DESCRI PTI ON ALUM NUM S| LI CON CARBI DE COVPCSI TE AND HEAT RADI ATI ON DEVI CE
EMPLQYI NG THE SAME 5 TECHNI CAL FI ELD The present invention relates to an
al um num silicon carbide conposite suitable as a base plate for power
nodul e and a heat radiati on conmponent enpl oying the sane. 10 BACKGROUND ART
In recent years, along with progress of high- integration and downsi zi ng of
sem conduct or chi ps, heat generation anmourmt of such sem conductor chip
sinply is increases, and efficient dissipation of such heat has becone a
problemto be solved. For this purpod¥ESEGSIETI@ rcuit substrate for power
nodul e, a circuit substrate is used, which conprises a ceram c substrate
such as an alumnumnitride substrate or a silicon nitride substrate 20
havi ng hi gh insulation property and high thermal conductivity, and a netal
circuit made of MIPPEFUMTSILAIGON IARE IEONROS HEE CANRNEEATE URBP AT EON A
typi cal heat radiation structure of conventional <circuit substrate is that
a base plate is soldered to aDEMEGERAMBLOHYING THeaPAMRBdi ati on surface) of a
circuit substrate via a netal plate such as a copper plate, and such a base
plate is nade of copper. However, in this 2 structure, there has been a
probl em that when a heat load is applied to a sem conductor device, a crack
of sol der | ay@ECHNIECAL) KIRLIYi ff erence of thermal expansion coefficient
bet ween the base plate and the circuit
The present invention relates to an aluminum-silicon
carbide composite suitable as a base plate for power
module and a heat radiation component employing the same.
10
BACKGROUND ART
In recent years, along with progress of high-
integration and downsizing of semiconductor chips, heat
generation amount of such semiconductor chip simply
15 increases, and efficient dissipation 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 substrate or a silicon nitride substrate
20 having high insulation property and high thermal
conductivity, and a metal circuit made of copper or
aluminum formed on the ceramic substrate.
A typical heat radiation structure of conventional
circuit substrate is that a base plate is soldered to a
25 rear surface (heat radiation surface) of a circuit

substrate via a metal plate such as a copper plate, and

such a base plate is made of copper. However, in this



S substrate occurs, and as a result, heat radiation becones insufficient to
cause mal function or destruction of a sem conductor chip. To cope with such
a problem an alum numalloy- silicon carbide conposite is proposed, which
has a 10 thernal expansion coefficient close to that of a circuit substrate
(Patent Docunent 1). Patent Docunent 1: JP-A-3-509860 A base plate is used
as it is joined wwth a heat- dissipation fixn in nost cases, and the shape
and bow of 15 the joined portion are also inportant properties. For

exanpl e, when s&migsains atthare heisndean teh rrdrdam dilszt peheomre fheat ybeadly a
heat - di ssi pation grease having high thermal conductivity is applied to
portions to bds jarplded & & easmdchar ideviceed a cragk af heatdeop

di ssipation fin or a heat-dissipation unit by screws through holes provided
in the periphdeaermpeius &9 dhe 1ve ffinrangs afe thewRalrexpansaery fine
irregularities are present on the base plate, a gap is forned between the
base pl ate angosid ilgdgntdibediwean e inpsamlabemnd Hheoceatiti ssi pation
grease having high thermal conductivity is applied, thermal conductivity is
si gni fi candl y SUpStI@dSe PCAY S radxliias & HeaiHas Irath radiabiem beaemas heat
radi ation property of entire nodule constituted by the ceramc circuit
substrate, thdnsaddigliand Hd qFese Rekiunasipatebrisstruetionjef a
significantly decreased. To cope with this problem in order to reduce such
a 5 gap bet wEENHIEBELOD|K® and the heat-dissipation fin as nmuch as

possi ble, a base plate forned to have a convex bow in advance is used. This
bow i s Obtainabler%% cope with such a problem, an aluminum alloy-

silicon carbide composite is proposed, which has a

10 thermal expansion coefficient close to that of a circuit

substrate (Patent Document 1).

Patent Document 1: JP-A-3-509860

A base plate is used as it is joined with a heat-
dissipation fin in most cases, and the shape and bow of

15 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
high thermal conductivity is applied to portions to be
joined, and the base plate is fixed to e.g. a heat-

20 dissipation fin or a heat-dissipation unit by screws
through holes provided in the peripheral portion of the
base plate. However, if many fine irregularities are
present on the base plate, a gap is formed between the
base plate and the heat-dissipation fin, and even if a

25 heat-dissipation grease having high thermal conductivity
is applied, thermal conductivity is significantly

decreased. As a result, there has been a problem that



applying a pressure to the base plate as it is heated, by wusing a jig
‘having a predeterm ned shape. However, when 10 the base plate surface is
wavy, there has been a problem that the bow shape and its quality are not
consistent. Further, due to the variation of bow shape or surface
irregularities, there has been a problemthat a large gap is still forned
bet ween the base plate and the heat 15 dissipation fin. There is a nethod of
form ng a bow by machining the base plate surface. However, in this nethod,
since the al heRfumASiiRtdoR PaORICFE YeOfpEsitigs sadulsemansthidreted by
significant ampunt of grinding by a tool such_as a 20 dianond is required,
and there has th€eFeX3prLehICercidt subssr@dst ithenikase Rl aldt a4 Hd*@bove
problem a nmethod is proposed, in which a flat silicon carbide porous body
is infiltratedeaki-Gissipetdercditai §itrg diumitimidscante hddsr eagfhent, 25
an alum num al |l oy | ayer made of a netal contajning_alum numas the main
cormponent i s for me® GPREaCH Y ithirs PLARIRN, & RFRERI kR FREMEE I ®YRaFer in
the heat radiation 4 side_is _nechanically fabricated. However, in a case of
produci ng 2 b&8® pedvechy thesbiFe hletredivh thandaat ddresiPaii@achiBur f ace
of alumnumalloy |ayer after .the machining of the base s plate is thick.
For this reas@¥ " BfePRESIEFand GRS icifimed Ghd bR e pFaRee* t sel f
i ncreases, ang)aV\hen it is saqldered vvitPl,a éeram'c gi r gui su%strate at a
time of assef®¥ Ag APEREE dFdNsEd t hdPdShRSWhdEn CRteIBE MY a gap is

formed on a heat wadialion plane that, 10 corr espands, 1o, a rear, sprfacg, of

using a jig having a predetermined shape. However, when
10 the base plate surface is wavy, there has been a problem
that the bow shape and its quality are not consistent.
Further, due to the variation of bow shape or surface
irregularities, there has been a problem that a large gap
is still formed between the base plate and the heat-
15 dissipation fin.

There is a method of forming a bow by machining the
base plate surface. However, in this method, since the
aluminum-silicon carbide composite is extremely hard,
significant amount of grinding by a tool such as a

20 diamond is required, and there has been a problem that
its cost is high.

To solve the above problem, a method is proposed, in
which a flat silicon carbide porous body is infiltrated
with a metal containing aluminum as the main component,

25 an aluminum alloy layer made of a metal containing
aluminum as the main component is formed on each primary

plane, and the aluminum alloy layer in the heat radiation



substrate. Further, in this nmethod, since it is necessary to control the
thickness of the alum numalloy |layer on each prinmary plane to have uniform
t hi ckness and not to nake 1s the alum numsilicon carbide conposite exposed
to the outside, there has been a problemthat high degree of fabrication
technique is required. DI SCLOSURE OF THE | NVENTI ON 20 PROBLEMS TO BE SOLVED
BY THE | NVENTI ON The present invention has 4een nmade considering the above
circunstances, and it is an object of the present invention to provide an
al umi num si | i éddecarsbimprhaguineddivt £ahriitcaiiiad as a base plate for power
modul e. 25 MEANS FOR SOLVI NG THE PROBLEMS The present inventors have
conduct ed ext ensi FOWBVext udiles? iR e vrediec Hipve bdfecPlabadbds a resul t,
they have discovered that in an alum numsilicon carbide conposite that is
a flat silicomsd@adbitde parshrbodihe infidkneaedhicearh sextace et ei nafter
referred to as_s alum num al |l oy) containing alumnumas the main conponent,
form ng of al @HWIRURPIOHWERY ST afife dhsamchkinisyg ort bokd brsemry pl anes
inparts plating capability to the conposite and_enables to control
t hi ckness 5di & de ithide eforr §higr rgaecns tthe Hher@adh R ¥l | i con
car bi de porous body, and optim zation of piling  nmethod at the tinme of
infiltration &esfifdsciantedif ridie nse thiaieedsial bf iR | 3@reheR bot h
principal planes  and their_variations, to thereby control the bowed shape,
to conpl ete tH&E priesEhidgyfititdn.a ceramic circuit substrate at a time
of assembling a power module, there has been a case where
a gap is formed on a heat radiation plane that
10 corresponds to a rear surface of the ceramic circuit
substrate.
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
15 the aluminum-silicon carbide composite exposed to the
outside, there has been a problem that high degree of

fabrication technique is required.

DISCLOSURE OF THE INVENTION

20 PROBLEMS TO BE SOLVED BY THE INVENTION

The present invention has been made considering the

above circumstances, and it is an object of the present
invention to provide an aluminum-silicon carbide
composite suitable as a base plate for power module.

25
MEANS FOR SOLVING THE PROBLEMS

The present inventors have conducted extensive



15 Nanely, the present invention provides a base plate for power nodul e,
.conprising an alum numsilicon carbide conposite and alum num | ayers nade
of a netal containing alumnumas the main conmponent formed on respective
princi pal planes of the alum numsilicon carbide 20 conposite, wherein the
al um num silicon carbide conposite is produced by formng or fabricating a
flat plate-shaped silicon carbide porous IBody to have a thickness
difference of at nost 100 umin the entire porous bod and piling such

por ous bodi es s&8diRsy ter acieNes &hGniddreE 2hilssttednhidsd-d ele¥slithg pl ates
so that the fastening torque in the plane direction beconmes from1 to 20
Nm and i nfi thext hagea dhscarvegsst &hfitndRalainma iR a1 i P 6215 nent
into the silicon carbide_ porous bodies, wherein the alum num |l ayers each has
an average tKPERRSISofthRtofhs1@ tfdat56 idhcahEaditids aRewetRRSn the

maxi mum t hi ckness _and the m ni mum thickness of the 5 alum numlayer in each
princi pal pl ad@fiid txategswigh gnmetadd hise edinatfdiean &8 IFstRE i 2v2F age

t hi cknesses of _.the aluninumlayers on the respective principal planes is at
most 50 pny aRdURREMNE ARy ) sIFE5E S ik adiumideit & itk Mgt ous body i s

rectangle or a rectangle from whic O peripheral portjons enconpassin
hol es are remSVERO Rt t‘f@rrf“lﬁ‘t%.opgr‘léi]é’r‘fﬁq re]"ri‘lyi el d:éfs Fhe? vd8EIPI at e
Pt ough ol o ¥t KB BERHRETIE=T0 AR JEHTS D & Lt Coitpr | ses a
el e R s Sl U e LD SRt 0L & composi (e ol
the present i %%@gf%%c%rQ¥j%%% %m%ire surface of the plate-shaped
10 silicon carbide porous body, and optimization of piling
method at the time of infiltration enables to control the
thicknesses of aluminum layers on both principal planes
and their variations, to thereby control the bowed shape,
to complete the present invention.
15 Namely, the present invention provides a base plate
for power module, comprising an aluminum-silicon carbide
composite and aluminum layers made of a metal containing
aluminum as the main component formed on respective
principal planes of the aluminum-silicon carbide
20 composite, wherein the aluminum-silicon carbide composite
is produced by forming or fabricating a flat plate-shaped
silicon carbide porous body to have a thickness
difference of at most 100 um in the entire porous body
and piling such porous bodies as they are each sandwiched
25 between mold-releasing plates so that the fastening

