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. SEM CONDUCTOR | CE, -~ SUBSTRATE FOR MOUNTI NG A-- SEM CONDUCTOR | GE,
SEM CONDUCTOR | CE,. AND METHOD HE SAME BACKGROUND OF THE
| N\VENTION 1. Field of the inventi oﬂwmmmmml nvention relates to a
substrate nmaterial for use as, e. g., g.hept sink material in a

sem conductor: device, and also to a substrate, a sem conductor device, and
met hod of producing the same. 2. Di | A8l g Art with the
recent remarkabl e i ncrem%ﬁm%aﬁr ggbgldg#ng%m' conduct or devi ce
and the degree of integrati | Mtggvﬁ@g ce, the heat generated
by sem conductor elenents ﬁ‘gsgggﬁe to produce infl Uences that are net :
_ ligible. As a result, sukgigSFRaTE! FORAMOUNTINGUNti ng seni conduct or
devi ces have tone togbe required to have a high thermal conductivity for
efficiently renoving the hegA-SEMICONDUCTORSBEVICEIuct or el enent s.

Substrate materials are further required not to-be _Qefdr;red by a thernal
stress at theinterf ace bet weSEMIRONIUETOR: BEVILEyr ial s and ot et ~dévi &~ ==

menbers used in conbination therew th. [ - b t terials are
required not to have a MNP METHOD QF |ﬂ?¢$‘?ﬁﬁ#l ﬁﬁl#’?’#l LLEETITi T THES
SHEET HAS 3E! N | KEPLACED *@)0002* '

BACKGROUND OF THE INVENTION

1.Field of the invention

The present invention relates to a substrate matexial for
use as, e.g., & heat sink material in a semiconductor device, and
also to a substrate, a semiconductor devicé, and method of
producing the same.

2.Discription of the Prior_ Art

With the recent remarkable increases of the processing
rate of semiconductor device and the degree of integration in
semiconductor device, the heat generated by sem_iconduct_or
elements has come to produce influences that are not negligible.
As a result, substrate materials for mounting semiconductor
devices have come to be required to have a high thermal
conductivity for efficiently removing the heat generated by

semiconductor elements.

Substrate materials are further required not to be
deformed by a thermal stress at the interface between the substrate
materiais and other device members used in combination therewith.

Hence, substrate materials are required not to have a large
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-coefficient with sem conductor chips, packages, etc. used in conbination
therewith. Specifically, since the thermal expansion coefficients of

silicon and GaAs, both used-as seniconductor elenents, are as |ow as
4.2x10'/*C and 6.5x10' °/C, respectively, and that of A120" which is widely
used as a packaging material, is also as |ow as 6.5x10'/6C, substrate

ATmost the SfeReRERCUE s e R e o have ¢

al nost the e valu recent years, plastics have cone

to be increaﬁ'{iﬁgl Y palliGeds PBckagiea iatenbihation pilexewifthcer am cs such
as A120,. In e ‘case of using a plastic package, the substrate naterial

used t her ewigfp 331 cBaYg, & ibicehete thermel expaesisinroebbiaiantat sLhieen n
conventional "sem conduct or devi ces, because the ﬁl astic has a E{ﬂgh t her nal

expansi on caaid icaiasnpt batdl wsedd& GENICOHAUCEPE §nt8yo FEd 2PhePBt with a

resin. Nanely, the optinal rangg  of the thernal 1,0 ehfi gi S
whi ch seni ccohdxd051/ °§ang ﬁaPélgrg( &ri BPEPeT Sl gégﬁ%%gflﬁ’é"ffgﬁ x10' 6

to 20x10'/C  although.it vari | - | naty ] »
ovi oo mentin eLael BPA s ARRSETe TR e h "1 £ TR B WL SRLOT IS
that range ifvﬁt@%[thsmsfe@%aﬁé qidirde 638 DbwCelamial Expeagdésn

In

conventi onal e case where a |low thermal expansion coefficient is
necessary, Ségbsgf]r-@ign@t QhighSaf®ralgetyithg aameems ctomlakone yaybes- of a
Cu- W conposite alloy or a Cu-M conposite alloy have been frequentl
used.. Since these ahl oysestrydsrs,r pyacbhicsl Have Komgato SO IRSTEABLBILE to

be suitable for use with plastics by controlli r}g t he amount . of. C%Ber or
mol ybdenum udmsy &2 FREEAGHIY MateEpadgpin: PlaceRty cRERREISES Y 2 467271007

AT 533-0694 FﬁlGEthg égﬂal\g 'Q;iﬁé%pﬁ)ashc package, the substrate material

used therewith can have a higher thermal exbansion coefficient
than in conventional semiconductor devices, because the plastic
has a high thermal expansion coefficient and a semiconductor
element is bonded thereto with a resin. Namely, the optimal range
of the thermal expansion coefficients which semiconductor
substrate materials are required to have is from 7x10™* to 20x107/°C,
although it varies depending on combinations with other device
members including packaging materials; those values arxe high and
that range is wide as compared with the case of ceramic packages.
Conventionally in the case where a low thermal expansion
coefficient is necessary, substrate materials for carrying a
semiconductor device of a Cu-W composite alloy or a Cu-Mo composite

alloy have been frequently used. Since these alloys can be

regulated in thermal expansion so as to be suitable for use with

plastics by controlling the amount of copper or molybdenum, they




IceRe B3 1D 2013904 ¥ 5/ 81 533%dom BEO1IErkify@4deD Eican be al so appljcabl e
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plastics are apt to deformwhen used in-conbination with materials having
a high specific gravity, such as Cu-Walloys and Cu-M alloys, and this
limts the use of these alloys as substrate materials in conbination with
pl astic packages. For electrically connecting a sem conductor elenent to
a package, a technique of using solder bunps in place of wires (flip chip
bondi ng) and a technique of using solder balls in place of pins for

connection to &’égﬁe S“bf%é'aﬁ:tl% é‘gghﬁh§ghgt§é arkagesdi nwevere ewamseo be

wi del y used®a® §% ues a a difficulties in applicati or;dt o]
substrate efy g18{afFuthe plasyiey azeCaptitaidedprmbekens®edhe use
of such heg§§ élltﬂ%;é"tsrléf%g ?rat er%l S rrgy flatten the sol der balls ' '
excessi vel Y4 b diati 6 withhtaterd adt stisigrabbghwperiiis Faydthr Xibse
alloys is | sadvant ageous i n cost because tungsten .and golélybdeggc are
relatively gupensiw@lopsaml COMe lad lovHeranthklisiimite ERS M8/ i gh
thermal expansion coefficient is desired, substr [ fgde of Al
or cu, whiclaldepsiaexmmatrater@agesialy i %’P%&Infgé‘gg?aﬁ'ﬁeséi%ave been
frequently enpl oyed. However, these sem conductor substrate materials have
t he sane pr@l&F&ﬂgﬁg'the Cu-Walloys or the |ike because Cu al so has a
density as high as 8. / s « Y05 LE e dtahgr & %8 snmitiriueftoz| abememt dioe free
fromthe above pro%?"zrﬁq\ﬁn%?ﬁlﬁseg?i n comnbi ngt ion with plastic packages and

connect ed bA)é ggéiéa%é; cy %gg@mégga?bﬁg;smgn@elube oerps tin pllageued WAREP THI S

Si-11~f Ei; PLA RECEI VED 06/ 11 16: ZB, 1997, AT ,533- 069’ 4
PAGE 6 (PRI NEZRpRAGD Bondingyaiida techiizoe 6f usprase de bapre g 3954;
# 6/ 81

of pins for connection to a base substrate (ball grid array
bonding) have come to be widely used., These techniques also have
difficulties in application to substrate matérials made of a Cu-W
alloy or a Cu-Mo alloy, because the use of such heavy substrate
materialamayflattenthesolderballsexcessively. In addition,
the use of substrate materials made of these alloys is

disadvantageous in cost because tungsten and molybdenum are

relatively expensive metals.

On the other hand, in the case where a high thermal
expansion coefficient is desired, substrate materials made of Al
or Cu, which are inexpensive metals, or of an alloy of these have
peen frequently employed. However, these semiconductor
substrate materials have the same problem as the Cu-W alloys or

the like because Cu also has a density as high as 8.9 g/cm’.

Substrate materials made of aluminum are free from the above
problem when used in combination with plastic packages and

connected by ball grid array bonding, gince the density of aluminum
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probl &t tihed tIRBiiscan be used in only |inPREd: YappRi cati ons bddatbsei3dbd:4 6/8)
al um num has a thernmal expansion coefficient as high as 23.5x10''/C, and

that the substrates are apt to warp or deform because of their |ow
rigidity. Under these circunstances, there is a desire for a substrate

mat eri al which not only can be regul ated so as to have any thermal

expansi on coefficient in the wide range of from7x10'" to 20x10'6/C,
especially from 7x10-' to 15x20-'/C, but also has -high heat dissipation

roperties and is lightweight, Xt is thought. that [ | gks
ghogl d generid |ap H@Vga& T hbrFhgm 'cmé’te?’\!igwb%& Ygﬁga}tsﬁﬂ%ggna}gg B
However, there are ipcreasi ca ' ' C S e
materi al s us’e’d“’Flt’i‘““‘cBﬁﬁ'ra n%{?r%% tﬁ:ﬁ‘gﬁrgg{gfc‘g%&gc agjuesganﬂ'gv?%gyay%%%ﬁe%her nal

conduct i vi t y, et 90Hh elahiBeid i fuh HMERtneaRdlIkbNAb JontodBELCI4RK or

hi gher when Ssi'pation fromthe whol e package 1s taken in account.

Al um num cor‘g)é)zliigﬁ 85 | DV 3x0RF9°t Sl ihapr Oipe sabsaratent @re Apt Whi warpr e
| i ght wei ght an at1sfy the above-descri bed requirenents concerning

t her mal expagsiquroracbbtsusatofirtheithd@owakigbhiities i vity. Anong t hese, use
of an alum num'silicon carbide (A -SiC) Ctonposite alloy as_a iubst rate
material is being Wndestthpse¢iscsnssancee, skhatg i§ FfalEPFERsIOF & |

o asa mSEbE i bl SoLF LBl e R S 6 gy

R FLAC.: 7 RERD VRBPBRT PRPIRESEY £5BF £t Bl Ty e hide Taras pRerbel R0 1

1974 61116 17812 A0-DREW s diflaERy 82 2ok 561356 40# 184807/ tas iute alkavhag a

| ow t hermal expansion coefficient of 4.2x10"/C, wth alum num having a

hi gh t her nmal heytpareaitodisetpat pirergroperties and is lightweight. It is
thought that substrate materials should generally have a thermal
conductivity of at least 100 W/mK. However, there are increasing
cages where the semiconductor substrate materials used in
combination with'plastic packages, having & poor thermal
conductiv.ity, aré required to have a thermal conductivity of 180
W/mK or higher when heat dissipation from the whole package is
taken in account.

Aluminum composite alloys were recently proposed as
materials which are lightweight and satisfy the above-descxribed
requirements concerning thermal expansion coefficient and
thermal conductivity. BAmong these, use of an aluminum/silicon
carbide (A1-SiC) composite alloy as a substrate material is being
investigated because the starting materials, i.e., aluminum and
sillicon carbide, both are relatively inexpensive and highly

thermally conductive, and because a wide range of thermal

expansion coefficients can be obtained by combining silicon
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casting method disclosed, e.g., in Tokuhyo-Hei-1-501489 (unexam ned

. publ i shed PCT application), the inpregnation nethod described, e.g., in

JP- A-2-243729 (the term"JP-A" as used herein neans an "unexam ned

publ i shed Japanese patent application"), and the pressure casting nethod

di scl osed, ‘e.@¢., in .TP-A-61-222668. For use in fields where high

reliability is required, the substrate materials obtained are generally

subl ect ed 1o 2 2Had 2igvifd SANAN eIk R difd 1t JEEKE RASRBLOVIKTI b/ C,

substrates. e an alumnu I con carbide conposite alloy as

a substrate r § NBYQh h§0a ah BN 1UIHAQL ekpdauicn, coefkicient of
above-descrigg%ﬁpér%'ll ulcﬁmdn met hgds each has probl ens which - shoul d be

sol ved. Firshg. tRfoese,i ng 9¥Ribess haoportiansack that the deviation of
conposition which is caused during cooling is difficult to avoid. This is

because since the Alcdivénzlibogllyremploredhyretrssass £PEPIRAICIIINERSIL &R |y
has a hi gher alum num concentration in the surface regnce in

art,. the diff
silicon car bluninumtsiiicen sarbadacenpoflte Ry éﬁﬂigﬂ?ft&&% it
exceeds It by weight, naki It ssihle to_ohbtal t e ing a
honbgeneous éﬁﬁﬁ% i‘?’r'?ﬁi‘:"‘l"%gi &-4r gggﬁi#%@m%’#&ﬁéﬁgfﬁeﬁ/ﬂ%hmnﬁhﬁg eg
oids. Altho t r | 5 E BERN mRehbdCkRExdr i=@E VED
06/ 11 16: 79 légglilgﬁe‘gig’-&ggéﬁlgﬁéi@('PﬁﬁﬁT%PA 3) 1 97k 6A AT
15): DREWA 349'.: i 1 (ERPRA3 25563 P9P4 thet 8481 Trvaihad usediezetinvmeans an

. . . ’ : . .
el imnating noSt voids, the concentration of alum num around the surface

tends to be MagbxatiEnéd putd ishedsdapanepp|pasint! appd inakéent £ faRLIHhe n t he
e e swrorrsting mothod aiecibsdd! %, 2ashblLo%8 AR

For use in fields where high reliability is required, the
substrate materials obtained are generally sﬁbjected to a surface
treatment before being used as semiconductor substrates.

In order to use an aluminum/silicon carbide composite
alloy as a substratematerial for mounting a semiconductor device,
t’he above-described production methods each has problems which
should be solved.

First, the casting method has a drawback that the
deviation of composition which is caused during cooling is
difficult to avoid. This is because since the Al-SiC alloy
produced by the casting method necessarily has a higher aluminum
concentration in the surface part, the difference in silicon
carbide concentration betweéen the central and surface parts
exceeds 1% by weight, making it impossible to obtain a material

having a homogeneous composition. It is also difficult to

completely eliminate voids. Although the pressure casting
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theece®Bd b@lh1 ands safaace parif-degn dde by waingit riee siyad | er. On the ot her

hand, %"ReéAl Hpr €dfdfi on nmethod in which a pFEFOAM GF silicon cdfbiddelpal:# 8/81
i npregnated with nolten alum num has a drawback that al um num shoul d be
infiltrated in an excess anount in order to obtain a conpletely dense

all oy. Consequently, the alloy obtained has the excess al um numon the

peri phery thereof and cannot have ‘the origi nal shape of the preform before
i npregnation. -1t is therefore difficult to obtain a substrate nateri al

havi ng satisfactory di mensional precision: For obtaining the desired

d. . , . t . t ct i f i J
excoss. al unRHPR I PEREChRES dn LI insine RSN He 18l s SR CRCE,
method, in iﬁhﬁxﬂ{nﬂn%dﬂd Ohe ?h&&ﬁg@_ﬂa@aiaﬁbb%ﬂhWtbm@ PEESSILee
vessel and ltTen alumnumis torced into the vessel, the.resulting:all oy

has an alu 'gl.ma&i.' MMC Al BEREE H 1 i 1ikhenct @ dre vaetind angthmidor m
and the presstire vessel. Since this alumnumfilmis uneven in thickness,
it not only tonpeddce the didtetencedh eXdaon carbisgeed¢dteentinatdontbrtweenoy
material, but is causative of warpage, etc. The casting nethod has anot her
dr awback t hahesicrotraheandrstunfacenpareste ndt fvewedghtadri #ALLSI t en

metal, the concentration of alumnum,jn fhe nelt should b t l,.east _70% Db
6 TH S SHEET HAS 1392 1the aRbeEABRRA. fhﬁéﬁﬂ%“&é}’hmi@?‘i@ Syopigy a Y
533- 0694 PAGE PRI NTED .PAGE '97 . - Pi . 2R
8: 3+5 31 x9BFe#° 8‘1PT |lgcl?tn. c%gg%%ee 13% é%gg?g&%gg%ﬁﬁgth}ré?%g%a ls%‘}il}kgﬁrrel t
naving a SifsCQnuCARier AQBGANIRUOBNB0Ld hianeh e Lbera 6800y ascigssnas

poor flowability an as been unsuitable for use in producing alloys of
conpl i cat ed snbapeSin ¢€Sey £ BYLEIn pAMlctdlgtdemse affdyci etoysequentdy,been

found that alloys which can be produced

the alloy obtained has the excess aluminum on the periphery thereof
and cannot have the original shape of the preform before
inpregnation. It is therefore difficult to obtain a substrate
material having_satisfactory dimensional precision. For
obtaining the desired dimensions, it is necessary to conduct an
operation for removing the excess aluminum from the whole
periphery. In the pressure infiltration method, in which a preform
of silicon carbide is placed in a pressure vessel and molten

. aluminum is forced into the vessel, the resulting alloy has an
almninun"t film coxrresponding to the clearance between the preform
and the pressure vessel. Since this aluminum film is uneven in
thickness, it not only impairs the low thermal expansion
coefficient of the alloy material, but is causative of warpage,
etc.

The casting method has another drawback that since the

method involves the step of casting a molten metal, the

concentration of aluminum in the melt should be at least 70% by
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concentration of silicon carbide is around 70% by wei ght. This is because

if an alloy having a silicon carbide concentration |ower than 70% by

weight is to be produced, the silicon carbide preforimhas a reduced
strength and is hence apt to deformor warp during inpregnation with

al um num or during subsequent cooling due to a difference in thernal
expansion coefficient. Asa result, the alloy obtai-ned hardly retains the

same di nensions as the reform Further drawbacks ©of the_irpr '
nmet hod are twWeightinde the PFefAs I?aSFif‘ﬁem‘\é\lﬁ% %soodu%eg‘egg ggﬁﬁ??ﬂt ed

Ol polbl 600 GRLRAS calBiRR0RaRAA GO RS AAEP eC o 0N, bpWEyts pas
grindi ng w tB?ﬁ?%ﬁ%ﬁ&%@ﬁqhn Nflad D GhsegthbYe fbe Wi@siprodaeihgng

nmet hod has a that it has a far higher equipnent cost'than

the casting ?i‘f’o}mf&@%fdl@.&aﬁﬁah@ﬁbpesT,h&rasiJQIt&ngi in hpsobhgerodticitiooul t to
produce an alum™num silicon carbide conposite alloy having a honbgeneous
conposi ti on ppfibieicy .t hEtshdsd been chounidithabddeysavh beh iCanhb g RICIURSH

about 30% by weight but not higher than dbout 70% by wei ght at | ow cost by
any 7 TH S ByiFtHe HupgeREENioRAFE YT '80) a8 /&0 4?%90&9&#%/‘%%%9651997

AT 533-0694 PAGE 10 (PRI NTED.PAGE 11).' 974, 9119 17 : LE
813+5561395428 ebmr(q#mhega Wi °§Ft‘°ﬁ%’fﬁ’6 ens uggta%}é?%&%%%%%'or

use i n pl astlg. packagss ale 360 £0aGqREUALMIAS f SdURAVSYbY weignuL r cd

to have a th expansi'on coeffricrent of about from7xI0-' to 13x10'/C
for the reasgps; s reebhubalifuPROYSy hhoifg deriliebnaturilide cnndesitiriatann

carbi de conposite alloy to rreet.-thi s requirenent, the all 9{_ shoul d
lower than 70% by weight is to be produced, the silicon carbide
preform has a reduced strength and is hence apt to deform or warp
during impregnation with aluminum or during. subsequent cooling
due to adifference in thermal expansion coefficient. As aresult,
the alloy obtained hardly retains the same dimensions as the
preform.

Further drawbacks of the impregnation method are that
since the framework of the alloy produced ig constituted of silicon
carbide, warpage correction by sizing after alloying is
impossible, and that the processing of the alloy is possible only
by grinding with a diamond wheel and is hence costly. The pressure
casting method has a further problém that it has a far higher

quuipment cost than the casting and impregnation methods.

Therefore, it has been difficult to produce an aluminum/silicon
carbilde composi:te alloy having a homogeneous composition in which
the silicon carbide concentration is higher than about 30% by

weight but not higher than about 70% by weight at low cost by any
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howev &z Bge dilffBiléult to produce an al | oy JREVEAGFElich a conpdsSitieiakt:#10/81
| ow cost by any of the casting, inpregnation, and pressure casting nethods
descri bed above. It has also been difficult to obtain an alum nunisilicon
carbi de conposite alloy having a thermal conductivity of 180 WnK or

hi gher by any of those prior art nethods, except in the case of alloys
having silicon carbide concentrations exceeding 70% by wei ght or bel ow

10% by wei ght. Al though an alum nunisilicon carbide conposite alloy as it

IS can be used as a seniconductor substrate material, it is desirably

subj ect ed t % HheseeEipreat it the conposite alloy is to be used in

fields where high rel %abi u&%ﬁ?gts%{,i%%wr S usg.egn, 146t bath@lgegnss For usg

in these fields, seft€8hED ate naterials are requi red not to

suffer any cgﬁggg:eo,jc{aﬁtg&o S idES ar®: freqddiffliRreqOifed o/ haye ®thiermal

appear ance, rough various reliability tests such. as a thernal

cycling teste,g,ghmncbobhgism Il abbratefiah STx1ArE toepdal 84/ C £ogothd to
-65C and 150C, a PCT (pressure cooker test).in which the substrate

material s arfessqses setaforthodhivge &n order IMHARRAIUBIRUB/BEligens
SHEET HAS BEENJ REPLACED [ RECEI VED 06/ 11 16: 30, 1997 .AT,_533- gGQéhPAgg 11
(PRI NTED PAGEaxkdde comgosite allontepeelthis Feguigeneld Q3348 Shrults,

#1 1/81 atm, d HAST (hi ghl I t St sl light h
Cubst rat o mEReYS A SLRISPEREELEE CTRR AT RB O SFo £ TIeE TBRoPRIeiH 07
atm HOWever, { e LXROSGE: AN MFeRBhL O iR diidel 361 b vy BlERUG

t hese tests. ratron 1s " apt to occur also at the Al/SiCinterface.
Hence, the Sybé&ﬁﬁsq_tr{%heahai@@mg? aiy (PN dhdecabt £nghaimperdgnagipsar ance
0

t hrough the above tests. it is therefore necessary to performa surface
treat ment suah@lpresshee eamtingmeshbils ctearpifiedeaboviposiltehas| A REEDt o
o difficult to obtain an aluminum/silicon carbide composite alloy
having a thermal conductivity of 180 W/mK ox higher by any of
those prior art methods, except in the case of alloys having
silicon carbide concentrations exceeding 70% by weight or below
10% by weight.

Although an aluminum/silicon carbide composite alloy as
it is can be used as a semiconductor substrate material, it is
desirably subjected to a surface treatment when the composite
alloy is to be used in fields where high reliability is required,
e.g., in work stations. For use in these fields, semiconductor
substrate materials are required not to suffer any change in
properties, e.g., thermal conductivity, or in appearance, etc.,
through various reliability tests such as a thermal cycling test
in which the substrate materials are repeatedly exposed to -65°C

and 150°C, a PCT (pressure cooker test) in which the substrate

materials are exposed to an atmosphere of 121°C, 100% RH, and 2
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t echni que for. reat ment. .. The surf aceq shat &ePf 4 substrate material for
n[oﬁﬁﬁfli‘érgfg%ﬁ}afai%%ggg ﬁct or device i's inp(;FPPt amv,flﬂeliﬁaelse it infldéhdes BHe#!l /8!

fl ow of sol der when a sem conductor chip or a package is fixed to the
substrate fornmed by the material by using solders. For use with sone

sol ders, a surface treatnent suitable therefore is ‘necessary in order to
ensure reliability with respect to the strength and other properties of
sol dering parts. The surface state is inmportant also in bonding with a
resin, which technique is becomng the nainstreamrecently. Since

different surface states result in different strengths of ' opdiLng, a
surface treatmentansuanaBAST ((SLIDAY %‘é%‘?lr%tﬁgnﬁ{;ﬁﬁgsst °e°% t%gﬁ}sm'r‘%qgﬁ%ed.

