a tenperatupg %elg%é@rs@ag@lﬂys,thanaép%g.d iARe}d alsc in the

environmental air at a tenperature of 900C for 2 hours to obtain a

Si C preform hayipgng selgl ivg dansiitiy @fuc68% iduidAceseffnddie 9 €ne
pref orm obt ai ned were nachi ned to have a thickness shown in Table 1
by a surface gkiredemefpiayting & giridditkg, Stenes npoes (¥1 «itangndveand
its outer 20 peripheral portion is machined into a shape indicated by
1 of Fig. 2 byckangehbfi nige celmms .ofH&1E, pEefor® dgeatwiBw change of
schematically showing a |lateral cross section (B-B section of A-A
cross sectiion) iofrerhalarentwoem silicon carbide conposite. Fig. 1 and

Figs. 3 to 5 show the sanme 25 manner. _
The shape of SiC preform is preferably a flat-plate

shape of rectangle (refer to Fig. 1) or a rectangle from
which portions encompassing holes in the peripheral
portion (refer to Figs. 2 and 3). It is necessary that

15 the peripheral portion of the aluminum-silicon carbide
composite of the present invention has a predetermined
shape or e.g. holes for attachment are formed on the
peripheral portion in order to use the composite as a
base plate for power module after it forms a composite.

20 In this case, since the aluminum-silicon carbide
composite is extremely hard, and large amount of grinding
by using a tool of e.g. a diamond is required, there is a
problem that its cost becomes high. Accordingly, in
order to make it easily machined, it is preferred that

25 the portion to be machined is made of an aluminum alloy
or a composite of easily workable material comprising

ceramic fiber, ceramic particles and an aluminum alloy,



26 TABLE 1 Thick -ness (mm External dinension (nm Shape Lam nation
condition *1 Long side Short side A

i7

in advance.

The area of SiC preform in the entire region of base
plate, is not particularly limited so long as it covers a
portion to be joined with a ceramic circuit substrate,

5 and it is preferably at least 70% based on the area of
base plate. By using an aluminum-silicon carbide
composite for a portion to be joined with a ceramic
circuit substrate, it is possible to reduce the thermal
expansion difference between these members and to improve

10 reliability of the joined portion. If the area of SiC
preform is less than 70% of the area of base plate, the
thermal expansion coefficient of the obtained base plate
itself becomes too large, and there 1s a possgibility that
the reliability of warped shape or reliability of joined

15 portion decreases.

Then, an example of machining method of the
aluminum-silicon carbide composite obtained will be
described. The peripheral portion and holes of the
aluminum-silicon carbide composite of the present

20 invention can be easily machined by using an apparatus
such as an NC lathe or a machining center. Further, with
respect to surface machining of the above composite, it
is possible to apply a grinding treatment by using e.g. a
surface grinder or a belt grinder so that the aluminum-

25 gilicon carbide composite is exposed to the outside.
Further, it is also possible to cut the composite to have

an optional warped shape by e.g. a lathe, sc as to finish
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it toc have a spherical shape.

After the aluminum-silicon carbide composite is
produced by using the above SiC preform, it is alsc
possible to machine the peripheral portion or the
peripheral portion and the holes by using e.g. a water
jet machining machine or an electric discharge machine so
that the aluminum-silicon carbide composite is exposed
from the side face of the peripheral portion of the base
plate (refer to Fig. 4). Further, after an aluminum-
silicon carbide cowposite is produced by using a SiC
preform having an area larger than that of the base
plate, it is also possible to form the peripheral portion
or the holes of the base plate by the above machining
method, so that the aluminum-silicon carbide composite is
exposed from side faces of both of the peripheral portion
and the holes (refer te Fig. 5). Further, the faces of
the machined product obtained is further machined by e.g.
a surface grinding machine or a bkelt grinding machine, to
produce a base plate for power module of the present
invention.

The aluminum-silicon carbide composite machined is
subjected to an annealing treatment at a temperature of
from 300 to 500°C for at least 10 minutes to have a
warpage. The aluminum-silicon carbide composite of the
present invention has an aluminum layer on one principal
plane (front surface), and by subjecting the composite to

the above annealing treatment, a warpage is produced by



183 133 Shape shown in Fig.2 None 2 Ex.4 5.1 183 133 Shape shown in
Fig.2 11 * Lamnation condition: The nunber of alum na fibers of
180 x 130 x 0.2 mm The Si C preform obtai ned was put in an iron
frame of 185x135x5.5 nm provided with a nolten netal inlet port
t hrough which a nolten nmetal can be poured, and at this time, for a
Si C preformof each of Exanples 2, 3 and 42 io an alum na fiber
(manuf actured by Tanaka Seishi Co., purity: 97% of 180 x 130 x 0.2
mm was | ami nat tlonelma lo £34P35154 OBf AL E&F FRte REfaesrs fPfademaRu"t hey
were accomodated in t ﬁ#%ro fr.ane, tTg% wer e .sandw che

% 7

d,
stainl ess pl at 63 HotH' HOF AT BT WETR Coare \ﬁﬂﬁ?oﬁégéargghfhe
and they were ?%ﬁééwir%ﬁgeﬁﬁr%ag??%é ntﬁinn%]c)eo%” pEUGNACE. 5 o

Subsequent |y, a n preti mnary heated press

mol d_having ancinnes M aiBhel 18ke308nMnd ARlian @ U i al | oy

contai ning 12 mass% of silicon and 0.5 mass% of magnesi um was poured
20 and theys Wekgr Pl €SS 17 8t 1WRERH , 2 aRREEBY N fa Bfa JDhMPankRbe in a

subsequent heat treatment process such as a soldering
step. On the other hand, if the annealing temperature
exceeds 550°C, the aluminum alloy employed in the

impregnation may melt. If the annealing time is less

10 than 10 minuteg, the distortion of the aluminum alloy and
the composite is not sufficiently released even if the
annealing temperature is from 300 to 550°C, and there is
a risk that the warpage may change in a subsequent heat
treatment step such as soldering. The warped shape

15 formed by the annealing treatment becomes a warped shape
close to an ideal spherical shape (refer to Fig. §&) since
it is produced by the thermal expansion difference
between the aluminum layer and the aluminum-silicon
carbide composite.