torque in the plane direction becomes from 1 to 20 Nm,

and infiltrating a metal containing aluminum as the main



base plate for power nodule, wherein the alunm numsilicon carbide conposite
is exposed in the peripheral portion of 20 the base plate. Further, the
present invention provides the base plate for power nodule, wherein the bow
of the alum num silicon carbide conmposite is fromO to 200 pm per 10 cm

| ength and the depth of gap is at nost 50 pm which is 25 produced by
subjecting the alum numsilicon carbide cdohposite to a heating treatnent of
at from450 to 550C for at |east 30 seconds under a stress of at |east 10
Pa, 7 the pr&sEROTENerititeh B0 \E deCAah e R IRRECYDPYERT . nodul e,
wherein the alum numsilicon carbide conposite has a thermal conductivity
of at |east 180 WWACHSHR &£he reliminwk phideoh ederfRRPePl BYCHEIRDSt 9X10-6
K at 5 150C, and _the base plate for power nodul e, wherein the change of
bow anount of HHEkRESS rﬂfatff,rC?“s R 5Rst5 Boym thrdib @FeReR R HRRR t he
base plate is subjected to 10 cycles of heat cycle in which the base plate
i s maint ai ned t&e IOETE Mol Gt Snthd Martidmym cobt gredd ehdeRea room
tenperature. Fuyrther, the present invention provides the base plate for

power nodufe, AWEHEAUYR RSl iR RARSIBY Y Phrbt 3RS cbipdti TSt s8PrdBuced by

Attt on oG SIS e ThEar R, URbTEr ot P e, TBeN 111 m
of from1l to é&t mthick formed on the base. plate, for fme nodul e by a
N -plating tr um LGVETS 0 e XGERTT 1B (DT RO L oL &R SNt oAtuct or |

bonded to the base £ e UhdMidrd e Me TIhdnd %ot OlfB%1120n carbide

porous body is rectangle or a rectangle from which
10 peripheral portions encompassing holes are removed.

Further, the present invention provides the base
plate for power module, wherein the principal planes, the
peripheries of the through holes and the peripheral
portion of the base plate each comprises a metal layer

15 containing aluminum as the main component, or a composite
of ceramic fiber and a metal containing aluminum as the
main component, and the present invention provides the
base plate for power module, wherein the aluminum-silicon
carbide composite is exposed in the peripheral portion of

20 the base plate.

Further, the present invention provides the base
plate for power module, wherein the bow of the aluminum-
silicon carbide composite is from 0 to 200 pum per 10 cm
length and the depth of gap is at most 50 pm, which is

25 produced by subjecting the aluminum-silicon carbide
composite to a heating treatment of at from 450 to 550°C

for at least 30 seconds under a stress of at least 10 Pa,



EFFECTS OF THE | NVENTI ON The al um numsilicon carbi de conposite of the
present invention has characteristics that it has |low thernmal expansion and
hi gh thermal conductivity. 25 Further, by providing thin and uniform

alum num | ayers on both principal planes of a flat plate-shaped

alum numsilicon carbide conposite, it becones possible 8 to inpart plating
capability and to significantly inprove fl7atnesses of principal planes that
function as heat radiation planes. For this reason, as conpared with
conventional fREh®FeFEMBoWIVENHIRR HesiRfodihe Pafetp R Eadi @F i BPWYF operty
after it is soldered with a ceramic circuit substrate js inproved, and
thus, it is sticdaBiee wheredimpide F L 1B sicdGomhotiRlid rcomers iy

sem conductor chips requiring particularly high reliability. 10 BRI EF
DESCRI PTI ON OhafHE BREWNES dargluctiva tst Qfctalr dieaste &% Witk &d nim si | i con
carbi de conposite for base plate in an enbodi nent of the @gesent i nvention.

is Fig. 2. A &hes@edr s¥PArSH T car i ifdeiimad 13t diprsteatnt Ye/Korposite for

base plate in an enbodi ment of the_ present invention. Fig. 3: A structural
vi ew of an5al d%0ntm anfi £bg bagebPdateokpssPewefomogade pwiter §im drhe
enbodi nent of the 20 present invention. Fig. 4: A structural view of an

al umi num si | i CERNIEaHi RO FRBELT €T T HRIFHIREA S nt At iRt 2Rt ¥Bf t he

present invention. : ,
per 10 cm length when the base plate is subjected to 10

cycles of heat cycle in which the base plate is
maintained at 350°C for 10 minutes and naturally cooled
10 under a room temperature.

Further, the present invention provides the base
plate for power module, wherein the aluminum-silicon
carbide composite is produced by a squeeze casting
method, and the present invention provides a heat

15 radiation component 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 base plate on which the Ni film is formed.

20
EFFECTS OF THE INVENTION

The aluminum-silicon carbide composite of the
present invention has characteristics that it has low
thermal expansion and high thermal conductivity.

25 Further, by providing thin and uniform aluminum
layers on both principal planes of a flat plate-shaped

aluminum-silicon carbide composite, it becomes possible



Fig. 5: A structural view of an alum numsilicon 25 carbide conposite for
base plate in an enbodi nent of the present invention. Fig. 6: Measurenent
result of bowed shape by a 9 profile neasurenent tool of Exanple 1
EXPLANATI ON OF NUMERALS (a): Alum numsilicon carbide conposite 5 (b):
Alum num all oy (c): Through hole of 07 mm (d): Surface alum num alloy |ayer
(e): Alum numsilicon carbide conposite (fg: Countersink of t10-4 nm 10
(9): Alumi numsilicon carbide conposite (h): Threaded hole of M4 nm BEST
MODE FOR CARR¥PNGMOET tTHE atNvENTRORDTRL tye el & cofs igroduid ans Het Hipeeveani ¢
conposite are _is roughly categorized into two types that are infiltration
nmet hods and pékasnessesl iofr gy imstiped. PAswmes tthede funaftigin @ digat conposi tes
havi ng sufficient property in e.g. thermal conduction coefficient are not
obt ai ned by pefdetiest aliapegy nBPRoHBISakB2EGRMERE SPMpPazes MWatste 20

nmet al -ceram ¢ conposites _are produced by infiltration nethods. There are
nmany types of CORVERtAQNAgN M &t beyi g Nt CHPH TSI et
infiltration under a normal pressure and nethads of carrying out |,
infiltrati®n r@déti®thPHPPSEeysdid s difedse SAMGHRS tBitHbP CerRukeze 25
casting nethods are categorized into squeeze casting nethods and die cast
net hods. The Féf5dd ts Fubahrateol st HERHYSSht ansy éftion its s 1gnitable

for a base plate for power module for mounting

semiconductor chips requiring particularly high

reliability.
10
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1: A structural view of an aluminum-silicon
carbide composite for base plate in an embodiment of the
present invention.
15 Fig. 2: A structural view of an aluminum-silicon

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

Fig. 3: A structural view of an aluminum-silicon
carbide composite for base plate in an embodiment of the

20 present invention.

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

Fig. 5: A structural view of an aluminum-silicon

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

Fig. 6: Measurement result of bowed shape by a



squeeze casting nmethod of carrying out infiltration under a high pressure,
and both of squeeze casting nethod and die cast nmethod can be used but
squeeze casting nethod is preferred. A nolten netal forging nmethod anong
squeeze 5 casting nmethods is a method of putting a ceram c porous body
(hereinafter referred to as preform) in a high- pressure container, and
maki ng nmolten alum numalloy be infiltrated into the preform under high
tenperature and _high pressure environnment to obtain a conposite. 10 Now, an
exanpl e of mePKOdifler MeAGRIEMeEt feotetod] EX@@idifi ¢l conposite of the present
invention by using a squeeze casting nethod is described. A silicon carbide
powder (a binder such as a silica is added as the case requires) as a raw
material is forned and sintered to 15 produce a preform In the present

i nvention, i nESPEENATION HEMNIRERAYR num | ayer having a uni form
predeterm ned thickness, it is preferred to formthe preformso as to have
a thi ckness vari atf@dn of*’lé.‘f“lﬁblg‘t‘sfgécﬁ’ﬁl c g’f%tﬂ%?‘P 1%%st 30 umin the
entire plane, or tgQ fabricate a 2Q_sintered product to have such thickness
variation. >\Wen t%HR t hAKREEE™, 2119 on of the preformin the entire plane
exceeds 100 pm the thic%gess v?%Jatg%n of surface alum numlayers of an

al uni num si | i con c&bi déPeongdsiede bt &/n8F becones | arge, such being not

preferred. 25 Preforns are piled_ up.as th are each sandw ched between
mol d-r el easi ng pl a(tC{e)s: cSREEFCS P U P &ﬁéﬁ ﬁxj‘yezfgent s, to forma bl ock.

At the time of stacking_ 11 .prefor, to form.,a block, the preforns are piled
up as they are ed%b‘sa ﬁ%ﬁfﬁéﬁ@é@ﬁ ﬁﬁﬁ?ﬁaﬁeﬁ%ﬂﬁﬂf Qtes so that the
fasteni ng torque |(q_:)t:heC%Iu%r%%rdslirnictolfoI&)l%e_%or[rnlrans

10 (g) : Aluminum-silicon carbide composite

(h): Threaded hole of M4 mm

BEST MODE FOR CARRYING OUT THE INVENTION
The methods of producing metal-ceramic composite are
15 roughly categorized into two types that are infiltration
methods and powder metallurgy method. Among these,
metal-ceramic composites having sufficient property in
e.g. thermal conduction coefficient are not obtained by
powder metallurgy methods, and commercially available
20 metal-ceramic composites are produced by infiltration
methods. There are many types of infiltration methods
including methods of carrying out infiltration under a
normal pressure and methods of carrying out infiltration
under a high pressure (squeeze casting method). Squeeze
25 casting methods are categorized into squeeze casting
methods and die cast methods.

The method suitable for the present invention is a



from1l to 20 Nm preferably from2 to 10 Nm The method 5 of stacking is not
particularly limted, and for exanple, there is a nethod of stacking
preforns as they are sandw ched between nol d-rel easi ng pl at es nmade of
stainless steel coated with a nold-rel easing agent, and thereafter,

di sposi ng plates made of iron on both sides, 10 connecting these iron plates
with bolts and fastening themw th a predeterm ned fastening torque to form
a block. Proper fastening torque in the plane direction_changes depending
on the strengBAUEEZEr ERSEANPoMBENGSe@f ClFI Videh AWte idSitldmiatg aror ¥s
less than 1 Nm _is_thickness of the surface alum num|ayer on the al um num
silicon carbi @ehdehpBILEEUFEY aifthed DR iOfc FsISE Zze0casid NG meidird and

di fference may becone too large. On the other hand, when the fastening

t orque exceed8i2OCRFL MRENOH CRAedS SEhEWUEHEEZE FRTIRT MrFheh the

al um num 20 silicon carbide conposite_obtained may becone locally too

thin, and thepéﬁéﬁFﬁGﬁvsiﬁi%%%t%ﬁr%?Hélcgﬁﬁaépﬂemﬁ§9°§eamB&BtﬁﬁPﬁFZ§Xposed
to the outside in the subsequent surface treatnment such as pretreatnent for
pl ating, ahd c@&iedneycbleds i8ch PebBrPenit REELANGt An§eramist PogiOWEd 25
on such a portion or the adhesiveness of plating decreases. _Further, there
is also a met ReGYorlhgrspdaiths s ek res Yo SdudEe T aiim iy Btk na or
silica as the main conponent and containing from5 to 40 nass% of fibers on

bot h surfaces PSFSERER ﬁPé‘FS‘llﬁﬁe_rand‘ FEIRG SRt S5y é‘fld‘r‘wu“ésa_‘]t]t@y%ﬁ e each
sand ched betugen ol d oheaviia SRlaes, and theeaticr, i spesing iror

high pressure environment to obtain a composite.