And al um num silicon carbide_composite alloys,has. a of £5°cof g5y
hardness. ThewkstFare materials e iRNASY gxf%ir:‘lrre a hapee, g.fespeci aliy a

conpl ex shapge_suc s ,heat sink | ' |y i b&EPP oRoEE dargagposite
alloys. it i@r@d\%?&}m{‘o gowes‘ﬁ%%"t #g#;&r?ao?ggﬁ bei ngbabl e to be forned

easily to be %@%{: kagk¥. DibdoTopaitidn AR RAMNocEEPRASED C
RECEI VED 06/ i?&%l% EBB Tt§%§?§%94 F’AGEl 12 ?PRI NT?ED PAGE 13) 1 '974 6A

119 178213); ,PRAW £o NORk AR8128466013mée# H S ubSthatRiahr Flss NRERTION | n
view of the current situation as'described above, an object of them;l)resent
i nvention i sateomiiiderable ¢henge dblappearsssecihnanghhEbeaboys te8%%y nithg,

cost, etc. to provide a substrate material for untin §§[n' or
devi ce, madeiaft@eﬁ@ﬁ%ie@ﬁﬁsamn?%lﬂ?F§PFPc%rF%rﬁﬁiedtrg%ﬁnpos| t”gﬁggpg%

whi ch has a_honbgenpous ganpositi i I gl of a
substrate maf®fFi %f@*’.“’é‘.‘&%ﬁ@r ﬁg?bg%%mo?ﬁﬁfpé?ﬁ?%% %V%m?glrﬂseﬁidgher and
a thernal exgggﬁk? S8ff 115l eQtméx10-"/C or lower. Another object of

' to

e
the present i'nventron 1s provi de , )
The surface state of a substrate material for mounting

a semiconductbr device is important, because it influences the
flow of solder when a semiconductor chip or a package is fixed
to the substrate formed by the material by using solders. For
use with some solders, a surface treatment suitable therefore 1s
necegsary in order to ensure reliability with respect to the
strength and other properties of soldering parts. The surface
state is important also in bonding with a resin, which technique
is becoming the mainstream recently. Since different surface
states result in different strengths of resin bonding, a surface
treatment suitable for the desired bonding strength is required.
And aiuminum/silicon carbide composite alloys has a high
degree of hardness. Therefore it 1s very difficult to forme a shape,
especially a complex shape such as heatsink by using
aluminum/silicon carbide composite alloys. It is required to a

substrate material being able to be formed easily to be near net

shape precisely.
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alg ok ing a sgME.sORdECtOrrAEM R@e RAVI Ng hi gher o
?[eﬁ#g%%iﬁtﬁ@iaum%g%gﬁobj ect of the presePr?t DRIWEARP GR is to proilddddgosd #12/81

nmet hod of forming a substrate which is controlled a thermal expansion
coefficient thereof easily with a |large range so as to be appropriate to a
sem conductor chip or a package to be fixed to the'substrate. And anot her
obj ect of the present invention is to provide a substrate forned easily to
be near net shape precisely. To acconplish the above objects, the present

i nvention provides a substrate material for nounting a sem conductor
device, made of an alum nunisilicon carbide conposite alloy which
conprises Al-SiC alloy conposition part and non alloy part and dispersed
honobgeneously silicon carbide granular particles. 10 TH S SHEET HAS BEEN
REPLACED [ RECEI VED 06/ 11 16:31 1997 AT 533-0694 PAGE 13 (PRI NTED PAGE 14)-

1 '974 U 119 17921 DREW I NAPIEE“éH&@- kago4wenstét Silicon carbide
rom

granul ar particles are disperse 0 to 70% by weight in the conposite

all.oy, and silicon canhi ¢geelySor dind cubvbat ditmdracus| geseribesl AbogeC
all oy conposition part. And the fluctuations of silicon carbide

concentrati ognidbide@ ofl tifé Grakeny tmrgrusion éa paeldmisagpthe PRAPRGus
wei ght, and which- has a thermal conducti Vi tg of 100 WnK.é)r hir“%hs_%]agnd a
thermal expeoscernicuppiécisian tn fogRing 4£ESEy GtGueC PFRY LA R FHOR Fl'i con

carbi de conposite alloy is roduced by a sintering, net
al um nunt si | mater bk HoFe "OGRBA8TL R BFT "tdg‘r‘f&f‘t E}F.gh‘ggt %"d"%%ﬁt’r ate

For med at 1 he3ahbes stk 24 BR B L B AR L e o
al um num al l'gyhoﬁéfn{]ﬂu‘:&b@émﬂ:ﬂﬂﬂ&m arvd g & hieS peopRft Sesl fequeired af anount
that the ratio™0 e peak
substrate material, i.e., a thermal conductivity of 100 W/mK or
higher and a thermal expansion coefficient of 20x107¢/°C or lower.
Another object of the present invention is to provide
a substrate for mounting a semiconductor device, having higher
reliability.
Another object of the present invention is to provide
a method of forming a substrate which is controlled a thermal
expansion coefficient thereof easily with a large range so as to
be appropriate to a semiconductox chip or a package to be fixed
to the substrate.

And another object of the present invention is to provide
a substrate formed easily to be near net shape precisely.

To accomplish the above objects, the present invention
providesasubstrétematerialformountingasemiconductordevice,
made of an aluminum/silicon carbide composite alloy which
comprises Al—sic alloy composition part and non alloy part and

dispersed homogeneously silicon carbide granular particles.

- 10-
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| NkeasEd ye/fione:al usa?ram car bsxdeedOdBy 10 (RRFED PASE A1)y num (200),, . et h,.,. |
deterr'?ir’ﬁgscalbf&/ XFE anal ysis wi Eh C?.H t, | rﬁg"f‘g Nr%g'tﬁm)re' tgan )86.’%2%"8?4’ {8
anal ytical anount. is not nore than 5 % by weight. This substrate nateri al
si mul taneously further contains silicon in the alum numor alum num all oy,
and the silicon is present as a conponent of a solid solution or as a
precipitate. This alum num'silicon carbide conposite alloy has a thernal
conductivity of 180 WmK or higher. it is especially suitable for use as

a sem conductor substrate material for a ceram c package, etc. The present

invention fugiNlodcaYbige FrapuQaespaivicley adacdigperseds fpomrkl &ontl%ri al
whi ch conprises conpacting an -- 11 TH S SHEET HAS BEEN REPLACED |

RECEI VED 06/p4 vdight 199¥haTcafB&iag a2Acy, 1and FRINFD SASL1AS) 14 97 Mie
1762137?; DR & NAPi ER 81J+550: J9Fti  alum nunf a_ilicon carhi.de s% ting
powder havi ndistsitvitednhomegrnrousdynie fheohlt$ Hmaido¥ CBIIAF X BRT ' * and

sintering the conpact at a_tenperatur.e of 600C.or_hiaher.. ;
non- oxi di zi nndithes Flacsuathons RF ‘tj:j'lﬁpé‘vgﬁfggﬁi%rﬁ%%ﬁetr%%qggi éflztl-'lr]l% to

produce an al um num silicon carbide conposi . f bl
process is %T%&;B9Y§°W8Fﬁﬁg°ﬁpﬁ \%grls?n' &? ngéh ?c?rr%géqt% 158} dhebUfilon

¢onf ai ned

al uni num and, 3 | Y3638 Dhdifadtaaley 8e5108 &g orehiigenhiah a ¢hétmas from
some conventTx al process above desCribed. By this process of the present

i nventi on, aefabééio’ﬁ Gourireriaht Cen 10x100brai oedlowdh i s nade of a

| i ghtwei ght al'um nunisilicon carbide conposite alloy having a honogeneous
conposi tion and havimg_saaluhbmum,fsiebdmE@ﬁb&@%f‘?q@%ﬁt%ﬁlgeyms' / C or

| ower and a thermal conductivity of 100 WnK or higher. Especially the
sintering prpreduced yha siatering Maa%n for produci ng an

o Sere R ASITERE, B e 0Ly o n

substrate material of the present invention preferably contains
aluminum carbide formed at the interface between the silicon
carbide and the aluminum or aluminum alloy. Preferably aluminum
carbide is comprised in such an amount that the ratio of the peak
intensity for aluminum carbide (012) to that for aluminum (200)
both determined by X-ray analysis with CukK, line is not more than
0.025 or its dnalytical amount is not more than 5 % by weight.
This substrate material simultanecusly further contains silicon
in the aluminum or aluminum alloy, and the silicon is present as
a compo;xent of a solid solution or as a precipitate.
This aluminum/silicon carbide composite alloy has a

thermal conductivity of 180 W/mK or higher. It is especially
gsuitable for use as a semiconductor substrate material for a

ceramic package, etc.

The present invention further provides a process for

producing the substrate material which comprises compacting an

- 11=-
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:havi ng ar witeiviMbe,CORNEIYC do¥iaky Of 1§Q-qusprwhipg £o Q%Er?aguJ ating the

_:.._-._-Sj.i-".?r_it ering terf3&rédtLir e 188Pécially to a value In thermwangeriak fr.om 600 895551305

750c to thereby control the interfacial reacti-on, which vyields the alum num
carbide and the silicon. A preferred atnosphere for the sintering is a
nitrogen atnosphere having a nitrogen concentration of 99%-by vol une or
higher. It is also preferred to conduct the sintering in an atnosphere
havi ng an oxygen concentration of 200 ppmor |ower and a dew point of -20c
or |ower. Especially when the alum num silicon carbide conposite 12 H'S

/
4

SHEET HAC f ?E~N 1: . | VED 06/ 11 16; 32 1997 AT 533-0694 PAGE 15 '
EB@%@A&&&%’AEF éaWQERC"S‘i%QBB&BQB@,#ﬂ-ﬂWParbide

(PRI NTED PAGE 16) 1T
alloy has a therm Sj f.fal gl e f from7x10'6 t.o 15%10' '/ C and a
y CORERRRSRPTOHAPLD' Ebefly By, Wetfhlk ANd A teRing the Soppact

thermal conductivity o s
substrate naterial atod tamperhtoRrE WH 660° ' > td or as
a substrate used for sem'@conduct(Swrftd?a(\)/icgggmitiﬁﬂ\ﬁlgirhcrﬁa%%?é:ixgg?'rqligg%etmsp%ere
‘connection of a sdéni oodenctoprEventntliunicon diEeSxiMikihg €5 priRpY g or
‘mounting on a package i s conducted by ball grid array bonding. A substrate
havi ng hi gher reli égmm}m/&aﬂl{f@nf earbddeycomprmtiiteg al hey s UPf efer a1yt ls@ch
‘material of the prﬁsgnt igvention with a plating layer, chromate film or
~oxide film or by POPRFHY L8P RIRYed R st aniagevpover mjstune compachiconsuined

a Young's nodul us ; : r . lawer, a layer of ,a nmetal having a
“nelting point of %8%8 or Pag’v#/é?{ﬁ?‘r:og 'f%’&élrdedf NARSLY ganf ENYesing Aeghedewhich
form ng thereon a &dfFedrs i ropmCi form on.the .surface |
t hereof a coating | ayerr coﬁ%??ﬁ%agpg%hﬂh%ﬁlls%Rggmi%v@oﬂﬁﬁﬁﬁ. ?‘{'BIQIVET*‘“

DESCRI Pl ON OF THEPMRIRNENGE FEhg. pResdionsirvenlkdck, dh A9 idda! 38 99 &n be
process tor obtained which is made of a lightweight aluminum/silicon carbide
composite alloy”having a homogeneous composition and having a
thermal expansion coefficient of 20xl 0~'/°c of lower and a thermal
conductivity of 100 W/mK or higher.

Especially the sintering process of the present invention
for producing an aluminum/silicon carbide composite alloy, is
capable of yielding an aluminum/silicon carbide composite alloy
having a thermal conductivity of 180 wW/mK or higher by regulating
the sintering temperature especially to a value in the range of
frf)m 600 to 750"’; to thereby control the interfacial reaction which
yields the aluminum carbide and the silicon.

A prefgrred atmosphere for the sintering is a nitrogen
atmosphere having a nitrogen concentration of 99% by volume or
higher. It is also preferred to conduct the sintering in an
atmosphere having an Ooxygen concentration of 200 ppm or lower and

a dew point of -=20°C or lower.

Especially when the aluminum/silicon carbide composite

- 12~
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Pr agete v pean @l sanispuan si | i cees-e@n Iphate 16 ORPOED trasea Lk according,, tp .t _
present’ pRidRti OR2I%ig. 2 is a photonicrogr¥ph &téﬁéﬁyw th an op?liaégﬁmyﬁﬂ“#w/gl
m croscope (100 tines) showing the netal structure of the alumnunisilicon
carbi de conposite alloy obtained as sanple 6 in Exanple 1. Fig. 3 is a

di agrammatic sectional view illustrating one 13 TH S SHEET HAS BEEN
REPLACED [ RECEI VED 06/ 11 16:3Z 1997 AT 533-0694 PAGE 16 (PRI NTED PAGE 17)

1 97 6 118 17042 1,9; DREW & NAPi nR 813+55613954; x. enbodi nent of an IC
package using a substrate nade of the substrate material of the present

i nvention. Fi 4 |s a diadra LSnSEGh | U E Nt blfugtomt 7x00~° atwt her
enbodi nent o1a9'11ﬁ¥ #‘?fp%gvgge 3‘2??1‘893 substrat el made of substrate materi al

of the presery, U9 4y aFtferial conadcegysoymit d ascU/ngnak bigher, it
illustrating "Stil[ another enbodi nent of the |IC package using a substrate
made of subglyr gheraRlerfod usé dha pukstratd maseriah. Loy @ semigopductor

di agrammatic sectional view illustrating one enbodinent of an_|C package
havi ng sol demdaakkd 6ndausiaErix psokageaee smde sHPasEBser 4Ped nfl%ri al of

the present invention. Fig. 7 is a diagrammtic sect.iqnal, Vi | rating.
anot her enbodiemdgpndecter d@ﬁ&f@k&@ewﬁgﬂﬁ%oﬁféﬁrﬁ‘g chﬁé%\%ﬁ%waa

substrate nmade of substrate materi,al r ts ti ifdbr 8 is a
di agr anmat i ¢ SEPEPBAUFERY 59719 st’]‘rsaﬁg&%ﬁpg?#)l#?}&thrggnggg?ﬁe%t "of the

| C package having.saol der I angd UsidyttaasBhsha Pl ayrirrlarehyShdwsdirsf.c
material of t1f& P‘Qgegg a%ﬁa\#gﬁ i“zog.gI Fig. 9is g di ag?;arrmatic sectional view

illustrating one enRoslisgyHatel hawind hiabkageebiatiid tyotan they foampdg by
sbstrate coating the surface of thematerial of the present invention with
a plating layer, chromate film, or oxide film, or by forming on
the surface thereof a layer of a metal having a Young's modulus
of 15,000 kg/mm’ or lower, a layer of a metél having a melting
point of 600°C oﬁ lower, or a layer of an organic resin and then.
forming thereon a layer of nickel or gold, or by forming on the

surface thereof a coating layer comprising aluminum as the main

component.

BRIEF DESCRIPTION OF THE DRAWINRGS

Fig. 1 shows a block diagram illustrating a process for
producing an aluminum/silicon carbide composite alloy according
to the present inventlon.

Fig. 2 is a photémicrograph taken with an optical
microscope (100 times) showing the metal structure of the
aluminum/silicon carbide composite alloy obtained as sample 6 in
Example 1.

Fig. 3 is a diagrammatic sectional view illustrating one

- 13-

THIS SHEET HAS BEEN
REPLACED




~fmde of mediehr@le WRLeibakr Of thespoesends HOVENIIR b9, ;10 15 a
~di agrammat i €7E& 6t Fondl®24ew i | | ustrating one eniredizmettizof an | C pa$1leags%1,gs4
“having alum num fins bonded to a substrate nmade of substrate material of
the present invention. Fig. 11 is a diagrammatic sectional view
illustrating a test piece used for measuring a bonding strength between ..

the 1.4 TH' S SHC;Ef HAS f3EIN- REPLA 's-~. ri_-~. "o~ ~~e- ~
MoW. . su .- ~ ~ [ RECEI VED 06/ 11 16: 33 1997 AT

533- 0694 PAGE 17 (PRI NTED PAGE 18) 1 97 6~ 119 :17042 1;x; DREWk NAF i ?R

813+55613954: #17/81 .substrate material of the present i nvention and
resin. DESCRI PTI AR PRERBERERF BRSO (AN 8 qubstratemadert theswbstRate

an alum num silic useful as a sem conduct or

Jlo
substrate nateri a’?gl‘: %8&5@&”@33&% 2’rrf 8% her eby provide a _
sem conductor subst ratelﬂmt eyl ak Qaa/i agﬁgtggsEégﬁlgﬂf%e%&;gagga%wg

conductivity and thermal expansion coefficien avi ng a

Al - Si C conposi ti canctitert em®ddineht S RAe mce% ckzﬁj@%'s'xﬁ?f ?c \fﬂ‘ﬁ:‘é&@a{nade of

precision, the attainment of both of which as been di

conventional procstsdwatthmetenbsl raf echepiresieat iavempidie of coping wth,
not only conventional ceram c_ package, metal package but also in
particular, plastic packB&fs, 5 $%i® 895 ApBALLN g ectibnadl Ivigwi dliustmating

Dond 0 TR b el ﬁpﬂ‘aﬁﬂr”ér?%adﬁveﬁa¥a%%%a‘é° P AR R e otnde
content &1 “Tom 5" C665285 SRPGHADA YR ReeRHAL BB P and o wer g
(e e e 4 omes € sk o B e
particles unlikembodiseht coh amrid gackage! nav a1 £61ldegOBat 2k bh g @el Ifys
substrate made of substrate material of the presenﬁ invention.
'Pig. 7 is a diagrammatic sectional view illustrating
another embodiment of the IC package having solder balls and using
a substrate made of substrate material of the present invention.
Fig. 8 is a dliagrammatic sectioxial view illustrating
still another embodiment of the IC package having solder balls
and using a substrate made of substrate material of the present
.invention.

' Fig. 9 is a diagrammatic sectional view illustrating one
embodiment of an IC package of the mold type using a substrate
made of substfate material of the present invention.

Fig. 10 is a diagrammatic sectional view illustrating one
embodiment of an IC package having aluminum fins Bonded to a
substrate made of substrate material of the present invention.

Fig. 11 is a diagrammatic sectional view illustrating a

test piece used for measuring a bonding strength between the

- 14-
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produced by the infiltrati | h faor;ms of silicon carbide
Riia il Tj’éé@bﬁoﬁ%qgg?ga]f SiC fgérg?n%?%/imhb?geh i s@? @gg‘ﬁsg&edm;?gll]hi gh. tenpéi&bifiledbiand/s!
cubic SiCform which is forned at a | owtenperature. Although these 15
THI' S SHEET HAS 13FL.N REPLACED W-11111 6149 C RECEI VED 06/ 11 16: 33 1997
AT 533-"194 PACE 18 (PRI NTED PAGE 19) > '974 Mle 17421, ~; DREW & NAFI ER
8,-.55313954; #18/81 two fornms do not differ in the thermal conductiv an
alloy, fi a-si.licon carbide is susceptible to cleavage. this property, use
of a-silicon carbide in a startincr is apt to result in silicon carbide

cl eavage due to the pie applie urin ' InN ardgshred substrate
i A

shape, a resHubstyatenhpa Ct”rmay contal n aggregai de up of
fine silicon carbide particles. Since the aggreg Nave poor adhesion to
alumnumin an alloy, they tend to suf ending of particles when the all oy

i's subjected to ProcesiphiaR of s HHEIEERRD' ERBODINENTS asting, etc.

inthe final2.. It is erefore desirable to use p-silicon carbide or
ature of cc-silicop ¢gdfiduentd iAventiown anmaliuddnubédbhivon wiakticdees”

means that particles are desplaced fromthe position )e in th llo and
the surface sfmgdidtal ADYoynmeipdragi, Bﬂﬂi@@'!fg-lﬁ%s@g'bﬁ?*t? &ag rgéfu%s t he

resulig rough ‘surface may have the probl ens of, reduced . owaj i.ty
and reducedpmsthessd bys Binhering ﬁ'—or-éé‘ieﬁeB&nBF‘ﬁ‘éi.é%i%@:eq'[lﬁgyelgrs{e:gz’%f sur f ace

roughness caused by the debondi ng, of  particl esuad rRaiticle
di anet er of sykestFite: SATERia! £o2 ,t'l%te f’gglgé%ferreecf {og t&gg silicon

car bi de havin nal.ler _panj di hNcO& £eic ientpapdehtving der
f1 owabi ity 5%&31}%511 Fh naﬁﬁgiﬁéﬁnal APahgiohNcoeLeicd A v

homogeneous Al=-SiC composition and a near-net shape, i.e.,
excellent dimensional precision, the attainment of both of which
has been difficult in conventional processes. This substrate
material is capable of coping with, not only c'onventional ceramic
package, metal package but also inparticular, plastic packages,
flip chip bonding, and ball grid array bonding.

That is, since the aluminum/silicon carbide composite
alloy according to the present invention is produced from an
aluminum/silicon carbide granular particle as starting powder
having a silicon carbide content of from 10 to 70% by weight by
compacting the powder and sintering the compact, the aluminum or
aluminum alloy constitutes a continuous metal structure, while
the silicon carbide is homogeneously dispersed as particles
unlike the silicon carbide in aluminum/silicon carbide alloys
produced by the infiltration method.

The crystal forms of silicon carbide include hexagonal
a-SiC form, which is formed at a high-temperature, and cubic B-

SiC form, which i'e formed at a low-temperature. Although these
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- strengt ht RECEFYER @em easizngozHowever , sizoessnEd | ol Reedi@amet ey s are apt to
cause aggregﬁ?oﬁ?%d ’r?g I esult in an enhar;gggﬁlg‘gkﬁg\‘!dc%““?%u pEs5s513984: #18/81
Consequently, the particle dianmeter of the silicon carbide i$ preferably
from1l to 100 m nore preferably from10 to 80 m 16 TH S SHEET HAS 13~FV
RL-'' PLACED C RECEI VED 06/ 11 16: 34 1997 AT 533-0694 PAGE 19 (PRI NTED PAGE
Z0) ] 813~556i's954; #19/81 '97] T 6A116 171219; DREW & NAP TER On t he ot her
hand, by intentionally form ng a surface roughness, the bondi‘gng strength
~of a resin can be inproved based on the anchoring effect ther’%eof. In this
case, anchoring ef feget t he te . iengaged

) fomgat,bgg alkake uhene dRadRd g&ﬁé@&@ﬁ,& 33954,

. physically each other own roughness. In thrs case

surface having toa-Bighesn ! AeS $5 "BYsdEpti bl e @dUELa PRl N itgengt h
because vacant spaces not filled with a resin, can remain. Agﬁ face :
having too | ow a rproperss, daesonot-sirlddonecanbidehior angtaffend, fd ptthis
standpoint also, the particle dianmeter of the silicon carbi de-g.l S
“preferably from 1 t® resolmimeidi¢prarabiy cleannge dueot8@heamy AspMidd be
~described later in,detail, the sinterin in which grart;ul ar

hod
“particles as a sta‘?‘f’f’rﬁ? 680\‘/83?1:%:%?115’?‘1?! %ggg%bgﬁmaﬁedﬁ i‘)@?‘?aedesult
Pecentered - yi ”mwmnelé*‘“&@p"%rQbﬂﬁ%%ﬁé%!ﬁﬁgﬂgﬁﬁgﬁﬂé%fati‘euge of

mecentered - 'yields an alloy having a

particle novenent fiind Billcos Wairbgdet Rs.gil 0 { ned the
; S Pens it deﬂt}geeghlgny%%bém% Vi B‘%’f

sintering nethod therefore can be exceedingly re
di fference betweerrdhemdopet redlumdndnsin fancalpey | :Hejetanh tovBueh, dikiggence
has been a problemin the conventional casting nethod , pressufe casting
met hod and infil tl"faﬁt PBRtHetefbodhegpthe fildal| 5 dubgetivedt tatpronesiofudt kcon
carbi de concentratpopsip the AlsS G al 'b‘i%s%oi%?sééé.orin the final%, It is
therefore desirable to use f-silicon carbide or aéure of
a-silicon carbidé and fi-silicon carbide. ”Deb.onding oéticles"
means that particles are desplaced from the positicnje in the
alloy, and the surface of the alloy grow porous. |
If debonding of particles occurs, the resulyg rough
surface may have the problems of reduced solder flowal%ij_ty and
reduced adhesion strength in resin bonding. Since thggree of
surface roughness caused by the debonding of particlea‘%& equal
to the particle diameter of the silicon carbide used,%.t is
préferred to use silicon carbide having a smallerl paz,‘icle
diameter in order to prevent solder flowability and res ir.éonding
strength from decreasing. However, too small particle diameters
are apt to cause gggregation and may result in an enhanced surface
roughness. Consequently, the particle diameter of the silicon
carbide is preferably from 1 to 100 um, more preferably from 10

to 80 um.
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Parkd 68 heDe kedueedat 0 a vakiigesWrhdii No LPaikieo Wedeghsy 1The expression

"f | uct'tHt $70n8 ofi4:i con carbi de concentratif&h & #PIH - Si € al | oy CokiFEEI5ti R 8!
parts" used herein nmeans that the Al-SiC .alloy conposition parts, i.e.,

the alloy excluding any oxide or - 17 THIS S")--,ET HAS BEE REPLACED C
RECEI VED 06/ 11 16: 34 1997 AT 533-0694 PAGE 20 (PRI NTED PAGE 21) J 1974 U119
1714219; DREW & NAPI ER 81355513954; #20/81 nitride | ayer usually formed on
the alloy surface and further excluding any alum num | ayer such as that
formed on the alloy surface in a conventi-onal nethod, are conpared with

one another in conpositional hormge eiég%ﬁi&&gwgﬁﬁggﬁ{d c&ogglﬁngggde

concentration. For &% &h® AERETt RERC ui Fecen surface parts
of the alloy conpositi art s, i : Rwd
e

exam ning a §°9%9 el'ectron m e¢roscope. The

ratio of ar egns‘i_l}C‘é gﬁgugkgﬁﬂtﬁfﬁt tREredholg 8hE8 E4¥d,caRCN0r DRg teX f@ath
1 € y

exam ned vi stal e electron mcroscope. |f the concentration of
silicon carbjdgnk i @rakeni-nere Mindddisurtaces | engiged physicakly 1@%cby

wei ght, thernmal expansion coefficients exceeding 20x10'6/C result. If the
concentrat i opthéhoidnl wxthetisrFoghigs sweiphhisdmng alee AGYLLSCEAViAgI t in
the --. sintering nmethod because of the too small  al um num g{l(ﬁoort ion.

In the presemboiigna enghnessamay haver a H94UGeT PArBiRg &ty epgph Decause

al um nunt silicon carbi de conpagstite . al i s _hence reg t 0Oto
70% by wei ghVacept pipaqes nat r’"é ﬁ?a‘t’*‘% e clorfcgﬁﬁr glte‘?%ﬁgbf 9‘5 Fltl?gé)%\é

obiait (e 8 ¢ ! hg efffieeeti
"1 obt ai i ng SR T TR G o B R o vt og @t nor

expansi on coe}%&ﬁitﬁiﬁtﬂ stindbd 308186 ahehpsranil dddameteniafabhe adillicoany
prior art technique, i.e., from 7x10-' to 15x10'6/C In the sinteri n% of
an al um nunt siakbtee aprederabky ufzom 1 to 100 um, more preferably from 1

to 80 um.