20 The warpage amount of the exposed ground surface
(rear surface} of the aluminum-silicon carbide composite
after the annealing treatment, is preferably from 0 to
200 um per 10 cm length. When the composite is used as a
base plate for power module, and if the ground surface

25 that is used as a heat radiation surface has a concave
warpage, a gap is formed between the base plate and a

heat radiation fin in the subsequent module assembly



20 minutes so that the alum numalloy was inpregnated 27 into the
SIC preform They were cooled to a roomtenperature, and e.g. iron
frame was cut by using a wet type band saw, the sandw chi ng stainless
pl ates were renoved, and an annealing treatnment was carried out at a
5 tenperature of 530C for 3 hours to renove distortion caused by the
i npregnation, to obtain an alum numsilica®v carbi de conposite.

In the peripheral portion of the alum numsilicon carbide conpgs_ ite
obt ai ned, 8 thFbEHh ABFeRVR ¥ Anhedt1028f aFEeRrILARFY W&ﬁige%ﬁﬁks

of from10 to 4 mmin diapeter were fornmed, .a portion corre ndi n
to the nolten ﬁﬁ?ﬁwg?n?é@g%éﬁﬁY%ﬁbﬁébFpgﬁaegnggsﬁ?%é?gh(ﬁj§ﬁ&%§géagf

Table 1 d 0. ' [
g1 i ndi nl St one RUARCh IS of Shbre ot B S FReSES el P Rad k<Rl

of 185 x 135 x,3 magégwhgr%hgef@ ;éait g'rilglgtggmyibf SaF e moduie

conposite thus obtalined. In cates the al umnumsilicon

car bi de conposichgst 2t L P8d Cey EShAn-lilicne-alik oY suBst i £ati8% Bdase
through hole, 4 indicates a 20 surface alum num | ayer and 5 indicates

a countersink. plate dhe@Nthé NgedBcdl EGhaRAGEUELNODEBE NESH WRISE isisbitegt ed
to an annealing treatnment in an electric furnace at a tenperature of
530C for 1 houdekeecrneanve Mimttadt, dif chasedriygereaithnitngxceeds 200
Subsequently, it was subjected to a 25 blast treatnment under a
pressure of 0.4m\VPataadtaméeefli serepownd toe todpashta Whthhalhgdtna
abrasive particles, to be cleaned, and it was subjected to

el ectrol ess Ni Fhsgagagion DBnE-Q|HithddlerBy thRIFS pFoRe$3Se a' LR &d

| ayer of 8 pmthick (N -P. 6 um+ N-B: 2 was formed on, the .

st face of "Phe CoroSPt EOTRSRNLS A S EIALA G AR CTHEYh Chriide
5 conposite obta&p%d yas cut along its diagonal |ine by machining and
the thickness &% 6ﬁ1ﬁ0n1layer on one principal plane exposed by the

cutting vas measured ot 205081 oha. AL, COMMIANLLELYALE aLong (e

di agonal line, and 1r'ts avera ckness wa te urt%er, a

test io piece foitiheemal gxRanshOMm&neld;iGiignt iABRagULRAEHE {1 MM in
dianeter, 10 mmlong) and a test piece for thermal conductivity

neasurement (lkdWpositcdi aBehete 3 smagdirgineerne cpledueedqh sm wiaah
sanple. By using these test pieces, the thermal expansion coefficient
from25 toiss 26Chawasngeasueedsbyofisaitngneastt Ber pml derpansibriheetdepth
(manuf actured by Sei ko Instrunments Inc., TMA300) and the
of recess in the heat dissipation plane exceeds 50 um,
and when the composite is used as a base plate for power
module, a gap is formed between the base plate and the
heat dissipation fin in the subsequent module assembly
20 step, and even if a heat dissipation grease of high
thermal conductivity is applied to the gap, the thermal
conductivity drastically decreases. As a result, there
is a case where the heat dissipation property of a module
constituted by the ceramic circuit substrate, the base
25 plate and the heat dissipation fin etc. significantly

decreases. Here, the above depth of recess means its

maximum value.



thermal conductivity at 25C was neasured by a | aser flash method
(rmanuf actured by R gaku Corporation: LF/ TCVMB510B). Wth respect to
t he warped shape, using a 20 contour neasurenent i nstrunent

(manuf actured by TOKYO SEIM TSU CO., LTD.: contour cord 1600D 22),

t he war ped anount per 10 cm |l ength and recess depth of each sanple
were neasured. Table 2 shows the results. IMrther Fig. 6 shows the
war ped shape neasurenent results of Exanple 1 25 b t he cont our
measur ement |nstruﬁﬁﬁtwar299?Aﬁm$?@F GﬁhépﬁaFlESHaEcSU??Eﬁ?Sﬁ(ﬁﬂFﬁK}S

Ther mal expansi_on .co-
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of the circuit substrate face deviates from the above
range, the solder thickness at the time of joining it
with the circuit substrate can not be uniform, and a void
ig likely to occur at a time of soldering, whereby a heat
dissipation property ©of a module constituted by a
ceramics circuit substrate, a base plate and a heat
dissipation fin etc., may drastically decrease.

The thickness of the aluminum layer (hereinafter it
ig also referred to as surface aluminum layer) provided
on the surface of the aluminum-silicon carbide composite
may be any thickness so long as it is within a range not
causing a problem at a time of grinding a heat
disgipation side surface, and the average thickness is
preferably from 1 to 500 pm. The thickness of the
surface aluminum layer can be adjusted to be a
predetermined thickness by machining the surface of the
composite by means of e.g. a lathe. The surface aluminum
layer is necessary to secure the plating adhesiveness at
a time of applying a plating treatment. If its average
thickness is less than 1 um, there may occur such a
problem that the aluminum-silicon carbide composite is
partially exposed at a time of subseqguent surface
treatment such as pretreatment of plating, and the
plating is not provided in such a portion or the plating

adhesiveness decreagses. On the other hand, if its
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average thickness exceeds 500 pm, the thermal expansion
of the base plate itself obtained becomes too large, and
there is a case where the reliability of the joint
portion decreases or the warpage amount after the
annealing treatment becomes too large. The most suitable
value of the average thickness of the surface aluminum
laver 1s appropriately determined according to the
desired warpage amount and the thickness of the base
plate.