10 Now, an example of method for producing the metal-
ceramic composite of the present invention by using a
squeeze casting method is described. A silicon carbide
powder (a binder such as a silica is added as the case
requires) as a raw material is formed and sintered to

15 produce a preform. In the present invention, in order to
form an aluminum layer having a uniform predetermined
thickness, it is preferred to form the preform so as to
have a thickness variation of at most 100 um, preferably
at most 30 um in the entire plane, or to fabricate a

20 sintered product to have such thickness variation. When
the thickness variation of the preform in the entire
plane exceeds 100 um, the thickness variation of surface
aluminum layers of an aluminum-silicon carbide composite
obtained becomes large, such being not preferred.

25 Preforms are piled up as they are each sandwiched
between mold-releasing plates coated with mold-releasing

agents, to form a block. At the time of stacking



fastening themw th a predeterm ned fastening torque to forma block. By
prelimmnarily disposing such formed products, there are such nerits that

al umi num | ayers of 10 predeterm ned thickness can be forned and the

t hi ckness of surface alum num |l ayers can be controlled. Wen the content
of fibers containing alumna or silica as the nmain conponent is less than 5
mass% in the formed product, control of the thickness of the al um num

| ayers is on both principal planes after infiltration may becone difficult.
On the ot her Rardorwmiselct HOri Beblosht efthe dredermtGumgsilahaimras or m may
be destroyed bﬁ pressure at the time of infiltration. Then, one or two or
nmor e pi eces ofheleazigoradhl carsiwizhedhdetaleen malidrinedga s il afteabaut
from500 to 750C are disposed in a high pressure container, nolten

al um num al | ofhiag pder @ sitend noh & ogeivtsa ime it hes RNk |4 rect isgs et ene
prevent tenperature drop of the bl ocks, they are pressurized at a pressure
of 30 MPa or #EE® dotchd0 2.t paedienadymigiamwy? ite i1 iNm r affbge metdqsbres in
the preforms, whereby alum numsilicon _carbide conposites each provided

wi t h al um humPfapérskdmadbdich nett PaLreap a3 1yplldmbs edyr asbtipmnearamele, for
t he purpose of renoving residual stress fornmed at the tine of infiltration,
an anneal i ngtheast rent rethpd off istackiew efiRuns@p fde@%¢ ed out. 5
The aluminumalloy in the alum numsijilicon carbide conposite of the present
i nventi on, préﬁ@ﬂéﬂF@eﬁa?Q§WQﬁﬁ M550 §56 19 RLFhech B dkible to be

sufficiently penetrated into pores in the preformat the tine of

infiltration. SA&8JEFSaft@UniGAdRes MoyFR an maldinfkfasing agent, and

thereafter, disposing plates made of iron on both sides,

10 connecting these iron plates with bolts and fastening
them with a predetermined fastening torque to form a
block. Proper fastening torque in the plane direction
changes depending on the strength of preform to be used,
but when the fastening torque is less than 1 Nm,

15 thickness of the surface aluminum layer on the aluminum-
silicon carbide composite obtained may increase, or the
thickness difference may become too large. On the other
hand, when the fastening torque exceeds 20 Nm, the
thickness of the surface aluminum layer on the aluminum-

20 silicon carbide composite obtained may become locally too
thin, and the aluminum-silicon carbide composite may be
partially exposed to the outside in the subsequent
surface treatment such as pretreatment for plating, and
there may occur such problems that plating is not formed

25 on such a portion or the adhesiveness of plating
decreases.

Further, there is also a method of disposing formed



10 alloy containing from7 to 25 nmass% of silicon may, for exanple, be
mentioned. The alum numalloy preferably further contains nmagnesi um since
it strengthen bond between silicon carbide particles and netal portions.
There is no limtation as to netal conponents other is alumnum silicon and
magnesiumin the alumnumalloy so long as its property does not extrenely
change, and for exanple, it may contain elyy. copper. The annealing
treatnment for the purpose of renoving residual stress at a time of
infiltrating PEHedyCEs somtaimizg &lUNHNng He Prldfr ms itheriedirably carri ed
out at a tenperature of from400 to 550C, particularly preferably from 500
to 550C, for &empeasntlendg gendaining fgomdd i4fy Magieral uf8Pe%s |@3s t han
400C, the residual stress in the conposite is not sufficiently rel eased,

and 25 the boWosh shefesesositt €ardy Riiedsalangd dEi@rRfelng T¢eh pegforms

treatnment after a_machining process.. On the other hand, if the annealing

t enper at ure eR€eédSYSBEE, IFd Bandvighed heddearummkinz8las Ry nelt. |f
the annealing _tine is |less than 10 m nutes, even at an anneal i ng

t enper at ur® ofPlAt6M 468% Ssreitate IBSRARNE s RipteherR PRI te is
not sufficiently released, and its bow s may drastically change_in the heat
treat ment for SEE®Svi FEPIEESIdGhIthas%edd Fomed &5 W AR hih@REep. There is
no particular limtation as to the nethod for producing the forned product
of porous si | if@SSTARGIERET AE FaMT&EISTEEHNAR IR AULTE Y prefdie) t90
according to the present invention, .and the Si.C preform can be produced by
a known met hodCTorr L&AFH e, Bt prslippparady) gdigpogddioh§ F&mM§%Lon

car bi de powder e.g. a , ,
P prod%cts, there are such merits that aluminum layers of

10 predetermined thickness can be formed and the thickness
of surface aluminum layers can be controlled. When the
content of fibers containing alumina or silica as the
main component is less than 5 mass% in the formed
product, control of the thickness of the aluminum layers

15 on both principal planes after infiltration may become
difficult. On the other hand, when the fiber content
exceeds 40 mass%, the preform may be destroyed by
pressure at the time of infiltration.

Then, one or two or more pieces of the above blocks

20 that are preliminary heated at about from 500 to 750°C
are disposed in a high pressure container, molten
aluminum alloy is poured into the container as quickly as
possible to prevent temperature drop of the blocks, they
are pressurized at a pressure of 30 MPa or more so that

25 the aluminum alloy is infiltrated into pores in the
preforms, whereby aluminum-silicon carbide composites

each provided with aluminum layers on both of primary



silica or an alum na as a binder, mxing and form ng them and sintering
themat at |east 800C. There is nois |imtation as to the form ng nethod,
and e.g. press- nolding, extrusion nolding or casting may be used. In the
form ng step, a binder for maintaining shape may be used in conbination as
the case requires. Particularly inportant characteristics of the 20

al um num silicon carbide conposite is thermal conductivity and thermal
expansion coefficient. As the content of silicon carbide (hereinafter
referred to aplages) iaret ipbtalimeichuntsicei cdercahli surpomsositt @amerigeses,
the thermal conductivity increases and the thermal 25 expansion coefficient
decreases, andeshgsiali gErsiss fegmeshtati Shy dfigramy nighl trpweRr  anf t he
SiC content is too high, infiltration control of the alum numalloy 15
becones diffi @mnealpngetireatmentt iof ifpoditiel pradied angdueoiiay ke at | east
40 mass% of coarse SiC particles having a particle size of at |east 40 pm
and the rel at iCP&rigehsiuty of the SiC preformis preferably within a range s
of from55 to 75% Further, the SiC preformpreferably _has a strength of at
| east 3 MPa in terFhe Lyt Ll Ley¥ ehiyt Hhe | fl yriewnt oibierd srERkd8e of the
preformat a tine of handling or infiltration. Particle size of the raw
material Si C FMPAAES 1dr theo BHeRRRS et 6 REHRmbLy phas et abPy
adjusted. This _is because it is difficult for a Si.C preform mde only of
coarse particMed G Raipt af gt FehqIss dhee i 0 iRe ntf L ok bl¥ to expect
hi gh thermal conductiviiy of a conposite nade only of fine particles.
According to BFPSTEaGSHYEC BRFSH edbriths RIS 2% orhexahipt et a ni xed

infiltration. As such an aluminum alloy, an aluminum

10 alloy containing from 7 to 25 mass% of silicon may, for
example, be mentioned. The aluminum alloy preferably
further contains magnesium since it strengthen bond
between silicon carbide particles and metal portions.
There is no limitation as to metal components other

15 aluminum, silicon and magnesium in the aluminum alloy so
long as its property does not extremely change, and for
example, it may contain e.g. copper.

The annealing treatment for the purpose of removing

residual stress at a time of infiltrating the aluminum

20 alloy into the preform, is preferably carried out at a
temperature of from 400 to 550°C, particularly preferably
from 500 to 550°C, for at least 10 minutes. If the
annealing temperature is less than 400°C, the residual
stress in the composite is not sufficiently released, and

25 the bow of the composite may drastically change in the
heat treatment after a machining process. On the other

hand, if the annealing temperature exceeds 550°C, the



powder containing from40 to 80 nass% preferably 50 to 70 nmass% of
silicon carbide coarse particles having a particle size of at |east 40 pm
and from60 to 20 mass, preferably 50 to 30 nass% of silicon carbide fine
20 particles having a particle size of at nost 15 pm is preferred. The SiC
preformis obtained by degreasing and sintering a fornmed product of silicon
carbide particles. Wen silica sol is usethkas a binder and the sintering 25
tenperature is at | east 80QC, a preform having _a bendin strength of at

| east 3 MPa i $NEBLATAEE S edardreds adfl oyh@aYaffddpheké 5get RENERTE NG
sintering. In an oxidizing 16 atnosphere, if the formed praoduct is sintered
at a tenperatife égcé&FionGhan ddCMiswtEsti GYedt adi I3t AP dide i s
promoted, and there is a possibility that the thernmal conductivity of the
al uni num si | | E6MPeFRbugE Sicdmedsi4d® JechEdsEs. ther rerildupdassaesist ins
preferred to Bi nter the fornmed product, at a ter%elratur of%{;’r,om 00 to
1, 100C, pr ef eF861 §OFPORIGE0 150 PPOSHE G515 1entdde Tl eangHi Ay it ere.
Baking tine is ap%ropri,at I{/ gleterm',ned according to the gfnditi ons, such as
the size 10 offad BXgRSAGRHLY FPARSUAR G0 e ForHER PRTHUCIOH T g
sintering furnace or .the sinterin nosphere., \WWen the Si C preform
according to Fﬁélﬁ]fdé‘&eﬁttrqsﬁléfrrﬂri“%?aitt? o Y £55%det er mi ned shape, by

drying one SiC preform.each tinme or rying S§C preforns,_as is they are
oot 9 d W th o SPREHS r P L o A Tl Gt wRer e TR Tt <

possi bl e to prevent change f the bowed shape hy the drying. Further, also
" the “si nt ot Do PEEERC I (g e e ednI e RORHE ATy

carbide (hereinafter referred to as SiC preform)

10 according to the present invention, and the SiC preform
can be produced by a known method. For example, it is
obtainable by adding to a silicon carbide powder e.g. a
silica or an alumina as a binder, mixing and forming them
and sintering them at at least 800°C. There is no

15 limitation as to the forming method, and e.g. press-
molding, extrusion molding or casting may be used. 1In
the forming step, a binder for maintaining shape may be
used in combination as the case requires.