ASs will:be described later indetail, ﬁhe sintering method,
in which granular particles as a starting powder comprising
homogeneously dispersed particles of aluninum and silicon carbide
are compacted and then:sintered,: yields an alloy having a
homogeneous structure because particle movement is little during
these steps. The alloyobtainedby the sintering method therefore
.can be exceedingly reduced in compositional difference between
the central and surface parts thereof, which difference has been
a problem in the conventional casting method , pressure casting
method and infiltration method. Specifically, the fluctuations
of silicon carbide concentration in the Al-SiC alloy composition
parts can be reduced to a value within 1% by weight. The
expression "fluctuations of silicon carbide concentration in
Al-SiC alloy composition parts” used herein means that the Al-sic

alloy composition parts, i.e., the alloy excluding any oxide or
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I nterfacial reaction proceeds excessively, the resul tant conposite all oy
has a reduced thermal conductivity mainly because the al um num carbide
generated at the interface in too large an anmount .inhibits thernal
conduction through the alum numsilicon carbide interface, use the
silicon genesgteiienndyerensnally nfamned @méhana%‘i’mrﬁu”&?c& GBHpGH’éﬁﬁe’E)f a
solid solution in alum num enhances heat ersion h

convent i onal e:katldithataMnalBla%l“F‘ﬁglaYeﬁ‘Fd 3“5?‘ E F% %angl'm de%%t ﬁﬁ% Effoy'

difficult to control the interfaci | JHE, I|coh
car bi de si nceur£age iget rﬁﬂi“’leé‘tl"ﬂf‘éﬁ'nd‘é?plo aIa?S Qoﬁp\ﬁn%ﬁuﬁhyﬁ‘ co?rgﬁlé?% ly

melted state. Becaus u u @tn@gt 1tiken Bhepiagi al
reaction prot‘:’ée‘iu‘%‘“@%!a éfl €° t§§e'yr|ggeli‘-'? @Fge% Unts of ala Um num car bi de

and silicon, d&{%ca%g% | st fdetietitinin otn@sm:tfﬂere}neer, chptrebmnd
heal um nurn an lcon carhi a - An . Zen = , ; inefficient

heat transf eéur@ﬁ@gaueatdfytne helbyewmosmnmm ereangdyerd 07 8%
obt ai ned by those conventional nethods are helow 180 WmK. In %p‘t r ast,
in the presesdnéaverdtion byt ewaniniag ac9a$ R a8 fOLafabR RALY I"SC}

controlled by enploying the sinterin od an
al um num si | pEeRETERN miﬁéoseeﬁﬁosﬁ% TS aﬁ?‘f’g%&caﬁ nfé?é%lognodl}??}:v?%y of

180 W nK h be obt d. fi :
hermal condiBeES: 158 EOEBRBORIKID: 01 g°d | <t a’ﬁti‘#‘nl‘éé‘*%%“'r Sulht i ng

the sintering,; . .+ron microscope.

If the concentration of silicon carbide in the aluminum
or aluminum all&’y is lower than 10% by weight, thermal expansion
coefficients exceeding 20x107¢/°C result. If the concentration

thereof éxceeda 70% by weight, densification is difficult in the

__smtering method because of the too mall alumi

In the present inventlon, the amount of silicen carblde in “the

aluminum/silicon carbide composite alloy is hence regulated to

from 10 to 70% by weight. In particular, regulating the
concentration of silicon carbide to a value in the range of from
35 to 70% by weight is effective in obtaining an aluminum/silicon
carbide composite alloy having a thermal expansion coefficient
in a range which has not been attainable with any prior art
technique, i.e., from 7x10™* to 15x107/°C.

In the sintering of an aluminum/silicon carbide mixture,
an interfacial reaction which yields aluminum carbide (Al,C,) and

silicon plays an important role. It has become clear that if this

« JlB=
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stenperakdet Qed &/1 O, thap 750C As obASGE! PR shAt®I rak® fhereby regulate the
amount of t9A® 6al18m rnlMAlg8ar bi de forned by the 192FEMI SNSHEET HAS BEENS! RERL1 3694 ¢

CED [ RECEI VED 06/ 11 16: 35 1997 AT 533-0694 PACGE 22 (PRINTED PAGE 23) 1
'97~ 6r9111 9 17042153; DR WL NAF1 7- R 813+55613954; #22/81 interfacial
reaction so that the ratio of the peak intensity for al um num carbi de
(012) to that for alum num (200) both determ ned by x-ray analysis with
Cutg, line is not mere than 0.025. An alloy having a thermal conductivity
of 180 WnK or higher can be obtained also by regulating the anount of the
al um num car bi de not nore _than to 5% by weight. If the anmpunt of_the

al uni num car bi de in¥erfardal t FRAGHARN PrPrRPeds [ eXFRS BlYRAY /r ZREeTEBRELANL

' uf ficient and %Si fication _does not ceed.

A . o
on the other  haf@RPPPLERSLIT IS 8 edlord Shesmal GandiGsidnty matrLy esause

thermal _ conduct ioyiel ¥ 0hs AdiP cAlch@de! Geeldus180 Wdriabarelbe ££258M AL &

above. The process o e present | on for producing a ‘sem con

substrate materi gmoufitt LR Cherhl ASndhO¥I LA '&hrEh?h the @8luminum/silicon
~alum num silicon carbide starting powder is first H. rom repared which

conprises al um nearbddelimerfadef raomd béddhdd the eilidon yengtdtesl bhdpresent
carbi de. Although various techniques may be used for preparing the
starting powder, int tpg hexge R pmouptedd| dycompansnti gdeanndlid i spdartion dn
the starting powder ,satisfactory suitability for conpaction and sintering.
For exanple, a 'RF‘&P%’“O?“’EP%%QPE‘BWHE 108 uni num or an al uni num

alloy with a powder of sjlicon carhide can used, startin owder .
Al though this techni ques#'g etaﬁg' ggrﬁt}_feeé:tc’ngﬁagﬁgg‘?f ’r’%&%&ﬁ%ﬁ%: ‘?arf'eﬂt% and
powders shoul d berBh¥efe WHdtinkhRelhsi4! i+ bEC 4R iRATPICH eVl rad RE@ t he
particle sizes of the two powdeérs
interfacial reaction between aluminum and silicon carbide since
each method is intended to alloy aluminum in a completely melted
state. Because of the use of aluminum as a mélt, the interfacial

reaction proceeds excessively to yield large amounts of aluminum

carbide and silicon, or proceeds insufficiently to result in poor

between .the aluminum:and sil Lconcarhidé;an

;.nefficz.ent heat transfer. Consequently, the therm-a.l-.m
conductivities of the alloys obtained by those conventional
methods are below 180 W/m-K. Incontrast, in the preaent invention,
the'interfaciail reaction can be easily controlled by employing
thesinteringmethodand,asaaresult,analuminum/siliC6ncarbide
composite alloy having a thermal conductivity of 180 W/mK or
higher can be.obtained.

Specifically, an alloy having a thermal conductivity of
180 W/mK or higher can be obtained by requlating the sintering
temperature to from 600 to 750°C as described later to thereby

regulate the amount of the aluminum carbide formed by the
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powder. A rapidly solidified powder prepared by solidifying an alloying
melt conprising a mxture of alum numor an alumnumalloy wth silicon
carbide may al so be used as a starting powder. The starting powder
obtained by this techni que has exceedingly high honogeneity and excell ent

tability f t '
i ) KShnABlE ey g A8 PS4 B Stage o

al um num al | Q WI th §§r§§‘ écgﬁzga{:_g t%%tplfypﬁiumﬁh&ﬁ‘?m@‘)‘%t&' det xtidn@d an

al umi num al @ material for a starting powder. Pure

alum numis ieig’lf. {aﬁaﬁﬁ# g,ight@wlmaisqmmﬁbr&&.\l‘ﬂamgo a0e5 J neneddey

density because éeformability thereof, and is the nost

effective in h'&%.ﬁataeﬂhé‘ﬁné]h@diﬁmicmﬂdyoiﬂ veo wm m\mgher aga herhtainedgh
deformability, pure alum num may cause |i. f : the mold ,.de
en on t sh 4a—15p—bg regulatigignshecanount ©dnthe ﬂ%ﬂ%&aﬁyiﬂgl?@}" JPTH | oy

of al um num wi t h, , Silicon to thereb e Al Gine

Subsequent | y,thtanetal %?nhYuWﬁéQFFcogfc’é Bl?i’éa/‘g‘[g E ﬁg n%ln tg?al Phed
i's conpacted into a desire St

conpacti on s&ele¥ the J¥et "{nﬁ E;ﬁ Q@Q?a ﬁsé? %@%%#gﬂag\}dﬁaﬁﬂc}%ne
anot her beforﬁe Su% £ 4Gk ea Saﬂbiﬂcétt%d @éélé hblﬁgg(ﬁddmt o® thetatitrer t s

shape duri nglt sequent sintering wthout breaking and to give a dense

sinter. Finalapg, iPitheCombaet therebhteicddsntie mypemxlﬂnmnghatmﬁ;p‘rﬁé-re in
order to prevent al um num from oxi di zi ng. The sinteri ng shoul d
conductivity of the alloy is below 180 W/mK for he reason stated

above.

The process of the present invention for producing a
semiconductor substrate material is then explained. As shown in

Fig. 1, an aluminum/silicon carbide starting powder is first

JIun: alloy and from

__prepared wh:Lch comprises algm:.num’

10 to 70% by weight silicon carb:.de. ough various technxques

may be used for preparing the starting powder, it is necessary
to employ a technique which imparts to the starting powder
satisfactory suitability for compaction and sintering. For
examg:le' , a mixture of a powder of either aluminum or an aluminum
alloy with a powder of siiicon carbide can be used as a staz;tinq
' powder. Although this technique is the simplest and most
inexpensive, the two powders should be mixed until the mixture
becomes homogeneous. Since the particle sizes of the two powders
strongly influence the mixability thereof, the average part'lcle

diameter of the one powder is desirably up to two times tha_t of
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tenperatures | ower than 600C result in insufficient bonding anong
particles. As stated above, the sintering in the process of the present

I nvention is conducted in a non-oxidizing atnosphere for alumnum A
useful non-oxidizing atnosphere is a nitrogen atnosphere preferably having
a nitrogen concentration of 99% by volune or higher. such a nitrogen

at nosphere serves not only to prevent oxidation but to generate al um num
nitride (Al NrheheehRfh P Ireaction of nitrogen with alum num thereby
yielding an alum nym sili r i C Ft adred Benédl it ity ingt awgen.
on the other hand, i r?hé'agggse oﬁtfg'%r?gsgpﬁ%%-%x%di Zi ng?at m)sﬂr eg : -
conpri si ng hxgiggﬂhamgﬂ BeR FPEONG dix@are dfadmnga@m@naiumigma_llom

al | oy obtained contarns no hitrogen. In ordinary sintering, densification

i s general | y,egh ®i1Hewavesrbide may-alsaibe wdedias dgardd ngrperdrtt -noZpder e
was found to be effective in densification because the nitrogenyg§§

remmi ning  Wethitind@osdeoyoktaited Ry cthisteabriane MadeXRretine¥eledh on

RN NI LT K R Sk
o oS "t BABET o R A, gty 0en
carbi do. compBeEPE e 1R e e e aht 113 a1t of i ng
at nospher e cgng i fkdt) cCRHIgR PéwdéLANELShe?pure aluminum or an aluminum
alloy may be used as a material for a starting powder. Pure
aluminum is useful for easlly obtaining a compact having an
increased density because of the high deformébility thereof, and
is the most effective in heightening thermal conductivity.

However, due to its high deformability, pure aluminum may cauge

""s';"f:zing can be 'gnr»e\“rer_-:é;d.”by using an aiidy of 'al-x}minum with, e.g.,
silicon lto thereby keep the particles hard.

Subsequently, the aluminum/silicon carbide starting
powder thus obtained is compacted into a desired substrate shape,
as shown in Fig. 1. This compaction serves to adhere the particles
of the starting powder to one another beforehand to thereby enable |
the resulting compact to retain its shape during the subsequent '
sintering without breaking and to give a dense sinter. Finally,
this compact is sintered in a non-oxidizing atmosphere in order

to prevent aluminum from oxidizing. The sintering should be

conducted at a temperature of 600°C or higher, because sintering
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61x954 ; #25/81 wused, alumnumis oxidized, resulting in inpaired
properties. It is therefore desirable to conduct sintering in an atnosphere
havi ng an oxygen concentration of 200 ppmor |ower and a dew point of -20C
or lower. Wen this non-oxidizing atnosphere is used to conduct sintering,
no oxi dation reaction proceeds during the sintering, and the resultant

all oy contains the sane anbunt of oxygen-as the starting powder used.

Nanely, th |l umi num ail i | d b '
Oxygen cont RRRATREAP 19458 KR S RG] Ot f el e

the interfacial .r a%t ion between al um num and silicon carbide can be
control | ed HBAT 4ting the sintering tenperature to from 600 to 750C as

described above. |f ppherstdd efidi@,t RMRCE#hEELL AN UREEhea/PRECesHcOf the
carboni zati on of alum num proceeds due to the interfacial == x n Aa_ a'

-result, the, AUt i phedt 161 BYMoHERICtdYiWial S0 dikilagi atmerspherecfareds
the upper Iimt of the 5 w! =r~inge, and the alum numor alum num all oy
contains silipgfimem.a &ongpahdannonebxadiaing atsasphenet haraipltrogen a
precipitate in an anpunt Iargiarﬂ than the  upper limt of ghe ?arfe/vhg/ r.ange.
Such too | arafencapheresprefershiy hawingrhHndEragen Sanceghrabion; %r‘}“{ he
alum nunisilicon carbjde conposite | oy_redu I td ity
of the alldyelyme pE himh&E-or “‘Hé(i‘eggg’r'?/a/?rb agg‘ésgﬁgf%%%ﬁ’% r%&eiprr%g?! téudr/e of
from600 to 750C for_a i i b i e ref N )W R¥owgh

hi gher. Li qu‘i’ﬁg‘bﬁf{g'sgx%%éfﬂéér}ll ﬁgté%aotnagé%%%%&qgg I n nt he preéggss) of the
present i “V%Eg.. Khadtlohb@hnifrodeiRA a3ufeat®d tiereby eIy SHEET HAS

BEEN REPLAC . ‘
aluminum/silicon carbide composite alloy containing nitrogen.

On the other hand, in the case of using a non-oxidizing atmosphere
comprising hydrogen, carbon monoxide, or a rare gas such as argon,
the alloy obtained contains no nitrogen.

In ordinary sintering, densification is generally

- However, .t.pe

use of n:itrﬁgeﬂ as a non-oxidizing-atmosphere was fOuf;d to be
effective in densification because the nitrogen gas remaining
within the alloy turns into aluminumnitride through reactionwith
aluminum. An alloy contéining nitrogen especially in an amount
of 0.01% by weight or larger is advantageous for attaining a
thermal conductivity of 180 W/mK or higher. However, if the
content of nitrogen exceeds 1% by weight, densification is
inhibited rathei than enhanced. Therefore preferred range of the
nitrogen content in the aluminum/silicon carbide composite alloy
is hence from 0.01 to 1% by weight.

If a sintering atmosphere containing oxygen or steam is
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above the nelting point of alum numor the alumnumalloy. It has been

t hought that in a |iquid-phase sintering systemin which the proportion of
the liquid phase is 30% or |larger, shape retention'is generally difficult
because of the outflow or foamng of the |Iiquid phase. However, the
conpact according to the present invention can retain its shape even in

| i qui d- phase sintering because silicon carbide has exceedingly high
wettability by alum num 1 n part.icylar, conpact V| 1Jd.con r bi de
content of fy&eda3luBlngmLs W@ﬁa’ﬁsluiFéPgiWsmgh&f%%ep eQvﬁltltlhﬁﬁah'i g £
precision even in |igujd- | nterj hg s At 8P AW Sian a@RoEBREEEE
conposi te al f‘%yﬂ??ﬁfst%zjﬁr ggggggbf%?éooug c’ril‘%“ﬁtIerling calglﬁlbe used as g substrate

material W hhoue SN GofiBhtlatdbARIE 20004 6F Lokae HRIBAEY goidt | 0y

may be repre n.’a..’rm_on-oxl di zi n9 at nosphere, or may be repressed .. -

and: t hen heagg-.20%! drEldwéxi dBeAGt I UmRReKEdiDihg rethosdhere denpoedt e
alloy has a'structure conprising a matrix of alum num which is highly
def or mabl e, &6 dmiuttssinvarningr be decig@tionl reactigppreeagedmuxiing the
repressing is effective not only in attaining a f '

[ yrt her inprovenent IP
preci si on, beinteringnandnbhe rf(‘fsr“éﬁmﬁa?ll%iccﬂ’é‘téﬁﬂsd*é*\%i?r%)'l%gmf’ﬂﬁt °
it |1 to th b .eat | h t th
216y ay qeREYaRt ppABeT AR IR PrrL: « SEpELEr Tub s tnen i fen, e
elimnated by, featd ngmn-ba¢tEePIRYS08t25hoy Adb AnNBRyQeh LAItMLALIDBRART €.

0.05 to 0.5% by weight.

In the present invention, the interfacial reaction
between aluminum and silicon carbide can be controlled by
requlating the sintering temperature to from 600 to 750°C as

described above. If the sintering temperature exceeds 750°C, the

""" _carbonization of aluminum proceeds due to the interfacial

fon:"As a result, the amount of alu bitie y el
5 - o Lo TANIILT LT R ﬁ s LA

“range;

-hie inteffécé"ekéeéd; the upper limit 6f the 5 ws
the aluminum or aluminum alloy contains silicon as a componént
of a solid solution thereinor as a precipitéte in an amount larger
than the upper limit of the 3 wt% range. Such too large amounts
of aluminum carbide and silicon contained in the aluminum/silicon
carbide composite alloy reduce the thermal conductivity of the
alloy. It is therefore necessary to use a sintering temperature
of from 600 to 750°C for attaining a thermal conductivity of 180
W/mK or higher.

Liquid—phaée gintering can be conducted in the process

of the present invention, in which the compact is heated to or
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And accord| ng. to alum nunisilicon carbide conposite alloys fornmed as

aBoVE L Bilstr Hi3188h be f oFHEeH gPfici BelP§ M8, B8, B4y’  net shapE Elg B nek 4,
shaped W|t out warp or deform In this case 24 TH' S SHEET HAS EE
REPLACED MR [ RECEI VED 06/ 11 16: 37 1997 'AT S33-0694 PAGE 27 (PRI NTED PAGE
ZR) 3 '97T 6A119 170421 DREW 3 N Fi FR 813155613954; #27/1 it is not
required to nmachine -processing wth respect to whole surface. For use as
a substrate such as workstation having higher reliability, the substrate
mat eri al should be' subjected to a surface treatnent. Possible techniques
for surface treatnent include plating, chromating, anordic oxidation to
form an al umabevef the)malithiarg poidatoHralurdatumeat, tkecalomdammcaldeyn dsating
In plating, the substrate nmaterial is plated with nickel or Ni-Au to

t her eby prot 88 kern fhonght mhgsrina Lhidwid-phasefigtening aystemin ddddicsn.

Chromate treatnment is referr that filmformation_on the surface of
the sem condG@FoPIQB‘BE ien éJf ﬁg‘ﬁeﬂ-r"-ﬁ}u‘?s«?% 18,494 PF| HE%‘?Fbéi‘ape

v T cancbe. . FerehtEs éed" R PR e iRseBoe by th shE o S TRel T
as a-final ghey e fXi $803id 'pifase’ = HOKARL| Uel SoRbatt Mliding kBl BaL firm a

easy and I'l mcan n y formed even when the surfa

substrate n@&eaeat iﬁvém chfi gepxiflaiiP BHape beeﬁcmnpiqﬁua@hbhe
exposing the substrate material to the air at a tenperature of about from

200 to 600C enntepisg rtgedahrsasaliht:on acstisiain sasoegheedimgly duight o about
from200 to 600C. Further subjecting the oxidized sem conductor substrate
material to PRESABRLEIEY dut AdMmipym. offme PATHECHEARNSUGINPIEFRENLEB R

reliability. Fyr}:ggrca% ?. e'Gontent of from 35 to 70% by weight well retains

its shape with high precision even in liquid-phase sintering.
The aluminum/silicon carbide composite alloy thus
produced throﬁgh sintering can be used as a substrate material

_ without conducting any treatment. However, the composite alloy. .. . . ..

‘may be repressed in a non-oxidizing atmosphere, or may be repressed

composite alloy ha ructure comprising a matrix o

which is highly deformable, and hard silicon carbide particles
dispersed therein, repressing is effective not only in attaining
a further improvement in precision, but also in removing residual
voids and densifying the composite alloy to thereby greatly change
the shape ther__eof. Although the alloy may develop fine cracks
during this repressing, the cracks can be eliminated by heatiﬂg
the repressed alloy in a non-oxidizing atmosphere.

And according to aluminum/silicon carbide composite alloys
formed as above, a substrate can be formed precisely to be near

net shaped or in net shaped without wa'rp or deform. In this case
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surfaceﬁ substr 53B a. fi Izm(magie of organlc resin such as an

ebo%?EF E%s%ﬁlalé 3§; Ji40he reS| ﬁ T 8y BUNTIRSTI Bkt he . 1ike, 44 s?gglpgg%é By
fective In ensurl ng even hi gher reliabili ty 25 | [ RECEI VED 06/11 1 g

1997 AT 533-0694 PACE 28 (PRINTED PAGE Z9) 1 '97] T 6~ 119 1794219; DREW &
NAP | ER ; 813+5661 33954 ; #28/81 A rough surface resulting fromthe
debondi ng of particles may have the problens of inpaired solder flowability
and reduced resin bonding strength. These problens can be significantly
mtigated by sealing the surface with an arganic or netallic material
prior to plating. In a technique for the sealing treatnment wth an organic
mat eri al, thetsis hateregquimst ¢d machiee -proxyss bsg IWith sespechnceo whole, a
polyimde resin, or the like by screen printing, dipping, spinner coating,
or anot her neanfacehe el ectrical conductivity of the surface rray be

mai nt ai ned by using a resin coptaining silver h " The
organic filmt hu§° Ml R FHBSEE‘?Y%&PC‘} &8 L‘]’Pégsﬁﬁgf?‘heﬁaﬁgf‘ﬁs ‘b@’?%
lete th t t T== h f t
ceal i ng tr caFRLaRbRFiY T PhRat ot s aRT SR FEOVLS AE AR eE ol .
ger thanepp,pfadda deRh@at! O%ngma thehr]@ids -for lba¥ehc@Neidfeminf ace

of the substrate Is pol i shed. surface roughness of the substrate

material canjheledeplet hy, chlomatiigdandy&ieokbdatidipbEoravad bgunttel
pl ated include those having a Young' s nodul us of 15,000 kg /mm or | ower,

e.g., copperfilhjptatilmrhaxidgt son tredtmentoungdsonganiaisrasdm beatisg| y
polished, and are capable of readily filling up the depreSS|ons because

they are drawn out ISyPhafingi e Bé’fli’ﬂf"-ﬁétet MHadals plagedstihh pickely a
Y dul hi gh 5,000 k | db
p!o;tnlgn; rr:)hg ﬁé’?’a’lfgi ? éP’GBF ﬁﬁe‘%y tosi P%Hﬁugﬁmﬁm Cl%gdnr‘flcl)’t"cgog%ggt el z
fill up the Q@Q&gﬁ&ﬁ%s topbﬁiﬁ)ac‘lt.fﬁ{.e BRLGRABE treatment is preferred in

that £film formation on the surface of the semiconductor substrate

material is easy and a £ilm can be homogeneou_ély formed even when

the surface is highly rough. A plated !

a film can be evenly formed even when the surface of the substrate
material is rough. This oxidationcan be'acéompl_is.hed by exposing
the substrate material to the air at a temf:er'ature of about from
200 to 600°C or exposing the same to a steam atm'tl:sphere heated
to about from 200 to 600°C. Further-sﬁbjecting the oxidized
semiconductor substrate material to chromate treatment is
effective in ehsuring even higher feliébility. Further coating
a surface of the substrate with a.£ilm made of organic resin such
as an epoxy resin, a silicone resin, a polyimide resin, or the

like, is more effective in ensuring even higher reliability.
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subj ecting the copper-plated and then polished substrate material to

plating wth nickel, the resultant substrate can satisfy not only the

requi rement concerning solder flowability and resin bonding strength but
also reliability. Barrel plating is desirably used for formng a | ayer of

a netal having a Young's nodulus of 15, 000 kg/mm® -or | ower on the

sem conductor substrate material. Barcel plati ; nt t.the
pl at ed obj ects have 415°Pg€°ﬁ£ﬁﬁ§e§ieﬁ&igf'ﬂ£ %BF‘E%QQEQ&S?ﬁ‘?géﬁipﬁ%gqggggended
state in the | A the ; halkl AtitdNand Hag S
repeatedly cgﬁﬂ}%’?é\?\n@&ﬁ %&gl’&gﬁoﬁgpg#ig eagr}_l a?inﬁjg at%ng%grll ?f%m%éh
particles areqLfhr M StHefqthe GAR:RI pebbléme ¥H e Gllghidecahny Wi th

t he dummy parg?lbg ess). ad radedgtﬁe dunmy garticl es ed and tghe GL:Jpongvthe
col l'isions, mitFgated ksy BRiangng- thessdrifate eakhi a8 o6fgdibd oxf metaldgc
resgions w:r pl ate his 'adhes on is=m.- P. ~~v. of the surface, thereby
mtigating"-mhtesial goelarodghpéstinghe dunmy particle debris adherent to

the works preferably are easily drawn ouf. _Narrelr%, t he dymmy particl es.
are preferably nade ©F 8 teGhtigueaforn firngeal ind\ tvBalReRt ¥adtl } organic

specifically 15,000, kqf / or .l ower s C [ al I.ng_such
a | ow Young’ mﬁgéﬁgﬂn J%ecﬁﬁr e dS F?/a%?‘gmggu?na%oﬁr é‘.egg}ﬁébﬁsgllgfvl'c?gﬁdi ly
filling up e r_?éﬁ_i' : Lals | ' ! | gher
t han 15, 000 Eg?%ﬂfﬂg e. g@%ﬁi%{se]ﬁ' | s%hgg klé?%} ?grggggﬁgg&%ngﬁggbgﬁaecannot
compl etely fgplinyer iddatdag) asshaBehed ha@eNMyThe electrical conductivity

of the surface may be maintained by using a resin containing silver

or copper as a filler. The organic film thus fqmed on the surface

is cured and ‘then polished to complete the sealing treatment.

eatment with a

o

gﬁé.'_'éﬁbsiible technique for the sealing tr

-layer on the Bu:.:f;ace of the subsﬁl-:'ate is éolished. Tﬁus, the
éurface roughness of the substrate material can be completely
eliminated. Preferred examples of the .metal plated include those
' having a Young's modulus of 15,000 kg/mm’ or lower, e.g., copper.
Metals having such a low Young's modulus can be easily polished,
and are capable of readily £illing up the dépressions because they
are drawn out by polishing. On the other hand, if a metal having
a Young's modulus higher than 15,000 kgf/mm’, e.g., nickel, is
formed by plating, the metal is not drawn out by polishing and
cannot completely £ill up the depressions. A substrate material

plated with copper alone readily rusts in reliability tests.
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81- 11+51, 613954; #30/8 insufficient collisions during barrel plating and
are hence unable to conpletely fill up the depressions. Dummy particles

| arger than 10 mm are undesirable in that the works being plated are
darmaged by the particles. The dumry particles desi rabl3r/1 haveh‘suc(g a shape
that the surface arga- : r Sy-prgnddatandg thenepalik®feharticl es
so as to hav@eéw?lﬂrE&cé@i%ﬁlzﬂgsltggs?e?sm tgls mes that of the goréeSpondi ng
spheres, the ‘ﬂ} cRALLb 6L ES1 Ca phetiihigt withenicks¥ edthe ﬁ'eg_uﬂ' Blited tinme
period for batTe plating. A further technique for elim na%li_sﬂwﬂ}%sailaé@ce
roughness i g;idtAate Gaiglaglisdhindt oBly $het regii TalRhdy QPR H1%F  exanpl e,

to plate the surface with tin. The sem conductor .Substy. k¢, pl at ed
with tin is ppsasilieyaantdeassindp@ding SRIFRIRh REE t‘?b]hea&rrg]etlg‘3 g?ﬁgl?*ovxs in

n point of tin, whereby to he epressions. I Esllformdng Ud NasRxf 6£€
from roughness can BarrPdrphtfifif 18 ??’eﬁ?sﬁliyﬁﬁ?gﬁes up. . al u?n' num silicon,

etc' as inpurities to conme {0 _ha) h RE 'S s 8 o 0Bl Mg /e’ i howeTlen the
solidified tPrPQWePaYh’é?@fg?% ‘gosglsn%ﬁg?' melt again even in a later

sol dering operafion LS pUsaRtE hatdrdiad .t eBiwTelu@latdnghd38 akaving a
mel ting poi nf‘eﬁiﬁmhclmgcli\%trxatsﬁgn the sintering tenperature

for t
al um nun si | LGoRnea4dt Rt eaenOsitiod ati Jawys have no nNde marﬁ'@n%f“‘f%gﬁe tilslon
Formation of a coating layer conprising alumnumas th [ ofpeat i s
ef fective i naireppdated e Buspengedt §eidt HToft eacf’Béf‘ﬁ’.‘egP Dur2Hg

parrel plating operation, the works repeatedly collide_with one

another in the pléting bath. When dummy particles are introduced

into the container, the works collidealso with the dummy particles.

