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
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module and a heat dissipation device employing the same.
10
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



5 is applied to a sem conductor device, a crack of solder |ayer due
to the difference of thermal expansion coefficient between the base
plate and the circuit substrate occurs, and as a result, heat

di ssi pati on becones insufficient to cause mal function or destruction
io of a sem conductor elenent. To cope with such a problem an
al um num al | oy-silicon carbide conposite i8 proposed, which has a

t hermal expansion coefficient close to that of a circuit substrate

(Pat ent DocumeRE31) SUFERES erheada Cdie 1PBE LR NTUT L2 ld (s G Td8LEr i be
as to the shape, particularly, rped shape of the al um Qqum

al l oy-silicon EﬁngHﬁt%dﬁﬁ%§¥95%aﬁﬁ383g80?3$%97@,avﬁﬁﬁ?%ripﬁgtgétﬁﬁﬁly
used as a base _plate for p r dul e [s.a at . :
sufficient heafgaﬁsgi%% ?6§ﬂ%?%g§?ﬁ? Fsggogg%%%%inggggg% 'bé%et% Ate

s used as It Le.\0LREd VALY HRAlecll aSLPALLAN didL WhiDS! Hedtetoad
and the shape and war page of the joined portion are al so I nportant
properties. For cexanpt gq vhep frhaseaRbabe bsviéned wddk &f solder
heat - di ssi pation fin, usually a heat-dissipation grease having 25

hi gh thermal copguet Bukt Yoishapplfifdeneepott th@sNAD hpdraiieed, and
the base plate is fixed to e.g. a heat- dissipation fin or a

heat - di ssi pat i aBefpitibyt sicsensen I Hehbasghphet esapd oviied et dauitthe
peripheral portion of the base plate. However, if many fine

irregul ariti essabetpresentcers t trdbase aplraselta popt | Sl Fomadd et ween
the base plate and the heat-dissipation fin, and even if a 5 _
heat - di ssi pat i Brcgneasenpabf hel #igha FeMsel MesRHBEE+9F tSF idesigpIStéan
thermal conductivity is significantly decreased. As a result, there
has been aproBfef ERRECRBALCHRS G S SN property of entire nodul e
constituted by the _ceramic circuit substrate, the_base pla nd the
10 heat-dissipatioﬁtTFﬁPeewéﬁﬁi%u%?d%ﬂFﬁggﬁ?Pyagegrggéﬁ r éfﬁ(%"ro
cope with this_prohl in:qrd reduce weah I he
base pl ate andSg%g%ﬁgg%?ggégép§é$éé%#é%ﬁq%sp%&@ﬁsgggggggﬁ%le, é;base

plate formed tQyhaue18.68AMEXNRERAGE diRkrRdvaRGe £8 YRR off M Scircuit
war page i s obtal nable 15 by applying a pressure to the base plate as

it is heated, kyeshagea (Phfehavbd@uiedy adet ensioest stmpentHoMmveent
si nce warpage obtai ned by such a nethod varies in the warpage anount
and shape, 1and 1t iidest heredbasrbeemna tur adleemhiapat pastfoalatlyi 2 not
consi stent. Further, due .
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



20 to the variation of warpage shape or surface irregularities, there
has been a problemthat a large gap is still fornmed between the base
pl ate and the heat-dissipation fin. There is a nethod of
form ng a warpage by cutting 25 the base plate surface by machining.
However, in this method, since the alum numsilicon carbide conposite
is extrenely hard, significant amount of g¥inding by a tool 4 such

as a dianond is required, and there has been a problemthat its cost
is high. To soF@EPé%R&Qﬂiﬁfepﬁpgﬁggﬁl15 Rt HSH ﬁﬁ%&p@?&&}anoghF%% a

flat silicon carbid or ous _hody_i s, i npr d.w
cont ai ni ng aIuﬁ?%ﬁﬂ?ﬁgx?heﬁﬁﬁﬁﬁgﬁbnﬁ%ﬁgﬁ%,%ghga %%%ﬁﬁ%?gF#géslﬁﬁzr

made of a net f%r%?@ﬁ@iéﬂé%ealb%@enﬁﬁh@é,tQFﬁ;{Eii{b GUMRRE Rt chornEd

on each prim ane, t he al am num a ayer 1 n the heat

di ssipation sigdeqls,BGhaM Ly nbaktheat gsht AQHPMEY eland RvAnCag e, Of
produci ng a base plate by using this nmethod, when the al um num al | oy
|l ayer is neghapkgaldysdahydicH e@eaist hsvDegassgH HarnfAbdeduetihety
al umi num all oy layer so that the alum numsilicon carbide conposite
IS not exposedikoaphei @it sitda:malorohbiust 161 tye also g i ggoirfsiaertiliyg

war page or distortion of the base plate itself and variation of its
fabrication, tHectbrskhesdsokr zkamipuntidteoyhdsapecnt ¢ baopbewedhah
each primary plane needs to be inevitabl¥ t hick, and for this reason,
the thermal expansi OhsetRdFiwl aRORSEtYhethagel vy pdiike jq@Etituted by
increases, and when it is soldered with a ceramc circuit subﬁ&%%te

at a time of a§§§nﬁ?¥ﬁﬁl%.?ﬁﬁﬁﬁ%qnﬁﬂ9%§FaFﬁerEh%aga?ﬁxﬁ#%f?: ' Whére a
ubstrat o, 1B5FAFPRCRLSTTETH & rebHod s, heeci o b R hL g g oot
control the thickngas ghe!Deca! i) UMDY LAYEEagP e3CheiddBikn o
pl ane to have uni formthrckness and not to nake
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



5 the alum numsilicon carbide conposite exposed to the outside,
there has been a problemthat high degree of fabrication technique is
requi red. Patent Docunent 1: JP-A-5-507030 5 DI SCLOSURE OF THE

| NVENTI ON PROBLEMS TO BE SOLVED BY THE | NVENTI ON The present

i nventi on has been nmade consi dering the above circunstances, and it
is an object of the present 10 invention t® provide an

al um num silicon_carbide,co i.te_suitable as bhase.pl.a or, power
modul e. MEANS GRSt VA Iﬁ&%ﬁ%@ﬁ@fﬁ%lﬁe’ parne%gtn erlsen\}/.‘l[é—)ﬁr?t %rggﬁhgve
conducted extensiy i achi th §.0bjgct,and as a
result, they hgggbg?éggég?gﬁgfﬁ%%ti%QaﬁYg?unﬁﬁﬁgggiFigon ca?ﬁ?de

conposi te that | §,fef! af dHfOn CREBLESROT DS/ DALY d FReIRAledow th
a netal contalﬁlng al um num as the " mal n conponent, plating to the

conposite is pegshbhe yrd(: Mo disNgmpheghaiidAurm daemarade of an
alum num all oy on one primary plane (front surface), and its fl atness
can be i nprevedohyagnimgidiginaimuad we nhm hayer conpdrient ean sildeinom
make the al um numsilicon carbide conposite exposed to the outside.
Further, the inatéovolsyéraveads ofi scoecpédcohbdlbing gntymgiiumgst kee

t hi ckness of alum num | ayer, the warpage shape after the al um num

| ayer on the r®ainsieeporenjt dihd ceasdpenceathoPFEIRLY @18l 88 the

6 present invention. , . . . .
aluminum alloy layer in the heat dissipation side 1is

mechanically fabricated.

30 However, in a case of producing a base plate by
using this method, when the aluminum alloy layer is
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



. Nanely, the present invention provides a base plate for power nodul e,
conprising an alum numsilicon carbide conposite that is a flat

pl at e- shaped silicon carbide 5 porous body inpregnated with a netal
(hereinafter referred to as alum num al | oy) contai ning al um num as
the mai n conponent, and an al um num | ayer made of a netal containing
al um num as t haenail mme eREGREN door redbdriey componrd t@f d:hedqud e pale

pl anes of the conposite, wherein a io rear surface being the other
one of princi paltspidaneshefret e salbwmon empsiddlean wtartbitdesic algnsdd eofi S
exposed to the outside, and the shape of the exposed al um numsilicon
car bi de conposibeiicstdonedeahglieuer i® recteangide from whi ch portions
enconpassi ng holes in the peripheral is portion are renoved.