In the base plate for power module of the present
invention, the average thickness of the surface aluminum
laver is preferably from 1 to 100 um, and the difference
between the maximum and the minimum thicknesses is at
least 80 pm. When the average thickness is at most 100
um, the distortion amcunt produced by the thermal
expansion difference between the surface aluminum layer
and the aluminum-silicon carbide composite can be
reduced, and stability of the warpage shape such as the
above heat cycle property, improves. Further, if the
difference between the maximum and the minimum
thicknesses of the surface aluminum layer exceeds 80 um,
e.g. waving due to the difference of the thickness of the
surface aluminum layer may be generated to cause uneven
thickness of solder at a time of soldering e.g. a ceramic
circuit substrate, whereby the heat dissipation property
may decrease.

The bage plate for power module of the present
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invention is excellent in shape stability when it is
subjected to a heat cycle test {a sample is maintained at
a temperature difference between -50°C to 150°C), that is
a yardstick of reliability of power module, and for
example, the change amount of warpage of the base plate
after the heat cycle test of the above conditions is
carried out 300 times, is at most 30 pm per 10 cm length.
If the warpage change amount exceeds 30 um per 10 cm
length, a gap i1s formed between the base plate and the
heat dissipation fin in the power module assembly step,
and even if a heat dissipation grease having high thermal
conductivity is applied to the gap portion, the thermal
conductivity significantly may decrease.

The aluminum-silicon carbide composite according to
the present invention has stress easing property as well
as good heat dissipation property, and for example, it is
guitable as a base plate to be interposed between a
ceramic circuit substrate and a heat dissipation
component such as a heat dissipation fin.

The aluminum-gilicon carbide composite according to
the present invention is employed as it is joined with a
ceramic circuit substrate by soldering when the composite
is used as a base plate for power module. For this
reason, a Ni plating needs to be applied to the surface
of base plate. The plating treatment method is not
particularly limited, and it may be any one of

electroless plating treatment or an electroplating



ground surface (B surface). ioBy using the plated product of Exanple
1, a heat cycle test of 300 cycles in a tenperature range of from
-40C to 150C, was carried out. The warpage anount per 10 cmlength
after the heat cycle test of Exanple 1 was 45 pm 15 EXAMPLES 5 and 6
A SiC preformhaving a relative density of 66% was obtained in the
sanme manner as Exanple 1 except that 195 @4of silicon carbide

particles C (nanufactured cific Ru e bktd.. NG 150
av?ragefpartic Ee§?9%§%106%%n$,1§ 995 Y %g?gﬁﬁﬁégﬁ ¢&r F%%eféﬁ%¥cles
B (manufacture Y ' Depko. {p. e 5 -

particle size:gﬁgMp%ﬁﬁgﬁgig%Lg g? g§?i%%§%§ﬁg'5ﬁgﬁéggggurgé§%%gﬁﬁg§3%

Chem cal | ndustyi ‘S}?inllrcgpeé mOWLXhrAsdr 8W Bt ord als.crd gﬂraftQQGEQim,
|

the Si C preform obtained was 25 ground by a surface grinding machine
by using a griBdi 80soBesianedmueg poirefi agpnee stoimat dhe sampl efhas

a thickness shown in Table 3, and the peripheral portion and hol es
wer e machi ned soldavend hevlshapeldtrdiioateds byedt i di 48 igpat3onl ABbResty
Thick -ness (mm) External dinension (nm) Shape Lam nation
from a circuit substrate, such being not preferred. On
the other hand, if the thickness of Ni plating exceeds 20
um, the plated film may be peeled off by the heat
expansion difference between the Ni plating f£ilm and the
10 surface aluminum layer. In terms of the purity of Ni
plating film, there is no limitation so long as it does
not deteriorate wet property for solder, and the film may
contain e.g. phosphorus or boromn.
The aluminum-silicon carbide composite of the
15 present invention preferably has a thermal conductivity
of at least 180 W/mK and a thermal expansion coefficient
of at most 10x10°%/K. Besides the above effects, the
composite has high thermal conductivity and a low thermal
expansion coefficient equivalent to that of a
20 semiconductor component or a ceramic circuit substrate,
whereby a heat dissipation component employing such a
composite or a power module employing such a heat
dissipation component is excellent in heat dissipation
property and there is also a merit that it is hardly

25 deformed even if its temperature is changed, and as a

result, high reliability is obtained.



condition *1 Long side Short side A surface B surface Ex.5 5.5 183
133 Shape shown in Fig.2 None None Ex.6
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EXAMPLES
EXAMPLE 1 to 4
210 g of sgilicon carbide particles A (manufactured

by Pacific Rundum Co., Ltd.: NG-220, average particle

5 sgize: 60 um)}, 90 g of gilicon carbide particles B
(manufactured by Yakushima Denko Co., Ltd.: GC-1000CF,
average particle size: 10 um) and 30 g cof silica sol
{(manufactured by Nissan Chemical Industries, Ltd.:
Snowtex) were weighed, and they were blended for 30

10 minufes by a stirring mixer, and press-molded at a
pressure of 10 MPa into a flat plate shape of 190 mm x
140 mm x 5.8 mm size.

The formed product obtained was dried at a

temperature of 120°C for 2 hours, and baked in an

15 environmental air at a temperature of 900°C for 2 hours
to obtain a SiC preform having a relative density of 65%.
Surfaces of the SiC preform obtained were machined to
have a thickness shown in Table 1 by a surface grinder
employing a grinding stone made of diamond, and its outer

20 peripheral portion is machined into a shape indicated by
1 of Fig. 2 by a machining center. Here, Fig. 2 is a
view schematically showing a lateral cross section (B-B’
section of A-A cross section) of the aluminum-silicon
carbide composite. Fig. 1 and Figs. 3 to 5 show the same

25 mannex .