Particularly important characteristics of the

20 aluminum-silicon carbide composite is thermal
conductivity and thermal expansion coefficient. As the
content of silicon carbide (hereinafter referred to as
SiC) in the aluminum-silicon carbide composite increases,
the thermal conductivity increases and the thermal

25 expansion coefficient decreases, and thus, the SiC
content is preferably high. However, if the SiC content

is too high, infiltration control of the aluminum alloy



tenperature in the sane manner as the drying step, it is 20 possible to
prevent change of the shape of SiC preform due to the change of internal
texture. The shape of SiC preformis preferably a flat-plate shape of
rectangle (refer to Fig. 1(a)) or a rectangle fromwhich portions
enconpassi ng holes in the peripheral 25 portion are renoved (refer to Figs.
2(e) and 3(g)). It is necessary that the pesipheral portion of the

al um numsilicon carbi de conposite of the present 17 invention has a
predet er mi nedbshapesodi&fgcupsl-esPFartigal dxhnbhe apPePrPsikedprasferably
peripheral portion in order to use the conposite as a base plate for power
nodul e. | n t BPBtaase, a§j Aeasthé OamagsistumlsCorEss SdihiRde B Tldtfhdstidg s
extrenely hard, and | arge anmount of _grinding by usj n%a tool of e.g. a

di anond i s reBuPPREGLCLRePaZBsCE 3fr d6PSH tRat M t $1¢odtheh&ifdsl ¥ gh.
Accordingly, in order to make it easily machined, it is preferred that the
portion to bedgRehtiedti §PRadad CoPred CaTU fisn RiedIerey 110 Wit it ghpodide of
easily machinable material conprisin ceram c _fiber, ceramc particles and
an al umi nufm aPfofrom gSad@aries.: Tﬁ'érghéér of D& E15r BFSERT M PERE S&@bilte regi on
of base plate, is not particularly limted so long as it _covers a 1is
portion to belpsi ReGCRERHTLE Or & )c(leé‘isrtcéi PPy ESt (tarEs SHd BendnPref erabl y
at |east 70% particularly preferabIVy .at | east 85%_based on the area of
base plate. BFIEEOHG anMaPEMERuMmSsiAviadsh bE&raE‘la@@ &5 RF TR ah R tion
to be joined wi,th a_ceram.¢ circui,t strate, it 20 is possible to reduce
the thermal exgdfsi n?‘d‘inalépgm?g 3 R8s e menbers and to i nprove

reliability of th%article size of the raw material SiC particles for

10 producing the SiC preform is preferably adjusted. This
is because it is difficult for a SiC preform made only of
coarse particles to exhibit high strength, and it is not
possible to expect high thermal conductivity of a
composite made only of fine particles. According to the

15 study of the present inventors, for example, a mixed
powder containing from 40 to 80 mass%, preferably 50 to
70 mass%, of silicon carbide coarse particles having a
particle size of at least 40 pum and from 60 to 20 mass$%,
preferably 50 to 30 mass%, of silicon carbide fine

20 particles having a particle size of at most 15 um, is
preferred.

The SiC preform is obtained by degreasing and
sintering a formed product of silicon carbide particles.
When silica sol is used as a binder and the sintering

25 temperature is at least 800°C, a preform having a bending
strength of at least 3 MPa is obtained regardless of the

atmosphere at the time of sintering. In an oxidizing



joined portion. If the area of SiC preformis less than 70% of the area of
base.plate, the thermal expansion coefficient of the obtained base plate
itself beconmes too 25 large, and there is a possibility that the reliability
of bowed shape or reliability of joined portion decreases. Then, an

exanpl e of machi ning method of the 18 alum numsilicon carbide conposite
obtained will be described. The peripherdé portion and hol es of the

al umi num silicon carbide conposite of the present invention can be easily
machi ned by WRFPRERIFEDpathit e sEQHRAARTAAURE L8t RERERTEIN@ENRNI ng center.
After the alum numsilicon carbide conposite is_ produced bi/' usi ng the above
SiC preform hemperatyre vsee@iedt b, heel neotidahien pperai 1 pePRi on or the
peri pheral portion_and the holes by using e.g. a abrasjve,10 jet cutter or
an electric o‘F%’ékPl’aﬁi%el'?raEﬁ‘Prﬁ%t@g't ¢ ’{Jﬂ%reaFﬁrr?nBﬁ?ﬁiDili&ﬁYc&PBitdéhe
conposite is exposed (refer to,  Fi 4) . Further, after an aluym numsilicon
carbi de conpostIRat séW%ﬂﬁEEﬂlw %gl Fu%eaag}"@lﬁl‘l@fﬁllﬂrﬂﬁﬁﬁ R§rBA%€area | arger
than that of the base plate, it is also.is possible to formthe peripheral
portion of t hePMRPRELterdetheadate FI% FiHyS t?%a%%vel?mb%iﬂrﬁgeﬁg?ﬂo O(refer
to Fig. 5). The thickness of .the alum num Il ayers made of _.an al umi num al | oy
provi ded on s¥HPECEsCBE E‘H’ém‘a‘fluﬂf‘ﬁgwtzﬁts?lfz BREEAFHF §e L ofpoTi £80 it from
10 to 150 pm _preferably from30 to 100 pmin terng of average thickness.
The t hi cknesstot9PHfe & "?ﬁ?rm%yé’r%" b hd?2Stedt & KsSE ffedet er mi ned

thi ckness by g¢igdi ng.thenospatages £lide el fyrysilicon, caybi de
conposi te.
determined according to the conditions such as the size
10 of SiC preform, the amount of the formed product put in a
sintering furnace or the sintering atmosphere.

When the SiC preform according to the present
invention is formed into a predetermined shape, by drying
one SiC preform each time or by drying SiC preforms as

15 they are overlaid with a spacer made of e.g. carbon
interposed between them, it is possible to prevent change
of the bowed shape by the drying. Further, also in the
sintering step, by using a spacer usable at the sintering
temperature in the same manner as the drying step, it is

20 possible to prevent change of the shape of SiC preform
due to the change of internal texture.

The shape of SiC preform is preferably a flat-plate
shape of rectangle (refer to Fig. 1(a)) or a rectangle
from which portions encompassing holes in the peripheral

25 portion are removed (refer to Figs. 2(e) and 3(g)).

It is necessary that the peripheral portion of the

aluminum-silicon carbide composite of the present



25 The alum num | ayers are necessary for securing plating adhesiveness at a
time of providing plating treatnment. |If the average thickness of the
alumnum 19 layer is less than 10 um the alum numsilicon carbide
conposite is partially exposed to the outside at a time of subsequent
surface treatnent such as pretreatnent for plating, and there may occur
such a problemthat plating 5 adhesi venessigecreases. On the ot her hand,
when the average thickness exceeds 150 pm the thernmal expansion

coef fi ci ent ofinveetbese hplsate paigdaiteath ineske |shapec are s 1o hdlegyefand
reliability of the joined portion may decrease. Further, if the average

t hi ckness excettiechB@ngmarehd ortedi fore térec eelydpheara lt o nthiark nigs sogl et

al umi num |l ayers may increase. In the base plate for power nodul e of the
present invetbi ose the dompersdrice dsctavd@se hrd atexiffmmmpdwek mextulend t he

m ni mrum t hi ckness of the surface alum num|ayer 15 is at nost 80 pm
preferably at ImpshiG0 caume , Wsdmaehd hedigflfuariange sidtiagn aard @i mum t hi ckness
and the m ninum thickness of the surface alum num | ayer exceeds 80 pm

wavi ng or @ gepTeesite tife epttiretedss hdirid.ereatt d agfgg Hamouny fefe eged ndd manm

| ayer occurs. |If a heat radiation plane 20 of the base plate for power

modul e has a Waviusgner aa teed, ofa gap i diamend bt ieeam kA basee g at® and a
heat radiation fin in_ a subsequent nodule assenbly step, and even if a
heat radi ati oPrgPagse thak Adshicest hagames dgitiuct %@prdu@géprpl ii&d, the
thermal conductivity may 25 significantly decrease, and as a result, heat
radi ati on pr OFEery tef "ekepdifl €acdrist imaghddasy, dtcermmreferrad tthaubstrat e,

the base plate_and the heat radiation fin etc. .
the portion to be machined is made of an aluminum alloy

10 or a composite of easily machinable material comprising
ceramic fiber, ceramic particles and an aluminum alloy,
in advance.

The area of SiC preform in the entire region of base
plate, is not particularly limited so long as it covers a

15 portion to be joined with a ceramic circuit substrate,
and it is preferably at least 70%, particularly
preferably at least 85%, 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

20 1is possible to reduce the thermal expansion difference
between these members and to improve 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

25 large, and there is a possibility that the reliability of
bowed shape or reliability of joined portion decreases.

Then, an example of machining method of the



20 may drastically decrease. In the base plate for power nodule of the
present invention, the difference between average thicknesses of al um num
| ayers on the respective principal planes is at 5 nost 50 um preferably at
nost 30 um The base plate for power nodule of the present invention has a
construction conprising an alum numsilicon carbide conmposite and al um num
| ayers formed on both principal planes of Lthe conplex. Since the thermal
expansi on coefficient of the 10 al um numsilicon carbide conposite is

di fferent fromlumanunofsitlieon @arpdfe Bpmoes itre phtianfd fekkehdee bet ween
average thicknesses of the alum num|ayers of the resgective princi pal

pl anes exceed§65GIph%*%he?beoE@HFEharagrQQPéﬁpphaﬂdth@ gewokayhéhange when a
heat cycle is is applied to the base plate in the subsequent nodul e

assenbl y st epalpmd namnaiddi@osy |9a@d dCardsiROddip @i ttdhe eugset a  shapi ng
fabrication is applied, is subjected to a heating treatnment at a

t enper at ur e ofiVESHISTO B BBV ECASAF Yo M¥BYdId BY 31 BB 3 AT RS at | east
30 seconds under an application of a stress of at least 10 Pa so as to
have a pretlet &YAEE FOWNhdpdhes @1 Batmade HiighiGRIH{S%4 | i con car bi de
conposite undergoes_a creep deformation . to have bow. The alum numsilicon
car bi de conposi t e & tidie (MBI 03 it HePR r e RN  CPBPREbfclEd to an
annealing treatnment at from 300 to 400C as the case requires,_to renove
residual stre®FOodBGRsH Pt UHEG ithe aPE Didw B iRYTYy. 1%he1%a%3es‘ﬁl ate for

ower nodul e of t resent .invention becones to have a bow shape (Fig. 6
P posgl léjto machine the perié%eral portion or the pe (Fig )

peripheral portion and the holes by using e.g. a abrasive

10 jet cutter or an electric discharge machine so that the
aluminum-silicon carbide composite is exposed (refer to
Fig. 4). Further, after an aluminum-silicon carbide
composite is produced by using a SiC preform having an
area larger than that of the base plate, it is also

15 possible to form the peripheral portion or the holes of
the base plate by the above machining method (refer to
Fig. 5).