Furt her, the preséFtengyepcivornpr dvi dés-2he-Hases Pl ate for power
nodul e, wherein the peripheral portion or the peripheral portion and
portions surroundi ng holes are nmade of netal |ayer containing

al um num as the nmain 20 conponent, or a conposite of ceramc fiber,
ceranm c parti OLESLEFHRE P&t dHEC IAVENTEIY al umi num as the main
conponent; or the base plate for power nodul e, wherein the

al um num si | | EBRBPEEMGI d€ ESnpSdivEd BT SHFoSAVENTEAE peri pheral
portion of the base plate. 25Further, the present invention_provides

the base plate forrJ5owREFreSfBtul @ VSIHetF MahP SRt prrfe® of CRfedeBiRy the
surface is fromO to,200 um per 10 cml.ength; the base | ate for
power nodul e, a@ﬁgreeicﬁrtcﬁ@s&@]ﬂ?sdf ar’@ce@s ih EJtr’rlép%rjéf’acit s‘?:gf%b% S
nost 50 p t he_base plate for .power dul.e, wher.ei n the average

t hi ckness%)f tlﬁéfea%&r?l%n%r% A é’rld%s Ft g%"‘i"%“‘i@d'l&rﬁo%rc?ﬂ%l ase

21 o num | ayor re<Prom THSHE e SR Pt Sl s

maxi mum t hi ckness and m ni nrum t hi ckness of the alum num | ayer is at
nost 80 pm Further, the present invention provides the base io plate

for power nodylEanaVMORN dirsrdid RefBlrceaiguct i vity of at |east 180

WnK and a thermal expansion coefficient of at nost 10x10-6/K; the
base plate for powele FUHcht WIBF&h fotdenAbdiM AW SELH CORLEAE D E€

conposite is produced by a high-pressure forging nethod; or a heat 15
di ssipati o devheca eeomp issihigvde hashplatdfaic payed 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



nodule, a N filmof from1l base plate for power nodule and a ceranmc
substrate for bonded to the base plate on to 20 pmthick fornmed on
the by a Ni-plating treatnent, nounting a sem conductor, which the N
filmis formed. 20 EFFECTS OF THE | NVENTI ON The

al umi num silicon carbide conposite of the present invention has
characteristics that are | ow thernmal expansi on and hi gh thernal
conduction. By 25 grinding one principal plane (rear surface) of a
flat al um num SFFPEBR tAYPRtonposite i npregnated with an al umi num

alloy, it is possible to sjgnificantly inprove 8 the flatness qf .the
ground surface to gjgmﬁigd g}ge PR i éﬂ%&%i‘%np’éﬂ‘r’ (g%se,a aesreel?al“ag‘?

conpared with 0 i t f.iat aghi ramic Gl rcyit
substrate to a§ﬁ/gr Eég@%lﬁﬁﬁl%}ga@%@&% t?gné%%%%le@?ysaﬂsﬂ %‘Cat%er(:%t%htéde

conposite is sebﬂgrﬁ@@tw tha@ icseraarfil%tc&aliféﬁiatsﬁéﬂpéi ral| doh idaMARd,

and accordi ngly, e conposite is suitable as a base plate for power

nodul e for gouRbi-BUsaLE&R! CRRalOe EherBNk, mdbiTh(Asrdagigad to
have high reliability. 10 BRI EF DESCRI PTI ON OF THE DRAW NGS Fi g.
|1 An expl anat irefierred o6 af lumimiumaldillolytononas bndey cdnpoisiune afsothe
base plate in an enbodi nent of the present invention. 15Fig. 2: An
expl anati on vi ewiof campahent nuandidn edmrdanbi deyeonpods tef fomdiade
plate in an enbodi nent of the present invention. Fig. 3: An
expl anati on vi @ANGRIAANG| ahiALINSIdS ¢ Fatbi demMeeRpRsi feriRt BHse on
plate in an enbodi nent_ of the 20 present invention. ) ,
one of the principal planes of the composite, wherein a
10 rear surface being the other one of principal 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



Fig. 4: An explanation view of an alum numsilicon carbide conposite
for base plate in an enbodi nent of the present invention.. Fi g.
5: An explanation view of an alum numsilicon 25 carbide conposite
for base plate in an enbodi nent of the present invention. Fig. 6: A
graph showi ng the measurenent result of 9 warped shape by a proflle
measur enent tool of Exanple 1. EXPLANATI ON7COF NUMERALS

Al um numsilicon carbide co Si % 52:, Alum num al | oy 3: Throu%h hoIe
4: Surface al uRifbm tayerc%: (ﬂﬁ#ﬁ HRTB M Thiea Site LTG5 SBEST"

MODE FOR CARRYI NG OUT. THE 1 NVE t
X ky rea sur%ace 1ﬁﬁg¥ mogt Igegﬁg ?ﬁ%ﬁa %h%%%C%B%at

nmet al -ceram ¢ OSI e are rou egorili es t

are i mpregnat i g, gt Jagaéléndﬁp@e@% 7! slvleyagg UL Dtk o ABNG Hehese,

15 netal -ceranf¢ conposites having sufficient property in e.g.

ther mal Conducgmmlﬁeﬁfiwé@@s a@mQt tebtabned; byr povdlasa S talhur gy
met hods, and conmerci al |y avail abl e metal - ceram c conposites are

produced bysi NREREPakhbenl SRt ligsiss i il ke ageeaGBNYh ¥POsSs Ofof the

i mpregnation methods 20 including nmethods of carrying out

i npregnati on uademiaunolapér ptesttare land nOOhpds ahd clalte ydingf eogince
i npregnation under a high pressure (high-pressure forging nethod).
Hi gh- pressure betgersy heehoasinure dHickgesisz eddi niolmweht @i detess of
forgi ng nethods and die cast nmethods. 25The met hod suitable for the
pr esent i nvent itdg gduginum layer is at most 80 um.

Further, the present invention provides the base
10 plate for power module, which has a thermal conductivity
of at least 180 W/mK and a thermal expansion coefficient
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



hi gh- pressure forging nmethod of carrying out inpregnation under a

hi gh pressure, both of nolten-nmetal forging 10 nethod and die cast
nmet hod can be used but nolten-netal forging nethod is preferred. A
hi gh pressure forging nethod is a nmethod of putting a ceram c porous
body (hereinafter referred to as preform in a high-pressure 5

cont ai ner, and making nolten alum numall oy inpregnated into the
preform under high tenperature and high pressure environnment to
obtain a conpoi¢ e 1aidtes s iexdfpPECBRI Bt HAFS §1° prroddEFn g5t Reheat

tal - ' it ft t, | ti b [ 10
ol Len- et al {51 G TP TTh G S s CPEDERY 9 ST L APBT a8 powder (a

bi nder such as_a_silica .i-s e requi ) SLaw
material is fofed and rbaa]kg‘%%%g%pggd%ggaggjgg%f%?&%gﬁg %eitr%oé%of
formng a bloc ] [ f I 30t pantdsc
limted, 15 an%@%#%?a% e%qg{aﬁé%po?ﬁgémghgﬁ%é% ﬁ%ldrggglg%gc %n##%%gt?y

Namely, they ape;a meidodfosiardwisChbngetbe Pref of mdBanRl &ircuit
separation plates on which a nol d-separation agent is applied, and

| ami nating thepuber foren o Simdrdal, oaka acsstddhnf, dirspesimppsatki ber
and spherical or fragmented 20 particles containing alumna or silica
as the mmi n cosponenie oxs cnesiadelatebhdbh podes widule frefmoum:sogas
to be directly in contact with the preform and sandw chi ng them by
mol d separ at i oseplatedudieor lamerdi nghdchl dekredwdred et Hegeofhigh

di sposing a fiber and/or 25 spherical or fragnmented particles

cont ai ni ng al uktha2®t15%¥ica as the main conponent on one side or
both sides of the preformso as to be directly in contact with the

11 preformi8t a time of putting the preforminto a nold frame,

putting them Lgﬁgpﬁngg%ﬁ%{n%gf@ &am 5%82N%$em by nol d separation

plates and | a orm-a sing ock. 5Then, one or two

or nore pieces of th _a@qugflé;&h%nfa_tﬁgna{;_gehr@éiﬂW%ih%%QléEon

about from 500 to 750C are sposed in a high pressure contai ner,
nol ten al unmi nughabh gy Esmposed fdit Qddke paantaiNesn asmd Tt & the

possible to prevent tenperature drop of the bl ocks, they 10 are
pressurized at pgepefssihee®fid0). MPa or nore so that
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



the alumnumalloy is inpregnated into pores in the preforns, whereby
al um num silicon carbide conposites each provided with al um num

| ayers on both of primary planes, are obtained. Here, for the purpose
of renoving 15distortion formed at the tine of inpregnation, an
annealing treatnment of the inpregnated product nay be carried out.
The alumi numalloy in the alum numsilicon9carbide conposite of the
present invention, preferahly has a.l.ow 20 neltin oi.nt AS, much a
possible to bewgiﬁ?f"gc?}%‘?ﬁ’? &%e%é’trr‘%tl&& MAEBYpoTes i"r[:C’CE]he0 p%é‘faglP ea?‘
the tinme of inpregnation. As such an alum num all oy, an alum num
alloy containing from7 to 25 mass% of silicon may, for exanple, be

ment i oned. TheEngm@@%@?@ﬁ“@%ﬁ%&abl y 25 further contains

magnesi um since 1t strengt etween silicon carbide particles
and metal portions,.ThergniSuneihiidohathepids t@npmiale conponent s
other 12 alum num silicon and magnesiumin the alum numalloy so