5.3 183 133 Shape shown in Fig.2 None 1 * Lami nation condition: The
nunber of alum na fibers of 180 x 130 x 0.2 nm On one surface (B
surface) of the SiC preformio obtained in Exanple 6, an al um na

fi ber (manufactured by Tanaka Seishi Co., purity: 97% of 180 x 130 x
0.2 mm was provided, they were sandw ched by stainless plates both
surfaces of which were coated with carbonz2éand they were prelimnary
heated at 600C_in_an electric furnace. 15 Subsequently, they were
accommodat ed iqﬁAﬁLIﬁr]el imnary heated press nold having an inner

di ameter of 3P0 mm Ja nol tlen ktdgim aJ T oy containjng 12 nmass% of
silicon and 0|5 massYrafcxmBgRESicHBY owas| pour ed and | heyR3fgr@tion
pressurized uhder a|preseure of (k0 MPa| f or gRghdri nuf esCEF PG Fhdt t he
al um num al I oy was i %ﬁﬁna[ﬂl Tt I NE| Si C prefor TNEY Were goot ed
to a room tenperatune, thel sangw |chi st ai nl ess pla e d
and SI C pr ef ormwasTanmeat qi:'alat téﬁgc apure é‘ﬁo 553%8?5%% s%%?ﬁ%%l S
to renpove distaxtion Baused bg3t he iadpr agna}f’bo ; 20 olcaien an None

al unmi num si | i en—canbi-de—corposi-te- HRe- 86 e
Tabl e 3) of thexal pmi num si!hgen [cardi da%%ﬂ%p@??‘@“ bbtxagfzed | was 1
ground to rempve 0.8 mmbyl a surflace gr nHFndlﬂnr%iwp by usilng..a
gri ndi ng stonegpgade jofs di ahoRgy and; as $ABMAST BEYR| 35,8 through
hol es of 7 nmlin didmeter and 3 4 ¢co n%érgi@lﬁl(s‘?G of 4 nmlin

di aneter were rmed in it he i phe pérepbenshawa it he.ci r gunf erenge
of the conposi Igg'mngs rrge}clhi neggltgo ha%%éa i ondFaens: on of "1871x 137 mh
(corner portions were each R7 mm). Then, in order to renobve

di stortion caugedabynaheopaedriditngn anTanneabary afr @dtumane Rabers of
carried out inl8A &l &8fr¥clfurttace at a tenperature of 530C for 1
hour. Subseguently, the conposite was subjected to a blast is
treatnment under a pressure of 0.4 MPa and a feeding speed of 1.0
mmn wth al um naTakr asCvereistn cdiesyided beaschbaaned, amntrdrhefeafd e,
subjected to electroless Ni-P and Ni-B platings, to forma plating

| ayer of 8 pm fLBEeK3EKE - P:m6 prroywiddd BitR pnpobhen hreetsal fiadetofpariie
20 conposite. Wth respect to the conposite obtained, an eval uation
was carried outhrpughevBhsk fradhidreradetranpre he HRBFeS 4 AHbwS tthds
results.

fa (A crirflaca nf
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time, for a SiC preform of each of Examples 2, 3 and 4,
10 an alumina fiber (manufactured by Tanaka Seishi Co.,
purity: 97%) of 180 x 130 x 0.2 mm was laminated to at
least one of A surface and B surface, and they were
accommodated in the iron frame, they were sandwiched by
stainless plates both surface of which were coated with
15 carbon, and they were preliminary heated at 600°C in an
electric furnace. Subsequently, they were accommodated
in a preliminary heated press mold having an inner
diameter of 300 mm, a molten aluminum alloy containing 12
mass% of silicon and 0.5 mass% of magnesium, was poured

20 and they were pressurized under a pressure of 100 MPa for

20 minutes so that the aluminum alloy was impregnated
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inte the 8iC preform. They were cooled to a room
temperature, and e.g. iron frame was cut by using a wet
type band saw, the sandwiching stainless plates were
removed, and an annealing treatment wasg carried out at a
temperature of 530°C for 3 hours to remove distortion
caused by the impregnation, to obtain an aluminum-silicon
carbide composite.

In the peripheral portion of the aluminum-silicon
carbide composite obtained, 8 through holes of 7 mm in
diameter and 4 counterginks of from 10 to 4 mm in
diameter were formed, a portion corresponding to the
molten metal inlet was removed, and one surface (A
surface of Table 1) was ground to remove 0.5 mm by a
surface grinder by using a grinding stone made of
diamond, so that the composite had a shape of 185 x 135 x
5 mm. Fig. 2 shows the aluminum-silicon carbide
compogite thus obtained. In Fig. 2, 1 indicates the
aluminum-silicon carbide composite, 2 indicates an
aluminum alloy, 3 indicates a through hole, 4 indicates a
surface aluminum layer and 5 indicates a countersink,.

Then, the machined product obtained was subjected to
an annealing treatment in an electric furnace at a
temperature of 530°C for 1 hour to remove distortion
caused by machining. Subseqguently, it was subjected to a
blast treatment under a pressure of 0.4 MPa and a feeding
speed of 1.0 m/min with alumina abrasive particles, to be

cleaned, and it was subjected to electroless Ni-P and Ni-
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B platings. By this process, a plated layer of 8 um
thick (Ni-P: 6 um + Ni-B: 2 um) was formed on the surface
of the composite.

Each sample of the aluminum-silicon carbide
composite obtained was cut along its diagonal line by
machining and the thickness of aluminum layer on cne
principal plane exposed by the cutting was measured at 20
points at constant intervals along the diagonal line, and
its average thickness was calculated. Further, a test
piece for thermal expansion coefficient measurement (3 mm
in diameter, 10 mm long) and a test piece for thermal
conductivity measurement (11 mm in diameter, 3 wm thick)
were produced from each sample. By using these test
pieces, the thermal expansion coefficient from 25 to
250°C was measured by using a thermal expansion meter
(manufactured by Seiko Instruments Inc., TMA300} and the
thermal conductivity at 25°C was measured by a laser
flash method (manufactured by Rigaku Corporation: LF/TCM-
8510B). With respect to the warped shape, using a
contour measurement instrument (manufactured by TOKYO
SEIMITSU CO., LTD.: contour cord 1600D-22), the warped
amount per 10 cm length and recess depth of each sample
were measured. Table 2 shows the results. Further, Fig.
6 shows the warped shape measurement results of Example 1

by the contour measurement instrument.