The thickness of the aluminum layers made of an
aluminum alloy provided on surfaces of the aluminum-

20 gilicon carbide composite, is from 10 to 150 pm,
preferably from 30 to 100 um in terms of average
thickness. The thickness of the aluminum layers can be
adjusted to be a predetermined thickness by grinding the
surfaces of the aluminum-silicon carbide composite.

25 The aluminum layers are necessary for securing
plating adhesiveness at a time of providing plating

treatment. If the average thickness of the aluminum



close to an ideal spherical shape having little waving or gap by
controlling the thicknesses of surface alum nums |ayers to be extrenely
thin and uniform The bow anmount of the base plate for power nodule of the
present invention, is fromO to 200 pm preferably from50 to 150 um per
10 cmlength. When the conposite is used as a base plate for power nodul e,
and if a heat 10 radi ation surface has a cpmcave bow, a gap is forned

bet ween the base plate and a heat radiation fin in the subsequent nodul e
assenbly steplaged eévedeists &hagatl0 nadi athieom lgmeiasen vl ngprhi gk hde mal
conductivity is applied to the gap, the thermal conductivity 15

si gni fi cant | y coeposases isApaxtrieddiyt exposiedl ito dheasmtside eatt he thiwe

radi ati on property of a nodule constituted by the ceramic circuit
substrate, thefbavbsgianeantashniace hasatdiesyi gatdlorad ipretreatmenti foxant |y
decreases. Further, if the bow anbunt exceeds 200 pm at a time of 20
screw ng the ®d@pdsiane and tthenseaay aficar erwdh m trrgiem thmplakirgis a
case where a crack is forned in the base | ate or the ceramic circuit
substrat e. 51 n adhesgrvesans AraRASHS - b9nc§ﬁﬁr@thﬁﬁgh@ﬁ@q whiegk s of the
al um num | ayers provided on surfaces of 25 the alum numsilicon carbide
conposi te, it averggssithicknesrmiexagasdshd®0 nuni ftheorthpamel #xparsbere pl ate
to have a shape having little irregularities and having a gap of at 22
most 50 pm de&pefifficiigatdaf rhst ke itd atee dtminediditiebh prepretxeeeds 50
pm and when the conposite is _used as a base plate for power nodule, a gap
is forned bethpe@s e pFedd anidtiEvaf e Hineh AT R MY | feeFrase .

subsequent nodul e assenbly step, and even_ if a heat
Further, if the average thickness exceeds 150 um, the

10 difference between the thicknesses of aluminum layers may
increase.

In the base plate for power module of the present
invention, the difference between the maximum thickness
and the minimum thickness of the surface aluminum layer

15 is at most 80 pm, preferably at most 60 pm. When the
difference between the maximum thickness and the minimum
thickness of the surface aluminum layer exceeds 80 um,
waving or a gap due to the thickness difference of the
surface aluminum layer occurs. If a heat radiation plane

20 of the base plate for power module has a waving or a gap,
a gap is formed between the base plate and a heat
radiation fin in a subsequent module assembly step, and
even if a heat radiation grease having high thermal
conductivity is applied, the thermal conductivity may

25 significantly decrease, and as a result, heat radiation
property of a module constituted by a ceramic circuit

substrate, the base plate and the heat radiation fin etc.



radi ati on 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 radiation property of a nodule constituted by the ceramic 10
circuit substrate, the base plate and the heat radiation fin etc.
significantly decreases. The base plate for power nodul e of the present
invention is excellent in shape stability sben it is subjected to a heat
cycle test (a sanple is maintained at 15 a tenperature of 350C for 10

m nut es and natyr didapgt icedlyd dgicrgassom t enperature), that is a yardstick of
reliability of power nodul e. For exanple, the change anount of bow of the
base plate after tIe theatbagecim atestfonfpawrr aviiel € onildli thereréserthrri ed out
10 times, is at 20 nost 30 pmper 10 cmlength. If the bow change anount
exceeds 30 pmipaentdosm ltdegidifizrgare detorenrd Pamngan thigknrseplefe and
the heat radiation fin in the power nodule assenbly step, and even if a
heat radi ati orlgméase layensg of dhe HaspEctdomimtinginal o bppes ebstat t he
gap 25 portion, the thermal conductivity may significantly decrease. The

al um num s$ | | deRtc&Obinde EFRFEYatd vacdoriistyg 30 8. The pessemlateydad on
has stress easing property as well as good heat radiation property, and for
exanpl e, it i Povey meiud eaofa thes@yssant tinvsnt inrerdpos el Grersieerchiorer ani ¢
circuit substrate and a heat radiation conponent s_such as a heat _radiation
fin. The al uniSPURLSiSIinGD R AlBMHa Whrfpidsi 3 sl ot hee prredent
invention is usually enployed as it_is joined wth a ceramc circuit
substrate by §&P@é@@ﬁglﬂ¥9¥%iﬁ9rmed on 'both principal planes of the

complex. Since the thermal expansion coefficient of the

10 aluminum-silicon carbide composite is different from that
of the aluminum layers, when the difference between
average thicknesses of the aluminum layers of the
respective principal planes exceeds 50 um, there occurs a
problem that the bow may change when a heat cycle is

15 applied to the base plate in the subsequent module
assembly step.

The aluminum-silicon carbide composite to which a
shaping fabrication is applied, is subjected to a heating
treatment at a temperature of from 450 to 550°C,

20 preferably from 500 to 550°C for at least 30 seconds
under an application of a stress of at least 10 Pa so as
to have a predetermined bow shape, so that the aluminum-
silicon carbide composite undergoes a creep deformation
to have bow. The aluminum-silicon carbide composite

25 after the bow forming treatment, is subjected to an
annealing treatment at from 300 to 400°C as the case

requires, to remove residual stress formed at the time of



conposite is used as a base plate for power nodule. For 10 this reason, a N
pl ati.ng needs to be applied to the surface of base plate. The plating
treatment nethod is not particularly limted, and it nay be any one of

el ectroless plating treatnent or an electroplating treatnent. The thickness
of NI plating is from1l to 20 15 pm preferably from3 to 12 pm If the
plating thickness is less than 1 pm pinhptes may be fornmed in a part of
the plated film or a soldering void Spore) may be formed at a tine of

sol deri ng, whbew Feymdader i Shat bapearlargadifari evsropediy ef edmtdieci r cui t
substrate. On the 20 other hand, if the thickness of N_ plating exceeds 20
pm the pl at PFeRienk ay s igse hagagies Bp iy eheatbwk fdpon(FH f @k ence
between the Ni _plating filmand the surface alumnumlayer. In ternms of the
purity of Ni pl@sengo BN hderHersPher s ] iSHaRg i g | b k& WavE@sohot 25
deteriorate wet property for. solder, and the filmmy contain e,qg.
phosphor us or 95¢r &Y, cPad rgldnineurfhs IGhdsknefs e oot dFunkeuny
present invention preferably has a thermal conductivity of at |east 180
WnK and a5t hé@ydir sexipaRs Steselcitdh agid #nhgdmox10- 6/ K at 150C.

Besi des the above effects, the conpagsite has high thermal conductivity and
a lows thermal exXphiUn TG Glenthedirsal R te of PRaPOWET anodehecehduct or
chip or a ceranmic circuit substrate, ., whereby a heat radiati on conponent
enpl oyi ng suchb§ REGHFES tiE V6 PowerS ot & el WA gt s RFFEeFRlatY

radi ati on conponent_is excellent in heat radiation to property and there is
also a merit tH&™ A0 % HatyMp- (Rﬁrorlrpecf"ééé?f‘g‘?hi téfq%teé‘rrﬁg‘rea 9% %hanged,

and as a is used as a base plate for power module, and if a heat

10 radiation surface has a concave bow, a gap is formed
between the base plate and a heat radiation fin in the
subsequent module assembly step, and even if a heat
radiation grease having high thermal conductivity is
applied to the gap, the thermal conductivity

15 significahtly decreases. As a result, there is a case
where the heat radiation property of a module constituted
by the ceramic circuit substrate, the base plate and the
heat-dissipation fin, etc. significantly decreases.
Further, if the bow amount exceeds 200 pym, at a time of

20 sScrewing the composite to the heat radiation fin to join
them, there i1s a case where a crack is formed in the base
plate or the ceramic circuit substrate.

In the present invention, by controlling the

thickness of the aluminum layers provided on surfaces of

25 the aluminum-silicon carbide composite, it is possible to
make the heat radiation plane of the base plate to have a

shape having little irregularities and having a gap of at



result, high reliability is obtained. EXAMPLES Now, the present invention
is described in nore is detail with reference to Exanpl es and Conparative
Exanpl es, but the present invention is by no nmeans constructed as linited
to these Exanpl es. EXAMPLE 1 and COVPARATI VE EXAMPLE 1 100 g of silicon
carbide particles A (manufactured 20 by Pacific Rundum Co., Ltd.: NG 150,
average particle size: 100 pm, 100 g of Eklicon carbide particles B
(manuf actured by Pacific Rundum Co., Ltd.:"“NG 220, average particle size:

60 pm, 100 g QEtS%bE%ﬂ”d%% i der pakt jepes Gr(gRpUfiactuced Ry Yakushi ma
Denko Co., Ltg.: 25 GC-1000F, average particle Size: 10 pm) and 30 g of

silica sol (”%Qﬁfié%tikbhegl%e’\"e%&%%d@%rﬁ G, lAUSIHrEShe lddhpostaM £x) were
wei ghed, and they were blended for 30 25 mnutes by a stirring m xer, and

press-nol ded glked 2B @SR @f1atQ M i rdati &l af §$% Rfrdd® M x

140 mm x 5.8 nm size. The forned product obtained was ied at a 5

tenperature ohelbnl @hel AR P1 AR SN S Lhddt dhdATRSPhEId Cidl fhdl a
tenperature of 950C for 2 hours to obtain a SiC preformhaving a relative

density of 5 65%psSlfuledte madfulldh@ sBdmre iy okl nagkyeife Jmgdied to have

a thickness of 5 mmby a surface grinder enploying a 10 grinding stone nade

of dianond, aRddibt oW efreR@d RIFeNdlgh RAUdrRN oY et | 0 Naysp Ble@ut er
di mension of 183 x 133 mmshown in Fig. 2 by a machining center. Wth

respect to thecSithePRi0r MHebtdidiamkl duytas, g Mradeied gy strengt h was

nmeasured, and as a result, it was 5
decreases. As a result, there is a case where the heat
radiation property of a module constituted by the ceramic
10 circuit substrate, the base plate and the heat radiation
fin etc. significantly decreases.

The base plate for power module of the present
invention is excellent in shape stability when it is
subjected to a heat cycle test (a sample is maintained at

15 a temperature of 350°C for 10 minutes and naturally
cooled at a room temperature), that is a yardstick of
reliability of power module. For example, the change
amount of bow of the base plate after the heat cycle test
of the above conditions is carried out 10 times, is at

20 most 30 pm per 10 cm length. If the bow change amount
exceeds 30 um per 10 cm length, a gap is formed between
the base plate and the heat radiation fin in the power
module assembly step, and even if a heat radiation grease
having high thermal conductivity is applied to the gap

25 portion, the thermal conductivity may significantly
decrease.