| ong as itssproperty deBsnitaim eXtllgnel y change, and for exanple, it
may contain e.g. copper. In the present invention, in order to
forman al um num | ayerTimawiglg reoleni f or m predet erm ned t hi ckness, it
is preferred to formthe preformor to fabricate a face of a baked
product of the prefior nfgofadmtaliumsinuni dRFess variation in the entire
region is at nost 150 pm preferably at nost 50 pm |f the thickness
variation 10 in thé:enfPyteeHigh of preform exceeds 150 pm the

t hi ckness variation of _an %Iiu i.num | ayer fornmed on the front surface
of an al umi num si | i*¢onTREF ‘?fg]"tcilér?posi te obtained becones |arge, such
bei ng not preferred. The above preformis preferably |amnated with
nol d- 15 séBar ation plates each applied with a nol d-separati on agent

that are sande?g?nnggbgsg%géﬁ@Iﬁ duie et RUBNCSoRr ef erably

| am nated with containing fromo60 to 95 nass% of

fiber and from 40 t19,c5eRESHE0b s SPREHLERlg HethnageRahishapefosite are
particles made of alumina or 20 silica as the main conponent, and the

mol d- separ at i oRr-Rlgall§s cSbetbal zéeidis G prRddCthas aasdivphseshation
bet ween one or each surface of the preformand the nol d-separation

pl ate. By thus rditdpdsi ngdt hewfler neek rlothyst mien hadvanweynd Héreee,s a
merit that an alum num |l ayer of 25 predeterm ned thickness can be
formed on assumfeded -crpréforamapeltee hehiloknsvs fotieht arepeRiimin

| ayer can be easily controlled.. Wen the content of the spherjcal .or
e.g. thermal conduction coefficient are not obtained by

powder metallurgy methods, and commercially available
metal-ceramic composites are produced by impregnation
methods. There are many types of impregnation methods

20 including 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



13 fragment-shaped particles in the fornmed product is less than 5
mass% control of the thickness of alum num|ayer on each primary

pl ane becones difficult, and warped shape of the preform may be
drastically changed by an annealing 5 treatnent after the al um num

| ayer on one of the primary planes is subjected to a cutting
treatnment, in sonme cases. On the other handd, if the content of
particles exceeds, 40 mass% the preform nmay be cracked b ressure
at the tinme of "FhPP gﬁ%ﬁi%ﬁﬁ 9 gmﬁﬁﬁggF?%gb?r%§ﬁ41§ﬁ¥fﬁ%fa: émEEai
pur pose of rempving distortiaon, at i of, i e i t by num
alloy into the SF %9n?é€%§%w%§ rﬁ§§e§&g§frﬁégﬂgﬁ%ggﬁkgﬂggnggfgtﬁ e of

from 400 t0 55QCcfiga 8L 4GASInckd JF Bikedng! L LORAINGALIAE body

tenperature is less than 400C, the 15 distortion in the conplex is

not sufficientlyerelgasesy Adwhhel War padprefothe COMleXgHBressure
drastically change in the annealing process after a machining

process. Onst hecatherehanshd idakiie; aneah aguhbmperal Lse exceetsted
550C, the inpregnated alum numalloy may nelt. If the 20 annealing
time is | ess tHanolOhai putdsrm evelerathigh aanpatamgre emmprlatgir prefssure
from400 to 550C, the distortion in the conplex is not sufficiently
rel eased, and enyiwenpage hayohlraist iscagomposhtfige in the anneal i ng
treatment for renoving distortion fornmed by a grinding 25 treatnent.
There is no particdiodr BPRnPKaTPHR S “E%:}F}'% fret REANEE Y BRIt he

formed product of porous silicon carbide (hereinafter referred to
G T of o a R P REP P b e e S srp s L Bent S Tyaieie &
preform can be produced, b k nown t .« JFar e, Jt_.

obt ai nabl e *By gﬁ&i%ﬁ&_fngtgs??lr o c“(aire&bl-{%gig lpsoa 3&2%&' a5 ST ER or

an al unm na as %aQ%H@%rgo??éknga?QEhéé¥’Ed&% %Efﬁ]Qﬂgigékiggaéﬁgﬁnéﬁai?é

| east 800C. There is n mtation as to the formng nethod, and

press-nol di ng, e 4aiy0frBB} dhH0a OFaf agdtid aMBY sbeoused. ahd Bdleed to
form ng step, a binder for maintaining shape may be io used in

conbi nation as gi@iucase pegobres. The melPabti 6fil Botyingporilantk by
characteristics of the alum numsilicon carbide conposite is thermal
conductivity ancgntimatiab expansi pretmef fiiscinent passithéacont bonitpdd,
silicon carbide (SiC) in the alum numsilicon 15 carbide conposite

i ncreases, she atterfipal exondber i vie yiohkrwase sieghgdehareheeiafoned.

expansi on coefficient decreases, and thus, the SiC content is
preferably higﬁmmely, they are a method of sandwiching the preform by

mold separation plates on which a mold-separation agent
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



However, if the SiC content is too high, inpregnation control of the
al um num al | oy becones difficult. 20 Practically, the conposite
preferably contains at |east 40 mass% of coarse Si C particles having
a particle size of at least 40 pm and the relative density of the
SiC preformis preferably within a range of from55 to 75% Furt her,
the SIC preformpreferably has a strengthiaf at 25 least 3 MPa in
terms of bending strength, in order to avoid breakage of the preform
at a tine of hBREFPHY Tr 3 rpMegRat PYRtingsthe pisfqrmigce 2emgidt he
raw material Si.C particles for producjng t i C preform,is.

i 6f orabl y ad) bSeRa: o Hetagge it Folg; Fitn ¢ pgishapg them
preform made only of .coars rtigcl t xhi bj 1 t rengt n
it is not 5 pofsg i]B?{edt%eaﬂeirgaécgﬁ%nh#jgﬁ%?ﬁegﬁgl f%r@inﬁ u{:]l[r%citt%?gﬂofqg Sk
al um num sili Cﬁ@négé Srgpgckc‘orrposi te made only of fine particles.
According to the Study of the present inventors, for exanple, a m xed
powder containi ng REM 46nd %xSOC\JBa%S:‘VQn@freStheeg SartideGaal $8 ocks
particles having a particle size io of at Teast 40 pmand from®60 to
20 mass% of si Lhgena sarbi4e fimeypaehicehest hawbig arparddocke giszec of
at nost 15 pm is preferred. The SiC preformis obtained by
degr easi ng andabakiéihgpasddrivec prigtiuctreebusel| cowre varhi delgant i cl es.
When the 15 baking tenperature is at |east 800C, a preformhaving a
bendi ng strengehuninan 2kbey 13 WRares obtai hbd ¢erfaridiesSofduiskly as
atnosphere at the tine of baking. In an oxidizing atnmsphere, if the
formed product PP§Shakedt atPEe feHpraPeré tEXE e@BP P L, M0 &L WXiSdat-P6H

of silicon 20 carbide is propmoted, and there._i ossibility that
t he ther naFccoﬁETﬁcPWFWrg‘fe e & BheREES PFC?)?\E&%%‘ b?%é“ocr(?n%éjsit?‘gt

decreases. For _this,reason, J{ is preferr k r

product at a t&%ﬁe?%?‘ﬂjr‘%u%faia]ioymlsg? l%p%ggﬁgfthga%g%(geé%f%Jb%r{;?t%eng

at nosphere. Baki i j rapriatel:y . eL cXoTelels j4 o]
the conditi onsggggﬁggéﬂ’atﬁ%egﬁigp%‘&%d&%p%é 8?%}5 %%}eﬁlg‘%ﬁunt o(f‘jdltnl%esI
fornmed product cpeh HPodifeki MO-H WinaGeAr 1hherbakhngoat s phehtry 16
When the SiC preformaccording to the present invention is forned
into a predet epnianed, shapeobtbyitkd/i ngepae SHE e frmposac b ft remogindy
drying SIC prefornms as they are overlaid with a spacer nmade of e.g.
carbon 5 inter gosedrbéonebornd@mt ithd $ipessifbinpregprel@ant athange of
the warped shape by the drying. Further, also in the baking step, by
carryi ng out aasingellanct Feartent tof the tesessatefnP¥ el yTHg & ep,
it is possible to prevent change of the shape of SiC preformdue to
the change of iGHtAEEr ARF -t ext ure. The shape of SIC preformis
preferably a flat-plate shaﬁe of %ectan l.e (refer to F

. m h UL~ gg 1) O]E'b.'? 2
rectangl e from whi a_?ep&tlf"f“& 2Rt Ppatdi TS TR B *peri phera
portion (refer tatkdse frapfle reddad SARGEIRAY PLORLLSIE NRas & 10w

. ]
peri pheral portion of Thé alumnumsilicon car conposi

present inwgnti tﬁ%% go@E@dgéeﬁﬂgﬁqgsﬁnﬁﬁﬁiﬁk €c0behglie8:&0knt1y
attachnment are tornmed on the peripheral portion in order to use the

conposite as aaserpkateihob powes IMAHe m@fdfern tif ehaBtane of
conposite.
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