The al um num | ayer thickness was neasured at non-ground surface (B
surface). 10 EXAMPLE 7 An al um numsilicon carbide conposite was
prepared in the same manner as Exanple 5 except that the shape of the
SIC preformwas 190 x 140 x 5.3 mm One surface of the conposite
obt ai ned was ground by a surface grinding 15 machi ne by using a
grinding stone made of dianmond to renove &3 nm and 8 through hol es
3 of 7 Mmin di apeLe and 4 countersinks 6 of 4 mMmin dianeter were
formed in the perrpheral portion of the conposite, and its

ci rcunference|was na“g% gmap ghemtel | et Adchapeéng 20 machi ng so
that the di nension of _th Commpepateldrecae ckB8Esx l&i Miarpeigedr Recess
portions were|each Ry ﬁﬁ? refercbo Fig. 4). Then, oadeunt q rdepowe
di storti on calised by ﬁﬁ% chiepE DgietheACORPHS t%lﬁﬁ§ sutjlected {@man
anneal i ng treat ment n(H{p | ectipp@/kur pace at a teﬁp rlat ure of| 25
530C for 1 hoyigy SULDSEqHERTTY, tﬁe3|t hVasS  gubj) €cted td a bhast 5

treatment undeTga pressygrg of 0-4, yva ndody 33 f%gdi 0 Spged jof 450
J d

mmn with al gmna

Y 3aJ|aiiﬁc thbﬁbb SO, &85 t ? ct IRT%S amd-mgg“"
subj ected to eleEt+e es" aﬁ N—Brplatineas a-Tesubt—@a

i A oL ERb™ S 0
pl ati ng | ayer 84p' ALd b B+ B. 2 Pp—was—Ss—f-orf A

Py i
the surface of .the ¢co o it h res ect to e co i
eval uati on vvasgg'ﬁ & %P Stg‘ fﬁﬁﬁ pb%tﬁ( rhp g e 5buf“ea§8 % W
the results oﬁ%%”QHchM'EM { s éEh%m%ﬁEe%£B§”§h0@he
co- efficient ﬁBHgi de df-et@Y&! of ground surface (A surface)

The aluminum layer thickness was measured at non-
ground surface (B surface).

10 By using the plated product of Example 1, a heat
cycle test of 300 cycles in a temperature range of from
-40°C to 150°C, was carried out. The warpage amount per
10 cm length after the heat c¢ycle test of Example 1 was
45 um.

15 EXAMPLES 5 and 6

A SiC preform having a relative density of 66% was
obtained in the same manner as Example 1 except that 195
g of silicon carbide particles C (manufactured by Pacific
Rundum Co., Ltd.: NG-150, average particle size: 100 pm},

20 105 g of silicon carbide particles B (manufactured by
Yakushima Denko Co., Ltd.: GC-1000F, average particle
size: 10 um) and 30 g of silica sol {manufactured by
Nissan Chemical Industries, Ltd.: Snowtex) as raw
materials. A surface of the SiC preform obtained was

25 ground by a surface grinding machine by using a grinding



t hi ckness(pm Warpage anount (pm *3 Recess depth (Pm Aver age
Range *2 Ex.7 210 7.1 6 7 23 3 10 *2: Range.the difference between
the maxi mum and the m ni mum *3: War page anount per 10 cm | ength at
the center in the

10

15

20
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stone made of diamond so that the sample has a thickness
shown in Table 3, and the peripheral portion and holes

were machined to have the shape indicated by 1 in Fig. 3.

TABLE 3
External , .
. \ . Lamination
Thick dimension .
condition *1
-ness (mm) Shape
{(mm) Long | Short A B
gide side surface | surface
Ex. 5| 5.5 183 133 | Shape shown o None
in Fig. 2
Ex. 6] 5.3 183 133 | Shape shown | 1
_ in Fig. 2

* Lamination condition: The number of alumina fibers of
180 x 130 x 0.2 mm

On one surface (B surface) of the S5iC preform
obtained in Example 6, an alumina fiber {manufactured by
Tanaka Seishi Co., purity: 97%) of 180 x 130 x 0.2 mm was
provided, they were sandwiched by stainless plates both
gsurfaces of which were coated with carbon, and they were
preliminary heated at 600°C in an electric furnace.
Subsequently, they were accommodated in a preliminary
heated press mold having an inner diameter of 300 mm, a
molten aluminum alloy containing 12 mass% of silicon and
0.5 mass% of magnesium, was poured and they were
pressurized under a pressure of 100 MPa for 20 minutes so
that the aluminum alloy was impregnated into the SiC
preform. They were cooled to a room temperature, the
sandwiching stainless plates were removed, and SiC

preform was annealed at a temperature of 530°C for 3




| ong side direction of ground surface (A surface) The

al um num | ayer thickness was nmeasured at non-is ground surface (B
surface). EXAMPLE 8 An alum numsilicon carbide conposite was
prepared in the sane manner as Exanple 5 except that the shape of 20
the SiC preformwas 190 x 140 x 5.3 nm and hol es were not forned. One
surface of the conposite obtained was growid by a surface grinding
machi ne by using a grinding stone made of di apond to renove

and t her eaf t er POBT B hr QU PGT &5 SOTF 1M FRUER ettt %wﬁW?ﬁquﬁﬁaoﬁndto
the 25 C|rcunfe%§nce of t e co o%hh%ogagar c éﬂ%%n§%;&ﬂ9t t he size
of conposite b88aft" 187 % ﬁﬁﬁnn Ccorner “portions were each R7 nmm) by
using a water j et Bﬁ%hkﬂkﬁgcgaﬁﬁ'éﬁkfé%% G e&ﬁﬁlé°3f 9 Ode ﬁmlnum—