Upon .the

of the surface, thereby mitigatir

dummy particle debris adherent to the works preferably are easily .

drawn out. Namely, the dummy 'pa:t:'Lc_l'e's'_' are preferably made of
a material having a low.-Youn'_g's mddﬁius, specifically 15,000

kgf/mm" or lower, e.g., copper. Metals having such a low Young's
modulus can be easily drawn out and are capable of readily filling
up the depressions. Ifa maﬁerial having a Young's modulus higher

than 15,000 kgf/mm’, e.g., nickel, is used, it is not drawn out

and cannot completely fill up the depressions. The dummy |
particles desirably have a particle diameter of from 0.1 to 10

mm. If dummy particles smaller than 0.1 mmare used, they undergo
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differences in level of 1 pmor snaller anbng the crystal grains, these

| evel differences are not detected in a surface roughness neasurenent. A
conbi nati on of the dianmeter of the crystal grains with those | evel

di fferences anong the crystal grains produces a sufficient anchoring

ffect. By | at i he digmeter of .th | | id el f
the coated al uAPRRFFayer: cotiiaipos bbb ebes Bk iy B A e °
effect can be gaggggfe.gq %&‘Rﬁ?gﬁﬂyﬁﬁl u&'&??“&gﬁ?é’fei%tﬁl.amy paitieleshan

0.1 m aresin cannot "sufficiently infiltrate into spaces
anong t he Crysgakgeé ntwa%&emﬂ&%ﬂﬁambnmmmtnelvmec,ksmhetm plategt
to lead to a nding tailure. If the crystal grains have a dianeter |arger
than 10 m a sybhiddrifedospdheparitielgsh @hendimine pabt i¢hesl degdrably hane
nunber of grains per , unit area -which contribute to. an anchoring effect
is small, aItheughﬁsmqsénhaiamhemﬁlirlfﬁpataé'eiarﬁ'wr?ﬁa’e%é“‘ﬁ%ngBﬂfee@af Rfis.
In the case of a substrate for nmounting a sen conduct or ey ls

such a structumeiﬁﬂmkﬁﬁl@tﬁsf?%iaénﬁogaﬁgﬁ&? aceg?g%? a?'si/% arﬂgéﬁtgﬁere
is no particular need of form ng an oxide. fi i Rl 8 sHRHEXHIBE
desirably has *Pak9f/ehoRPEECTRS mgn%%eﬁrgesa( H?l 8Ene§?§cﬂ: from10 to 800 A
|f there is no aY | l.a BR Dyfl Gaan deorde BagréDryat iwf.ween
the substrate tg'%g&ag#eg%,dﬁsg %fﬁg%msuffici ent bondi ng strength cannot be

mai ntained. If the subgtgaifebasectdiique tér fdllimihaving a sulrfekeosyighness
exceeding 800 A, the bonding strength between the oxide filmand the _base
metal cannot beamebniss memleba: ausiehonelte alr Low| terperatures, for example,

to plate the surface with tin. The semiconductor substrate

- . material plated'with tin is heated to at least 240°C, which is

léingip¢int of tin, whereby the tin melts and ;' ”'3£§fi'
ns ..: .As a result, a surface‘free from r»o'u'g.hh
_i_e_:-'_';:ihdlf:'en tin takes:f-ggég»__aluminum, giliég
' 1mpur1t1es to come to have an ix-u-c.'-ﬂreased melting poihﬁ The
solidified tin layer therefore does not melt again even in a later
Boldering operation. Metals usable in this technique are those
having a melting point not higher than the sintering temperature
for the aluminum/silicon carbide composite alldy, i.e., not
higher than 600°C.
Formation of a coating layer comprising aluminum as the
main component is effective in improving the bonding strengt.:h of

a resin.

In forﬁihg an aluminum layer by vapor deposition or the

like, polygonal crystal grains generate. Although there are
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netal oxide film although the bonding strength between the oxide film and
aresinis satisfactory. The thickness of the alum num|layer fornmed is
preferably from1 to 100 m If the thickness thereof is smaller than 1 m
there are cases where a structure sufficient to produce an anchoring
effect cannot ‘be forned. On the other hand, if the thickness thereof is
| arger than 100 m breakage is apt to occur wthin the film sinceatige
formati on of_.an. al W ' | AT oft @ ghamaerramptig ¢heuctystiaie, the
nor e prefermur‘%nggigéﬂx{ﬁégﬁﬁgmfiI%ftﬁh??kness Is from 1qto 20 um The
al umi num fi | JpfiQETednasy Déveda frerentber ant Uit etestednial AnFWRAACA | oy.
However, use of an alumnumalloy is disadvantageous in that conpositional
control duripdhineds heashidment.s Hi éélsinatiand ofhshaddbanesien v &8t o
the base is apt to unstable. An alum numfilm having a ur'é% of
preferably Q9ed¥lbgradghghwith thogieehevadr d1bterEicas 9‘“‘5899@ 55~V nt or
hi gher, is desirable because of_jts dim niﬁh dnfléﬁtet&tions in adhesion to
the base. Trarainer pEedures @ FUEHEERE2BE Wt G 2 dni num film is to be
formed is desirably_regul L cevstQUohresss i N t he

BSOS KA R A8 haRBYEr S WiHe ug§

range of fromO.1 t as provided for in J'IS. If the

surface rou hne%% inal e cbited ARmindan1 fydr &b faomud f1 dioehd wm,
anchoring ef Ee ;tél@é'fx?f?%l}]q‘?fto obt ai n even en an al um num fil m havi ng

the structurg fagacibad asdweins efdeatdcan fbe peopuced. t Her &8¢ FEYHidfher
than 20 m the anount of adsorbed gas increases, so that the base {el eases
an 30 grains have a diameter smaller than 0.1 um, a resin used for bonding

cannot sufficiently infiltrate into spaces among the cxystals and
this often results in vacant holes, which are apt to lead to a
ponding failure. If the crystal grains have a diameter larger

than 10 pm, a sufficient bonding strength cannot be obtained

‘because the number of grains per uni reahﬁh contribute to

an anchoring effect is small, al_thdﬁgh a res .m can iﬁfiltrate into
spaces among the cq.rstals..

In the case of a substrate for mounting a semiconductor
device, having such a structure in which a sufficient anchoring
effect ig obtained, there is no particular need of forming an oxide
film. I'Iamely, this substrate desirably has a native oxide layer
having a thickness of from 10 to 800 A. If there is no native
oxide lﬁyer, no hydrogen bonds are formed between the substrate
and a resin, so that sufficient bonding strength cannot be

maintained. If the substrate has anoxide filmhaving a thickness
exceeding 800 A, the bonding strength between the oxide £ilm and

the base metal cannot be maintained because of the brittleness
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#33/ 81 increased anmobunt of oxygen during filmfornmation thereon. For
exanple, if an alumnumfilmis fornmed on such a rough surface by vapor
deposition at a degree of vacuum higher than 10-3 Tarr, the resulting

al um num fil m di sadvant ageously is nmade of crystal grains having a

di aneter smalter than 0.1 mor has inpaired adhesion to the base. For.
bases having an higher than 20 m it is difficult to attain a degree of

vacuum of 10 orregg%|&¥k’?‘de £iYAl UestfudR thiegbend iing st emgshebei<iRAT v
undesi rabl e cf“h a{" after the base surface is bonded with a resin, vacant

spaces are Qp dxddecHRla #ed viearestine isesahiafRFEIY surface, resulting in.
enhanced fluctuations of bonding strength. Thereforg, the R ase
is nore desirably regpelthtioknesssfhitbe 4 n.“’“FBW’"’%iPFE‘F?i ﬁgpfgge%{)%\g
requi renment, the base surface is desi,rabl r.equl at 9 ve

hol es havi ngfromdptd 1Rceedi A 2 thﬂ'F%Pf’xf rﬁshag:féj ggrs?&a&clgéﬁgg %IE)I e’gﬁ'havi ng

a depth exceeding 100 m not onl a I pi. |} PEsiS igrodubkadr ger anount
as stated abheze 35f CAFELH WhPYS rﬁlr%fi%ﬁgqggu%ﬁg?cmthi cknggs is difficult

to formon the base. | LS B & orimed, f Wriregthe other handavif ghets. In
addition, a F%%l?wlt&ge(?rilftgr&bgg Ing 1s less apt to sufficiently infiltrate

into the Spagﬁfckﬂgﬂﬂthkf%f gl &y ehentldoopm yeakaghgish aPA H8SFRF e

techni que fo ormng an alum numtilmis vapor deposition LT t est
pi ece i's integucednentiim chimbethioformatdoun?epodt iR s Hﬁ%?ﬁ%ké"

deposition, the chanber is evacuated. The degree of v Iy LRhseSbAQE
i nfl uences t hBagu20 iy mely TRGULIEE N UM M-S ’Bgr?o‘?lcrreg. f,&ravacug'% of 10"s

H . | _ 0
forr or lomeglhiingﬁ'fifm thic nggé ﬁ?ﬁhﬁﬁ?q to 20 um.

The aluminum film formed may be made of either aluminum
or an aluminum alloy. However, use of an aluminum alloy is
disadvantagedus in that compositional contro_l_ during film

formation is “dif_f-icult' and the adhgs.iq?__'_t'ﬁ‘ fﬁto the base is
épt to unst;.able. An aliuminum' film héving a;_;;:};rlty of breferably
99.9% by weight or higher, more preferably 99.99% by weight or
higher, is desirable because of its diminished fluctuations in
adhesion to the base.

The gurface state of the base on which an aluminum film
is to l:;e formed is desirably regulated so as 1o have a surface
roughness in the range of from 0.1 to 20 ym in terms of R,, as
provided for in JIS. If the surface roughness, R,., thereof is
lower than 0.1 pm, a sufficient anchoring effect is difficult to
obtain even when an aluminum film having the structure described
#bove is formed. If the R, thereof is higher than 20 um, the

amount of adsorbed gas increases, so that the base releases an
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degree of vacuumis used, the test piece-. rel eases an adherent gas during
deposition and the alum numgrains forned tend to have a reduced di aneter.
After evacuation, alumnumis deposited. A preferred deposit source is

al um num having a purity of 99.9%'by weight or higher. If a source

consi sting of .alum num having a purity up to around 99% by wei ght is used,
conpositional control is difficult and enhanced fluctuations of adhesion

to the base are apt .to result. Duri ; Skbibidhendegbre EForvacuum
i s preferablly‘cFééngtW‘l'bt qopxy?%ggd%%ﬁf‘go?\g?ﬁ Jlk'? 2 hi gher degree of

vacuumis used e .alym 1 4Gal PE1d Ofd e riiadcon slichmat epughesdrfacehan
t he desired G’R?Q‘PEE! ffj‘rﬁmnngarlt é' eposition, the test piece may be or nay not

be kept heatb?dvagggrhé/gmqunh@ata d@grebkeof encenat iighex thaa 187 T of
the test piece uSually rises to about 100 to 200C. An alum nurtnfi I mag‘z;n
al S0 be obt aimededy1 el ¥ilogioun diipetidatvagtageant WiksBRde OLSTYEF

organi ¢ solvent by screen printing and_then sintering thg coatl [N an
i nert, vacuwmpaims hewingi aglianaieshePaller than ot‘gcl’fﬁﬁ aﬁeﬁﬁ? sg‘ﬁp%n%eddn

atmosphere for sintering is crucially i portant for LI 0 m num
film havi nqadhesig@aste dheghase- dF&ﬁﬁ%ﬁ?sngﬁyﬂ‘gﬁoﬁﬁé?ﬁbgggnﬁl}%lﬁa i ch can
be used for obtainpi n al uplnum.fi rd O 10F Yo Br GrSpewed .on of
al um num part FEI%S‘IET?“ZE i Sg%la%ﬁnsaoji{z/giﬁ%@g? di ppi ng and then sintering the
coating in aQrailﬁl‘afstof chrﬂJhgf fRguel i Atdasphile. uidsintabde inethdti que
usabl e for obtaining arf alumnumfilmconprises formng an alumnum
coating by fiser sReaHdsupdece ds borded orlthed saig, 82Can SPSREETAIEAS

BFEN REFLACEIl ~ . ElI VED 06/ 11 | ~1997 AT 533-969' 4 PAGE . | NTED
- PAGE 36) | apt toQ?:emﬁin between the resin and the surface, resufélx(; %N

enhanced fluctuations of bonding strength. Therefore, the R,
of the base is mbre desirably regulated to 8 um or lower. For
satisfying the above requirement, the base surface is desirably
regulated so as not to have holes having a depth exceeding 100
pum. If the base surface has holes having a depth exceeding 100
pm, not only gas adsorption occurs in a larger amount as stated
above, but also a film having a uniform thickness is difficult
to form on the base. In this case, the film formed is apt to have
pits. In addition, a reein used for bonding is less apt to
gufficiently infiltrate into the spaces, resulting in
insufficient bonding strength.

A possible technique for forming an aluminum £ilm is vapox
deposition. First, a test piece is introduced into a chamber for
vacuumdeposition. Prior todeposition, the chamber is evacuated.

The degree of vacuum in this stage influences the quality of the

aluminum £ilm to be formed. A vacuum of 10 Torr or lower is
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" Qfeck 2 bdA -2l w0k M 1. 4F 52z RBefilaebohl 3Qbdsodbi 83) gas at onosphere o
tﬁé%ﬂzlsdmtfénﬁ%qlﬂ%ﬁal uni num coat ng in an PHErt YA 8cuum or ré&jﬂé?ﬂggﬂ'#”/al

at nosphere. In each technique, the atnosphere for sintering is crucially

i nportant for obtaining an alum numfilmhaving the desired grain

di aneter. Wen the sintering is enployed in vacuum it is allowable to
control the sintering atnosphere in the sanme manner of the above-descri bed
upper depositi-on process. However, in the case using an inert gas or
reduci ng gas, an inpurity gaseous content in such gas is necessary to be

controlled |ower than 500 becaus | ' t EBepidder num
filmis apt depizabdfe skl E]Eg&,r ﬁé?lgnépgaggg{ngﬁhggg'ihyﬁgﬁ, E)p\/\/ni ch

generates from the su Wheia gt f bh EAnduwHestluminlimegrains
al um nunt si 1§ s@&r%’?géﬁg%%‘p%gg?e al | gy ?hus obt ai ned can -be used as a

sem conduct of, SUhPWeAhe tBBheve d fudtced daanéeeral ASkpanevasuatddni ci ent of
20xI| 0- 4/ C or-Tower and a t her nal conductivity of 100 WnK-or9 QLJ her. It is
c

al so possi bl £ nfi il deNdepts Atddy haprefprrechdenas it @iiscoh P ent  of
.15x10-/C or lower and a thermal conductivity as high as_180 Wumé or
hi gher, whi kdwis wepulravg 0bt9Ibeth byt weidgBy F tht 'or FHr8 FVEEchni que.

This alloy is suitable for use as a .seniconducto t | for a
pl astic packeorsisingof rduginyp r}aé”'lniggﬁt%iq‘gﬁt?g tlg'tjﬁls%{ a g%‘ s iféa & for

flip chip bonding for electrically bagndin : 5804 FONNE @hhgheagnt to a
package or f&F WEAd, GEFECRLFATEL RRG Oht g'saafigse substrate. Furthernore,

by subjectin IO b fansdildnaes tH&eda@enire idptcan tesuided Bring
substrate foglém@ﬁlnﬂqj'llr?g%a 33 THI'S SHEET HAS BEEN REPLACE! Pas ECCI VED 0

16: 41 1997 Adpe 94 1 BACE: 136 deBReAEDVEAGEN 3 pregerably [reguiagsd Shew s,
N. AF | ER 813+55613954; #36/81 semi conductor devicge, havi ng hi gher ..o '
reliability.10” Torr or lower. If a higher degree of vacuum 1§ used,

aluminum grains formed have a diameter smaller than the desired
value. During the deposition, the test pieée may be or may not
be kept heated. Even without heating, the temperature of the
gsurface of the test piece usually rises to about 100 to 200°C.
aAn aluminum film can also be obtained by applying &
dispersion of aluminum particl'es in an organic solvent by screen
printing and then sintering the coating in an inerxt, vacuum, Or
reducing atmosphere. In this technique also, the atmosphere for
sintering is crucially important for obtaining an aluminum f£ilm
having the desired grain diameter.

Still another technique which can be used for obtaining
an aluminum film. comprises applying a dispersion of aluminum
particles in an organic solvent by dipping and then sintering the
coating in an inert, vacuum, or reducing atmosphere. A further
technique usable for obtaining an aluminum film comprises forming

an aluminum coating by flame spraying under an inert or reducing
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EXAVPLEeh vebrus ail: uiBrsamrpowder shavdsm@agin 3averyte PAsH t¥etl’e dianeter .. .0f; .
was. ¥ed’s i VBB proportions with a si Iagggﬁ‘ ‘(J:'gr‘b% de ‘powder U%’g%’ssi%g%s%“g’wal
1 xture of A-crystals and O-crystals and having an average particle

; to prepare sanple powders 1 to 9 respectively having
-si¥l1con carbi g contents of 5% 10% 20% 30% 40% 50% 60% 70% and 75%

by wei ght. Th#se sanple powders each was honpgeni zed with a kneader for 1
hour to obtg n" al umi num silicon carbide starting powders. The starting
powders obtdf ned were conpacted at a pressure of 7 t/cm to obt ain tabl et
test piecedf haying oodphereand thendinverdng thehel whitnuof c B img imhr dgert,
conpacts gere~sintered at 700C for 2 hours in a nitrogen atnosphere having
a nitroggh cqaeanfl; @F dredycingoabRosphients ofnhedflRrtechnigueesthes,

al um nunf'silicon carbide conposite alloy sinters were obttai ned which’

J ] Wh
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all oy of sanpl S t n apd had Nvoids._in . ace e her eof ;
this alloy mgfﬁgﬁ%@ nf(}[q'msgjgjvgggegh? o&dﬁlhr_ge‘fglrﬁé\l?vi ﬁb ﬁ%%é’éﬁr eVJr}r‘e%x't % preEach
sinter was exgihpepi P sSkhp UL, vaCNSh [ M takh &f11cMab1e £ Lot NBhe
conducti'vity, thermal” expansi on coefficient, nitrogen content, oxygen

content, al unsanteriidiaxtmoaphteetin ahed shhe mainex of the gwnle-desenibeq for
al um num carbi de (012) to that for alum num (200) both determ ned by X-ray
anal ysi s w t hugpér deéprsitiloa prscess. obt ai ned are shown in Table 1. Density
was 34 THI S SHEET ynS REPLACED QEEN | RECEI VED 06/ 11 16;42,1997 AT

S33- 0694 PAGE FPWeviernTED PREICa®s) usigylpnepRqBt 1gAM T reduchg\gas . R ER
813+55613954; #37/ 8 det erm nedtb‘i{| Ehe Archi medes' nethod. Thernal

conduct i vi ty WERUTH EPRFRRYCBY e P &UER 930 LA ARSSREELY e‘P?rﬁPHgﬁﬁ%%ﬁ‘on

coefficient Wag,gelidH B8 Him A\WeradkBochOWih 1P hYERe LBt B2 e aluminum

film is apt to become smaller by adhering a gas such as oxygen,

which generatesg from the substrate, on the aluminum film surface.

The aluminum/silicon carbide composite alloy thus
obtained can be used as a semiconductor substrate material having
athermal expansion coefficient of 20x107/°C or lower and a thermal
conductivity of 100 W/mK or higher. It is also possible to obtain
an alloy having a thermal e:?pansion coefficient of 15x107*/°C or
lower and a thermal conductivity as high as 180 W/mK or higher,
which values have not been attained with any prior art technique.

This alloy is suitable for use as a semiconductor substrate
material for a ﬁlastic package. Since the alloy is lightweight,
it is also suitable for £flip chip bonding for electrically bonding
a semiconductor element to a package or for ball grid array bénding
to a base substrate. Furthermore, by subjecting the alloy to a

surface treatment, it can be used as a substrate for mounting a
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77 Q&iqi%?& Aappar at 4s3-desk #dde tecrmpedrat ence gange of from 20 to

Wlhen ddhtlént was determined by ga8f@hiIEitE. Content Jf 3'GPT3AMs#36/81
g by pul verizing an alloy, renovi-ng all conponents excluding SiC
gfon with an acid, dissolving the silicon in hydrofluoric acid, and
#ing the Sic content . fromthe resulting weight change. Al um num

car biggfe content was determnmined by pulverizing an alloy, dissolving

al uninum carbide wth sodi um hydroxi de, and cal cul ating the al unm num

carbide content fromthe anount of the nethane gas generated. Further,

each al 1 0y VR, XBHhBEtoPYasvich, RATLKSI RIMED Gptapiiieylo  determine the

ratio of the peak intensity for al um nim car (012) to that for

al um num (200). A phggosir ggraph taken with an optical mcroscope (x100)
of a metal structure of the alloy of sanple 6 is shown in Fig. 2. As :
apparent from Fi g. 2an tdileandlnomi pqws:'rIhaodmgcanbawagﬁ)mé'ﬁ-ﬁgeaﬂ#wt@r t he
present invention had a micro structure conprjsing aLum'ﬁrJ].LS{m éli ht .gray
parts) and siofi 8nuwAB| Rikedy LRNATCYSaPEPROELLqNS Hekh i Bidicqp

therein. Furthernore, w.th regpect, to_each of sapples 1. to r,face .
| ayers ther eé’P,“’dér.‘,’mﬁl’e“d)ﬂgd@%I%tw, “Fﬁe°€i°t'r°rr§3%?g§earrfd §ﬁﬁ§¥%{é§§‘? %% ree

al um num re.re e L, N4 =S| I 0 bt ts
were examn vfj'gpnglf ere %B?ﬁ%%?%é%i%ﬁerzgffgﬂ?llg%stﬁ ggﬁ??%? an .

surface part$Qhetle; Als 3 Qe@?é@fi&éﬁp%ivtih@nsﬂﬁié&x WarHidk. caitentSHBET HAS
BF. "~ REPLA : f RECEI VED 06711 16:42 1997 AT 533-0694 PAGE 38 (PRI NTED

PAGE 39) ]| ' &4 M®S Z064210% 14 0RRE50 4, AR, 76K, 361 356 130 %4ighBg/ These
conpositionally analyzed with an el ectron mcroscope with respect to an
area of 0.5 mamplerpewdsrsmpsachiwnasiberpaemizehwithca kagpdsrsion fehNF toas a

result, the difference jn § G content was within_ 1% by weight in each
al l oy. From t"l‘i’éa&Bn‘bi'é’H‘?WaﬁlléC@E‘t Fﬂﬁbl‘iﬁ SR, Plof’}i%%' ascertai ned that

in each of sanples l‘rhé Qat%rting powders obtained were compacted at a
pressure of 7 t/cm’ to obtain tablet test'piecés having a diameter
of 20 mm and a height of 30 mm. These compacts were sintered at
700°C for 2 hours in a nitrogen atmosphere having a nitrogen
concentration of 99% by volume or higher. As a results,
aluminum/silicon carbide composite alloy sinters were obtained
which retained the original shape of the compacted test pieces.
However, the alloy of sample 9 was not dense and had voids in
a surface layer thereof; this alloy was hence not subjected to
the foliowing measurements.