20 In this case, since the alum numsilicon carbide conposite is
extrenely hard, and | arge anount of grinding by using a tool of e.g.
a dianond is required, there is a problemthat its cost becones high.
Accordingly, in order to make it easily machined, it is preferred
that 25 the portion to be machined is nade of an alum numalloy or a
conposite of easily workable material conprd sing ceramc fiber,
ceram c particles and an umnumallo 17 in adva
bﬁ%e€$ d

L ce.. Ihe
area of Si C pr@foPrHh tH EHF}Fﬁmkgﬁﬁgﬁsb?m i {iﬁmﬁﬂgthE oY s©
articularly limted so | on S . ve a i t j oi.ngd -wi.t h
g ceram c c?rc%PPgsﬁ%sf?%f%, é%%ﬁﬁi#qgsiégﬁrggg%%% é%ﬁﬁgggtagg%fS%

based on the aEQQm?iepa§@ P f“éEné%ﬂnU%ng 8fpAkym num silicon carbide

conposite for a portion to be joined with a ceramc circuit
substrate, it is pegsihbeptos&Lduss dhi8 dnhernbraxpansi paedlidd erence
bet ween these nmenbers and to inprove io reliability of the joined
portion. |fsthglaneauafl15f& MefHdNd Sni€ssmt pasddO8amindd e drkaest
base plate, the thernmal expansion coefficient of the obtained base
plate itsel f beeowesptedetaede;o divdnt hbeeprafarpossi e | fdbyridwate &he
reliability of warped shape or reliability of joined is portion

decr eases. fakencfan bxkeplerotugtacti thrgrrefhod &F Glat its

alum num silicon carbide conposite obtained will be described. The
peri pheral por thdfKBREShBRESBEOR HE SINFiCRGAFS] FREAAR AT iigdnost 150

conposite of the present i nvention, can be sily machi ned_by.usin
an apparatus sifh HS® ﬁrR%BYa?‘hem‘?ﬁt Sréilhi npﬁg‘:]ﬁ%n‘i}&cﬁmfﬁrst F{5¥}a§f?’%
respect to surf,ace,machining_of.the abqove conposi L, Passi bl e
to apply alﬁriﬁ&iﬁgetFBS%ﬁ%nfe%§aﬁéﬁﬁ§u§%ﬁrmg€§§? ggei%?iﬁﬁbr or a

belt grinder sq.t e 3Jas) [HET! ar bl i i
exposed to the%gt&{aglhggg E%%?%%?#H}?g?&ségllgl@qgggs?gkggt ggﬁfét%g e

conposite to havenan-arthenabs Wk PedishaRe HY 1@cd. carbadidecoffositd 0
finish 18 it to have a spherical shape. After the

al um num si | i cobreankiddeceompesidege s furcddbedtdgbyouspngteheedbove Si C
preform it is also possible to machine the peripheral portion or the
peri pheral portion T atheehplke§oby uUsimgefempbly Warénaget wathi mddy
machi ne or an electric discharge machine so that the alum numsilicon
car bi de conposisteparatérpopédtepornthennlded adéhof PREAPERPPHRE HIN
portion of the base plate (refer to Fig. Further, after an

al umi num io sidg%Een EAthRIE ééﬁBﬁ%??%PgsggﬁwﬂﬂﬁﬁﬂﬁmbyoﬁsFﬁﬁ_E?Eﬁ??m is
preform having an areaanger Lhan Lhal o L0P BASE I3 Ceoklal fuf) °0
from 60 to 95 mass% 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



or the holes of the base plate by the above machi ning net hod, so that
the al um numsilicon carbide conposite is 15 exposed from side faces
of both of the peripheral portion and the holes (refer to Fig. 5).
Further, the faces of the nmachi ned product obtained is further

machi ned by e.g. a surface grinding machine or a belt grinding

machi ne, to produce a base plate for powen3nodul e of the present 20

i nvention. The al um nunm¥silicon carbide conposite machined.is

subj ected to aRTaFiMEHt iTFReREFEACIEF A7t BM e FFCHFEM S0828%
500C for at least 10 m nytes to have_.a_warpage. The um num.si licon
car bi de conposFia®ot 4F 25 C;S’r”g%’?h Oifn\t/%ﬁt%ﬁ‘sﬂﬁesssaﬁagala?%mﬁﬁ%ml ayer”
on one principal plane (fra rfa d suybj.ect]

conposite to t he %ﬁ%vénéﬁﬁgg%#ﬁ%nfrgg%ﬁ%%g,dggaﬁﬁggaeE#ggﬁ%gﬁﬁgeah%%e

19 the thermal | X%%%ﬂé@fﬁéﬁ%@d‘}%%@gliyhecr?slr&brgd“‘ﬂ? 23y §hn8Ading

the alum numsiliconc I conposite. If the annealing tenperature
is less than 3Q0Cathdie: diSledr tRN :QfuntiABmal sy U | perofanthet PBeimary
conposite is not 5 sufficiently rel eased, and the warpage nay change
in a subsequenplhgat isealbpidtdd @eess cadtindsteesoldder i ng soep. On
the other hand, if the annealing tenperature exceeds 550C, the

al umi num al | oy cesptoyenh ithet beéhemphegdatibri-heyomgletnt of pheticles
annealing tine is less 10 than 10 m nutes, the distortion of the

al unmi num al | oy eandetdfiet @ ompost t s pref oslif Pa¥i et FyR ¢t dded even if
the annealing tenperature is from300 to 550C, and there is a risk
that the war pa§&efiyrehahges n-des s dqRERENABAP t r eat nent step such

as soldering. The rped shape 15 fornmed t he annealin r eat nent
becomes a WAr ped s\ﬁgﬁgaﬁflﬁggg?% R [ e %’ﬁeFﬁ‘c’:aPugﬂaﬁ%g?% efer e

19,5) $hice ol SePLagusec, Diled bl srennsia il gy

bet ween t he al um ayer ~and SI on ca

conposi te. ZOTQ?at‘A’aEH@g]Sr@if?fmt of hhesxpesedagrovadosuriace (rear

surface) of thé alum numsilicon carbide coiposite after the

anneal i ng treatRikyat 8-’ &f f At Yadd @B Gsbor 200 pB PRIaskO 10Muliangts.
When the conposite Is used as a base plate for power nodule, and if

t he ground surfi@gcend5ahhaklisg Usarbarmtudkeat 1adsathen surfmcehbas a
coneave 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



war page, a gap is formed between the base plate and a heat radiation
fin in the subsequent nodul e assenbly 20 step, and even if a heat
radi ati on grease having high thermal conductivity is applied to the
gap, the thermal conductivity significantly decreases. As a result,
there is a case where the heat dissipation property of a nodule s
constituted by the ceramic circuit substrdtie, the base plate and the
heat - di ssi pation fin, etc. si%pificantly decreases._ Further, if the
war page anpunt CekBeedis (BRI tAr XSEPRESHf TR Fow Iy R4 °CBrmosite to
the heat dissipation . fin to.join them .there.is a c ere_a 10
crack 1s for meACPRETHRS (iR HPEGrn: BV EBE Wi TIE AR S TbEePACEN
By grinding the_heat dissi i p | L.1S.possibl ke, t

heat dissipatiSﬁnp an r%'u%%ekggﬁpggggg k%t g%é g%ghggg%ﬁég?ngtlﬁftle
irregularities Vi il S ;of.: at S : gQgg@. lf ot h
dept h of recesg%?%gﬁﬁgfﬁégggﬁﬁggﬁggﬁigngé?gﬁgyé%%égﬁgglo unf‘gng mﬁen
the conposite %]1us80o8Sa@ PAREA Rl alke af B nREWE MY &ind AMiING them
formed between the base plate and the heat dissipation fin in the
subsequent nodyhg BseeAd! ¥neld £ e, 12Rdcevencd f anbeatidissi pation
grease of high thermal conductivity is applied to the gap, the

t hermal conducfiwitytdeasss cab | gheddoreasgsmebsod, rasdl4 .9 t heressi-s a
case where the heat dissipation property of a nodule constituted by
the ceram ¢ ci meddingubskraesion fwlskidse 25 pratenanmRy e head . In

di ssipation fin etc. significantly decreases. Here, the above depth
of recess mean&het §OFBANFURTRY (o PINSlPT LOTTRAINGR Hatfed JthARR "6 CRe

circuit substrate face is preferably from-100 to, 100 pm per 10 cm
't the war pgeSF% hE EPFREFIC UGS AFE fAEE HEUTAETS from the above

range, the sol der tgggiﬁgﬁiégf%n%$§?ééég%()hgf%EE%995£ﬁf%L%P e

circuit substrate can not rm and a voi s y to occur

at atime of sohdesliq. syhecsbycament dnpskeati o8 propeily of a

nodul e consti tut y a ceramcs circuit sSubstrate, a base plate and

a heat di ssi pati@RukkRvets. andByh&st iG@ahyidaceeaseiciohdhens the
t hi ckness of the alum num | ayer (hereinafter it is also referred to

as surface al udichtt@nl-ayper yipievn ded-nid heisur facehef alteinum-silicon
al umi num silicon carbide conposite may be any thickness so long as it
is within asrangebide causpagta notdarmst thet therohl gebndiert vl theat
15 dissipation side surface, and the average thickness is preferably
from1l to 500 pgmcrEessshaeness Brexml @ndeacacal GAthbariayer can be
adjusted to be a predeterm ned thickness by machi ning t%f s%${a%$,qf
the conposite BPGHEEF§Sof 28BAgENES| JthRe SHHhERGFPEcaSaPanT AtAY LY D19n-

However, if the SiC content is too high, impregnation
control of the aluminum alloy becomes difficult.