Subsequently, an annéaling treatnment ast treat nent an ating

treatnents mer%l??&éﬁegaﬂyfdérbé éﬁ%@eogeggﬁédaéaéaéﬁﬂﬂﬂﬂ5io VietBve
respect to the composite obtained, evaluation was made in the sane s

manner as Exanpl.¢ dm }Iﬁbées@rﬁek@/\@rtﬂﬂﬂlhgsHb&ﬁlngﬂﬂnﬁlﬁlngﬂ&el’c_:fmhdlng
conductivity (WnK) Thermal expansion co- efficient (PP K)
| ayer thicknesstoap made of diamond, and as shown in Fig. 3, 8 through
holes of 7 mm in diameter and 3 or 4 countersinks 6 of 4
mm in diameter were formed in the peripheral portion, and
the circumference of the composite was machined to have a
10 dimension of 187 x 137 mm (corner portions were each R7
mm) . Then, in order to remove distortion caused by the
machining, an annealing treatment was carried out in an
electric furnace at a temperature of 530°C for 1 hour.
Subsequently, the composite was subjected to a blast
15 treatment under a pressure of 0.4 MPa and a feeding speed
of 1.0 m/min with alumina abrasive particles, to be
cleaned, and thereafter, subjected to electrocless Ni-P
and Ni-B platings, to form a plating layer of 8 um thick
(Ni-P: 6 um + Ni-B: 2 pm) on the surface of the
20 composite. With respect to the composite obtained, an
evaluation was carried out in the same manner as Example

1. Table 4 shows the results.



War page anmount (Pn) *3 Recess depth (Pm Aver age Range *2 Ex. 8
215 7.2 5 7 25 3 *2: Range=the difference between the maxi num and
the m ninmum 10 *3: WArpage anount per 10 cmlength at the center in
the long side direction of ground surface (A surface) The
al umi num | ayer thickness was nmeasured at non-ground surface (B

surface).
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TABLE 4
Thermal Thermgl .Al layer
expansion | thickness (pm) | Warpage | Recess
conduc-
o co- amount | depth
tivity . Range
efficient | Average (um) *3 (1am)
(W/mK) *2
(ppm/K)
BEx. S 210 7.2 5 6 25 3
Ex. 6 210 7.3 120 20 60 5

*2: Range=the difference between the maximum and the
minimum
*3: Warpage amount per 10 cm length at the center in the
long side direction of ground surface (A surface)

The aluminum layer thickness was measured at non-
ground surface (B surface).

EXAMPLE 7

An aluminum-silicon carbide composite was prepared
in the same manner as Example 5 except that the shape of
the 8iC preform was 190 x 140 x 5.3 mm. One surface of
the composite obtained was ground by a surface grinding
machine by usging a grinding stone made of diamond to
remove 0.3 mm, and 8 through holes 3 of 7 mm in diameter
and 4 countersinks 6 of 4 mm in diameter were formed in
the peripheral portion of the composite, and its
circumference was machined by a water jet machining
machine so that the dimension of the composite became 187
x 137 mm (corner porticns were each R7 mm} {refer to Fig.
4) . Then, in order to remove digtortion caused by the
machining, the composite was subjected to an annealing
treatment in an electric furnace at a temperature of
530°C for 1 hour. Subsequently, the it was subjected to

a blast treatment under a pressure of 0.4 MPa and a




I's EXAMPLE 9 An al um numsilicon carbide conposite was prepared
in the sane manner as Exanple 5 except that the shape of Si C preform
was changed to 180 x 110 x 5.3 mm (refer to Fig. 1), and nmachining
and plating treatnments were 20 carried out. Wth respect to a
conposite obtai ned, evaluation was nmade in the same manner as Exanpl e
1, and Table 7 shows the results. 35 TABL& 7 Thermal conductivity
(WnK) Thermal expansion co- efficient (PPmMK) Al | ayer

t hi ckness(unm) Vi&egdage ameedtof PO *§"ReEc@dshdapuhipPnpgbrasive

particles, so as to be cleaned, and was subjected to
electroless Ni-P and Ni-B platings. As a result, a
plating layer of 8 pum thick (Ni-P: 6 pm + Ni-B: 2 um) was
5 formed on the surface of the composite. With respect to
the composite obtained, evaluation was made in the same

manner as Example 1. Table 5 shows the results.

TABLE 5
Thermal Thermél ‘Al layer
conduc - | €¥pansion| thickness (um) |Warpage | Recess
ivi co- amount | depth
tivity . Range
efficient | Average (um) *3 (1m)
(W/mK) * 7
(ppm/K)
Ex. 7 210 7.1 5 - 3 3

10 *2: Range=the difference between the maximum and the
minimum
*3: Warpage amount per 10 c¢m length at the center in the
long side direction of ground surface (A surface)
The aluminum layer thickness was measured at non-
15 ground surface (B surface).

EXAMPLE 8
An aluminum-gilicon carbide composite was prepared
in the same manner as Example 5 except that the shape of
20 the SiC preform was 190 x 140 x 5.3 mm and holes were not
formed. One surface of the composite obtained was ground
by a surface grinding machine by using a grinding stone
made of diamond to remove 0.3 mm, and thereafter, 8
through holes of 7 mm in diameter were formed and the
25 circumference of the composite was machined so that the
size of composite became 187 x 137 mm (corner portions

were each R7 mm) by using a water jet machining machine



Aver age Range *2 Ex.9 210 7.2 7 8 27 5 *2: Range=the difference
bet ween the maxi num and the mninum5 *3: \Warpage anount per 10 cm
|l ength at the center in the long side direction of ground surface (A
surface) The al um num | ayer thickness was neasured at non-ground
surface (B surface). 10 EXAMPLE 10 In order to irrpart a war page
to the alum numsilicon carbide corrposi te Bf Exanple 1 after formng

hol es, cutting a portion_cor t It t al I d
surface machi gl HG%EEOE‘Ba@Jeg an@spoﬁV%ﬁ %‘1%8'—3 Yrm%g‘ %%n%glég?ggﬁggﬁaent

havi ng a spheri c§éa8§r£gcetnpealﬁ/| naqld’sl %rt\i UEgeag‘ge ag% 0. 200 A ¢

were prepared. °T ncave and conveéx ds Wefe a t0 a hot

press machine, ;andpfealed Randdatad &&aﬁgagage HEMRERALYEE 0 ot BRe

nol ds
composite obtained, evaluation was made in the same

s manner as Example 1. Table 6 shows the results.