Each sinter was examined for SiC content, density after
gintering, thermal conductivity, thermal expansion coefficient,
niﬁrOgen content, oxygen content, aluminum carbide content, and
the ratio of the peak intensity for aluminum carbide (012) to that
for aluminum (200) both determined by X-ray analysis with CuX,

line. The results obtained are shown in Table 1. Density was
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solution in alumnumand partly as a precipitate. In order to conpare with
t he exanples, following were examned. Firstly, a silicon carbide powder
havi ng an average particle dianeter of 35 mand a silicon carbide powder
having an average particle dianmeter of 5 mwere mxed in a wight ratio

of 3: 1, and added a binder. These sanpl e powders honogenized with a
kneader for 1 hour to obtain silicon carbide starting powders. The starting

powder s obt ai,ned NHAF heehfhedes Phethode Theimalorondustdyislyivasbl et
test pieces ﬂﬁ“/??%ﬁ%% |Bgmet e?& of 20 mm and a height- of 30 nm These

conpact s vvergeéémﬁ{éa:lﬂgntha Dasengtiash meshbds e TherMAADGEPIBIer . Then |
after degassing the tablet test pieces in a pressured chanber n#h’el}/ ‘%ere
pressure- i nf sbefeiekbrith was determimedrdit avasagipgsiaund valygs,ghEaiiedon
car bi de conposite alloy having silicon carbjde contents of. 71 %:/b I ght
wer e obt ai nedithta washdidd ityper apparapisin e, rﬁ%?l?ﬁféFFFSo%a‘tiﬁ é?d%rw

it | havi il | t
el Gt by <i AD) 48 AR Hoa M EaBancBOREAE: (AN BBLS-lnod By GHaltifn Y,

carbi de conpagt is .3 f-lfi-%hZS EF(%émnt_.a'ﬂ' bul Yer e\ afEl1dy/Frémd6ing 3
1997 AT 533- 069X ﬁ NTED PAGE 40‘6 1 17B21 DREA' & NAPI ER

913+55613954, #3Y 81 onbaGNidxedudaRd ditcaidbiRicon Withramwachd ddisenpuiegi s
not stiff enough t Eeep It shape. Secondly, a silicon carbide powder

havi ng an avepaga abhi i Ryddohetmic a¢ idhsand ssdcalating fhectbrastpdhder
having an average particle dianmeter of 5 mwere nxed 'bn a V\éei%% &g&i o of
3:1, furthetredded Feavlyhng stedghtl chaRdy PLYRERUD CARELER FAPELN Wik .

These sanpl e dggg\%gse%ryepgfggzgieﬂnzgegn Vgltlbaya} Mﬂe éaoqglrinfgoél&mm carbide

with sodium hydroxide, and calculating the aluminum carbide
content from the amount of the methane gas génerated. Further,
each alloy was examined by X-ray analysis with CuK, line to
determine the ratlo of the peak intensity for aluminum carbide
(012) to that for aluminum (200).

A photomicrograph taken with an optical microscope (X1 00)
of a metal structure of the alloy of sample 6 is shown in Fig.
2. As apparent from Fig. 2, the aluminum/silicon carbide
composite alloy of the present invention had a micro structure
compris'ing aluminum (light gray parts) and silicon carbide
granular particles(black parts) dispersed therein. Furthermore,
with respect to each of samples 1 to 8, the suxface layers thereof,
i.e., the oxide layer, the nitride layer, and the Sic-free alminm,
were removed and the remaining Al-SicC alloy composition parts were
examined for difference in SiC content as follows. Central and

surface parts of the Al-SiC alloy composition parts were
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wer e COBf6ildd at"™8!fressure of 7 t/cm to B6¥d WFEEbl et ‘test pieded!i954:438/8]
having a dianmeter of 20 nm and a height of 30 mm After conpacti ng,

Al-lwo%wg alloy pellets were set, as infiltrating agent, on one side

surface of silicon carbide conpacts and then these conpact assenblies were
heated to 800C in a nitrogen atnosphere to infiltrate the nolten

infiltrating agent. Then as a result, alumnum silicon carbide conposite

all oy having silicon carbide contents of 71 % by wei'ght were obtained. It

vas difficultohg,gbiel Shelayl dfa1yEeaceridh BLEUEE6h bt eooscapduden rerpaat t o

all oy having siltcon car contents of less than 70 % by wei ght by

simlar methode fipaaeacot @f, 5| mi‘gofl@faehnpai®rooletermin shdusihgonkents
infiltration. Thirdly, 30 % by weight of a silicon carbide powder havi‘ng an-

average parti therebfureteraafe3 tpnthe didferencenth iS¢ apakeRtwasgawdthien
this mxture is pressure-casted to obtain tablet test pieces havi{]llgona

di ameter of 2d%nhy awefighthdingkachfabipym Fremybie FnRAsdtionsl o8l ef

alum nunisilicon carbide conposite allo havi n ilicon carhi de.,content
ofurmrg t?\:aml Eéﬁr%c%é‘)f gt ggs%ﬁc%lﬁ)éﬁﬁé\g%bﬁh%& @?1&‘%&9& 118§7§ATS
533- 0694 PAGE 40 (PRI NTED. PA 4 [ X :
813+55613964: %2159“%‘1“‘“ SFEE%%? ‘%%F%&%“gélcta‘ﬁ’seézéﬁgﬁén%uen%ﬁo% géa'* ﬁﬁ? E?an%'s‘u%o

much that it SARNOhe hes 1R Bhen fde LAt JUNEDAr whd SFéldint GadpNRane ¥i th
t he exanpl es, alumnum silicon carbide conposite alloy having silicon

car bi de cont eabfpoiierd b y sofidhsonrmiain tin ahemiouplend RHarkdyeapr aduced by
the method of infiltration and the nethod of casting. After renoving an
al um num | ayepresipittteed out part, central and surface parts of the

A5 C Rl 0 compost L oh PLl SondELE CUPRR! LOURLLde SRR el

O e BoEnfP AL i RUEETAL! pobdl b 6
particle diameter of 35 um and a silicon carbide powder having
an average particle diameter of 5 um were mixed in a weight ratio
of 3:1, and added a binder. These sample powders homogenized with
. & kneader for 1 hour to obtain silicon carbide starting powders.

The starting powders obtained were compacted at a

pressure of 7 t/cm’ to obtain tablet test pieces having a diameter
of 20 mm and a height of 30 mm. These compacts were sintered in
a nitrogen atmosphere to remove a binder. Then after degassing
the tablet test pieces in a pressured chamber, they were
pressure-infilfrated in an aluminum melt. As a resulz,
aluminum/silicon carbide composite alloy having silicon carbide
contents of 71 % by weight were obtained. It was difficult to
obtain aluminum/silicon carbide.composite alloy having silicon

carbide contents of less than 70 % by weight by similar method.

Because more poxosity in the formed silicon carbide compact is

- 36~

THIS SHEET HAS preN
REPLACED




TtAG: BEEDY 08 B-- REPRACERST 0 @ENYEDS] 1) 16: 43 1997 AT 233,859
JRIRTEDBARE 42) 3 + 61 112 1794127%R& VehJEL Naf: 7R 8134uE3044119/8!

mLn fTOOTrf f31 -.,0000O0.--f NNr-1 NoOOOOODO
* 00o0a hCDNC~m.nr-r~UpyopJOrINNNN'lr-I~a
~~fPvri F'"YOmMW <t7 VrnNN. 1 .-1r 4=0>2000avoovl
XU N GL Ca"l 1L CWONr- Inmd ti NNNNNNNNx 0GOOOa
O001-41%4 0-1- G Nrri mOinLntr 44044+~709erEW
RLOQNNTf 1-1 .d10 41!C0O01!!l U H41 UVi-1 1R C'; mmNN

-faQ fb ~fe&h:%§i,'\l MdVtne ¥otmed &4 3on carbilebcompact is not stiff

enough to keep it shape. ' |

Secondly, a silicon carbide powder having an average particle
diameter of 35 um and a silicon carbide powder having an average
particle diameter of 5 um were mixed in a weight ratio of 3:1,
further added 5 weight % of Al-lwtiMg powder ,and added a binder.
These sample powders were homoqénized with a kneader for 1 hour
to obtain silicon carbide starting powders.

The starting powders obtained were compacted at a pressure of
7 t/cm’ to obtain tablet test pieces having a diameter of 20 mm
and a height of 30 mm. After compacting, Al-lwt%Mg alloypellets
were set, as infiltrating agent, on one side surface of silicon
carbide compacts and then these compact asséntblies were heated
to 800°C in a nitrogen atmosphere to infiltrate the molten
infiltrating agent. Then as a result, aluminum/silicon carbide
composite alloy having silicon carbide contents of 71 % by weight
were obtained. It was difficult to obtain desire-shaped
aluminum/silicon carbide composite alloy having silicon carbide
contents of less than 70 § by weight by similar method, because
of largé deformation of compacts during the infiltration.
Thirdly, 30 % by weight of a silicon carbide powder having.an
average particle diameter of 35 um is added to molten aluminum
and then this mixture is pressure-casted to cbtain tablet test
pieces having a diaxﬁeter of 20 mm and a height of 30 mm. It was
difficult to obtain aluminum/silicon carbide composite alloy

having silicon carbide contents of more than 35% by weight by
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06/ 11 16:44 1997 AT 533-0694 PACGE 42 (PRI NTED PAGE 43) 3 '977, 6)~ 118
| 7042 1A; ' Table 1 shows that the alum num silicon carbide conposite
al l oys having a silicon carbide content in the range of from10 to 70% by
wei ght satisfied the requirenent that the thermal conductivity be 100
W XK or hi 11230 hbenddie bERlaug pa sinuntc o€f &lenimim He BOXBACch/ thator
lower. it was fturther understood that the alloys having a silicon carbide
content in tie dapnge bé premmurdscastdINrierght PERPH YhEPRRRIBPHMSI on |
coefficient of 15x10-'/C or |ower. EXAVMPLE. 2 An aIunL@unfggmd aﬁfﬁf ng an
aver age par tthd exanpleser alwilpm/aiddson RBEPTHE LIRS AL ot T with

orystals amiliean RgrRNIsRSRCIaPE f & AYaBLEPE A XY TR Bkt

was | 5, were produced by the method o{ infiltration and the method of
casting. After removing an aluminum layer and melted out part,
central and surface parts of the Al-SiC alloy composition parts
were compositionally analyzed with an electron microscope with
respect to an area of 0.5 mm’ for each part to determine the SicC

contents thereof. As a result, the difference in SiC content

excesses 2% by weight in each alloy.

THIS SHEET HAS BEEN
- 38~ REPLACED




hgrpoenied, WeisB 1807kareader fmresds haaar +f orrolE@PavEAR)Ab UM num'siljcon
/!grbi d@/Estmit i ng®pdwder. The starting powdefobtHf ndd was conpaégtgé“ﬁﬁ'ié“/gl

pressure of 7 t/cnR to obtain tablet test pieces having a dianeter of 20
nm and a hei ght of 30 nm These conpacts were sintered in a nitrogen,
hydrogen, or argon atnosphere under the conditions shown in Table 2. As a
result, alumnunisilicon carbide conposite alloy sinters were obtained
which retained-the original shape of the conpacted test pieces. Each
sinter was examined for density, thermal -<conductivity, thernmal expansion
coefficient, nitrogen content, oxygen content, alum num carbi de content,

and the ratio of the eak intensity for alum numcarbide (012) to that for
al um num (200) bfth det er mj nef b N-rgy analysjs wmthjCuK, line. The - 40
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s''7 tdl NI1f) 10 MNgbie i lshblvs that the aluminum/silicon carbide coomdi)osi¥ev m
alloys having a gilicon carbide content in the range of from 10
to 70% by welght gatisfied the requirement that the thermal
conductivity be 100 W/mxK or higher and the thermal expansion
coefficient be 20x107*/°Cor lower. Itwas further understood that
the alloys having a silicon carbide content in the range of from
35 to 70% by weight had a thermal expansion coefficient ot
15x107¢/°C or lower.

EXAMPLE 2

An aluminum powder having an average particle diameter
of 25 ym was mixed in a weight ratio of 1:1 witha silicon carbide
powder consisting of a mixture of a-crystals' and B -crystals and
having an average particle diameter of 50 um . This mixture was
homogenized with a kneader for 1 hour to obtain an aluminum/silicon
carbide starting powder. The starting powder obtained was
compacted at a pressure of 7 t/cm® to obtain tablet test pieces
having a diameter of 20 mm and a height of 30 mm. Theae compacts
were Bintered in a nitrogen, hydrogen, oxr argon atmosphere under
the conditions shown in Table 2. As a result, aluminum/silicon
carbide' composgite alloy sinters were obtained which retained the
original shape of the compacted test pieces.

Each sinter was examined for density, thermal
conductivity, thermal expansion coefficient, nitrogen content,
oxygen content, aluminum carbide content, and the ra_t.i.o of the
peak intensity for aluminum carbide (012) to that for aluminum

(200) both determined by X-ray analysis with CuK, line. The
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in Table 2 show that alloys having a thermal conductivity of 100
W/mxK or higher could be obtained by conducting sintering at
temperatures not lower than 600 °c_. The results further show that
alloys having a thermal conductivity of 180 W/mxK or higher could
be obtained by conducting sintering at 600 to 750°C to regulate
the amount of the aluminum carbide ylelded by an interfacial
reaction to such a value that the ratlo of the peak intensity for
aluninum carbide (012) to that fer aluminum (200) both determined
with Cuk, line was equal to or lower than 0.025 or that the aluminum
carbide content was egual to or lower than- 5% by weight. The
results rfurthermore show that the alloys obtained through
sintering in the atmospheres other than nitrogen had a nitrogen

content lower than 0.01% by weight and a thermal conductivity lower

than 180 W/mxK.
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17B42 1A, Sone of the alum num silicon carbide conposite alloy sinters
obtained as sanple 6 in Exanple 1 were repressed at a pressure of 7 t/cm
In a nitrogen atnosphere (sanple 6-1). Part of the repressed sinters were
sintered again at 700C for 2 hours in a nitrogen atnosphere (sanple 6-2).
These sinter sanples were examined for density, thermal conHuctivity,

t hermal expansi on coefficient, nitrogen content, oxygen congent, al um num

car bi de cont ent e etyror—aj am num car bi de
(012) to that fpr ngm' num | 2Q0) fboth detprningd Qy x-ray hflal ysis with
CuK. line, in the ssame manneR [a |iH | Ra®| & |1~ [TBe r esul s @bt ai ned are
shown in Table] 3T+ is understeqdef ramTal) 23 Bhae | reprepsi ng and
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EXAMPLE 3

some of the aluminum/silicon carbide composite alloy
ginters obtained as sample 6 in Example 1 were re:;ressed at a
pressure of 7 t/cm’ in a nitrogen atmosphere (sample €-1). Part
of the repressed sinters were siﬁtered again at 700°C for 2 hours
in a nitrogen atméaphere' (sample 6-2).

These sinter samples were examined for density, thermal
conductivity, thermal expansion coefficient, nitrogen content,
oxygen content, aluminum carbide content, and the ratio of the
peak intensity for aluminum carbide (012) to that for aluminum
(200) bofh determined by X-ray analysis with CuK, line, in the
game manner as in Example 1. The results obtained are shown in
Table 3. It is understood from Table 3 that repressing and
resintering were effective in heightening the density and

improving the thermal conductivity.
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El AF I) R1 813755613951; #47 81 EXAMPLE 4 .An al um num powder havi ng an
average particle dianeter of 25 pin was mxed with each of silicon carbide
powders having average particle dianeters ranging fromO0.1 to' 150 pm, in
such a proportion as to result in a, silicon carbide content of 501 by

wei ght. These m xtures each was honogeni zed with a kneader for 1 hour to
obtain al uminunisilicon carbide starting powders. The starting powders
obtai ned were conpacted at a pressure of 7 t/cnm to obtain test pieces
havi ng di nensions of 50 mmby 25 mm by 2 nm (thickness). These conpacts
were sintered at 700C for 2 hours in nitrogen atnosphere having a
nitrogen concentrftion.of 99% by |vol uge or Jhigher. As a result, al um.nunt
silicon carbide copposige all gy sijnterg wer¢ obtained which retained the
ori gi nal shape of he;hﬂnpactédltqu plgﬁes The sanpl es thus produced
were eval uated for | regi bondlng qtrengtt accordance with JIS K 6850 as
follows. A liquid]& aég resi h ContRi nilfa 7 % by wei ght silver filler was
applied to a sanpl g pj,ece in @& regin trlckntss of 25 m. This sanple piece
was placed on anot1er=AI Si C $anplle piece if the manner shown in Fig. 11.

The resul tant stru}t ybeewas h¢ated rat |2B0CJfor 1 hour to cure the resin,
and then dried at L%D§'§or 24 hours. |~
£
S~ fee)
QP oe — - -
U‘ﬂ - .
?og o
OU
-
va
oy —~
O pPow
H o o™ ™ ™~
:t:gg . .
=
™) A
oll —~ o O .
B gécu!;ﬂ: : )¢ i
ot ~ o~ o
o o
e o #3831~ |- |~
S0 O M
H ~—
D By
tdg.phd
E'U'H" - = wn
s> B o o ~
O o™ ~ o~ ™~
S D opE
[ S
31,.-.
..-q"
a 0 N2 e
S~ o
v o
D)
o b o
| 2 D&
oo Tl ob! &
£ 0 "l S} AN
i tn . [ BT ) n o
TS 0| “o| au
s Not Uy Oe
LB O el 2ol e
g Ce ow| E 2} Qun
- 0 . S p| N 9 aQ
Mm?u ~ [’z YIRS
4
o, n i
5 R B THIS sp3
B IS SHEET Has BEEN

___KEPLACEp




bondi n§7s6AREAgt N der the drying and afterX83ch & **t he ‘t her ma

test, PCT, and HAST. In the thernmal cycling test, the strength was
measured after 100 cycl es each consisting 45 TH S SHEET HAS BEEN REPLACED
[ RECEI VED 06/ 11 16:46 1997 AT S33-0694 PAGE 40 (PRINTED PAGE 49) 1 197 IT
6A11B 1794215~; DREW & NAFI 3& 813=55613954; #48/81 of 30-m nute exposure to
a 150C at nosphere and 30-nmi nute exposure to -65C atnosphere. In the PCT,
the strength was neasured after a 100-hour treatnment under the

partial -saturation cgnditions of 121C, 100% RH, and 2 atm In the HAST,
the strength ured after a 100-hour treatnent under the conditions
of 125C, 85% RH, anﬂ,;%ﬂh{huﬂ‘?oﬁ@%‘ﬂ%@t aff abaxruhenpastichgt dlameterade
with a precision universal tester (Autograph). In the nmanner shown in

Fig. 11, a tesgt 7B ?ge‘,}aenﬂﬁded aviwhi elch vof médicenbearkides PAWELES DAY,
was held by the holding regions Cwth the grips of the _tester. The test
pi ece was puldvastage partielodistenetminangingelromid dgtlal20 R keth &

maj or axis of the test piece and the center., line of .th | n ane
strai ght |ines propombiemad FoFLsSHt R tsi"_ﬁrécﬁ? RS g%'g{%ﬁggaaaeb\%gg
recorded, and this value was_divid b : t [ i

region of theveight. FRe&e m'?‘ﬁf:grﬁ%oﬁea?:gﬁaévango@ erlfgfgg ? eﬁet?(s)rufgfﬁgegtfragngth.
The test piece breaka ' ; [ M BGar€dhgnpoWdergesul ts
obtai ned are_%ﬁlﬂﬂf i%ﬁ $§B€£ﬁtﬁf ordu?‘t{gtﬂgﬁé%gscgeh%% conpari sog,p?he tensile
strength of the resipfeakeger i owaerhopisitainath wereasompdcted faft [ows. The
liquid resin was formed into a sheet, cured at 180C for 1 hour, . and then
dried at 150GfaNsute bdur st/diletstoletimioh tentr pbeces thaving d1aRYPHY" 2
kgf /mm . The strength thereof after 100 thernmal cycles, wa . 6. ,
that after th&0 PGOPH@GrmPEFWAS® (Phiglnends - THRFS ﬁé{“Pg‘FF%r etr#egi%(gélf}é(;glﬁ

HAST wes 1.3 ggf';/o%mc' for 2 hours in a nitrogen atmosphere having a nitrogen

Thepde&sto ®/BCasud Has apbt ai Ned; JERAWEH NG FoinddoSabe 6820 wer e exalrﬂ %ggﬁi};%i#”/al

concentration of 99% by volume or higher. As a result,
aluminum/silicon carbide composite alloy sinters were obtained
which retained the original shape of the compacted test pieces.

The samples thus produced were evaluated for resin
bonding strength in accordance with JIS K 6850 as follows. A
liquid epoxy resin containing 70% by weight silver filler was
applied to a sample piece in a resin thickness of 25 um . This
sample piece was placed on another Al-$ic sample piece in the
manner shown in Fig. 11. The resultant structure was neated at
180°C for 1 hour to cure the resin, and then dried at 150°C for
24 hours.

The test pieces thus obtained according to JIS K 6850 were
examined for bonding strength after the drying and after each of
the thermal cyéling test, PCT, and HAST. In the thermal cycling

test, the strength was measured after 100 cycles each consisting

- 45-
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Table 4 Sanple SiC Particle Initial Strength Strength Strength content

di aneter strength after after, after (w% of S C (kgf/nm) thermal PCT
HAST (m) cycling (kgf/mm) (kgf/m (kgf/mm) ) * 21 50 0.1 1.0 0.6 0.3
0.4225011.2-0.80.5"0.6 2356010 1.51.00.80.9 24 50501.51.0
0.8 0.9 255080 1.40.90.70.8 2650100 1.20.80.50.6* 27 50 150

1.0 0.8 0.3 0.4 The results show that the A -Si C sinters obtained using

Si C powders each having an average ilcle di f Qadf® m
coul d ret ai no£30F8inet®P¥PEEWER RE as’tf@r#g??@"?ﬂf&[%é\gé 3?h’a“%ﬁ9?’ ('15'“ k?gf/m"n)

at the initial stage and not lo : AFth Maschedd\ergchfaet | ity
tests. XAI\/F*?‘ER‘%QEWP‘H‘H%’\?&%' p%grgﬂﬂ;\#nghéﬁggvgrggge apar?i cle di aneter

of 25 mwas mixed.w il d GOfn§&F Rindeppydier- dervragian eorelidgonepefticl e
di anet er of %5f(0 n'ﬁlﬁor‘fgsl[l‘]c as%{éprop?)rt I on ag to result in a silicon carbide

content of 50% &y MRbyhim, JHE 2Nt L envets HASTIDGRI sterengthhvas RESEBESI f or 1
hour in the Same fhanner as in the above Exanple 4. Thus

an,
al umi num si |  gegr Al 60 deowt aréatmentponder thescens diiad of1e5sCartihBE ponder

obt ai ned was conpacted at a pressure of 7 t/{cm . The,resyujt acts
were sint er'edndZZP atm. The measpurement of bonémg strength 4 Wle GATRR

precision universal tester (Autograph). In the manner shown in
Fig. 11, a test piece bonded to which two test substrates A are
ponded, was held by the holding regions C with the grips of the
tester. The test piece was pulled at a rate of 50 mm/min while
taking care to keep the major axiz of the test piece and the center
line of the grips on the same straight line. The maximum load
at the time of test piece breakage was recorded, and this value
was divided by the area of the resin bonding region of the test
piece. This quotient was taken as the bonding strength. The test
plece breakage occurred in the resin bonding region.

The results obtained are shown in Table 4.

., For the purpose of comparison, the tensile strength of
the resin alone used for bonding was measured as follows. The
1iquid resin was formed into a sheet, cured at 180°C for 1 hour,
and then dried at 150°C for 24 hours. The strength thereof after
the drying was 2 kgf/mm’. The strength thereof after 100 thermal
cycles was 1.6 kgf/mm?, that after the 100-hour PCTwas 1.2 kgf/mm’,

and that after the 100-hour HAST was 1.3 kgf/mm’.
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~‘at*700C for 2 hours in a nitrogen atnosphere having a ni trogen

concentration of 99% by volunme or higher. As a result, aluninunsil icon
carbide conposite alloy sinters were obtained which ret ai ned the original
shape of the conpacted test pieces. one of the alloys as sanple 2B obtai ned
was treated with an-alkaline solution for 1 minute to etch the alum num
The resultant surface was subjected to zincate -conversion and then

el ectrol ess nickel - phosphorus plating. Thus |l e 28 was obtained. The
deposit forned by theaplating.had a.thic m_Anather allay ag
sanpl e 29 was subj debgléfsad U t fearvieablmilt ia) a|sutldngtic |SuickgRatBeabngth
current density of 11.5 A (8nteran{l fafercbpistedn a&texchawquewateraf@er ,
seal the holes. Thys, samp{w#® s shtalnest m% saephel hgdm 5- MgasT
alumte layer on tihe al upi num blt (e nf aI um te egyeingn (t;d@(f/ﬁinq (RgE/tm’)
anot her alloy as sgnple 39 was supjected to a chrqn@tﬂ/m’ ~whi t he \

L £
I

al oy was i mersed frma—pfosptater cromafe tTeat 1y IIL|UI d 50€—for—%
m nute, inmedi at el J;_\Adﬂ'ij- th vat bl and kfen dyi &dEat 83C° Phus,| s@rbl e
30 was obtained. THe cp opat gl ayer q_epos tqqzhad A tohlaCkneSS 0l 500 ;.
further alloy as sgmpte—St—was—ptated—wtantcket—phosphorgs——ea
t hi ckness of 5 um Hy t3% EanBOnethod ¥s the lafove.] A-800- A cRr8mat e |Gyier

was then formed thgregy by thg saye mgthofd ias the| aoge. Thug, gsanpl g 3l

was obtai ned. Stil la—ftr+her—eal-py—sarpte—as—san

an oxidation treatfgent25ih whfch t he 8danp| e lwds hefat @d% n the0.38 r1 0.8

SFIL"'ET At\-S [ 3E ~ 26RE] Lﬁﬁ' D 100 1.2 0.8 0.5 0.6
* 27 50 150 1.0 0.8 0.3 0.4

The results shqw that the Al-SiC sinters obtained using SiC
powders each having an average particle diameter of from 1 to 100
um could retain satisfactory bonding strengths not lower than
1.0 (kgf/mm?) at the initial stage and not lower than 0.5

(kgf/mm’)after the reliability tests.