20 Practically, the composite preferably contains at least
40 mass% of coarse SiC particles having a particle size
of at least 40 pm, and the relative density of the SiC
preform is preferably within a range of from 55 to 75%.
Further, the 8iC 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.



20 |l ayer is necessary to secure the plating adhesiveness at a tine of
applying a plating treatnent. If its average thickness is less than 1
pm there may occur such a problemthat the alum numsilicon carbide
conposite is partially exposed at a tinme of subsequent surface 25
treatment such as pretreatnent of plating, and the plating is not
provided in such a portion or the plating i@lhesi veness decreases. On
the other hand, if its 22 average thickness exceeds 500 pm the

t her mal expansi on 8ﬁrf-hélaa§é2%|%ﬁ &he e més?éﬂﬁédsb%c}eﬁfé%lct]&? for

| arge, and there is case where the reliabil 0 portion
decreases or tﬁ§°ﬁﬁ?b%%et%ﬁmﬁﬁﬁ BHRESE™ A8 Brﬁhﬁ%%?i :P%%‘ﬁ% Bhis

becones too Iar e, The nost sui | ue he average thic S
of the surface® Bﬁ?%u%?lé@e} f%ﬁgéﬁ%ﬁgr?afe?yédgt ?%#%%%¥%%%OE%§§ of

to the desired p@ggggﬁaggyyfgsﬁggé%ﬁl ?Q'ﬁ%@ﬁs§t9éné@@ QﬁﬁfaﬂJQEﬁnot

10l n the base pla power resent” i nventi on,

average thigkngss9h1Lhessekdace lﬁgﬂntml@%g@yebna@c@w{w add »alfdngﬁuaq~
to 100 pm and the difference between the maxi mum and the m ni num

thi cknesses i s sat 1k68aSta 8P MR fihe raver ageyt Bf CKNeS Spd S iall gmst
100 15 pm the distortion anmount produced by the thermal expansion

di fference betweenrtihagsuef ete studg mfmthayetreaadtt heventors, for

al um num silicon carbide conposite can be reduced, and stability of
the warpage shapempleh asmihedapowdeheanteyoisgpfoperty,td npt evsss of
Further, if the 20 difference between the maxi nrum and the m ni num

t hi cknesses of sifdcsnr FaEbias uRPHLAR IRAFEH CdREebaY 1Ry %n?a€ﬁtfl?mﬁﬁ%ﬁg

due to the difference of the thickness of the surface_, al um num | ayer
may be genéPatéﬁ g5 ¢5a8E ﬁﬂe%%na?¢u€%ﬁﬁb§§ &P 481 BaFSHL© nﬁb

sol dering e.qg. eranlc 25 ¢ bstrate ereby _t

di ssi pati on préﬁg en£§n8e€?ﬁésgie%ﬂn MES Pamﬁl g? ﬁﬁﬁer %ﬁnmosﬁ
t he present gl %enggo bPexggllent in shape stability when it is
subjected to a e test (a sanple is maintained at a

tenperature differ ez%e slae.t WeeRorR0Gst QoddMda Hyhalegh®adiviar Qﬁalsgkmg
reliability of power nodule, and for 5 exanple, the change anount of

war page of the Dbagsgmebabecahterot heihpadn el deephreficlbe. abwe the
conditions is carried out 300 tines, is at nost 30 um per 10 cm

|l ength. |f #she paaripage capangeuasoiat aexceads 30°am peprdfbmamieangicha
a gap is forned between the base plate and the
bending strength of at least 3 MPa is obtained regardless

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.



i 0o heat dissipation fin in the power nodul e assenbly 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 al um numsilicon carbide conposite according to 15
the present invention has stress easing property as well as good heat
di ssi pation property, and for exanple, it ises suitable as a base plate
to be interposed between a ceramic circuit substrate and a heat

di ssi pati on conponBhensuled S5C PrafmrrdRsesPpainonte i the 2oERent

al um num silicon carbide conposite according to the present invention
i s enpl oyed aslPYeﬁgl?%i¥ﬁxFQﬁﬁq¢-éHGQrénPEeg?W%{W%H @RS e Dy drYing

sol deri ng when the ¢ osite is ysed as a base plate for wer

rodul e Ror L hPESy BRSRESLORE TR G GBdE 1O DY B Sy e e
surface 25 of base plate,.The pLALNG Lrealient ethod 4 s ok,
particularly Ii Yed, ©and" | nmay be anypone of €T ect roless p aFing

reatment o anjeLectiop! Ly el €30l podhny LI S IEST B Mhange

plating is prefera rom ating thickness Is

less than 1 p%fpkgé%gépé@yslgﬁ%i Y Ortﬂei BrgiRg!t rfrehie phatgdifiim

or a soldering void (pore) na med at a tine of soldering,

whi ch deterior gh@snheatedi Ssb Padh0n Rf eREr hYsihoMmA Giddiidnt to the
substrate, such being not preferred. On the other hand, if the

t hi ckness of Nicrphaiheng exceedsdRgmmstiehe ptatedpdsd ibimy:dbepeened
of f by the heat expansion difference between the N plating filmand
t he i o surface chlaugenum thyeshapa daferdig girefhempduét yo gfheNiclpirate vf
film there is no limtation so long as it does not deteriorate wet
property for séhdernadntdexker¢i| m nay contain e.g. phosphorus or
boron. The alum numsilicon carbide conposite of the 15 present

i nvention pref erablBrehggaret Rér ibf ReiRrct ivw Pyederably east *aBP WL

and a thermal expansign coefficient of at npst 10x10-6/ K. Besides the
above effects, R®cH 6§FF%n%§% {%iﬁ%ﬁiﬂﬁ’ﬁéﬁ'cﬁgdﬁﬁt?v7?§P%ﬂﬁ}%aqqﬁw

t hermal expansion coefficient equival ent to tha% o] 20_ .
: heral
sem conduct or 8%ﬁﬁ ngﬁfké?ng %%é%ﬁ %?%ﬁn'cbfgegu Et%% e?eﬂﬂ%ﬁ%ﬁ§ a

heat di ssi pati f%qgﬂoggﬁgegnp$0y1 S (¥£d33§9”p9§if§3&Hﬁé%%%?@e%hat

nodul e enpl oyi g suc eat dissipation conponent is excellent in
heat dissipati %@?@R@bh?ﬁrg'ﬂdpé?@{&l!&f 120 A uiBhih-Lhal cddt dsriardl y

25 defornmed even if its tenperature is changed, and as a result, high
reliability is Qhaisned. of2bhe 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,



EXAMPLES EXAMPLE 1 to 4 210 g of silicon carbide particles A

(rmanuf actured by Pacific Rundum Co., Ltd.: NG 220, average particle 5
size: 60 um, 90 g of silicon carbide particles B (manufactured by
Yakushi ma Denko Co., Ltd.: GC-1000F, average particle size: 10 um
and 30 g of silica sol (manufactured by N ssan Chem cal Industries,
Ltd.: Snowtex) were wei ghed, and they were-l ended for 30 io m nutes
by a stirring mxer, and press-nolded at a pressure of 10 MPa into a
flat plate shape 8fivda®@ennm x 140 nm x 5.8 nm size. The fornmed product
obtai ned was dried at a tenperature of 120C for 2 hours, and baked in
an 15 envi ronnent afhgi prag af t Shperzaiore 60 9DBCCPoire FRANQ (b base
obtain a SiC preformhaving a rel ative densi {_%dof 65% Surfaces of

the Si C prefor Rl8bEai hed NerRP T REd Yt 61 RATE a5 ht TKhESS ShORMSER 2
Table 1 b f i nder ., | oyi. i ndi t f
Toble 1 by a'Surlace onier emuping 8 wind D0 RAe SO
indicated by 1 _of, FLg. 2 I_ni . , i j

Ul ew schemti oty [Enbii Re ST AT gt 28s8E L8k pEb Tl e S, B,

A-A cross sectignl gﬁaE e Ui Auer Shl L eoR: gan i de Comoesitige Fig. 1
and Figs. 3 to 5 show the sdame 25 manner. 26 TABLE 1 Thick -ness
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 wmachining 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 None Ex.2 5.3 183 133 Shape shown
in Fig.2 None 1 Ex.3 5.1 183 133 Shape shown in Fig.?2
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the thermal expansion difference between the aluminum
layer and the aluminum-silicon carbide composite. If the
annealing temperature is less than 300°C, the distortion
of the aluminum layer and the composite is not
sufficiently released, and the warpage may change 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
than 10 minutes, 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
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.