The aluminum-silicon carbide composite according to



15 MPa. In Conparative Exanple 1, a Si C preformwas produced in the same
manner as Exanple 1 except that the dinension of nolded product was nade to
190 Mm x 140 nmx 5.0 nm and w thout carrying out plane machining, only
its outer 20 peripheries are machined. Table 1 shows the neasurenent
results of the thicknesses of the SiC preforns obtained in Exanple 1 and
Conparative Exanple 1 after nmachined. Herez3zthe thicknesses are neasured at
center points of nine evenly 25 divided sections of each preform 26 TABLE
1 Item Measur efenprEsent Gomventhbon hpa tressl éadithd. m>Operthy O0s SwdPl 3
4.99 5.08 Preform4 4.98 5.01 thickness 5 5.01 5.02 (mm 6 4.99 4.95 7
4.98 5.00 8 &s0gobddhead 4adiiati9d Ararpage Y, mandl. B8 S0 Maxi munm § mm
5.01 5.12 Mnimum (m) 4.98 4.94 Thickness difference 0.03 0.18 (mm*1
*1: Thi ckness stiifthdlenes = taesediflfedreerice Heetimgerposed between a
ceramic circuit substrate and a heat radiation component
5 such as a heat radiation fin.
The aluminum-silicon carbide composite according to
the present invention is usually 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
10 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
treatment. The thickness of Ni plating is from 1 to 20
15 um, preferably from 3 to 12 um. If the plating thickness
is less than 1 pm, pinholes may be formed in a part of
the plated film, or a soldering void (pore) may be formed
at a time of soldering, which may deteriorate heat
radiation property from a circuit substrate. On the
20 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 film and the surface
aluminum layer. In terms of the purity of Ni plating
film, there is no limitation so long as it does not
25 deteriorate wet property for solder, and the film may

contain e.g. phosphorus or boron.

The aluminum-silicon carbide composite of the



maxi mum and mninum 5 20 Si C preforns obtained in each of Exanple 1 and
Conparative Exanple 1 were piled up as they were each sandw ched between
stainless steel plate each having a size of 210 x 160 x 0.8 mm whose both
pl anes are coated 10 with carbon, and thereafter, two iron plates of 12 nm
thick were di sposed on both sides of the pile and connected with six MO
bolts, and the bolts were fastened by a tggpque wench so that the fastening
torque in the plane direction becane 3 Nm to constitute a bl ock. 15
Subsequent |y, pireentt agraied b gale faBHIReIHAE narmhdaad Bdcomdu®ODS ty an

el ectric furnace, the block was accomopdated in a prelimnary heated press
mol d havi ng asf iatndreaditamEoem /6K IHA mntheritd 1 ek pd ned s ed £ Oycient
containing 12 nass% of silicon and 0.8 masse of 27 nagnesium, was poured

and they wer e ol @gswidsked Unde/ K aat PIos3Ur epekibee ViR falov0 JHfEHes SO
that the alumnum alloy was infiltrated into the silicon carbide porous

body. They wetéeCeongddid e Hapomitgmtteaingle,catdlid hieyi Sy vat® £utowl ong t he
shape of nold-releasing plate by using a wet type band saw, the sandw chi ng
stai nl ess pl atéermadr exipandied, «out fare iamealguigrd Yeaat nestt s sfirdi ed out
at a tenperature of 530C for 3 hours to renove residual stress caused by
the infiltratisemidonduettaim cnimlamianwerahii sidison € aglibsterstogposi te. In
t he peripheral portion of the alum numsilicon carbide conposite obtained,
8 through hol edeafebyy mmbeat dieahietteirorarabrp @t exngp hdegindg $uckn 4 D10- 4 mm
were formed, and the peripheral alum numl|ayer portions were nmachined
composite or a power module employing such a heat
radiation component is excellent in heat radiation
10 property and there is also a merit that it is hardly
deformed even if its temperature is changed, and as a
result, high reliability is obtained.
EXAMPLES
Now, the present invention is described in more
15 detail with reference to Examples and Comparative
Examples, but the present invention is by no means
constructed as limited to these Examples.
EXAMPLE 1 and COMPARATIVE EXAMPLE 1
100 g of silicon carbide particles A (manufactured
20 by Pacific Rundum Co., Ltd.: NG-150, average particle
size: 100 um), 100 g of silicon carbide particles B
(manufactured by Pacific Rundum Co., Ltd.: NG-220,
average particle size: 60 um), 100 g of silicon carbide
particles C (manufactured by Yakushima Denko Co., Ltd.
25 GC-1000F, average particle size: 10 um) and 30 g of

silica sol (manufactured by Nissan Chemical Industries,

Ltd.: Snowtex) were weighed, and they were blended for 30



is by an NC lathe, so that the conposite had a shape of 187 x 137 x 5 nm
Then,, in order to inpart bowto the alumnumsilicon carbide conposite, a
concave-convex nmold made of carbon and having a spherical surface of a
curvature radius 20 R=15,000 mm was prepared. This concave-convex nold was
attached to a thermal press machine, and the nold was heated to have a
surface tenperature of 510C. Between the ggncave-convex nolds, the conpl ex
was di sposed and it was pressed at 40 KPa. At this time, a thernocouple was

25 cont act ed we@ntibessbeaf aee refinghaicerm! end prezasuicd ddte att eqrper at ure.
The conpression was maintained for 3 mnutes after the tenperature of the

conpl ex beCafTFr%BsuErQOS,f andMpherieaict er f1lbte plete essipe ofasigelwased and
it was naturally cooled to 50C. Then, the machi ned product obtai ned was
subj ected to amoanmeal 5NG tmeatiment in an electric furnace at a tenperature
of 350C for 1 s hour to renove residual stress caused at a tinme of

produci ng a bowed THkaFermzd pagukidd wbidinegs wibjdctet at caa bl ast

treatment under a pressure of 0.4 MPa and a feeding speed of 1.0 mMmn with

al um na abg aske@pepatiirel ©F, 1bo°befekeanpdursyubsaguenhkireid ivwaansubj ect ed
10 to electroless NN-P and NN -B platings to forma plating |ayer of 8 pm

thick (N -P. @tpdesphbiriB: ad rpak en tdipersitirc e Ofoddte €oiposiHotrsEaeh
sanple of the alumnumsilicon carbide conposite obtained was cut along its
di agonal |ineochtdinl & SHe phretlores haofirg wrraimdiayerdensione qff i 6% pal pl ane
exposed by the cutting was neasured at 20 points at constant intervals
al ong the di agom@lacleisnef ahe L preform obtained were machined to
have a thickness of 5 mm by a surface grinder employing a
10 grinding stone made of diamond, and its outer peripheral
portion is machined to have an outer dimension of 183 «x
133 mm shown in Fig. 2 by a machining center. With
respect to the SiC preform obtained, the three point
bending strength was measured, and as a result, it was 5
15 MPa.
In Comparative Example 1, a SiC preform was produced
in the same manner as Example 1 except that the dimension
of molded product was made to 190 mm x 140 mm x 5.0 mm,
and without carrying out plane machining, only its outer
20 peripheries are machined.
Table 1 shows the measurement results of the
thicknesses of the SiC preforms obtained in Example 1 and
Comparative Example 1 after machined. Here, the

thicknesses are measured at center points of nine evenly

25 divided sections of each preform.



average thickness was cal culated. Further, a test piece for thermal
expansi on 20 coefficient nmeasurenent (3 mmin dianmeter, 10 nmlong) and a
test piece for thermal conductivity measurenent (11 mmin dianmeter, 3 mm
thick) were produced by grinding. By using these test pieces, the therma
expansion coefficient at 150C was neasured by using a thermal 25 expansion
meter (manufactured by Sei ko Instrunents Ime., TMA300) and the thernal
conductivity at 25C was neasured by a |laser flash nmethod (manufactured by
Ri gaku 29 Cofp8iL&t lon: LF/ TCM 8510B). Wth respect to the bowed shape,

usi ng a cont gur—reasureneni Tnstrurent—(manufact Jlé:d by—FEKYO SEI M TSU CO.
LTD. : Cont out CDEden&GOOEéézgnyﬁg owed BrOUDt per PP cm¥Fength and gap s
depth of each Qancpl e_\wer O] Table 2 shous the Yesult . Further,
Fig. 6 shows|the bowed shape reasuregent I-@&Xilts]of Bx&dple 1 by the
cont our rrea!;urerrent instrumen2. 30 &.i V.Gl d|3 BA.W2al mwC* 0 o0 o
aococ 0O U N?atSsS 3 4.99 5.08
Preform 4 4.98 5.01
thickness 5 5.01 5.02
(mm) 6 4.99 4.95
7 4.98 5.00
8 5.00 4 .94
S 4.98 4,99
Average (mm) 4.99 5.02
Maximum (mm) 5.01 5.12
Minimum (mm) 4.98 4.94
Thickness difference 0.03 0.18
(mm) *1
*]1: Thickness difference = the difference between

maximum and minimum

20 SiC preforms obtained in each of Example 1 and
Comparative Example 1 were piled up as they were each
sandwiched between stainless steel plate each having a
size of 210 x 160 x 0.8 mm whose both planes are coated

10 with carbon, and thereafter, two iron plates of 12 mm
thick were disposed on both sides of the pile and
connected with six M10 bolts, and the bolts were fastened
by a torque wrench so that the fastening torque in the
plane direction became 3 Nm, to constitute a block.

15 Subsequently, the integrated block was preliminary heated
at 600°C in an electric furnace, the block was
accommodated in a preliminary heated press mold having an
inner diameter of 300 mm, a molten aluminum alloy

containing 12 mass% of silicon and 0.8 mass% of
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magnesium, was poured and they were pressurized under a
pressure of 100 MPa for 20 minutes so that the aluminum
alloy was infiltrated into the silicon carbide porous
body. They were cooled to a room temperature, and they
were cut along the shape of mold-releasing plate by using
a wet type band saw, the sandwiching stainless plates
were removed, and an annealing treatment was carried out
at a temperature of 530°C for 3 hours to remove residual
stress caused by the infiltration, 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 countersinks of from 9¢10-4 mm were formed,
and the peripheral aluminum layer portions were machined
by an NC lathe, so that the composite had a shape of 187
x 137 x 5 mm.