EXAMPLE 5

An aluminum powder having an average particle diameter
of 25 pm was mixed with a silicon carbide powder having an average
particle diameter of 35 um in such a proportion as to result in
a silicon carbide content of 50% by weight. The mixtufe was
homogenized with a kneader for 1 hour in the same manner as in
the above Example 4. Thus, an aluminum/silicon carbide starting

powder was obtained. The starting powder obtained was compacted

at a pressure of 7 t/cm’. The resultant compacts were sintered
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Thus, sanple 32 was obtained. Still a further alloy as sanple 33 was heated
in a steam atnosphere at 300C for 1 hour to obtain sanple 33 The test

pi eces obtai ned above were subjected to the PCT to evaluate corrosion
resistance. In the PCT, the appearance of each test piece was exam ned
after a 100-haur treatnment under the partial-saturation conditions of
120C, 100% RH, and 2 atm The results obtained are shown in Table 5. The

le 28 t ted ly b I ckel - ph ' Vel b t
\?\lgglr)eet he d%gﬁpﬁg@%g{ng{xégﬂg gﬁgpﬁléﬁaﬂhaﬁ Rére N 193Cca gearts

ese parfts were found after the

PCT to havetqs!')télai n&dgség%}[{fpmyevoggmmgmi@ﬁmndm goneeddle al um te

tr eat nent, remai ned uncovered with alumte, and

stai ni ng was obs%ruxlzgiitg_cg,pq:uibqjder tafsodiieragloy heirlars werpaokhtained t he
Si C parts. l\%l%%ang I N appearance was observed in the other sanples even
after the R.S:Fr&chT%Etsme@amel er2§imsdkishapg ot Cher campaaiRc tegtspifcn

a

g
occurred at umte layer/SiC particle interface .Sanple 30Q 31 0
Samle 32 0 Sanpl ecsé &f tEXAAFIGYscas FAFPAL14Y lEfgp %%@%ﬁggmﬁ. ACEU
Mars- ff MEEMM MM [ RECElI VED 06/ 11 16:48 1997 AT..533-0 5 PRI NTED
PAGE 53) | an alkal[ine golution for 1 minutée to éch ?t%le Q% 4mPAG. Zhle

resultant surface was subjected to zincate conversion and then
electroless nickel-phosphorus plating. Thus, sample 28 was
obtained. The deposit formed by the plating had a thickness of
5 ym -

Another alloy as sample 29 was subjected to alumite
treatment in a sulfuric acid bathata current ciensity of 1.5 A/dm’,
and then bolled in ion-exchanged water to seal the holes. Thus,
sample 29 was obtained. The sample had a 5-mm alumite layer on
the aluminum, but had no alumite layer on the SiC.

still another alloy as sample 30 was subjected to a
chromating, in which the alloy was immersed in a phosphate-
chromate treating ligquid at 50°C for 1 minute, immediately washed
with water, and then dried at 80°C. Thus, sample 30 was obtained._
The chromate layer deposited had a thickness of 500 .

A further alloy as sample 31 was plated with nickel-
phosphorus in a thickness of 5 um by the same method as the above.
A 500-A chromate layer was then formed thereon by the same method

as the above. Thue, sample 31 was obtained.

Still a further alloy sample as sample 32 was subjected

to an oxidation treatment, in which the sample was heated in the

- 48-
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car bi de powder having an average particle diameter of 35 min such a
proportion as to result in a silicon carbide content of 50% by wei ght. The
m xture was honogeni zed with a kneader for 1 hour in the same manner as in
t he above Exanples. Thus, an alum num silicon carbide starting powler was
obt ai ned. The starting powder obtained was conpacted at a pressure of 7
t/cm. The resultant conpacts were sintered at 700C for 2 hours in a

nitrogen atnosphere having a nitrogen concentrajlon, of 9 vodysng or
hi gher. As airestl 8003 WATHINROREF c T Ear 5?&8&80%0‘3 eOb%%%% igéf%hi S,

sanpl e 34, were obtained which r | hed. t.h L& nal Ba 8tmé re
conpact ed te’stf“IiSFGEe%u%@sdPﬁ@ﬁglagﬁng g’fa%eg%ﬁ%?n?gra \%I/e%?e 50 mm ye 25 mm -

by 2 mm (thicknes ' ' was subjected to a
c%romate (tr"éhéﬁgn?? f??ﬁhﬁ:‘# !t}%e%g:tlg%é évtggﬁihér:’rer?rsed ig Ja

phosphat e- chr omat e Tf)éﬁ;@gitn i ddélbBtatndd dBdvey wéreigubtiectedalitheRGT
washed with water, “and thenh dried at 90C. Thus, sanple 35 was obtai ned.
The chromatgy badthaceReTrbeohadsdsthncknesn bhe FNY ~the ARPERTANER| Yy
sanpl e was subjected to an oxidation treatnent, in whi alg t he sgg_l&was
heated in theadl test pleee vas examingd aftRES 10AnRPRr 38°R50eBh S8 %St i | |

another alloy was heated in a steam at 5 f ur
obtain sarrplwr@-ﬁl-?ﬁ§“§aﬁ13‘?‘é§°f‘ﬂ&§lﬁ?%g3€gggvé'r gtogsa u’ataeg %c?r Q‘r es?r?\h

bondi ng strength .in cordance w.th Jl Ogin the sane manner 5 0- ~-
TS SHERL' Toesiterqbtalped g5, %Eéﬁvéﬁﬁg%/ 11 16: 48 1997 AT 533- 6694
PAGE 53 (PRINTED PAGH.S54)nh ol 984G thd ofil} EAALERel - pliRABhaiuNABlAt Ry
813{ 55613954 ; #531 as 1n Exanple 1. The bonding strength of each sanple
was neasuredpaq uncovered parts where the deposit was not present, and these
parts were found after the PCT to have stained. In the sample
29 which had undergone the alumite treatment, the surface SiC parts
remained uncovered with alumite, and staining was observed at the

interface between the alumite parts and the 8ic parts. No change

in appearance was observed in the other samples even arter the

PCT.
Table 5
Sample 28 staining occurred
Sample 29 staining occurred at alumite
layer/SiC particle interface
Sample 30 O
Sample 31 O
Sample 32 O
Sample 33 O
EXAMPLE 6
- 49-
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r frer 100 C t he hermal cycllng test, and after
ﬁbrw% h%ﬂ}lq %’0 7y 5’(c"p§r11;PCT ana§¥?? %‘i’fo Sﬁo(lﬁ?m.~ i N,{Isheg results o@taagmgl%qrg /81

shovvn in Table 6. The test pieces(sanple 35-37) which had undergone any' o
the surface treatnents descri bed above had hi gher shear strengths than the
test pieces(sanple 34) which had undergone no surface treatnent. Sanple
sic article Initial Strength Strength Strength content dianeter strength
after after after (w% of Sic (kgf/mi) thermal CT AST (nmm cyclin?

(kgf /i) (kgf/mi) (kgf/mm 34 50 40 1.5 1.0 0.8 0.9 3550 40 1.7 1.2
1.0 1.1 36 5040 1.6 1.2 1.01.0 375040 1.6 1.1 1.0 1.0 EXAWPLE, 7 An
al umi num powder haxn rajlvmi mvepogdep draviipigeati avetage pertislm dbametised with
a silicon carbide powder having an average particle dianeter of 35 .min
such a propdr25om westmiwesswith argildcon| qasdideapovdrr bém@mﬁnowmeoy

wei ght. The m xture was honpgeni zed with a kneader ,for 1 ‘hour f‘at e sane

manner as |Pﬁ1'ttlﬁéea‘bb§i@f-‘t8¥aﬁﬁl%%“mThU!; sugh %Iﬂﬁﬂmﬁﬁﬂgpl?%&? ESFH

51°TH o st el Ao Atk AE, SEadd o YREHE - chat G lR SE 0

PAGE o4 (P?o%ggn%éﬁ whih la 2(333@%{3 Hoh9 114842110 tHRBne NARnER 45131552 13

; #54/8 a pressure o m=. The resul tant conpacts were sintered

at 700" ¢ f athe?aboWé ExaiipleBl ! ITOGRN &t FMwRians/saYicgn Tarblidegetarting
concentration of 99% by volunme or higher. As a result, alumnum ail icon

car bi de corpowsletrevad bbyashed er Thecytarsling pestier obtained was compacted

at a pressure of 7 t/cm’. The resultant compacts were sintered

at 700°C for 2 hours in a nitrogen atmosphere having a nitrogen
concentration of 99% by volume or higher. As a result,
aluminum/silicon carbide conposite alloy sinters, sample 34, were
obtained which retained the original shape of the compacted test
pieces. The dimensions of each sinter were 50 mm by 25 mm by 2
mm (thickness);

One of the alloys obtained was subjected to a chromate
treatment, inwhich the alloy was immersed in a phosphate-chromate
treating liquid at 50°C for 1 minute, immediately washed with water,
and then dried at 80°C. Thus, sample 35 was obtained. The
chromate layer deposited had a thickness of 500 i.

Another alloy sample was subjected to an oxidation
treatment, in which the sample was heated in the air at 300°C for
1 hour. Thus, sample 36 was obtained. Still ahother alloy was
heated in a steam atmosphere at 300°C for 1 hour to obtain sample
37.

The aauﬁples thus produced were evaluated for resin

bonding strength in accordance with JIS K 6850 in the same manner
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surface roughness,
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ng. A5-mN -P layer was further
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deposi t ed theregn by
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obt ai ned above were subjected to the PCT ~
REPLACED REGHe\VED: fxayeltir gsrmemtaodescaibeda
' 97T 6A 119 17@215);

DREW L NAF iiﬁ%%éé

corrosi on rd&hast shectest, RiggepLFany

exam ned after
condi ti ons JTERFPENT100% RH and 2 atm

of 10 nm by 10 mm by 0.2 nmm (thickne

and pl aced

Furt

rspiePad B SE” AR AT ARG ) 4

+2Ren Ik uriderioBhe AO fMAacat e

peaiance of each test piece was
a 100- hour treatnent under the

partial -saturation
a solder flow test
was conducted as follows using a eutectic solder preform having di mensions

her nor e,

ssi. The preformwas put on a sanple

Sample [SiC [Particle Tnitial [Strength|Strength ‘Strength
content Kdiameter [strength| after |after aftex
(wts) of Sic |[(kgf/mm')| thermal PCT z HAST
(mm) cyclin? (kgf/mm?){(kgf/mm")
(kgf/mm")
34 50 40 1.5 1.0 0.8 0.9
35 50 40 1.7 1.2 1.0 1.
36 50 40 1.6 1.2 1.0 1.0
37 50 40 1.6 1.1 1.0 1.0
EXBAMPLE 7

aAn aluminum powder having an average particle diameter

of 25 um was mixed with a silicon carbide powder having an average

particle diametexr of 35 um in such a proportion as to result in

a silicon carbide content of 50% by weight. The mixture was

homogenized with a kneader for 1 hour in the same manner as in

the above Exampleé. Thus, an aluminum/silicon carbide starting

powder was obtained. The starting powder obtained was compacted
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In a sol der refgl ovE\;/Tat 215C for 1 m nutqe(P a}‘rTlng 59@? Eflﬁl)o]w state of the sol der
V\bg‘icfﬁ%“‘ﬁ*hhﬁ'ﬁe__hmﬂe r esut B @eBptET ntd " eseower iza  Tabl e 7. sThessaon: ese s
38 pl at e(? w th copper underwent no change in appearance through the PCT

and was satisfactory also in solder flow The sanple 39 which had

undergone N -P plating alone was found after the PCT to have stained. In
the solder flowtest, part of the solder did not flow on this sanple.

Tabl e? After PCT Solder -flow Sanple 38 Q O Sanple 39 staining partly
underwent no solder flow EXAMPLE 8 An al um num powder havi ng an aver age
particle diameter of 25 mwas nmixed with a silicon carbide gﬁe{? havi ng

an average apaitprdssutieadet 2rtirn’35 Themreaustant LIRPIGEAt VBFS LNTFLEEsul t

in a silicon carbide content of 50% by wei ght. The m xtur. . eni zed
Wi th a kneader700tC Forodrhoyra Ha 3amEIRGATCATHSEPRETS é’e“@sl“?ﬁ’é%%“q .
EIAS I3LEiv . Rl/pl ACLD ill 43, i RECEI .V 06/ , 997 AT
533-069' 1 PAerceptroRiow s ﬁAGEb$7Y°£“‘L§ﬁFC§"‘P$e%"179%1‘1;@‘%%%\3?!’ d NAF =R
ul 3+55613954; #56/ 81, t above husi SlnHrgugtse | dxinedr bi de
starting poRddR Wé’g/?)b{]%%&ar?%gg%%sr% pow%ilgldjr:l obt ai ned was conpact ed
at a pressu&%&% Jetgiggﬁ-th@ﬁ:{ﬁwltmtrﬁm@émwéﬁtabmpedteamemc f or
| sp

2 hours in rogen at no ere having a-nitrogen concentration of 99% by
vol une or higg_lg@gs,As a result, alum num silicon carbide conposite alloy
sinters weré€ obtained which retai ned the original shape of thelkcaq.l.rri%aeCt ed
test pieces. One of the alloys obtained was treated with an a
solution for 1 minute to etch the aluminum. The resultant surface
was subjected to zincate conversion and then electroless plating
to deposit a 100- ym copper layer. Thereafter, the plated alloy
was polished on each side with.a lap to remove a surface layer
in a thickness of 50 um . The surface roughnesé, R,.r of theplated
alloy prioxr to the polishing was 60 um’, which decreased to 2 um
through the polishing. A 5-pum Ni-P layer was further deposited
thereon by electroless plating. Thus, sample 38was obtained.
Another alloy was treated with an alkaline solution for
1 minute to etch the aluminum. The resultant surface was
subjected to zincate conversion and then electroless plating to
deposit a 100- um m Ni-P layer. Thereafter, the plated alloy was
polished on each side with a lap to remove a surface layer in a
thickness of 50 um . The surface roughness, R,., of the plated
alloy prior to the polishing was 60 um , which decreased only to
30 wm through the polishing. A 5-pum Ni-P layer was further

deposited thereon by electroless plating. Thus, sample 39 was

obtained.

The test pieces obtained above were subjected to the PCT
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Th t ai,ne s treatgd. W an; ks Ageseduiion for 1 mnute to
et gﬂﬁl&lﬁx&/ﬁ&n ﬁiumg?;\{'}ﬁe resu%%gnr?%w g{}?f ace R\/\@SEW gﬂw é’dt ed to zi ncHfed3313354;#55/8!

conversion and then plated with tin in a.thickness of 50 lun . The pl ated
all oy was heated in an infrared oven at 250C for 10 m nutes, upon which
the tin deposit nelted and flowed into the depressions of the Al-SiC
surface. The surface roughness, R, of the plated alloy prior to the
heating was 60 m, which decreased to 5 1= through the heating. A 5- m

Ni -P |l ayer was further deposited thereon by electroless plating. Thus,

sanpl e was obtai ned. The test piece in V eaghadetsr t he
PCT to evaI%F@%BT“F65"55"?&38&?&%&2%%'tﬁ‘g’ g@?‘?&ﬁ;{%{:g%?gz?r ance gf each

test piece was exanjned afte = oL T£8bERbut R th8At under the
parti al - sat (Ragh Bﬁm&(ﬂiﬁf’ﬁ%‘n‘[seg?&ggi%?%%%% RH, anlél 2 atm - Furthernore, a

sol der flow test. wa: L frabngwefus2 DYC, al (0% @i andol de¥mpr ef orm
havi ng di merdto a\yg?a‘%ggg’?nﬁgﬁ 10 mMmby 0.2 mm (([ hi ckness:). The preform was

put on the saiRlferdeden acasllddm raowotder wasi conducted B ffellewh weirg and
the flow state of the solder was then exam ned., The results olhtai nggi are
shown in - 54 ehtéctScIEREIHASCEEEN hampsml 18 fenecP ety 78 1Y 6 "BP¥ 997
AT 533-0694 PAGE 57 (PRINTED PAGE 50) 1 813+55613954, # ey 9
.170421, 1; DRE\mM (khicknesg) e BhemrefarmHag By @H@n?r’z‘{r‘ﬁec a”%gél?‘ﬁé&

_ han
~appear ance through the P ang ° S ﬁ/g,ﬁ ve 2at@ theSPldieBthkeves Tabl e
8 After PCT Bolai#elApEnre 2 ﬁfoéaé% ]{:’Q‘g An “al um num powder havi ng
an average p@ﬂé'éﬁfﬁe%“ﬁﬂ?kﬂ%n examined. The results obtained are shown in
Table 7.
The sample 38 plated with copper undexwent no change in
appearance through the PCT and was satisfactory also in solder
flow. The sample 39 which had undergone Ni-P plating alone was

found after the PCT to have stained. In the solder flow test,

part of the solder did not flow on this sample.

Table7
After PCT Solder flow
Sample 38 @) O
Sample 39 | staining partly underwent
no solder flow

EXAMPIE 8

An aluminum powder having an average particle diameter
of 25 ym was mixed with a silicon carbide powder having an average

particle diametei' of 35 um m in-such a proportion as te result
in a silicon carbide content of 50% by weight. The mixture was

homogenized with a kneader for 1 hour in the same manner as.in
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of 25 mwas nmxed with a silicon carbide powder having an average particle
di aERV@D 00f11 30 s8N 1bsy HUCh a PIOROGY bdceN s@FeriMek ol 520 @ a silicon carbide

cont erit7#¥ofAl508 bHiZUEI ght. The mi xture was ZREfBgEhi Zed with. a krieshder3sfombersl
hour in the same manner as in the above Exanple 5. Thus, an

al um nunisilicon carbide starting powder was obtai ned. The starting powder
obt ai ned was conpacted at a pressure of 7 t/cm . The resultant conpacts
were sintered at 700C for 2 hours in a nitrogen atnosphere having a
nitrogen concentration of 99% by volunme or higher. As a result,

al um nunm'silicon carbide conposite alloy sinters were obtained which

retai ned thng ri naI Sg‘l}gf sof m#gﬁac%rgpggwﬁwﬁatlﬁcggeg rbU@;%HH{-ﬂigo "

the alloy ob an epoxy resin’in ness o

by screen pr | h % coRBsktéd! | er
havi ng an avég‘g%%g S§ %@%'anﬁ%?tg?egﬁ%ﬁﬁqgégﬁ@él\tﬁ%(ggﬁeesr eeanrl nting, -
the all oy Gude 480 €/tar. lTHeUredul tanti bbapaet AtveYEDBEACeted CUT €

55 THI S SHEET HA BEEN L REPLACED [ RECEI VED 06/11 16:511997 AT 533- 0694
PAGE 58 (PRI A Efd (PAGE0143 Nouts9iR=bndit30§4n #BSucphere7haviny Onityogen the
resin. Further another sanple was al so prepared by di p- coatlng with the
sane ki nd of cepesytratsion w§nfak nbyig'Hdms Prehighr 5 Pﬁlékﬁégg B 10 m This

Theroartor s Tvnl o onoge il cBRRREL b kLB bRe S L PRk Ted L
o hneser P foR Hd:3iRaa SHE rigiﬁ‘?imh%:i:%egi e Wmplteed Hesttbiac

roughness, R/. es prior to the epoxy resin application

were both 60 pm, Vfg,' CQI%?}?ES@§EE’&& Yad {&éé}féwhtﬁ R £0R411Hk 88Tutién

pol i shing. The pO|IS ed s aces were subjected to | ead conversion, and a
5- m N -P | aygf asirdutd Rer edeposhd el dniauaon THy relseadtantessridad ivag.

Thus, two kinds of sanples were obtained.

subjected to zincate conversion and then plated with tin in a
thickness of 50 um . The plated alloy was heated in an infrared
oven at 250°C for 10 minutes, upon which the tin deposit melted
and flowed into the depressions of the Al-SiC surface. The
surface roughness, R_,, of the plated alloy prior to the heating
was 60 um , which decreased to 5 um through the heating. A 5-
um Ni-P layer was further deposited thereon by electroless

- plating. Thus, sample was obtained.

The test plecea obtained above were subjected to the PCT
to evaluate corrosion resistance. 1In the PCT, the appearance of
eéch test piece was examined after a 100-hour treatment under the
partial-saturation conditions of 121°C, 100% RH, and 2 atm.

' Furthermore, a solder flow test was conducted as follows using
a eutectic solder preform having dimensions of 10 mm by 10 mm by
0.2 mm (thickness). The preformwas put on the sample and placed

in a solder reflow at 215°C for 1 minute, and the flow state of

the solder was then examined. The results obtained are shown in
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The test pieces obtained above were subjected to the PCT to evaluate
COrEQS4:8e) 185l ShalgLar | N t hesPheby phdR€ sARREREARLR @h) jeach test piece was
exam ned efltter &#200- hour treatnent under tMREY ipBPiikal - sat urati ©E+b5013954;#57/3!
conditions of 121C, 100% RH, and 2 atm Furthernore, a solder flow test
was conducted as follows using a eutectic solder preform having di nmensions
of 10 mMmm by 10 mm by 0.2 mm (thickness). The preformwas put on a sanple
and placed in a solder reflow at 215C for 1 mnute, and the fl ow state of
t he sol der was.then exam ned. The results obtained are shown in Table 9.
These sanpl es underwent no change in appearance through the PCT and was
satisfactory also in solder flow 56- TH S SHEET HAS [; EEi\ REPLACLuU |
RECEI VED 06/%ables:851 1997 AT 533- 0694 PAGE 59 (PRINTED PAGE 60) 1 '97~ 6A

119 178421;3, NEW |, NAF TER 813+ : e e ¥ dih €5d
Sol der flow Sanpl elml“ﬁﬁaﬁ‘g%gq‘}nedse?%%été%’ég?\?i‘?%@?‘1"% I ern Searrpl e‘wzh using a-

filler- 0O ?é# &hnd %?'snawéw‘ﬁ&q' Al gdl 4R BoTd@PVERIw.havi ng an average
a er of 4

particle di mwas m Xed with a silicon carbi de powder having

an average particle dianmeter of 35 mTiableu8h a proportion as to result in
a silicon cgrpraeE—ComTEnt O1 53"7'[)_'—0 _Ef Iﬁe m ! jed
with a kneader for 1 hour_in the qgnﬁﬁﬁ% nBST c i t.he ._—e.e: Exanpl-a45.
Thus, an al :Igﬁﬁél l'i con carbilde startipg powder|{was obtaigped. The
starting po | Sl =Yl St G ool
resul tant conpacts were sintered at 700C for 2 hours in a nitrogen
at nosphere having a nitrogen

EXAMPLE O

An aluminum powder having an average particle diameter
of 25 um was mixed with a silicon carbide powdex having an average
particle diameter of 35 um in such a proportion as to result in
a silicon carbide content of 50% by weight. The mixture was
homogenized with a kneader for 1 hour in the same manner as in
the above Examéle 5. Thus, an aluminum/silicon carbide starting
powder was obtained. The starting powder obtained was compacted
at a pressure of 7 t/cm’, The resultant compacts were sintered
at 700°C for 2 hours in a nitrogen atmosphere having a nitrogen
concentration of 99% by volume ox higher. RAs a result,
aluminum/silicon carbide composite alloy sinters were obtalned
which retained the original shape of the compacted test pleces.

The surface of the alloy obtained was coated with an epoxy
resin in a thickness of 100 um by screen printing. The epoxy
resin contained 70% by weight copper filler having an average
particle diameter of 5 um . Aftef the screen printing, the alloy

was heated at 180°C for 1 hour in a nitrogen atmosphere to cure
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concentration of 99% by volunme or higher. As a result, alum nunisilicon

Cardil@nGRMROSI d1€698d hOY Si Nts@f Geo@hde @bt @adiRed passhiseh iret ai ned the origi nal
sﬁaREée 'DfF BHeBcohPditied test pieces. The dilfEisi dHszlof each sindierdRésdisys 8l
mnm by 40 nmby 2 mm (thickness). This sanple was treated with an al kaline
solution for 1 mnute to etch the alum num and the resultant surface was
subj ected to zincate conversion. About ten pieces of the thus-treated
sanple were placed in a jig for barrel plating, and '1 H S SHEET HAS 3EEN
KEPLACEU 57 [. RECEI VED 06/ 11 16:51 1997 AT 533-0694 PAGE 60 (PRI NTED PAGCE
61) 1 '971T U 1l1c 170421); DREW & NAFI ER 81355613954; #60/81 this jig was

i ntroduced into an gl ectrol ess copper. plati thy gl r £S
havi ng any ofP®aFd+t-e H\"Eﬁ'é?'ér’sm&%ﬁ@ ﬁam %%?nw;) %‘?% ?fng%%ﬁmg?gi‘fé

si mul ancousl . ol #oSA hnehBos ol 8 BB gy bt GonaLanlg ploatuaeras

conduct ed fof at state. A 5- nl Ni-P layer was then
deposi ted byi,F'nyiekﬁé& J¥ abipg. Thie s&sgldivasesloabtimated abcthe seane
subjected to the PCIT to evaluate corrosion resistance. In the PCT, the
appear ance Ofanfaf st altvacto vase ehanterdinh A heresf tkd0- thaicoatedakiey

under the partial-saturation conditions of 121C _100% RH, and 2 atm The
sanpl es 41, 4gam3] ebwernepb tishedgtn kaches idg sithe 13 tR) FeRaVe b ABF 80 Rer es
having partial dianmeters ranging from O0.T %o 10 had a,satisfacto

appear ance bbayer rin @ethirkness oft §§ehBnd I Fe?“’f#gq%’?.ug?ﬂgaga é.%

obt ai ned usi ngﬁtat 908,%5%161%@93%%;?2%%%”%??‘3?%5m"fp I12ARL8h Wrdb8En MM

st ai ned t hrob ! . ned usi'fg the copper spheres
having a pagpighe %ﬁ@t QecPbaded T8 A TRAY06Gh | tHé Qfbdilks and the
initial stage.® fable

polishing. The polished surfaces were subjected to lead

conversion, and a 5- um Ni-P layer was further deposited thereon

by electroless plating. Thus, two kinds of samples were

obtained.