TABLE 6
A
Thermal Therm§1 . 1 layer
expansion | thickness (um) |Warpage | Recess
conduc -
. co- amount | depth
tivity . Range
efficient | Average (pm) *3 {um)
{W/mK) *2
(ppm/K)
Ex. 8 215 7.2 5 7 25 3

*2: Range=the difference between the maximum and the
minimam
10 *3: Warpage amount per 10 cm length at the center in the
long side direction of ground surface {A surface)
The aluminum layer thickness was measured at non-
ground surface (B surface).

1s EXAMPLE 9
An aluminum-silicon carbide composite was prepared
in the same manner as Example 5 except that the shape of
8iC preform was changed to 180 x 110 x 5.3 mm (refer to
Fig. 1), and machining and plating treatments were
20 carried out. With respect to a composite obtained,
evaluation was made in the same manner as Example 1, and

Table 7 shows the results.



becanme 510C. The conposite was di sposed between the 20 concave and
convex nmol ds and was pressed at a pressure of 40 KPa. At this tine, a
t hernocoupl e was contacted to a side face of the conposite to neasure
the tenperature. The conposite was pressed for 3 mnutes fromthe

poi nts when the tenperature of the conposite becane 500C, and 25
then, the pressure was released and it wassthaturally cooled to 50C
War page of the convex face side (ground surface) of the conposite
obt ai ned was nE&&8kFed, and as a 36 result, the warpage anount per 10
cm | ength was {I40 um] EXAVPLE ThcEheislUrfage aotvkhe aljum numsfilTicon
carbi de conpogi te of | ERSHPRE | L,akh8Lok DIiHiRgaekes ung UliA fithab [Precess

portion correspondingCPﬁéﬁﬁrten pgtal i daR¥%uft | depth
machi ni ng center by ust¥yty grizpdLng, st ape > pAngR g

’ dé 0
convex surface having @ﬂdu@vatqﬁgmpgglus 0 g§5,0002nn1 ubsequen??mz

in or der tor ye 9di St \j':iBl of—-caysga by - t h|7 neghing ng; it SWas 5
subj ected to o—an—ahnedl

Eeled GRNVEX SHL] 368 shde
(ground surface). of ed was neasured, and as a
result, the vanfage,aapual R0 gl hengh N uas 2 WhHe LanhRUSTRAL
APPLI CABI LI TY Theakuabnimebtis@bcakise earpaskt eaokutne-Present
invention has such gharach@imst iles/drhahikRiess wad hfdd@lrLXpansioan
and hi gh t her mejroe@adeaiExity (Bafgh-tdues 20 it is usable as a base
pl ate for power nodul e. The entire disclosure of Japanese Patent
Application No. 2006-005475 filed on January 13, 2006 including
speci ficati,Qn, GlxpiE, 1@rawi ngs and summary is 25 incorporated herein
by reference inits entirety. 37

In order to impart a warpage to the aluminum-silicon

t ot v o £ 1y A~
tenperature of 530G Lo, 4 hour. /4. yarpa
u c e optal

carbide composite of Example 1 after forming holes,
cutting a portion corresponding to molten metal inlet and
surface machining, concave and convex molds made of

15 carbon and having a spherical surface having a curvature
radius of 10,000 mm were prepared. The concave and
convex molds were attached to a hot press machine, and
heated so that the surface temperature of the molds
became 510°C. The composite was disposed between the

20 concave and convex molds and was pressed at a pressure of
40 KPa. At this time, a thermocouple was contacted to a
side face of the composite to measure the temperature.
The composite was pressed for 3 minutes from the points
when the temperature of the composite became 500°C, and

25 then, the pressure was released and it was naturally
cooled to 50°C. Warpage of the convex face side (ground

gurface) of the composite obtained was measured, and as a



The invention clainmed is: 1. A base plate, conprising: an

al um num silicon carbide conposite, conprising a front surface plane
and a rear surface plane, that is a flat plate-shaped silicon carbide
porous body inpregnated with a netal conprising alum numas a nain
conmponent; and an al um num | ayer conprising a netal conprising

al um num as a main conponent forned only &% the front surface pl ane
of the conposite, wherein the rear surface plane of th

al uni num si | i cBRSBAF bi dRF CEHRFGS @PEREXBBE et t I tHTt siode L48nHm-
wherei n the algg%ﬂgg%s%#lcon car bi de conposite, where exposed, is in
rectangul ar fo erein an average t hi ckness of the al um num

I f 1t 0 b
ayer is from1l toslQ0, i@é‘doéo‘g{ g"uﬁﬁﬁﬁm SEY‘?@&%M&J@W

t hi ckness and nlnlnun1t ness alumnum layer 1s at nost 80

pm 2. The baaﬁp%@é@ @ﬁcﬂaqxlﬂl& tloa%amérm%@rzmb@ RefdcRkes al
portion of the base plate conprises: a nmetal layer conprising

al um num assa pBiPiEANPOREIHporAiy CRTRESLER GOAPT | SAING: CeafaaMgound
fiber, ceramic particles, and a netal conprising alum numas a nain
corrponent 3byThemhasen phqt@emeaobdi ngihg &l gt tu@inger@ian radeest
are provided in the peripheral portion of the base plate. 4. The
base pl at e accdidimngdt bntcd ak mdnvashereifacehbaaliogm aurmstdtiwen waikbsde
conmposite is exposed to the outside in_a peripheral portion of the
base pl ate. 5t Tﬁeoﬁﬁs@mpI§F@S§G§6P§ﬂﬁg £2) %Iéﬁﬁnﬁp ﬂ%@@Wﬁg a

war page of the rear surface ane is fromQ ¢ per 10 cm

| ength. 6. Tﬁé558§élﬁPa?%u§%%&ﬁ6Fﬁ6 FECEPQFﬂgl lhaﬂ??mf%?lﬁﬁﬁﬁ? &f

recess in the rear surﬁace is at nobst .50

e abcorth ngos 6oBPaaee Pttt Prer Rer Eib T 3 &t a
| t 180 VVnK d he ffi t of at t
TR +adbpaakuEt L expan 3R oBERE i HarBagBl oBO8 | b