Then, in order to impart bow to the aluminum-silicon
carbide composite, a concave-convex mold made of carbon
and having a spherical surface of a curvature radius
R=15,000 mm was prepared. This concave-convex mold was
attached to a thermal press machine, and the mold was
heated to have a surface temperature of 510°C. Between
the concave-convex molds, the complex was disposed and it
was pressed at 40 KPa. At this time, a thermocouple was
contacted to the side face of the complex to measure the
temperature. The compression was maintained for 3

minutes after the temperature of the complex became

Uw v

4 4
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UucC4 vi1) >1CLa) 41J wCu~oobw W.$NCV71LFCi.jmm 0it U
NcotT04 4 (d(dav E 045 w FGHWUWNMI[ti i # UL U 31 By
using the plated product of Exanple 1, 10 cycles of heat cycle test was
carried out, wherein the plated product was put on a hot plate heated at
350C, it was left for 10 mnutes after its tenperature reached 350C, s and
naturally cooled to a roomtenperature in ggch cycle. The change of bow
anount per 10 cmlength by the heat cycle test of Exanple 1 was 15 pm
EXAVMPLE 2 A SisO0dcef anth hheregfactrel aheveodereisty oaf waeYrwdeasEHd @bidai ned i n
the sane manner as Exanple 1 except that 150 g of silicon carbide particles
A (manuf act ur et psPacithitally cooled to 50°C. Then, the machined
product obtained was subjected to an annealing treatment
in an electric furnace at a temperature of 350°C for 1
5 hour to remove residual stress caused at a time of
producing a bowed shape. Subsequently, 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. Subsequently, it was subjected
10 to electroless Ni-P and Ni-B platings to form a plating
layer of 8 um thick (Ni-P: 6 um + Ni-B: 2 um) on the
surface of the composite.
Each sample of the aluminum-silicon carbide
composite obtained was cut along its diagonal line and
15 the thickness of aluminum layer on one 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
20 coefficient measurement (3 mm in diameter, 10 mm long)
and a test piece for thermal conductivity measurement (11
mm in diameter, 3 mm thick) were produced by grinding.
By using these test pieces, the thermal expansion
coefficient at 150°C was measured by using a thermal
25 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



Rundum Co., Ltd.: NG 150, average particle size: 100 pm, 50 g of silicon
carbi.de particles D (manufactured by Pacific Rundum Co., Ltd.: NG 500,
average particle size: is 30 pm, 100 g of silicon carbide particles C
(manuf actured by Yakushi ma Denko Co., Ltd.: GC-1000F, average particle
size: 10 Tim) and 30 g of silica sol (manufactured by N ssan Chem cal

I ndustries, Ltd.: Snowmex) were used as rag materials. A surface of the 20
Si C preform obtai ned was ground by a surface grinding nachine by using a
gri ndi ng st on€ommdeatfiodi:afdidC¥o 8SHAB) -t héishnpkerkat &ot hhekbewedof 4.9
mm and the peripheral portion was machined to have an outer dinension of
183 x 133 mmehatehaus inge as itapé osiromeaisyEmgnt? inkdidumeitshows 25 t he
measurenent results of the thickness of SiC preform after nachining. 32
TABLE 3 |tem Nmasufewsnreex by2 TOKFIONSEIMLITSIY CQ2. ,4.1FD . 3 Cpr8Pwyr édardn 4 4. 92
thickness 5 4.88 (m) 6 4.92 7 4.90 8 4.91 9 4.91 Average (mm 4.91

Maxi mum (mm) 4 692D-Ri2ni, midre( ipPvedl @@ount per 10 cm length and gap

5 depth of each sample were measured. Table 2 shows the
results. Further, Fig. 6 shows the bowed shape
measurement results of Example 1 by the contour

measurement instrument.



Thi ckness difference (nm*1 0.04 *1: Thickness difference = the difference
between maxi mum and m ninums On each surface of the Si C preform obtained,
a 5 mass% alum na fiber (manufactured by Tanaka Seishi Co., purity: 97t)
of 180 x 130 x 0.2 mmwas provided, they were sandw ched by stainl ess steel
plates of 210 x 160 x 10 0.8 nmm both surfaces of which were coated with
carbon, 20 of such sandw ched preforns were piled up and iron plates of 12
mm thi ck were provi ded on both surfaces of%he pile, they were connected

with six MO boltls and the| bolts were fastened by a torque wench so that
the 1s fastening |t gque iin{the|plane direction becane 5 Nm to forma
si ngl e bl ock. Suts%p@gg}lﬂ, 8he i nfiegrated bl ock was subjected to an
infiltration tregtedt<im the same® manner as Exanple 1 and an annealing
treatnent at 530q ® or 3|hours|to Bermove residual stress formed at the tinme
33 of infiltratifea—te—gbtainjan & um numsilicon carbide conposite. In
t he aluninun}silicquc@rbide conposite obtained, 8 through holes of 7 mMmin
di aneter and 4 cqunt & s giugtersin s of X10-4 nmwere fornmed in the
peri pheral porti|o gygna@hiﬂiwg, éhd the outer periphery of the conplex
was machined intq % £ 137 mm (R7fn corners) (refer to Fig. 2) .
Subsequently, th onp sit=4ma$ sabj ected to a blast treatnent under a
pressure of 0.4 10 [MPa|amd|a feediﬁb speed of 1.0 mmn with alum na
abrasive particlgs, te Be ?Iganed,;hnd thereafter,
)
0 3| olm S ©
v 4le o
© 5| -
’gu-nmad (0]
N
23 . o
> 58 £5
g 2lc|ol © E
H ™ -
ol QOloll ~ =i}
gl Zis - 8
Sl T Ew
-
'-q — 2'5
B Bl 5
G Q
0 ololo| © T @
RN
K £ 0
—~|H 2
<7 0 E O
U}>(U G
T oy éu
48301‘3 E
olalel 5 ©
22 &
<L PR
o
L oo
g g (130
~ 0 0~ 0~
M- X =
E W U~ © L E
S g E . 00
U © W Q] Q
O AW o o
H X 0 (R
o 0 0]
0 oy
g8
o 3
o Yy
Thg HEQ
E'S:’éom T Oo®
NI | © gW
-Q-dv e 3
E‘g Lo w
) ir o,
U 0ol
g £
N g g
. 0]
i e |Tla"| AF
1 o | E oy
) ot KO M| W
<5 MU MK aNm 3
& *x x W0

5



subjected to electroless Ni-P and Ni-B platings, to form a plating layer of
8 pm.thick (Ni-P: 6 um+ N -B: 2 um) on surfaces of the conposite. Wth
respect to the is conposite obtained, an evaluation was carried out in the
sanme nmanner as Exanple 1. Table 4 shows the results. 34 NUi a4 0 A a) ¢
rnw O 0040r4EO0O O 4) 0O a rdUuQ 044 mrn (D 10 44 WR U
xNx a Or-i NCr OEO XUOa -rg4d43vyUaE41 .Ha) G Cj O
By using the plated product of Example 1, 10 cycles
of heat cycle test was carried out, wherein the plated
product was put on a hot plate heated at 350°C, it was
left for 10 minutes after its temperature reached 350°C,
5 and naturally cooled to a room temperature in each cycle.
The change of bow amount per 10 cm length by the heat
cycle test of Example 1 was 15 um.
EXAMPLE 2
A SiC preform having a relative density of 66% was
10 obtained in the same manner as Example 1 except that 150
g of silicon carbide particles A (manufactured by Pacific
Rundum Co., Ltd.: NG-150, average particle size: 100 um),
50 g of silicon carbide particles D (manufactured by
Pacific Rundum Co., Ltd.: NG-500, average particle size:
15 30 um), 100 g of silicon carbide particles C
(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) were used as raw materials. A surface of the
20 SiC preform obtained was ground by a surface grinding
machine by using a grinding stone made of diamond so that
the sample had a thickness of 4.9 mm, and the peripheral
portion was machined to have an outer dimension of 183 x
133 mm and have the shape shown in Fig. 2. Table 3 shows

25 the measurement results of the thickness of SiC preform

after machining.
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TABLE 3
ITtem Measu¥ement Ex. 2
point
1 4.92
2 4 .91
3 4 .89
Preform 4 4.92
thickness 5 4.88
(mm) 6 4.92
7 4 .90
8 4.91
9 4.91
Average (mm) 4.91
Maximum (mm) 4.92
Minimum ({(mm) 4.88
Thickness difference
0.04
(mm) *1
*1: Thickness difference = the difference between

maximum and minimum

On each surface of the SiC preform obtained, a 5
mass% alumina fiber (manufactured by Tanaka Seishi Co.,
purity: 97%) of 180 x 130 x 0.2 mm was provided, they
were sandwiched by stainless steel plates of 210 x 160 x

10 0.8 mm both surfaces of which were coated with carbon, 20
of such sandwiched preforms were piled up and iron plates
of 12 mm thick were provided on both surfaces of the
pile, they were connected with six M10 bolts and the
bolts were fastened by a torque wrench so that the

15 fastening torque in the plane direction became 5 Nm, to
form a single block. Subsequently, the integrated block
was subjected to an infiltration treatment in the same
manner as Example 1 and an annealing treatment at 530°C

for 3 hours to remove residual stress formed at the time



rna wNaco v 4] 4-1 F-. 1--1 Wk 3 a) In 35 EXAWLE 3 A SiC preform
was produced in the same manner as Exanple 2 except that the Si C preform
was sintered in an atnospheric air at 1,100C for 2 hours. The three point
bendi ng strength of the preform obtained was 12 MPa. Table 5 shows the
measurenent results of the thicknesses of the SiC preformafter machi ned.
Then, the fastening torque was changed to330 Nm and an alum numsilicon
carbi de conposite was produced in the same nanner as 10 Exanple 1, it was
subj ected to afpliaffiiligratdahneno obtaie asarE urdmer- sbd il erdi dand
eval uation was made in the sanme manner as Exanple 1. Table 6 shows the
results. TABcEBmpolstiem.Measurenment Ex. 3 point 1 5.01 2 5.01 3 4.99
Preform4 5.02 thickness 5 5.00 (nm 6 5.01 7 4.98 8 5.01 9 5.01
In the aluminum-silicon carbide composite obtained,
8 through holes of 7 mm in diameter and 4 counter
5 countersinks of $10-4 mm were formed in the peripheral

portion by machining, and the outer periphery of the

complex was machined into 187 x 137 mm (R7 in corners)

(refer to Fig. 2). Subsequently, the composite was

subjected to a blast treatment under a pressure of 0.4

10 MPa and a feeding speed of 1.0 m/min with alumina

abrasive particles, to be cleaned, and thereafter,

subjected to electroless Ni-P and Ni-B platings, to form

a plating layer of 8 um thick (Ni-P: 6 pm + Ni-B: 2 um)

on surfaces of the composite. With respect to the

15 composite obtained, an evaluation was carried out in the

same manner as Example 1. Table 4 shows the results.
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difference (mm*1 0.04 15 *1: Thickness difference = the difference between

maxi mum and ni ni num 36
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Average (mm) 5.00 Maximum (m) 5.02 Mninmum (m) 4.98 Thickness
v F~4 Ear

b HTIV.L




-~NCCrl 2?21 Q Ln Wbl NmC41 44 NaEU Wj li tr rdalJ Cu) 4J
Oa) Rl 54 U4i -0 CvuQ r-104a ,-a rl r=ul uddr=C--+EoO0
a) U0 (V44 L~ A4 Wper, RO KQ a OU U{ SI1va) >204 m wa)
41 E'ri oroom ~4 41 04-4 AO0O3N6C FvCOObl UNM

35
EXAMPLE 3

A SiC preform was produced in the same manner as
Example 2 except that the SiC preform was sintered in an
atmospheric air at 1,100°C for 2 hours. The three point
5 bending strength of the preform obtained was 12 MPa.
Table 5 shows the measurement results of the thicknesses
of the SiC preform after machined. Then, the fastening
torque was changed to 10 Nm, and an aluminum-silicon
carbide composite was produced in the same manner as
10 Example 1, it was subjected to a plating treatment in the
same manner as Example 1 and evaluation was made in the

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

TABLE 5
Ttem MeasuFement Ex. 3
point
1 5.01
2 5.01
3 4.99
Preform 4 5.02
thickness 5 5.00
(mm) 6 5.01
7 4.98
8 5.01
9 5.01
Average (mm) 5.00
Maximum (mm) 5.02
Minimum (mm) 4.98
Thickness difference
0.04
(mm) *1

15 *]1: Thickness difference = the difference between
maximum and minimum
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al um.numsilicon carbide conposite was prepared in the sane nanner as
Exanpl e 1 except that the shape of the SiC preformwas 190 x 140 x 5.3 mm
In the conposite 5 obtained, 8 through holes of 8 nmin dianeter were forned
in the peripheral portion of the conposit®¥ and its circunference was

machi ned by a abrasive jet cutter so that the dinension of the conposite
becanme 187 x 137 mm (corner portions were each R7 nm (refer to Fig. 5). 10

Then, in order td warp tAe]al um numsilicon carbide conposite, a
concave-convex ngl @ kavirlg(a spherical surface of a curvature radius
R=12, 000 nm nade |ofv c"@n&a@m was, used to warp the conposite in the sane
manner as Exanple&%éb §'€pque3|y, the conposite was subjected to 15 a
bl ast treatnment ynéer a ﬂré;ssurda of 0.4 MPa and a feeding speed of 1.0
mmn wth al um na—abrastw p&ticles, so as to be cleaned. Thereafter, the
conposite was subj %queg’ tjojelestroless Ni-P and Ni-B platings, and as a
result, a plating Imager q[n8 prﬁthick 20 (Ni-P: 6 pm+ N-B: 2 |lam was
formed on the surfaﬁ:@é@‘ ~the ¢onposite. Wth respect to the conposite
obt ai ned, 3 s 2 -
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eval uation was nmade in the sanme manner as Exanple 1. Table 7 shows the
results. 38 Em, vbv Oa) r)w O oPa00 b4 Ua) _ N4 UDb
ajowcCr ~f Id WEWAN 4mkNEC ::j O N pg~aoEurlHS5-H
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EXAMPLE 4

An aluminum-silicon carbide composite was prepared
in the same manner as Example 1 except that the shape of
the SiC preform was 190 x 140 x 5.3 mm. In the composite

5 obtained, 8 through holes of 8 mm in diameter were formed
in the peripheral portion of the composite, and its
circumference was machined by a abrasive jet cutter so
that the dimension of the composite became 187 x 137 mm
(corner portions were each R7 mm) (refer to Fig. 5).