The test pieceg obtained above were subjected to the PCT
to evaluate corrosion resistance. In the PCT, the gppearance of
each test piece was examined after a 100-hour treatment under the
partial—saturation conditions of 121°C, 100% RH, and 2 atm.
Furthermore, a solder flow test was .conducted as follows using
a eutectic solder preform having dimensions of 10 mm by 10 mm by
0.2 mm (thickness). The preform was put on a sample and placed
in a solder reflow at 215°C for 1 minute, and the flow state of
the solder was then examined. The results obtained are shown in
Table 9. -

These samples underwent no change in appearance through

the PCT and wae satisfactory alsoc in solder flow.
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Dianeter Tine for Initial Appearance of barrel appearance after PCT
CORR&YveR! dakiiNG: pker @S (M Nkaz feiback4Qs QpldRrebPa ShaNing 41 0.1 60 QO

42 1 o@TERQPAPIEA3ITHAISB0 O O *44 15 60 col |isidBa* et KsEk col [i sion haries!39556853/81
THI S SHEET HAS BEEN REPLACED [ RECEI VED 06/ 11 16: 52 1997 AT 533- 0694 PAGE
61 (PRI NTED PAGE 62) 1 '971T 6At18 179421;1; DREW & NAFR 8: 3+55313954;

X61/81 Barrel plating was conducted for 30 mnutes in the sane nmanner as

t he above, except that the copper spheres having a. particle dianeter of 1
nm used above were replaced with copper -particles having a surface area

two tines that of those copper particles. A5 - mN-P layer was then
deposited by el ectrol ess plating. As a result sanple 45 was obtai ned. For
fgble B varison R0-mioute harrel platl i A .

the copper spher es havi ing a partlcl e dmtratepc'pf | |rrrso]aiair &lepm N|- P
| ayer was tper—deposttet—by—etectriotesspratimg—tojproduce . a conpar afi
sanpl e 46. [TSamplestl ppinses roPimi ndd above Wore sublected toQhe PCT
eval uate cdrrosi on rentadnednfidles nlthe PCT. the appbarance of _each fedt

pi ece was «10Q; hoyr treatrre t undef the pafjlal satufation
condi tions ﬁ%ggl-t and 2 atm sarrpl ] 45 obt al ned u5| ng|t he
copper parth : ol - g ' :
appear ance both in the |n|t|aI stage and after t he PCT However the
sanpl e 46 obtai ned using

EXAMPLE ‘10
An aluminum powder having an average particle diameter
"of 40 pum was mixed with a silicon carbide powder having an average
particle diameter of 35 um in such a proportion as to result in
a silicon carbide content of 50% by weight. The mixture was
homogenized with a kneader for 1 hour in the same manner as in
the above Example_. 5. Thus, an aluminum/silicon carbide starting
powder was obtained. The starting powder obtained was compacted
at a pressure of v7 t/cm’. The resultant compacts were sintared
at 700°c for 2 .hours in a nitrogen atmosphere having a nitrogen
concentration of 99% by volume or higher. RAs a result,
aluminum/silicon carbide composite alloy sinters were obtained
'~ which retained the original shape of the compacted test pieces.
The dimensions of each sinter were 40 mm by 40 mm by 2 mm
(thickness). |
This sample was treated with an alkaline solution for 1
minute to etch the aluminum, and the resultant surface was
subjected to zincate conversion. About ten pieces of the

thus~treated sample ware placed in a jig for barrel plating, and
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t he copper spheres having a snmaller surface area stained through the PCT.
Andedenveoredan 1bs1riedesT t 0 t hessaapkes, of herigamphegs eo1, 47 obt ai ped. .t hr ough
barrel 49 &tlihg 18! hour or 2 hours using Dﬁﬁ‘g& ! f)b‘ger spheres 'é\%’ﬁgig%'%w/m
diameter of 1 mminstead of the copper spheres. "fIIS .(iF3ET i~",S G:N

5 9 - REPLACED RECEI VED 06/ 11 16:5Z 1997 AT 533-069'1 PAGE 62 (PRI NTED PAGE
63) 1 '974 6A 11R 17021 DRDV & NAPI =R 813+55613954; #62/81 Table 11

Diameter Tine for Initial Appearance of barrel appearance after PCT

copper plating- spheres (mn) (MW 45 1.0 30 0 O *46 1.0 30 O staining

*47 1.0 60 O staining *48 1.0 120 collisiron marks -collision marks staining

Cor r o on' 1 CENEE AREHaR ARERBURRAT SR S ahar cRobey Sopker LTl HELE.

corrosion rekhig appearance o est. ‘plece was
exam ned aft a - ; rd1 U d from
condi tions oﬁf?zEé,ggﬁgg%‘ﬁh?gg%ﬁgha%%ﬂ%&galﬁgFeéi4%{ec?§?gi ne ?ﬁ‘r ough
1-hour barrej ¢d atd 18 milwhAeS indeHdBotsEy REBcelhenstiml RiglEoabbar nell

t hrough 2-hour barrel plating had many collision nmarks in the initial
stage, and giainefl tbapreh glae 1RGTwaotdauEted for dl bounuin pdweddighivi ng.
an average particle dianmeter of 25mwas m xed in varjous proportions wth
a silicon cathatietapewddy Shami ji-Phlayer Hae then depesihed iy slegtratess o

prepare sanple powders 49to 55 respectively having silicon carbide
plating.

The test pieces obtained above were subjected to the PCT
to evaluate corrosion resistance. In the PCT, the appearance of
each test piece was examined after a 100-hour treatment under the
partial-saturation conditions of 121°C, 100% RH, and 2 atm.

The samples 41,42,43 obtained through barrel plating
using the copper spheres having partial diameters ranging from
0.1 to 10 mm had a satisfactory appearance both in the initial
stage and after the PCT. The sample 40 obtained using the copper
spheres having a particle diameter of 0.05 mm stained through the
PCT. The sample 44 obtained using the copper spheres having a

particle diameter of 15 mm had many collision marks in the initial

'stage.
ZablelQ
Diameter | Time for | Initial Appearance
of barrel appearance after PCT
copper plating
spheres (min)
(mm )
*40 0.05 60 O staining
41 0.1 60 e O
42 1 60 o)
43 10 60 8 o
*44 15 60 3
collision marks collision marks
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contents of 10% 20% 30% 40%'50% 60% and 70% by wei ght as shown Tabl e
12 recth@S Qs maMRl 2 @oMRler s eachs-wde rhenagend iRl rWdet iz) @ kneader for 1 hour to
obt ai N84 BMilAum B14:con carbide starting 60PRFF 2GRFIER H 1 A . SISEENISTHIISE!
REPLACED R-WN ( RECEI VED 06/ 11 16:53 1997 AT 533-0694 PACGE 63 (PRI NTED

PAGE 64) 1 '97z- 6A119 17042131; DREW 3 :1|.4FlI Ek 813+55613954; #63/ 81

powders. The starting powders obtai ned were conpacted at a pressure of 7
t/cm to obtain test pieces having dinensions of 100 nmby 25 nmby 2 mm
(thi ckness). These conpadte were sintered at 700C for 2 hours in a

ni trogen atnosphere having a nitrogen concentration of 99% by vol une or
higher. As a results, alumnunf silicon carbide conposite alloy sinters

vere obtained whi chhgld! pESLLDP WAkl SbifictdinRerofo WimuteBnanters bank

pi eces. A section of é&ac er” obtal ned was examned with an SEMto

measure the gepthy ofe iR RBLES, dRCeptHHats takt sopper aspherdwtRviingTabl e
12. The surface roughness of each sinter was neasured with a surface

roughness t eghpticld Gankterns£rl mmaseR above wexef vepliaced beltll wopper
directly proportional to the depth of the holes and be within the range of.
from 0.1 to particléndaviing afswrfaresipaear tudtelinadd thas elnirae Fopper

Vacuum chanbEArt S LGRmoP eBBsi T oL aKeT dhn e aRser -t SRsdettel, .
T aveRgt G, e € g R RS54 e Sigu LI o5
Torr and 1t heEP BB, T B i 00 16 2000
copper spheres having a particle diameter of 1 mm, and a 5-pum
'Ni-P layer was then deposited by electroless plating to produce
a comparative sample 46.
The test pieces obtained above were subjected to the PCT
to evaluate corrosion resistance. In the PCT, the appearance of
each test piece was examined after a 100-hour treatment under the
partial-saturation conditions of 121°C, 100% RH, and 2 atm.
The sample 45 obtained using the copper particles having a two-fold
spurface area had a satisfactory appearance both in the initial
stage and after the PCT. However, the sample 46 obtained using
the copper epheres having a smaller surface area stained through
the PCT. And in order to refer to the samples, the samples 46 ,47
obtained through barrel plating for 1 hour or 2 hours using the

copper spheres having diameter of 1 mm instead of the copper

spheres.
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The thickness of the alumnumfilmdeposited on each Al -SiC sinter and the
cryisﬂ:sar aiinetizanret er t her eaf-ver eahewnprino Fedsl @312. The thickness of the
nativedGxPtdisi tTHe5h the al uminum fil m wast*Aedsiifed by micro- A?}gé?5°1’954 #52/81
el ectron spectroscopy. 61- Phl1llS SHEET HAS BEEN REPLACED .01 [ RECElI VED
06/11 16:53 1997 AT 533-0694 PACE 64 (PRI NTED PAGE | A65) k] a13*5561J954;

#64/ 197JT 6A11R 1 I2N, 7 1 The results obtained are shown in Table 12.

The sanpl es thus produced were evaluated for resin bonding strength in
accordance with JIS K 6850 as follows. A 1iquid epoxy resin containing 70%
by weight silver filler was applied to a sanple piece in a resin thickness

of 25 m. This sanple piece vvas pl acﬂ!gg ggot her Al-Si C sanple piece in
the manner Showa iddelaiGm—l S {3 80 C

for 1 hour tjp curé Miametes r,'rimedfohe-rird.ltiiedl at 150C { dppeazranoers. THe
test pieces [fhus Qbdi ned a¢cbatray tloappBaramd350 wer ¢ agkawi PER for .
bondi ng strengt h afdoppeirhe dr plagiagd after each of {he thermal cyclilng
test, PCT (pyessurespbekes flestiiminiind HAST (highly a¢cel erated stress
test). Int thenmal (@)l img test, [the strength was|neasured after 300
cycl es each Tl ng1 30-mypit e fexposurgy to a 150C at nosphere ang

30-m nute expg%‘frré' 50(, atnpsphere. I n the PCT, the stre t h was

measured aftg 100 our treat rrent under t partia -satfl

condi ti ons T, % atm 1n_the HAST theg S
nmeasured af 1 100 Er Ca]l? under tQa condlt ﬁlﬁ?ﬁ&k@ % RH,
and 2 atm ?e< ul t s~obt aj ned"ar e § MR- i8FoRaBRER &2 t of

bondi ng str eSO L0l VoL Sl ] :
test piece to which two test. substrates A are bonded , was held by the
hol ding regions with

The test pleces obtained above were subjected to the PCT
to evaluate corrosion resistance. In the PCT, the appearance of
each test plece was examined after a 100-hour treatment under the
partial-saturation conditions of 121°C, 100% RH, and 2 atm.

The sample 47 obtained through l-hour barrel plating
stained through the PCT. The sample 48 obtained through 2-hour
barrel plating had many collision marks in the initial-stage, and

stained through the PCT.

EXAMPLE 11

An aluminum powder having an average particle diameter
of 25um was mixed in various proportions with a silicon carbide
powder having an average particle diameter of 35 um to prepare
sample powders 49to 55 respectively having silicon carbide
contents of 10%, 20%, 30%, 40%, 50%, 60%, and 70% by weight as
shown Table 12. These sample powders each was homogenized with

a kneader for 1 hour to obtain aluminum/silicon carbide starting
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the grips of the tester. The test piece was pulled at a rate of 50 mMimn
Whigk®@ 1deflob NG 16aE Qsdonkeep t bey- g8l edee A% Srr@dres Pet @t 3 pi ece and the center
line of7# & l%ri P&26H the same straight |indREY 3 BPIERNLS 511: : . [EIT+INABI541463/8!
hEPLAC~u | RECEI VED 06/ 11 16: S3 1997 AT 533-0694 PACGE 65 (PRI NTED PACE 66)
1 '974 6A 11B 1764215); DREWL PJAFI FR 8: 3~556i "s954; #65/81 The maxi num

|l oad at the tinme of test piece breakage was recorded, and this val ue was

di vided by the area of the resin bonding region of the test piece. This
guotient was taken as the bonding strength. The test piece breakage
occurred in the resin' bonding region. The results show that all the

sanpl es retai nﬁ& satlsfactory bondi ng strengths of 0.5 (kgf/mm) or higher
both in thePPRTTTS stage and after the reliability tests. For the purpose
of conparison, the t’ﬁ{és'sltﬁﬁ'ilﬁf%vbh&fs otb*eﬁlhealaeeé%pm@df Qe Ronding
was neasured as follows i'quid resin was formed into a sheet, cured .
at 190C for Jrégsire oG ther* doi eBtain KT fpllecé havisg Jihenstionsgoh
thereof after the drying was 2 kgf/ram . The strength thereof after 100
thermal cycles mwmby 256mk by 2 mar(thickaesa)t eThese qmpatmwmmsem

kgf /mm=, and that after the 100-hour HAST was 1.3 kgf/nmm . The strength

of the curedakekdy CafpEr2 PW@ ine mregene%tmt@r@ RBVLRGHA NitgFagenst er

t he 300- hour PCT was 0.7 kagf t hat’ agter t he _ 300- houi) HAST was 0.9
kgf/nm . It SPREERELALLON & ?Hétbi{ h‘é? YRS QT BoABPRY Y BngPAULERt cal Iy

required is L{ﬁf&&f 4 3k &gﬁ%%acg%gmgkggegdalﬂ%wamtagg Sk obPagfidr al

bondi ng stren S not ‘Tower terns ear strength

are suffici eoﬁlcrﬁlr%&amaa%ﬁ@%&1?@5&&'%4&&90@@/@ dotuphBted adst plieeagth in.
initial stages in a thermal cycling teat, PCT, and HAST, for exanple,

after initial 100 theseatioycdfeach aiheer iohitdialed198shexmmiried sitRGIn or
HAST. In such initial stages in these tests, shear strengths
SEM to measure the depth of the holes. The results obtained are
shown in Table 12. The surface roughness of each sinter was
measured with a surface roughness tester. in each sinter, the
R.., was found to be almost directly proportiocnal to the depth of
the holes and be within the range of from 0.1 to 20 pm.
One side of each sinter obtained was subjected to aluminum
vapor deposition as follows. The Al-SiC sinter was placed in a
vacuum chamber for vapor deposition. After the chamber was
evacuated to a vacuum of 10™* Toxr or lower, vapor deposition was
conducted using aluminum having a purity of 99.9% by weight or
higher as a deposit source. During the vapor deposition, the
degree of vacuum was from 10~ to 10~ Torr and the temperature
of the Al-SiC surface was from 100 to 200°C.
The thickness of the aluminum film deposited on each
Al-SiC sinter and the crystal grain diameter thereof are shown

in Table 12. The thickness of the native oxide film on the

aluminum film was measured by micro-Auger electron spectroscopy.
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not |lower than 0.5 kgf/nun' are sufficient. Substrates which satisfy the
I eqEgEn 1106 P91 Mg shear3seasemereh ot NPRIMIES PREEa@E) 63 THI IS SHEET H1-S

i i LEN g%mE%A%Eﬁﬁzgﬁm VED 06/ 11 16: 54 199%&@%@%—%%94 PAGE GEE(JPWWEE)#W 8
PAGE 67) 1 '97T 6119 17821 DR?:':' 2, NAF:.R 8:3+55611954; 66/81 generally
wi thstand | ong-term practical use. However, in few applications, substrates
shoul d satisfy a requirenent concerning shear strength after 1,000 thernal
cycles or after 300 hours in a PCT or HAST. Since the bonding resin itself

has deteriorated, the shear strength level required at such a stage is
| ower than the above |evel and is usually higher than 0.3 kgf/nm. To sum

up, the Propefiid Goeheihl b6t Hed S34PShbBNE1HOfaLIOUN.I Ng a sermi conduct or
onai

device are initral resin ng strength and bonding strength in initial
stages in a thernal Theyshhpled aius PTbduaed weed . evdluatedoforeresisirabl e

that the shear strength requirenent be net even after 1,000 thermal .cycles

and after 3Qfbrting sitreagbTimraddi®Hance witB131S K--§854Cals folleus|{ A

RECEI VED 06/ 11 1.§: 54 1997 AT 533-0694 PAGE 67 .(PR’_I NTED PAGE 68.)[ 1'97T 6A 1

1 E17 e 2liquid pRBExy Jefin emiguiauings]88shy  wedghgeilver) fillery, wam ¢

Co G 1.0 A pWRFDTY BFappin piscelin 3 Tebdp shigrnge P2 .y iid ]
sanmple plece was placed on anotl;er Al-SiC sample piece in the
manner shown in Pig. 11. The resultant structure was heated at
180°C for 1 hour to cure the resin, and then dried at 150°C for
24 hours.

The test pieces thus obtained according to JIS K 6850 were
examined for bonding strength after the drying and after each of
the thermal cycling test, PCT (pressure cooker test), and HAST
(highly accelerated stress test). In the thermal cycling test,
the strength was méasured after 100 cycles each consisting of
30-minute exposure to a 150°C atmosphere and Bb—minute exposure
to ~65°C atmosphere. In the PCT, the strength was measured after
a 100-hour treatment under the partial-saturation conditions of
121°c, 100% RH, and 2 atm. In the HAST, the strength was measured
after a 100-hour treatment under the conditions of 125°C, B5% RH,
and 2 atm. The results obtained are shown in Table 12. The
measurement of bonding strength was made with a precision
universal tester (Autograph). A test piece to which two test.
substrates A are bonded , was held by the holding regions with
the grips of the tester. The test piece was pulled at a rate of

50 mm/min while taking care to keep the major axis of the test

piece and the center line of the grips on the same straight line.
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The maximum load at the time of test piece breakage was recorded,
and this value was divided by the area of the resin bonding region
of the test piece. This quotient was taken as the bondj:ng strength'.
The test piece breakage occurred in the resin bonding region.

The results show that all the samples retained
satisfactory bonding stréngths o_f 0.5 (kgf/mm’) or higher bhoth
in the initial stage and after the rellability tests.

For the purpose of comparison, the tensile strength of
the resin alone used for bonding was measured as follows. The
liquid resin was formed into a sheet, cured at 180°C foi‘ 1 hour,
and then dried at 150°C foxr 24 houxs. The strength thereof after
the drying was 2 kgf/mm’. The strength thereof after 100 thermal
cycles was 1.6 kgf/mm?, that after the 100-hour PCT was 1.2 kgf/mm*,
and that after the 100-hour HAST was 1.3 kgf/mm’. The strength
of the cured resin after 1,000 thermal cycles was 1.0 kgf/mm’,
that after the 300-hour PCT was 0.7 kgf/mm?, and that after the
300-hour HAST was 0.9 kgf/mm’. It should be noted that the resin
bonding strength basically required is the strength at the time
of bonding with a resin. 1In general, bonding strengths not lower
than 0.5 kgf/mm® in terms of ehear strength are sufficient. Also
important besides the above is the shear strength in initial stages
in a thermal cycling test, PCT, and HAST, for example, after
initial 100 thermal cycles or after initial 100 hours in an PCT
or HAST. In such initial stages in these tests, shear strengths
not lower than 0.5 kgf/mm’ are sufficient. Substrates which

satisfy the requirement concerning shear strength in this stage
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COVPARATI VE EXAMPLE 1 (Crystal grain dianeter below 0.1 mm A -SiC sinters
were produced in the same nmanner as'in Exanple 11. An alumi num film was
formed by vapor deposition in -the same manner as in Exanple 11, except

that the' degree of vacuum for the deposition was changed to 10'' to 10"'

Torr. The resin di g}’ff ChrsaPpé£) Afse 55 obt ai ned as above
- b o .

was neasure%e’?%@?'&o#’ggﬁggsg\n&% §eﬁﬁ6g50 using the sanme resin as in
Exanpl e 11. The resghlavabt A e Afp190a¥ions, baibstrides Bioulidaset bs by Of
the crystal grains ﬁ%&’arreg Wer e g‘r’or%%O.M to 0.05 am After.the relia ity
tests, all tper&piidlet@niadonséepindandiangssreryioh et teuf fli, 00enthéomal
practical use. In particular, the bonding strengths thereof were 0.5
(kgf/ M) orcydiemher atter 30@ hosirisabn| & tECE €3t FASTnc|SidiGRy thet Bendimg hour s
in the PCT and HAST. 66 17 ;r.~-1. i~ ~.. {1,.~ .

resin itself has deteriorated, the shear strength level required

at such a stage is lower than the above level and is usually higher

than 0.3 kgf/mm’.

To sum up, the properties required of a substrate for

mounting a semiconductor device are initial resin bonding

strength and bonding strength in initial stages in a thermal

cycling test, PCT, and HAST. It is however desirable that the

shear strength requirement be met even after 1,000 thermal cycles

and after 300 hours in a PCT or HAST.

- 64-




) w N
SM5EL BWEO HET/8!
rl
N

t.

PAGE 70)

NTED
1.1 .°'
1%
o00o0a
Trl[rl C+1

0

g
, -4 gFlrn --

1.1 4.14.104) 0 p~0O

a

‘ga |
0
I

(0]
"1

)
d

4 rlr-4.1-1r4 43 OOw4 47,13+444 0 OO0 ae
u~

6201619

0694 PAGE 69 (PR

813 +m5@h3 95t ; #6WHuTED 2ack4 cb014

I

. W CJ14a00C o 18
+1 to 4Ho Ok ~g
nnnn

h 41 r-

lg-JyO Uk 4000040 4- 0144 0 .C>4r4 -
--1 e-i

RECEI VED 06/ 11 16:55 1997 AT 533

[

1+ b O
friri1 MM $4 +t o oo 000000

N OO0 4-) 01 4-0Qu,

N_N N NENALE HTEIU] o0 OV,
000000

1( 'rEcEzvep @éVh1a6: 54 Q49 a1X;
d) WA+

REPLACED

9°0 G‘0 8°0 1°1 0'T £€°1 81 L°0 (1112 [4 oL QL |SS
L0 $°0 8°0 (A | I°1 £°1 6°'1 8°0 00S - < 09 09 [¥S
L0 S*0 ,6°0 (AN 1°1 v-1 6°1 0°'1 00S [4 09 | gs |€s
L*0 9°0 6°0 (A § (A | $°1 0°¢ 0°1 004 < ow. ov s
L°0 9°0 6°0 1 Z°1 St 0°¢ 01 00sS [4 o QE |14
L°0 9°0 6°0 Z°1 °1 S 1 1°Z 0°1 00s Z obv 0z |06
L0 $°0 6°0 1 ¢ 1 L § 1°2 0°1 Jas 4 av 01 |6¥
: a
(w3850 gy 350 )| € e 35 )| o/ 3B L/ 3O w38 (¥ I
IsVH u| Ioa uy saToAo{LSYH UY 1D WY sarofy {(wl)  wrpry
£ano sxnoy Temraya sinoy sauoy|rewxaya|(pm/36y)| suterf epixo (un)]  (wd)
00¢t 00 0001 00T 00T 001 3] 1easdxn N>HUMUEHHH. T¢| seoToy (x3m)
ronge yalraare yakaage yalraage yajraaye yapeaye ya|-busiys| jo 1sajyo ssaujo ssau 30| quaquod| B
-buaI13s)-busiys|-huaxag ~busiyg -busays|-busryg Teratull -swerd —3oTYL -XOTYY yidad OTY 5
ZT °19el

65




+J b1l4-4 0.0 >1 Cr-1 .~ .i | 1t) In

N mN r-, r, .2r, r-2r, r1 HY9

d |
Al rickivkD e&)1rik:SMIGTAT 14 b m3xesArAd: Kd (kdintel rhce d5) y' Em+ 0000000
4a 14 HESQH 016280 0 v 4-1 1.0 d) 'x FREY S BFHFRO 0 0 0 U 48059 @G6D8!