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

heat radiation fin in the subsequent module assembly



None 2 Ex.4 5.1 183 133 Shape shown in Fig.2 1 1 * Lam nation
condition: The nunber of alumna fibers of 180 x 130 x 0.2 mMm

The Si C preform obtained was put in an iron franme of 185x135x5.5 mm
provided with a nolten netal inlet port through which a nolten netal
can be poured, and at this tinme, for a SiC preformof each of
Exanples 2, 3 and 4, io an alumna fiber (2tanufactured by Tanaka
Seishi Co., purity: 97% of 180 x 130 x Q.2 mmwas |am nated to at

| east one of ASEEPTaRRdafEB Slurd dcet ZAd eRhey" WF AR Ao Fatedhi n
the iron franeg, the%lmere sandw ched bﬁaitainless glates oth.surface

of which were CBEFBEATWFPRIESE tarBon S ARBIERSY Rer s o781 MitraryehBat ed
t 600C i | ¢ | L o] | d
a Ih an &8 {elékfméﬁggsgfem%‘i: Sn%qgreggc¥€:aéggy |S;%e?%r% gp‘??)g%&de

in a prelimnary ed p no avi‘'ng an I nner

mm a nol ten alum,nym al &ergﬂs\g@iﬂua gd&%sﬁrgg%zqu?& 4890 A4 Boduie

mass% of nagnesium was poured 20 and they re preessuriZed under a
pressure of slggoNBeiéeﬁeaoow W €S sfhikhat rbhee abupi e &l 110 Wase

i mpr egnat ed
plate and the heat-dissipation fin, etc. significantly
decreases. Further, if the warpage amcunt exceeds 200
um, at a time of screwing the composite to the heat
digsipation fin to join them, there is a case where a
10 crack is formed in the base plate oxr the ceramic circuit
substrate.

By grinding the heat dissipation plane, it is
possible to make the heat dissipation plane of the
composite to have a shape having little irregularities

15 and having a recess of at most 50 um deep. If the depth
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.



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 ching
stainless plates were renoved, and an annealing treatnent was carried
out at a 5 tenperature of 530C for 3 hours to renove distortion
caused by the inpregnation, to obtain an alum numsilicon carbide
conposite. In the peripheral portion @f the alum numsilicon
car bi de conpos ite obtained, 8 through holes of 7 nmin 10 di aneter

and 4 count er si nks 16 FRORFED FBPHWIRE (Fhg shEcEitwerestRRtRdacs 1s
portion corresponding to the no tal in]et s remved, and_one
surface (A surgﬁg ESgbgﬁbfﬁoﬁ) #%gqﬁggﬁﬁdupop?gnxgec%tg%énggﬁ yarpage
surface grinder b SILE . gri.nding st - Se gdi anmnd, t hat
the conposite ﬁ§d¥ggshg%8§%? %@géx t%%%%%§n§%?13§%% Eggﬁoms fﬁgge

al umi num si | i concarbide cOMROSI & s oRkainede 148 & Goink it
indicates the alum numsilicon carbide conposite, 2 indicates an

al um num al oy i3 ni REECAL @8uar tAIHGHROIENn Aot NEE Cak €808 2GRl 3684a
al umi num | ayer and 5 indicates a countersink. Then, the nachi ned
product obtai ned wake3iybrecbedui catmn afiiRabifngoll ieat ANt whekrey a heat
electric furnace at a tenperature of 530C for 1 hour to renove

di stortion causddshpanmachi nrogerSubseguenidue cbnrastsudjidoted to a
25 bl ast treatnment under a pressure of 0.4 MPa and a feeding speed of
1.0 mmin wthceraming abrasivesyasiyatieos a basperéhbanadd amkat was

subjected to electroless Ni-P and Ni- 28 B platings. By this
process, a pl atB@SFRMELOBf T8 PRTE hi Al AP igadhy +ARFT RS2 pn) was

formed on the surface of .the co site. Each sanpl e of the, X

L e st con e Fe s e R Eh S b B es: (BFBRirefEer it

di agonal line h hi ni n e.t hi.ckness L um num | r..on e
o bl e e BeRd-A0d L0000 MEERS AndLU TATLL Aol

constant intervgl spal augrhhe QE%@%lddi@%m—%{iﬁi%ﬁ auerage Ldiskness

was cal cul ated. Further, a test 10 piece for ermal expansion

coefficient neasy eeRhy( 8niPkh8sdli 8Ly aH0 iMikoRgthaRda ard@sd not
pi ece for thermal conductivity neasurenent (11 mmin dianeter, 3 nmm

t hi ck) were pradiicaco EOpreatamsatp ex iy dfsigrgntiheseat eskt pi eces,

t he thermal expansion coefficient from25 to is 250C was neasured by
usi ng a thesnaldisgigasiion retler syunbace acingd edebypvBeirkie Fhstkumentss
Inc., TMA300) and the thermal conductivity at 25C was neasured by a

| aser flash nettisf quadot dceur édtey5 R gaku Cbepbhatkoenss L TENMB510B) .
Wth respect to the warped shape, using a 20 contour neasurenent

i nstrunent (martFEAEr éd By RrOKYeY SR MATRE @GIvEEPS. £ocBRt Bur cord
1600D- 22), the Wae:figegse&armu t

Berklo cm | ength and recess gegth gf
each sanpl e wer®" Fe@edTEBEERBeER IS T el £8° EBUFEREE, °Fi'ge 6
shows the marp%%xﬁ%%ﬁ%e gS%EEHE”Efr§§§!t£ fgtH%KanPLg &uggﬁééléfﬁﬁinum
cont our measurene I'nstrunent.
20 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
25 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



Aver age Range *2 Ex.1 210 7.3 40 30 42 5 Ex.2 210 7.4 210 60 110

10

15

20

25

23

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



10 Ex.3 210 7.5 400 75 175 15 Ex.4 210 7.3 180 55 105 10 *2:
Range=t he difference between the maxi numand the mninum5 *3:
War page anmount per 10 cmlength at the center in the |ong side

direction of ground surface (A surface) The al um num | ayer thickness
was neasured at non-
24

treatment. The thickness of Ni plating is preferably
from 1 to 20 nm. If the plating thickness is less than 1
um, pinholes may be formed in a part of the plated film,
or a soldering void (pore) may be formed at a time of

s soldering, which deteriorates heat dissipation property
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.



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
same manner as Exanple 1 except that 195 @g®of silicon carbide
particles C (manufactured by Pacific Rundum Co., Ltd.: NG 150,
average particF&E2F#ES 100 pn), 20 105 g of silicon carbide particles
B (nanufacturedfg #gkis ng Denko Co., Ltd.: GC 1000F, average
particle size: %ﬁ ©30 g of silica sol (nanufactured by Ni ssan

Cheni cal Industrle§1ﬂL§dof §Qg§@8 égﬁkﬁ haksy éﬁ%e

the Si C preform obtain surface grln |ng nmac

by using a gripdi @»gu%@csma&uﬂe@& OthQi am@dm thobride sanpla has
a thickness shown in Table 3, and the peripheral portion and holes

“ere machi ned tQ zRaveot hR) Sh@@egl@ﬂ'&@h%%nb%aibhﬂeFpgrtﬁchiﬁaLE 3
Thick -ness (mm) External dinension (mr) Shape

(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 .