0/ K. Fate accor I"ng t 6°¢t ai

al um “Um si ' ' CQR,¢3ERi Q@d&%@?&ﬁﬂc@ é&ﬂ%&qu%@dt% Bb@ﬁo@i@é%ﬁ@amed
f or gi ng. 9. The base plate according to claim1, wherein the area

of the siliconyearhiedauperpusndogy 4 nedhnthl ane abrpage phaber igert1o
| east 70% of the area of base plate. 10. A heat dissipation device,

conprising: therbasegphawvesas2deimned in claiml1; a N filmof from1l
to 20 pmthick formed on the base plate by Ni-plating; and a ceram c
substrate suaitable for nounting a sem conductor, bonded to the base

plate on which the Ni filmis formed.
INDUSTRIAL APPLICABILITY

The aluminum-silicon carbide composite of the
present invention has such characteristics that low
thermal expansion and high thermal conductivity, and thus

20 it is usable as a base plate for power module.

The entire disclosure of Japanese Patent Application
No. 2006-005475 filed on January 13, 2006 including
specification, claims, drawings and summary 18

25 incorporated herein by reference in its entirety.



11. The base plate according to claim1l1, wherein the alum num| ayer
conprising an alum num all oy conprises 7-25 mass% of silicon. 12.
The base plate according to claim1l, wherein the alum numsilicon
carbi de conposite conprises at |east 40 nass% of coarse SIC particles
having a particle size of at |east 403pm  13. The base plate
according to claim1, wherein a relative density of a SiC preformfor
the al um numsilicon carbide conposite is within a range of from55

to 75% 14. The HM3geinpbatien abdatediing to claim 1, wherein a SIC
preform for the al yman Ll I de conposite has a strength of
at least 3 MPa in ?éﬁn%g%%l%%%%gﬁﬁéﬁgj t h. 15. The base pl ate
according to cl ai mAR, aREGIINEI-§1 (Faghidee CREPGSHEt [FOTRELIIE 17 f ace
plane is at nost 10 front suffbce plamelancien rdaatsarface piatienthatas aiflat m 1,

having a depth of re ol ; r ' 5 pm
17. The base pl ate a@lcaa%écilh éd‘gﬂiéc;%%%qﬁ%ﬂ?gg{ﬁﬁ@g&g%ﬂl gzeg;n%ictl heprear

r ,
surface plane is froﬁ'ilg1 g gnatal SRMmpsing aliimiy: ¢ base
pl ate according to chemninand wherein a peripheral portion of the

rectangul ar form i gnLEE@YRAINISy&Scdi hgmg,'ea natal cbrhprisine domiosite
layer where there is,a.nal ¢ hhih MonpSEed Alrfhed only on the front
surface plane of the composite,
wherein the rear surface plane of the aluminum-silicon
carbide composite is exposed to the outside, and wherein
the aluminum-silicon carbide composite, where
exposed, is in rectangular form, and ‘

wherein an average thickness of the aluminum layer is
from 1 to 100 wm, and a difference between 2 maximum
thickness and minimum thickness of the aluminum layer
is at most 80 pm.

2. The base plate according to claim 1, wherein a peripheral
portion of the base plate comprises:

a metal layer comprising aluminum as a main component;

or

a composite comprising ceramic fiber, ceramic patticles,

and a metal comprising aluminum as a main component,

3. The base plate according to claim 2, wherein holes are
provided in the peripheral portion of the base plate.

4. The base plate according to claim 1, wherein the alumi-
nuro-silicon carbide composite is exposed to the outside in a
peripheral portion of the base plate.

5. The base plate according to claim 1, having a warpage of
the rear surface plane is from 0 to 200 pm per 10 cm length.

6. The base plate according to claim 1, having a depth of
recess in the rear surface plane is at most 50 um.

7. The base plate according to claim 1, which has a thermal
conductivity of at least 180 W/mK and a thermal expansion
coefficient of at most 10x107%/K. )
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8. The base plate according to claim 1, wherein the alumi-
num-silicon carbide composite is produced by high-pressure
forging.

9. The base plate according to claim 1, wherein the area of
the silicon carbide porous body in the plane of base plate is at
least 70% of the area of base plate.

10. A heat dissipation device, comprising: the base plate as
defined in claim 1;

a Ni film of from 1 to 20 um thick formed on the base plate

by Ni-plating; and

a ceramic substrate suitable for mounting a semiconductor,

bonded to the base plate on which the Ni film is formed.

11. The base plate according to claim 1, wherein the alu-
minum layer comprisinig an aliminum alloy corprises 7-25
mass% of silicon.

12. The base plate according to claim 1, wherein the alu-
minum-silicon carbide composite comprises at least 40
mass% of coarse SiC particles having a particle size of at Jeast
40 pm.

13. The base plate according to claim 1, wherein a relative
density of a SiC preform for the aluminum-silicon carbide
composite is within a range of from 55 to 75%.

14. The base plate according to claim 1, wherein a SiC
preform for the aluminum-silicon carbide composite has a
strength of at least 3 MPa in terms of bending strength.

15. The base plate according to claim 1, having a depth of
recess in the rear surface plane is at most 10 pm.

16. The base plate according to claim 1, having a depth of
recess in the rear surface plane is at most 5 pm.

17. The base plate according to claim 1, having a warpage
of the rear surface plane is from 0 to 42 pm per 10 cm length.

18. The base plate according to claim 1, wherein a periph-
eral portion of the rectangular form is removed so as to leave
avoid in the composite layer where there is a hole in the base
plate.