10 Then, in order to warp the aluminum-silicon carbide
composite, a concave-convex mold having a spherical
surface of a curvature radius R=12,000 mm made of carbon
was used to warp the composite in the same manner as
Example 1. Subsequently, the composite was subjected to

15 a blast treatment under a pressure of 0.4 MPa and a
feeding speed of 1.0 m/min with alumina abrasive
particles, so as to be cleaned. Thereafter, the
composite was subjected to electroless Ni-P and Ni-B
platings, and as a result, a plating layer of 8 um thick

20 (Ni-P: 6 ym + Ni-B: 2 um) was formed on the surface of
the composite. With respect to the composite obtained,
evaluation was made in the same manner as Example 1.

Table 7 shows the results.
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W' N 39 EXAMPLE 5 The Si C preformof Exanple 1 was machined to 185 x
5.0 mm and 12 through holes of 10 mmin dianmeter was fornmed in the

peri pher al
Fig. 4).

x 137

results.

r

ro

Subsequent |y,

The SiC preform of Example 1 was machined to 185 x
135 x 5.0 mm, and 12 through holes of 10 mm in diameter
was formed in the peripheral portion by using a grinding
stone made of diamond (refer to Fig. 4). Subsequently,
in the same manner as Example 1, a composite of 187 x 137
x 5.0 mm was produced, it was subjected to a plating
treatment, and evaluation was made in the same manner as

Example 1. Table 8 shows the results.

135 x

portion by using a grinding 5 stone made of dianond (refer to

in the sane manner as Exanple 1, a conposite of 187
x 5.0 mmwas produced, it was subjected to a plating treatnent,
eval uation was nmade in the sane manner as ygexanple 1. Table 8 shows the
40 04 ONUrov 0 NMw bC*0 o0Q eO 0 U 4 _ NH
UNOsrxAmpoevsna m r=~4 CQH 0 Oj W
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ECVvV~N~Ou0Ol UNrna CODW'n3b vw ar-CHWNTr'175 F* * u
N 4% EXAMPLE 6 An alum numsilicon carbide conposite was produced in the
same manner as Exanple 1 except that the shape of preformwas changed to
180 x 110 x 5.3 mm (refer to Fig. s 1), and it was subjected to machi ning
and a plating treatnent. A conposite obtained was evaluated in the sane
manner as Exanple 1, and Table 9 shows thgyresults. 42 4J 04 C UNyvVv 'Ov
30 a) inw +O0RpECO U
EXAMPLE 6

An aluminum-silicon carbide composite was produced
in the same manner as Example 1 except that the shape of
preform was changed to 180 x 110 x 5.3 mm (refer to Fig.

5 1), and it was subjected to machining and a plating
treatment. A composite obtained was evaluated in the

same manner as Example 1, and Table 9 shows the results.
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| NDUSTRI AL APPLI CABI LI TY The al um numsilicon carbide conposite of the
present invention shows | ow thermal expansion equivalent to those of
sem conductor chips or ceramc circuit s substrates, and a power nodul e
enpl oyi ng such a conposite is excellent 4R heat radiation property, it
hardly deforns even if the tenperature changes, and thus, it is usable as
a base pl at e NOUSTRASL: ARAHIEANBILI®UNt i ng semiconductor chips required to
have high reliability. 10 The entire disclosure of Japanese Patent
Appl i cati on The aluminum-silicon carbide composite of the
present invention shows low thermal expansion equivalent
to those of semiconductor chips or ceramic circuit
5 substrates, and a power module employing such a composite
is excellent in heat radiation property, it hardly
deforms even if the temperature changes, and thus, it is
usable as a base plate for power module for mounting
semiconductor chips required to have high reliability.
10
The entire disclosure of Japanese Patent Application
No. 2006-122350 filed on April 26, 2006 including
specification, claims, drawings and summary is

incorporated herein by reference in its entirety.

15



No. 2006-122350 filed on April 26, 2006 including specification, clains,
drawi ngs and summary is incorporated herein by reference in its entirety.
.15 44 CLAIMS 1. A base plate for power nodule, conprising an

al um num silicon carbide conposite and al um num | ayers nade of a netal
contai ning alum num as the main conponent s forned on respective principal
pl anes of the alum numsilicon carbide cédposite, wherein the

al um numsilicon carbide conposite is_produced by formng or fabricating a
flat plate-shaped silicon carbide por Sﬁ‘glﬁlg’dy to have a thickness

di fference of at st 10 i]:om'tn the entir 11)0 por ous . body and piling such
porous bodi €s asht e Batht sSRAYW ARG bet weBPHBFPdPPePBasi ng pl ates so
that the fastening torgue in the plane direction becones from1l to 20 Nm
bnd it 1t L L A T A ST S h A P AT RUBORBERER: i nto ¢ he
silicon carl:griba%ﬁ pcgfrous its%fodi 6545 V\hereif t he al um nﬁm | ayers _each has an
average thi"8esy 6 1555 1P 5T DA HEREVYT 3B BRT CBER wERHPCRRRE raxi mum
t hi ckness and the. m.ni pum t k‘%ckness. of . thﬁ gl umi nug Lﬁ er.in,each principal
pl ane i s at SRETHA S Gritl’ § HE T R R e Be? vRent AT e BB PR Gk nesses of
the alum numJ]ayers on the resEFecIive rincirg)al gl ai*nes.is at,.most 50 pm
and wher ei n $He SR RS THITORE caf B et ™ poPoud BBH NS+ LE¢3 gl e or a

oot angLe 1 ofbute hAELLIEE 2l ROLL Qe 06 OFBRRBLYS, Dok 85 BLg EDYe0. 25
princi pal pL@ﬂgg’pfig%léﬂiﬁgﬁﬁéf¥ﬁégnt£§%bide porous body to have a

thickness difference of at most 100 pum in the entire

10 porous body and piling such porous bodies as they are
each sandwiched between mold-releasing plates so that the
fastening torque in the plane direction becomes from 1 to
20 Nm, and infiltrating a metal containing aluminum as
the main component into the silicon carbide porous

15 bodies,

wherein the aluminum layers each has an average

thickness of from 10 to 150 um, the difference between
the maximum thickness and the minimum thickness of the
aluminum layer in each principal plane is at most 80 um,

20 and the difference between average thicknesses of the
aluminum layers on the respective principal planes is at
most 50 um, and wherein the shape of the silicon carbide
porous body is rectangle or a rectangle from which
peripheral portions encompassing holes are removed.

25 2. The base plate for power module according to Claim
1, wherein the principal planes, the peripheries of the

through holes and the peripheral portion of the base



tﬁrough hol es and the peripheral portion of the base 45 plate each

conprises a
conposite of

netal |ayer containing alumnumas the main conponent, or
ceramic fiber and a netal containing alum num as the nai

‘conmponent. 3. The base plate for power nodule according to Claim 5 1,

wherein the
portion of t
any one of

t her mal expaBRsi ofheobkisiecipdmit eoff car pawar md
plate for power nodul e according to any one

al um num silicon carbide conposite is exposed in the peri
he base plate. 4. The base plate for power nodul e accordin

a
n

pher al
gto

Clains 1 to 3, wherein the bow of the alum numsilicon carbide
conposite i splrbom 6atb 200ppAsper alfetmll éagyrelr tOnded nting dépthirofm gap i s at
nost 50 pm which is produced by subjecting the alum numsilicon carbide
conposi te tothe meaani pgmppagnencrof gomposmt450Lft 3506 o driker lagubta 30
seconds under a stress of at least 10 Pa. 5. The base plate for power
accordi ng t omgahglogentadnangChalmd nun @s4 thgh&edinn aomeaaienti.num sil i con
carbide conposite has a thermal conductivity of at |east 180 WnK and a

nodul e

18y lkecenrdBeC. t . Cdien base
20 of Clains 1 to 5, wherein

t he chandge of.bvhWeasdunthef alnainggseigligosn jcarii depsomgPgiheers 10 cm

| engt h when

whi ch t he bas&ppkateinsthai Pedilpbgral PROT ifopr

cool ed under

accordi ng to%any Theebage glates fPr pwrenmmadile

the base plate is subjected to 100(:?/0| es of heat cycle in
0 thei Adses ramdenat ur al
a roomtenperature. 25 7. The base plate for power nodul e

Iy

t3IC A AR Ure sSFY cCoRe car bi de

conposite is produced by a squeeze casting nethod. 46 8. A heat radiation
conponent CoﬁﬁrpéﬁﬁﬂstﬁetBaée ypgggln the bow of the aluminum-silicon

10

15

20

25

carbide composite is from 0 to 200 um per 10 cm length
and the depth of gap is at most 50 um, which is produced
by subjecting the aluminum-silicon carbide composite to a
heating treatment of at from 450 to 550°C for at least 30
seconds under a stress of at least 10 Pa.

5. The base plate for power module according to any one
of Claims 1 to 4, wherein the aluminum-silicon carbide
composite has a thermal conductivity of at least 180 W/mK
and a thermal expansion coefficient of at most 9x10 °/K
at 150°C.

6. The base plate for power module according to any one
of Claims 1 to 5, wherein the change of bow amount of the
base plate is at most 30 um per 10 cm length when the
base plate is subjected to 10 cycles of heat cycle in
which the base plate is maintained at 350°C for 10
minutes and naturally cooled under a room temperature.

7. The base plate for power module according to any one
of Claims 1 to 6, wherein the aluminum-silicon carbide

composite is produced by a squeeze casting method.



for power nodule as defined in any one of Clains 1 to 7, a N filmof from
1 ta 20 pmthick forned on the base plate for power nodule by a N -plating
treatment, and a 5 ceram c substrate for nounting a sem conductor, bonded to
the base plate on which the NI filmis formed.

46
8. A heat radiation component comprising the base plate
for power module as defined in any one of Claims 1 to 7,
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
5 ceramic substrate for mounting a semiconductor, bonded to

the base plate on which the Ni film is formed.