Lam nation condition *1 Long side Short side A surface B surface
Ex.5 5.5 183 133 Shape shown in Fig.2 None
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TABLE 1
External )
, . \ Lamination
Thick dimension L
condition *1
-ness {mm) Shape
(mm) Long | Short A B
side gide surface | surface
Ex. 1| 5.45 | 183 133 |Shape shown) o o None
in Fig. 2
Ex. 2| 5.3 183 133 | Shape shown| oo o 1
in Fig. 2
Ex. 3| 5.1 183 133 | Shape shown)| o 2
in Fig. 2
Bx. 4| 5.1 183 133 | Shepe shown 1 1
in Fig. 2

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

The SiC preform obtained was put in an iron frame of
185x135x5.5 mm provided with a molten metal inlet port
through which a molten metal can be poured, and at this
time, for a S$iC preform of each of Examples 2, 3 and 4,
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
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



None Ex.6 5.3 183 133 Shape shown in Fig.2 None 1 * Lam nation
condition: The nunber of alumna fibers of 180 x 130 x 0.2 mm On one
surface (B surface) of the SiC preformio obtained in Exanple 6, an
al um na fiber (manufactured by Tanaka Seishi Co., purity: 97% of 180
x 130 x 0.2 mmwas provided, they were sandw ched by stainless plates
both surfaces of which were coated with c&"Mon, and they were

relimna heated at 600C i lectric f . 15 Sub tly,
Phey wer'e acouHlarbn FHC PR am nobsy S regs thoP 2Rl ng an
i nner di aneter _of | ten alum ] nt.aj nj %
of sili 1:on andtsr.ﬂgggr%%g%% b?anrrraggen'eqs'i 3#%2?%%&?%% ‘%g‘d bt%}hél;sq\?\lgrl g‘i‘ wees

pressur zed undepeappressiy e ale MOMRAL 0oL 10 20,0kt the

al um num al | oy I npr egnat Into the S reform ey were cool ed

to a roomtenperabyeg, Ahe SANdWLNiingG $h-ahbhese PARLES MWRIE Juemaved,
and SI C preform was anneal ed at a tenperature of 530C for 3 31 hours

to renove disteehpbaPacaHses by dope thoPs egdatd 0b ARt AiBLBRtion
al um num silicon carbi de conposite. One surface (A surface of

Tabl e 3) of theaakudi buntlse | imgarecqeatiictle conpbsaie abtaliuwechuvasilicon
ground to renove 0.5 mm by a surface grinding machine by using a

gri ndi ng st onecpubédef cdipe®iite. and as shown in Fig. 3, 8 through
holes of 7 mmin diameter and 3 or 4 countersinks 6_of 4 mmin,

di anmeter were fornéd thet RerpehrepheredrPert iodn thgndlvhenerreibfEience

of the conposite was machi ned to have a ,
carbide composite obtained, 8 through holes of 7 mm in

10 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

15 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

20 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

25 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-



i o di mension of 187 x 137 nm (corner portions were each R7 nm. Then,
in order to renove distortion caused by the nmachining, an annealing
treatnent was carried out in an electric furnace at a tenperature of
530C for 1 hour. Subsequently, the conposite was subjected to a bl ast
is treatment under a pressure of 0.4 MPa and a feeding speed of 1.0
mmn with alum na abrasive particles, tozbe cl eaned, and thereafter,
subjected to electroless NN-P and Ni -B platin%s, to_ forma_plating

| ayer of 8 pm BHPEICINGS P B BRiS RS gnPlafcethita¥aFfake® it he
20 conposite. Wth respect to the copposite obtained, an eval uation
was carried outPt#kt HE dand #ﬁhﬁeylégPEﬁdﬁM<¥aﬁ ﬁ%ﬁ&?& Ensﬁgﬁss?ﬁ ace
results. 32 TABLE 4 Thermal conductivity (WnK) Thernal expansion
co- efficient TpprK) ™A ayer thickness(pm) Warpage anount (Um)

*3 Recess depth (Fﬁlch sample of the aluminum-silicon carbide

5 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

10 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

15 250°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

20 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

25 by the contour measurement instrument.
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TABLE 2
Thermal Thermgl .Al layer
expansion! thickness (um) | Warpage | Recess
conduc-
. . co- amount depth
tivity o Range
(W /mK) efficient | Average A (pm) *3 {pm)
{(ppm/K)
Ex. 1 210 7.3 40 30 42 5
Ex. 2 210 7.4 210 60 110 10
Ex. 3 210 7.5 400 75 175 i5
Ex. 4 210 7.3 180 55 105 10

*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).

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.

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},
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

ground by a surface grinding machine by using a grinding




60 5 *2: Range=the difference between the maxi numand the mninmum5
*3: Warpage anmount per 10 cmlength at the center in the |ong side

direction of ground surface (A surface) The al um num | ayer
t hi ckness was neasured at non-ground surface (B surface). 10 EXAMPLE
7 An al um numsilicon carbide conposite was prepared in the sanme

manner as Exanple 5 except that the shape3® the SIC preformwas 190

x 140 x 5.3 mm One surface of the conppsite obtai ned was ground by a
surface grindi AgP18 REhi Me dd)?”\‘i’&%nﬁog'gaﬂn Ph gt BPgdé & lagﬁﬁ%%d

to remove 0.3 and t.hr ough _hal 3_0f. 7 mmin dianeter -and-4
count er si nks 6°6F"4 Hln%%bmael <L31!J’rf1=:ta(§?;gi \%%Fep%%%%ra}lnq rglg%r iaﬁﬁie?%}es
portion of the, conposife,oand il eCiheUnherencs: uas JRGh nedrbyia. 3.
wat er jet mach}qn?ng %% rRchi ne o t hat f%uglsdi menlsl on ogwt he gonrl)gsi te
became 187 x 13Znfwn §corner portions were each R7 mm (refer to Fig.
4). Then, in order to remve.distortion caused by the nmachining the
conposite was|subjeqgted to an%ﬁﬁé&_ﬁing treatnment injan el8gtddiGon
furnace at a t{enpergtiviekof 2BWIGCIor {1 hour. Subsequentlys: tdpe «irt
was subjectedjto a hl-astss | eat nénm)under| a pfesstire of 0.4 MPa and a
33 feeding speed of |1.(8mh mi howg t h Sklouni na abrasi ve partiXxles, soBas
to be cleaned| and was subj esci@s {osedlectrol ess N -PiandriMcedB: surface
platings. As & resullf,_a plating [ayer of sBap& ¢hdwk (N -P. 6{pm +
Ni-B: 2 pm) wad¥s Pormed op tiié syrfdde pfinhheigonpodit FPftn None
respect to the¢ compgsité€ optai ned] eval URELQPe asoW®@de 1 N t he |sane
nmanner as Exanpke %.| Tal el 5 8Rows tiRe resg}l?fsigTA@LE 5Nomger qal !
conductivity (WK '
* Lamination condition: The number of alumina fibers of
180 = 130 % 0.2 mm

\*2

On one surface (B surface) of the S5iC preform

10 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.

15 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

20 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
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hours to remove distortion caused by the impregnation, to
obtain an aluminum-silicon carbide composite.

One surface (A surface of Table 3) of the aluminum-
silicon carbide composite obtzined was ground to remove
0.5 mm by a surface grinding machine by using a grinding
stone 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
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
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
composite. With respect to the composite obtained, an
evaluation was carried out in the same manner as Example

1. Table 4 shows the results.



6 7 23 3 10 *2: Range.the difference between the maxi nrum and the

m ni nrum *3: WArpage anount per 10 cmlength at the center in the |ong
side direction of ground surface (A surface) The al um num | ayer

t hi ckness was nmeasured at non- is ground surface (B surface). EXAVPLE
8 An al um numsilicon carbide conposite was prepared in the sanme
manner as Exanple 5 except that the shape3@ 20 the Si C preformwas
190 x 140 x 5.3 _mm and holes were not formed. One surface of the
conposi te obtaFfB®whs ground by a surface grinding machi ne by using
a grinding stbne made_of di afhonHetwaY efovend. Bapwr and thereafiter, 8
through hol es; of 7 nﬂ?hﬁr®ﬁ%ﬂ3kﬁénﬁﬂﬁﬁ ftonerdeand (ihe |Arpage | Recess
circunference|of the EaﬁﬁW%T e Was- macfined softhat tfheagsbédet df depth
conposi te becane 187|W3FYnmn.keorngt: PRLL L QNS | I ®ac (g,ﬁ? A Dym)
using a water |jet na:h@HWﬁ@ TBEHLAec) 3ff (refer to*Fig.

Subsequent |y, %P a%nﬂalbf@ t1eatient, @ brast—iregtnent a g piatTay
treat ments were=€ar+ted fﬁ A tzéBSau n“Ech aaziéa Ic 3 %ﬁhﬁ————
respect to theﬁﬁbﬁﬁo;it% bt-ai-ned—eval-vat-on—was—frade—i-A—the-same—s
manner as Bxample 1, Tabl§ 5 $8008hRE LESMLS cnlABER 1 Bun 186 B,

conductivity minimum

5 *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).

10 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

15 machine by using 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

20 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

25 530°C for 1 hour. Subsequently, the it was subjected to

a blast treatment under a pressure of 0.4 MPa and a
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feeding speed of 1.0 m/min with alumina abrasive
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



7.2 57 25 3 *2: Range=the difference between the maxi rum and the

m ni mrum 10 *3: War page anount per 10 cmlength at the center in the

| ong side direction of ground surface (A surface) The al um num

| ayer thickness was neasured at non-ground surface (B surface). is
EXAMPLE 9 An al um numsilicon carbide conmposite was prepared in

t he sane manner as Exanple 5 except that t3fe shape of SiC preforn1mas

changed to 180 x 110 Xx (refer to Fi and ch|n
pLatingdtreatPéﬁFgeﬁeF% %ﬁgcé?rleﬁu%ﬁ?guﬁﬂéayTéEbg@P 89¢ tﬁ%%%??%?
obt ai ne eval ua s _made S d
Tabl e 7 shows fah%h‘?gg ’f%atmeﬁst 'Fldj@l?%ﬁﬁerﬁ%%%%?\t uc‘felr% tecfjf(r\?\%gK ue
Ther mal eXpansﬁgnthe same manner as Example 5. With respect to the

composite obtained, evaluation was made in the same

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

TABLE 6
Thermal Therm§1 .Al layer
expansion | thickness (um) |Warpage | Recess
conduc-
. co- amount | depth
tivity . Range
efficient | Average (pm) *3 {um)
(W/mK) *2
(opm/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.
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TABLE 7
Thermal Thermél _Al layer
conduc- expansion| thickness (um) |Warpage | Recess
L vi co- amount | depth
tivity C . Range
efficient | Average (pm) *3 (1am)
(W/!TIK) *9
{ppm/K)
Ex. 9 210 7.2 7 8 57 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 10

In order to impart a warpage to the aluminum-silicon
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
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
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
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




7 8 27 5 *2: Range=the difference between the maxi num and the
m ni mum 5 *3: WArpage anount per 10 cmlength at the center in the

| ong 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 inpart a warpage to the alum numsilicon

carbide conposite of Exanple 1 after form3%g holes, cutting a portion
corresponding to nplten netal inlet and surface nEchiningf concave

and convex nol d&5¥hte e M TRAIF0RTIRECNBFT nil &% JEnMagy At cEm-

havi ng a curva%géﬁ %ﬁd%#s of 10,000 nm were prepared. The concave and
convex nol ds Btfached to a hot press machi ne, and heated so that

the surface tenperghyre,ploLhe, mlyls HeGanen3106; cdhe. s0mesi te vas

di sposed between t 20 concave and convex nolds and was pressed at a

pressure of 40.KR3.s e tdf SeldfPe 8 LRELPDEQURL & WRSL LONTARLQGL @ @
side face of the conposite to neasure the tenperature. The conposite

was pressedsf opodt MbAUESSrdSNdiie RO Rbstwhenetde iermer atds erotintihe
conposite becane 500C, and 25 then, the pressure was released and it

was natural |y pgokedathi DOy IMyrFageyolusihg &ogvexdime esisirde miagieouvid
surface) of the conposite obtained was neasured, and as a 36 result,
t he war page anduatiopér idfo can ¢@mgizh swars at40hawmi nEXAMRALE At Gnegradius
surface of the alum numsilicon carbide conposite of Exanple 1 after
f ormi ng h0|es,oéuﬂ§pﬁ@0amm. Subsequently, in order to remove
distortion caused by the machining, it was subjected to
10 an annealing treatment in an electric furnace at a
temperature of 530°C for 1 hour. A warpage of a convex
gurface side (ground surface}! of the composite obtained
was measured, and as a result, the warpage amount per 10
cm length was 120 jpm.
15
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.



5 portion corresponding to nolten netal inlet, was ground by a

machi ning center by using a grinding stone made of dianond into a
convex surface having a curvature radius of 15,000 mm Subsequently,
in order to renove distortion caused by the machining, it was
subjected to 10 an annealing treatnent in an electric furnace at a
tenperature of 530C for 1 hour. A warpage3df a convex surface side
(ground surface) of the conposite obtained was neasured, and as a
result, the warpage amount per 10 cm | érgtit!Svas 120 um 15 | NDUSTRI AL
APPLI CABI LI TY The al um numsijlicon carbide cgnposite ofdkggﬁgresent

i nvention has 3uch®cRaF&cPE?FStiTs RWEE FoRle: COPRF Hat nsi on
and high ther m&.ui?logdrlnjgézl,]\.qéé/ caa% 'tcﬂu%oﬁgogtté Stl’ijastabn!% aa%l%tb%égte—
dare: o It 8¢t

pl ate for pome? no he entire closure of Japanese”Pat ént

l'i cati on No - 475 fi r ” ' i
ki “GFEPE. PEAL IS0 la bl ORIy

speci fication,

by referencg ipecihs €9t Eldng ShnGrAMEs fheAndasecdhdiedor spanen

nodul e, conprising an alum numsilicon carbide conposite that is a
flat plate-shapedmshhihCoayEardde qORoWe tad¥ohtPLePnatLhiniiduh asSthe
metal containing alumnum as the main conponent, and an al um num

| ayer made of aafmt abmponémt nidrgnead umliyuenasne hef nehe woirgoperit planes
formed only on one of the principal planes of the conposite, wherein
a rear surfaceofiethg theposthes. offenfime meppatupfapesbaing Hdie other
alum numsilicon carbide io conposite is exposed to the outside, and
the shape of tkaeegpoBEtnalp®d MAARY ifokheapbraenednpbsi s jerpide
rectangle or a rectangle_fron1mhi

{he, per | pRer aC-EPELER bF STRATRAGS 5= PHESDAEe. Brat BV i Attt che
base i ate. confrPEBETa KT AR TS KO AHAG APURSROR ALe tha SraRaLe
ﬁggf“ggtni aﬂ]i %rcglr@%k&ﬁ??é Eﬁ&f’?‘f@rﬁéﬂ gb%rr’tigﬁéaghgogﬁéé%]ﬁlx%%cﬁ% 4n
g alum nuntas the naln conponent. 2 . The Dbase plate
for power nodul.g.a¢e@fidhBgalOp&l@idR are removed.
2. The base plate for power module according to Claim
15 1, wherein the peripheral portion of the base plate
comprises a metal layer containing aluminum as the main
component, or a composite of ceramic fiber, ceramic
particles and a metal containing aluminum as the main
component.
20 3. The base plate for power module according to Claim
2, wherein the peripheral portion of the base plate
comprises a metal layer containing aluminum as the main
component, or a composite of ceramic fiber, ceramic
particles and a metal containing aluminum as the main
25 component, and holes are provided in the peripheral

portion of the base plate.

4. The base plate for power module according to Claim



2, wherein the peripheral portion of the base plate conprises a netal
| ayer containing alum num as the main conponent, or a conposite of
ceramc fiber, ceramc particles and a netal containing alum num as
the main 25 conponent, and hol es are provisded in the peripheral
portion of the base plate. 4. The base plate for power nodule
accordi ng to O aiwher3gr thshedamanvhes il i uuadiildecsamearbrdels
conposite is exposed in the peripheral portion of the base plate. 5.
The base pl at e=¥RISgbvier Thsd Bes 1aEE6R Yi PRF Y P™RF 6RE 6B Bi1AES1 to
4, wherein the vvarJfoage of the rear surface i(? fromO taQ 200 pm per 10
cmlength. 6.5 The B &' Hor OFoRhBY ol el @ AT NS 5CaRyY oRBS
of Claims 1 to 5, Wwherein the depth of recess in the rear surface-ls
at nmost 50 pm of Claimg, d btfsg pf‘“@?ge%’%rt}b WS RRSFUIPE &880F Fﬁggf%f%l%?/
one 10 of d ains 0 6, el e j,ckness of the

Yor Tstretd 4 ¢ WooTohEE B R

al um num | ayer Ts from e plate for power

nmodul e accordipg t @ﬂﬁééﬁ“bfgtéQf@r”Eo&eEOmgdu?@eiéﬂékéﬂﬂé AVERGC one
t hi ckness of the alum numlayer is from1l to 100 pm andthe

di fference 15 petweemd he 4808, MyRet-BE 6KABS Sa&ich B Miravadhiieknaes rebr
the alum numlayer is at nost 80 pm 9. The base plate for power
nodul e accor di 8grfecanys e nefstClsai pm.1 to 8, which has a thernal
conductivity of at least 180 WnK and a thermal expansion coefficient
of at 20 nost 10x10ré/kasd(pldthe fhaseopeat soflole poverrdipdulte any one
according to any one of Clains 1 to 9, wherein the alum numsilicon
car bi de conpospfeCiaims cuced byheritiightpe egseragd driyigkganst védd thell.
A heat dissipation device conprising the base plate 25 for power

nodul e as defi AtURiHIBNAYe 6T f@°% AstP FBO1®™ - a Ni filmof from1

to 20 pmthick forned on the base plate for power nodule by a
Ni - pl altoi ng treftmehts %ﬁﬂeapjc%?%rﬁ% KW &Pgu 8raﬁ%%’ﬁch3r%ytao any one

sem conduct or, bopgded to the basg plate.gn Woiehod ng, NixdddMdes che

f or ned.

aluminum layer is from 1 to 100 um, and the difference
15 between the maximum thickness and minimum thickness of
the aluminum layer is at most 80 um.
9. The basge plate for power module according to any one
of Claims 1 to 8, which has a thermal conductivity of at
least 180 W/mK and a thermal expansion ccefficient of at
20 most 10x107%/K.
10. The base plate for power module according to any one
of Claims 1 to 9, wherein the aluminum-silicon carbide
composite is produced by a high-pressure forging method.
11. A heat dissipation device comprising the base plate
25 for power module as defined in any one of Claims 1 to 10,
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 base plate on which the Ni film is formed.