00000 "-40V--A4in U/ 1In 1In Ln vl un 11! CG1 CO0 44"4 44 E 1O
ra4 14 '.1 UN44 " NNNNNNN N41d) ~-+ Ae. 10000000 0
44 O - eNd d d 1Ir5tDN 41 {l aO0OC.-i Nrlvwu-lton v_CLO.i N
r+1d 11 Vi1 ~dIl, r-1 CUQ 111-1f 1 111 ul Nul

COMPARATIVE EXAMPLE 1 (Crystal grain diameter below 0.1 mm)
Al-siC sinters were produced in the same manner as in
Example 11. An aluminum film was formed by vapor déposition i.n
the same manner as in Example 11, except that the degree of vacuum
for the deposition was changed to 107 to 10 Torr. The resin
bonding strength of each'sample 49’455'obtained as above was
measured in accordance with JIS K 6850 using the same resin as
in Example 11. The results obtained are shown in Table 13.
The diamgters of the crystal grains formed were from 0.04
to 0.05 um. After the reliability tests, all the samples had
resin bonding strengths sufficient for practical use. 1In
particular, the bonding strengthe thereof were 0.5 (kgf/mﬁ’) or
higher after the reliability tests, including after 300 hours in

the PCT and HAST.
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Al -Si C sinters havi-ng an SIC content of 50% by wei ght were produced in the
same manner as in Exanple 11. rn producing the sinters, the oxygen

at nosphere for sintering was regulated so as to result in a hole depth of
l0amto thereby facilitate the control of vacuum during al um num vapor
deposition. In.alumnumfilm deposition, the degree of vacuumwas varied

in the range of f[omr=10 WI0TG forr qo torm gl umi num films varying in
crystal grain dipnetgf. @t ihe a%ove, an @l um num fil mwas formed on
each sinter in the sae ¥enlgrease | ¢ [Eampl e (14§ The resin bonding
strength of each [anplkeowass fgas liedoi noactpedande with JI'S K 6850 using
the sane resin as R —FreTestttsopbtdi ned are ‘shown in Table -
14. The results show that #hg|safples (haying |cryWstal grain dianeters in
the range of fron} @.4 o A& grn.met.a A0~ {suf Hijckgnt resin bondi ng strengths
of 0.5 (kgf/nmm) bl HithBeg cgdns | aft &r £hQ;LE|dié ility tests. However, the
sanpl es havi ng cryﬁ%%#‘ﬂgjafﬁ eH-prret-effs—grtrt-p hat range consi derably
deteriorated in fesin bomdiig strengtlh ghrpugh tthe reliability tests. In
particul ar, these A i%3/8 (s e8] [Had “bpdi Tid strengths below 0.5
(kgf /i) after thgfg’@ga@ld_{,ﬁﬂ\g can® Ve & LRqfPqd to retain a sufficient
bondi ng strength. L= =Sl —+ER-H-+5—BFEN—REPI , ACEU WV RECEI VED
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EXAMPLE 12 (Influence of crystal grain diameter)

Al-SiC sinters having an SiC content of 50% by. weight weré
produéed in the same manner as in Example 11. In producing the
sinters, the oxygen atmosphere for sintering was regulated so as
toresultina hble depth of 10um to thereby facilitate the control
of vacuum during aluminum vapor deposition. In aluminum film
deposition, the degree of vacuum was varied in the range of from
10°? to 10° Torr to form aluminum films varying in drystal grain
diameter. Except the above, an aluminum film was formed on each
sinter in the same manner as in Example 11. The resin bonding
strength of each sample was measured in accordance with JIS K 6850
using the same resin as in Example 11. The results obtained are
shown in Table 14. The .results show that the samples having
crystal grain diameters in the range of from 0.1 to 10 umretained
sufficient resin bonding strengths of 0.5 (kgf/mm’) or higher even
after thereliability tests. However, the samples having crystal
grain diameters ocutside that range considerably deteriorated in
resin bonding strength through the reliability tests. 1In
particular, these comparative samples had bonding strengths below
0.5 (kgf/mm’) after the PCT and HAST, and were unable to retain

a sufficient bonding strength.
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6111 1704215; CDREW & '| AF?_R 813+55613954; #72/81 'EXAMPLE 13 Al -SiC
sinters having an Si C content of 50% by wei ght were produced in the sane
manner as in BExanple 11. In producing the sinters, the oxygen atnosphere

for sintering wa ated sa as to resili _in a hole depth of 10 ,um
Thereafter, bl astfifig was g gondurt gd tjo form hpl es havi ng the depths shown
in Table 15. An aE‘LuﬁnHrﬁEilm g farmed pn feach sinter in the same nanner
as in Exanple 11 8ibue& o witheriegpez| rtp-tlhe sanpl e having a hol e dept h
of 200 um or | ar ey Ptogg‘irrp egJidlle«f{e haiintain a vacuum of from:10-'
to 10"'" Torr duri T rormatyrobecapseroff gas
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di ffusion fromthe holes of the Al-Si C substrate into the vacuum system

SO RECREMED @6 Ataaergm1ed? ArQ' 't 0S3BOAES THEET 7mswlus§l§leGE‘TPQRr esin bondiﬂng, St rgpﬁt‘gh :
of eact*sHihi e WHSMeasured in accordance St i B S¥K 6850 usi rg tha! Fahd’2/8!
resin as in Exanple 11. The results obtai-ned are shown in Table 15. The
results show that the sanples having hole depths not [arger than 100 gm
retai ned sufficient resin bonding strengths of 0.5 (kgf/mm) or higher

even after the reliability tests. However, the sanple having a. hole depth
exceedi ng 100 gm consi derably deteriorated in resin bonding strength
through.the long-term (300-hours) reliability tests. In particular, its

bondi ng str%@g/\q@e not higher than 0.3 (kgf/mi) after the PCT and
HAST; this sanple was wunable to attain the nost desirable reliability

| evel, although it asakiefdindekBehavainigadn kit voneat dress w%@fdgr&rwéf@
initial reliability tests and were capable of w thstanding. ordinary.

practical ugerodike@Hih GidlsiGel manECHVER Edridlel @157 19 Peoltcirig-eifdd
PAGE 73 (PRINTED PAGE 74) 1 97 6~11R 178%$21 ; DR=~': | NAPi ER 813+550i 3954;
r 73181 H Wiptersy the axygeb atmasphereNfon sintering yagireq@latedkso as a 0 a
0 0 0 WN & gesttinonchole dsptpooe [oka-o Tereathery hlagtingpas O
conducted to form holes having the depths shown in Table 15. An
aluminum £ilm was formed on each sinter in the same manner as in
Example 11. However, with respect to the sample having a hole
depth of 200 4mor larger, it was impossible to maintain a vacuum
of from 10~ to 10" Torr during film formation because of gas
diffusion from the holes of the Al-SiC substrate into the vacuum
system, so that a vacuum of 10" to 10~ Torr was used.
The resin bonding strength of each sample was measured
in accordance with JIS K 6850 using the same resin as in Example
11. The results obtained are shown in Table 15. The results show
that the samples having hole depths not larger than 100 um
retained sufficient resin bonding strengths of 0.5 (kgf/mm?) or
higher even after the reliability tests. However, the sample
having a.hole depth exceeding 100 um considerably deteriorated
in resin bonding strength through the long-term (300-hours)
reliability tests. Inparticular, its bonding strengths were not
higher than 0.3 (kgf/mm’) after the PCT and HAST; this sample was
unable to attain the most desirable reliability level, although
it satisfied the reliability level required after the initial

reliability tests and were capable of withstanding ordinary

practical use.
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178421;3; try-WL NAF 2R 813+5601s954; #74/ 81 EXAMPLE 14 Al -SiC sinters
having an Si C content of 50% by weight were produced in the sanme manner as
in Exanple 11. In producing the sinters, the oxygen atnosphere for

sintering was regulated so as to result in a hole depth of 10 ,GGn
Thereafter, blasting was conducted to form hol es having the depths shown

in Table 16. On the.other hand, polishing was conducted to form hol es

havi ng t he siin wn in Table 16. The values of 1, determned with a
surface roughness Fester are also shown in Table 16. An alum num fil m was

formed on each sinteg1igid Benter® nERIAG andsic¢ Bok¥enPbe sd%lbyu&ﬁ’h%%iré}:ﬁ
bondi ng strength of each sanple was neasured in accordance’.wth:JIS K 6850,

using the samprodesed i the Eamephannkl adhin recniple 0bt aiTegrobavisdehe
followi ng. The sanple having a crystal grain dianmeter of 1.0 nmm but having
an P.,,,, |osdntermarthe oxyaen admospbens|fprdeintening wdsi requlstedopmgisng
strength through the reliability testg. In particular, this sanple had

bondi ng st rertGt FESRLE 7 ghdielendRPER 30 Y /4 ) Téﬁr@Pftﬁ.E'!B?ﬂ@ﬁ'% gnwas
Strength. ol CROGHRCPRE 26F BRiH R oo dmstnethAlendlie 18 BRI IEL AP
stages in then @10y nEAST ;(di&st}z(lnﬁovg)a?gﬂﬁﬁlxcted to form holes having the
depths shown in Table 16. The values of R, determined with a
surface roughﬁess tester are also shown in Table 16. An aluminum
film was. formed on each sinter in the same manner as in Example
11. The resin bonding strength of each sample was measured in

~ accordance with:JIS K 6850 using the same resin as in Example 11.

The results obtained show the following. The sample
having a crystal grain diameter of 1.0 mm but having an R,,, lower
than 0.1 um considerably deteriorated in resin bonding strength
through 'the reliability tests. In particular, this sample had

bonding strengths not higher than 0.3 (kgf/mm’) after the '

long-term (300-hour) PCT and HAST and was unable to retain a

sufficient bonding strength, although the resin bonding strengths

thereof in the initial stages in the PCT and HAST (up to 100 houxs)
were not lower than 0.5 kgf/mm’, which values are sufficient for

practical use. On the other hand, the sample having a crystal

grain diameter of 0.1 um but having an R, higher than 20 um also

considerably deteriorated in resin bonding strength and, in
particular, came to have bonding strengths not higher than 0.3

(kgf/mm®) through the long-term PCT and HAST, al.though the bonding

- 72-
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were not |lower than 0.5 kgf/mm, which values are sufficient for practical
US eRECEQYEDtAa A 1 Ot FREr 198D,  t he STt EAdta v rgRIATER ¢ B) Jgrain di angt.efr..of,.0.

um buthaﬂeﬁilrlnE) :ﬁﬁ-ﬁa hi gher than 20 , um al ?&grg‘%ﬁn‘gild}zerabl'y det g?li"gg“é’?égéglxgp/m
resin bonding strength and, in particular; came to have bondi ng strengths
not higher than 0.3 (kgf /mm) through the |ong-term PCT and HAST,

al t hough the bonding 72 TH1S SH~~1Hr'~ REPLAC~1~ [ RECEI VED 06/ 11 16:58
1997 AT 533-0694 PACGE 75 (PRI NTED PAGE 76) 1 1974 6A 118 17M21;); DREW &

NAP i ER 813+55613954 ; #75/81 strengths thereof were sufficient for
practical use. Thus, these two sanples were unable to attain the nost

desirabl e relataBngthy theusl werishor didient for 'gi:aa'tic?éi s &ECrnBD telsbl
16:58 1997 AT 53370699 PAGE 76 (PRINTED PAGE 77) 197JT 6 119 17R 21,j; DREW
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EXAMPLE 2 (I nfluence of the thickness of native oxide filmon al uni num
film A-SiC sinters having an Si C content of 50% by wei ght were produced
in the sane manner as in Exanple 11. An alum numfilm of thickness of 2gm
was formed on each sinter in the same manner as in Exanple 11. Hol es of
depth of 60,Ltmwere fornmed on a surface of the sinters. The dianmeter of
the crystal grains forned was 1.0 /2m Thereafter, the sinters were heated
to 300C in tlCOMPARADIVE EXAMPUE ria¢Enf udmreno fitt hext e knielsim of nattine cdxides of
1500A on the aluminumfilm The resin bonding strength of the sanple was
measur ed in ddidev dangtuminum BidmK 6850 using the sane resin as |n Exarrpl e
11. The results obtai ned are shown in Table 16 under nple -

No. 71.
71 consi derabl y det er%?sd‘tceﬂ“i’?\e‘f%g?ﬁl%ﬁ&% c%‘??%?ﬁ Wﬁr%@ﬁlﬂhﬁ were

liability t t I t bond f th d
ST wer e 1 oREpapRan T She f8hs maznet a8 e duine o "Racs LA 21 Per s
a sufficient ohonibes 6£30MA, vRICIURRKEN RN & M&f& HEESRe Haprereq o
the interface ween t he alunf num oxi de I m an e al um num

contrast to faaeis Exampleqas HO1& h@rd?ﬁﬂakaﬁnﬂﬂ_wﬂﬁechprﬁé&%aﬂ%@(fﬁﬁér ed
at the interface between the resin and the alum numfilm COVPARATI VE

EXAMPLE 3 (| wifl thenedénbérs h&heldizmeserrafathegrystal gnatinsufermedyas 1.0
um. Thereafter, the sinters were heated to 300°C in the air with

a furnace to form an oxide film in a thickness of 1500A on the
aluminum film. The resin bonding strength of the sample was
measured in accordance with JIS K 6850 using the same resin as
in Example 11.' The results obtained are shown in Table 16 under
No. 71.

The sample 7lconsiderably deteriorated in resin bonding
strength through the reliability tests. In particular, its
bonding strengths after the PCT and HAST were lower than 0.5
(kgf/mm’), and the sample 71. was unable to retain a sufficient
bonding strength. The breakage of the test pieces occurred at
the interface between the aluminum oxide film and the aluminum
film, in contrast to the test pleces in other Examples in which
breakage OCCur.red at the interface between the resin and the
aluminum £ilm.

COMPARATIVE EXAMPLE 3 (Influence of the alumite treatment of
aluminum film)
Al-SiC sinters having an SiC content of 50% by weight were

produced in the same manner as in Example 11. An aluminum film
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Al -Si C si nters haV| ng an Si C content of 50% b gﬂ ht were produced in the
et

saﬁ’éﬂmg%ﬁ% %2%%‘5@ e 13339 BsEnth{f k] {H S SI-I EEﬁlwAgogagggw,a/al -
REPLAC /11 16:59 1997 AT 533-0694 PAGE 7R (PRI NTED PAGE 7

'974 6~112 17621,), DREW & NAP : ER 813+55013954; #78/81 was fornmed on each
sinter in the sane manner as in Exanple 11. Thereafter, an alumte |ayer
was fornmed in a thickness of 500 A ,The resin bonding strength of the
sanpl e was neasured in accordance with JIS K 6850 using the sanme resin'as
in Exanple 1. "The results obtained are shown in Table 16 under No. 72. The
results show that the sanple was capable of retaining satisfactory bonding
strengt hs nowas ofemedchan @ash (sdgftermif) thetdame manperi a8 timExampde Ahe

after therellab|I|tytests However, the electrl conduycti vi t t he
Al -Si C was | ipsreaftere ap ahunitg Javes vaedamed EXN\F’E%%’B“(‘I H&I gé?lce of

pr ol EEQACFEGM idaﬁe:' 265 drondin, s ERSRBI: O ﬁ%ﬂ%ﬁéaﬁﬁﬁ? et Eﬁofﬁéﬁ
20 shown f‘tne#%mﬁd%nfee FREE S R el P sk wedin A L el fooses

measured in. V"bbeafﬁ% }ﬁﬁﬁgowﬁshﬂgﬁﬁt@‘e SRRidRY Roas7pn Exanple
1. The results ob al ne are own in Tabl-e 17. The results show t he

fol l owing. The sanpime Fésting sliowlithat e sayple aidapedd esafideerinbag 0. 1
gm consi derably deteriorated in resin bonding strength thr ough t he
reliability eatisfadtorwab@nunmﬁtrﬁnsﬂb%m@‘tnbo"sﬂlf éﬁgt’h% Saf(lké /mphebpr and

MAST were | ower than 5 kf/nmq)% and the sa % %‘oretalna
suf fi ci ent b%cﬁ%@é?éﬁbﬁ?agﬁnaf’ ea%%e?:hﬁa’?fglpla%r’ﬁg‘ é’aﬁ%‘f 'na PHGVEh

I filmthick

fter 100 hob® diseranes HHEPREIPRT R piq ALTEe AR Thmpfud dus i e
whi ch val uesafﬁrﬁit?é’f&'e%ﬁﬁht.

EXAMPLE 15 (Influence of £film thickness)

Al-5iC sinters having an SiC content of 50% by weight were
produced in the same manner as in Example 11. An aluminum film
was formed on the sinters in the same manner as in Example 11 in
various thicknesses as shown in Table 17. The resin bonding
strength of each sample was measured in accordance with JIS K 6850
using the same resin as in Example 1. The results obtained are
shown in Table 17. The results show the following. The sample
having an aluminum layer thickness smaller than 0.1 um
considerably deteriorated in resin bonding strength through the
reliability tests. In particular, its bonding strengths after
the PCT and HAST were lower than 0.5 (kgf/mm’) and the sample was
unable to retain a sufficient bonding strength. Onthe other hand,
the sample having an aluminum film thickness larger than 100
Am had resin bonding strengths after 100-hour treatments in the

PCT and HAST of 0.5 kgf/mm’ or higher, which values are sufficient
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B

A&“%%‘Q&%Iﬁéﬁﬁ FPRI NTEBPPRRERSD) 73 (YL SR,, 189’ 178421, 1; R2id551 %5 VA, 01
R 81s=5~617954; #79/81 for practical use. However, this sanple considerably

deteriorated in resin bonding strength especially through the long-term(
up to 300-hour) PCT and HAST to cone to have a bonding strength of 0.3
(kgf/mme), and was unable to attain.the nost desirable reliability |evel.
In this sanple having an alum num |ayer .thickness |arger than 100 ,um the
breakage of the test pieces occurred within the alumnumlayer. It is
required nore than 10hours to formthe al um num | ayer thickness |arger
than 100 , ufohpraspdcadepsei t iBowevEn; t tieis eamplet ltensidepbblythe sinters
havi ng al urmi num fil m of 20, um t hi ckness was fornmed on in the same rmanner
as in Exarrpld,ﬂtpriolmtleﬁelnaseﬂm ttdmdsngt Stsen@qmut?mmldy thanughhthe to
formthe al um num | ayer thickness Lim In considerin

product i vi t y-OR%YeIms, 4 £9 érqp PB“?blpﬁthTRed 595%%&?”?&3%?‘&1’%%?1%@%“% 20
25, o R A ey oL gl
g12+5f5§13953:!%%9/&5133}&&%15 \Ay'v.'loé!%é\i ‘[’\|V4'T'5r1+%14153%9\pg\é/havmg AnCif i O O
layer thickness larger than 100 um, the breakage of the test
pieces occurred within the aluminum layer. It is required more
than 10hours to form the aluminum layer thickness larger than 100
Mm by vapor depositioﬁ. Further as another sample, the sinters
having aluminum £ilm of 20um thickness was formed on in the same
manner as in Example 11. In the case of this it is required more
than 1 hour to form the aluminum layer thickness of 20 Am, In

considering a productivity, it is sufficient to form the aluminum

layer thickness of 20 um.
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O$ b QAOE UMIH:v THIS SHEET H.',.,, 1DEY y§APIEREPLACED ( RECEISEEH4:#81/8]
06/11 17:00 1997 AT 533-0694 PACE 81 (PRINTED PAGE 82) 1. '974 6A 11R 1742
1A: DREW L NAFI ER 813+55613954; #81/81 EXAMPLE 16 (influence of film
conposition) Al -SiC sinters having an Si C content of -50% by wei ght were
produced in the sanme manner as in Exanple 11.' Thereafter, an alum num
filmwas formed on the sinters so as to produce sanples 78 to 82 in which
sanple 78 had an Al-My alloy filmhaving an alum num content of 99 wt % or

hi gher, sample 79 had an Al-Mi alloy filmhaving an alum num content of 99
wt % or higher, sanple 80 had an Al-Si alloy filmhaving an al um num

content of 99 wt% or . _higher, sanple 81 had an Al- alloy filmhaving an

al uni num  corRXPLE 1@9&&‘%‘6‘?“% @érf,&g.'nﬁm%%ﬁel% had an Al -Cu-Si alloy .

filmhaving an al um f o | | )dg&npé

strength of each san%#ghﬁgs%'%éggrhgigf‘#aa%g%?%g%ggﬁwoﬁlgoflI ‘FR?J' 850 ufs?ng

the same fesi%@xé%z'iﬁamheséﬂe ddifhereal! ifi ERRiFIa00 ar eheheafter) Babl e
‘10

18 under No. . The results show that these sanples were capabl e of.
retai ni ng satisimiGher ¥11Wead Berméd engthe sintereves ashaa frdiudeyéanpid

both in the initial stage and after the reliability tests. On the other
hand, sanpl es78 & t82 &1 whieh psambieed Sbhafloani K-Md BhleymiddmeBayingsan
havi ng various conpositions by vapor depaosition on A -Si C sint
substrates hoaduuingm prsergneERd Bt 5308 i8Rk §APLs aad&ﬁaﬁﬁrﬁi@ aliow
method as the,goye. ;32MD) & Bdia% 20nfbadBAldso%eh! b MY sample 80
had an Al-Si alloy film having an aluminum content of 99 wt% or
higher, sample 81 had an Al-Cu alloy film having an aluminum
content of. 99 wt% or higher, and sample 82 had an Al-Cu-~Si alloy
film having an aluminum content of 99 wt% or higher. The resin
bonding stréngth of each sample was measured in accordance with
JI8 K 6850 using the same resin as in Example 1l. The resulte
obtained are shown in Table 18 under No. 78 to 82. The results
ghow that these samples were capable of retaining satisfactory
bonding strengths not lower than 0.5 (kgf/mm’) both in the initial
stage and after the reliability tests. On the other hand, samples
83 to B7 were prbduced by forming aluminum-based films having
various compositions by vapor deposition on Al-$iC sinter
substrates having an SiC content of 50% by weight produced by the
same method as the above., Sample 83 had an R1-Mg alloy filmhaving
an aluminum content of 90 wt%; sample 84 had an Al-Mn alloy £ilm
having an aluminum content of 90 wt3%; sample 85 had an Al~Si alloy
film having an aluminum content of 90 wt%; sample 86 had an Al-Cu

alloy film having an aluminum content of 90 wt%; and sample 87
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al um num content of 90 w% sanple 86 had an Al - al | oy filmhaving an
al um num content of 90 wt% and sanple 8.7 -- 79 TH' S SHEET HAS BEEN
REPLACED - 11M ( RECEI VED 06/ 11 17:09 1997 AT S33-069qg PACE 6 (PRI NTED
PAGE 6) 1 '971T 6A 119 188 033}; DR4P 1JAF FR n13-~55313954;# 6/31 had a
duralmn filmconsisting of 94.5 w % al um.num 4 wt % copper, 0.5 wt%
magnesi um 0.5 wt % manganese, and 0.5 wt% Fe and Si. Although fifty pieces
were prepared for each sanple, - they fluctuated in filmconposition. For
each sanpl e, Ttaldead@nabmbnefd.lmvdmmasa:angasﬁ 4 0B srtwea burkireani Y08 twtdl O6pdro, t he
conposition shown above were sel ected and subjected to the sane eval uation
as the abové@- TNE‘r’é%SFF‘f%“Hbt di-ReWt&rBargrnged n andble 518t &nBerand.si83 to

87. The resul t | es 83to 87 were capabl e of retaining
strengths not ?Bﬁ/\g‘?w? qgﬁ??n‘f‘&re aﬁrterP&lf&ﬂ tREcPRGR Bsamplhndihey

strength af.t?grgeEeaemntﬂmsa 3010108 kgR J0ud 8onBs hoLEN LS,

deposited fi ad an al um num _
SHEL=T H~S gh8i&rcompbuli8iBns Yol £nb r%éiElc‘iEQ 0694
PAGE 7 (PRI NTED PAGEp7) 1 3?2 6A 118 180403A: eg@Rét]ta}el{IiBgB gg{%‘%@%%&

41 .C 41 to abaverwene shlakbted tand Subjédtéd toltha fehed edalna¥ibn e tfle’ - O
000000000 -1 toU.4d) NOPI '™ ~0o~cr totoOintoiniln
above. The results obtained are shown in Table 18 under No. 83

m n content. of 90 wt % sanple 84 had AI- alloy film having an
film
I

to B7. The results show that samples 83to B7 were capable of
retaining strengths not lower than 0.5 kgf/mm*, although inferior
in bonding strength after the long-term tests to samples 78 to
82, in which the deposited films had an aluminum content of 99%

by weight or higher.
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RECEI VED 06/ 11 17:18 1997 AT 533- 6694 PAGE 43 (PRI NDREW DPA~G ~~4P 'R,
813+55613954; # -8/ 31 ' 971T 65) 119 1804035); EXAMPLE 17 (O her methods for
alum num film forrration) Al -Si C sinters having an Si.C content of 50% by
wei ght were roduced_in the sane manner as in Exanple 11. Thereafter, an

al uni num fi | BXAPLEN L Te 4OBReY Rathads, dors aﬁym%h'émf%ﬂ%\ﬁ%@aﬁéf’ﬁbds to

Formed by applying aXbTSHePIREREERaRam LA gpprsp£§ﬁ4Fﬂlﬁﬁq%?&@hqbﬂﬁf

Coven oY SRARIch, th el WAHCRS 06 e TIC SHELEAL"Sy

al um num fi| rﬂl‘iﬁ%nﬁﬁrm% ¥¥s formed on these slnters by the following methods
to produce samples 88 to 90. That is, for sample 88, an aluminum
film was formed by applying a dispersion of aluminum particles
in an organic solvent by screen printing in a thickness of 50 mm
and sintering the coating at 600°C for 1 hour in a nitrogen
atmosphere. For sample 89, an aluminum film was formed by
applying a dispersion of aluminum particles in an organic solvent
by dipping in a thickness of 50 'um and sintering the coating at
600°C for 1 hour in a nitrogen atmosphere.- For sample 90, an
aluminum film was formed by applying an aluminum powder in a
thickness of 50 um by thermal spraying using an inert gas and
sintering the coating at 600°C for 1 hour in a nitrogen atmosphere.
The resin bonding strength of each sample was then measured in
accordance with JIS K 6850 using the same resin as in Example 11.

The diameter of crystal grains, the depth of holes, and

the thigkness of a native oxide film for each sample are shown
in Table 19. The results show that samples 88 to 90 were capable:
of retaining satiafact'ory bonding strengths not lower than 0.5

(kgf/mm') both in the initial stage and after the reliability

tests.
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hour in a nitrogen atnosphere. For sanple 20, an alumnumfilmwas fornmed
by applying an al umi num powder in a thickness of 50 gm by thermal spraying
using an inert gas and sintering the coating at 600 Cfor 1 hour in a
nitrogen atnosphere. The resin bonding strength of each sanple was then
measured in accordance with JIS K 6850 using the sanme resin as in Exanple
11. The di aneter prcrystet gqai.a, tte depth of heles, and the thickness
of a native oxide ffilmfor” eagh sanple pre shown in Table 19. The results
show t hat sanples (88 4 § 9 g ,,gay\aal_\e of retaining satisfactory bondi ng
strengths not | owdrSth&EE 3 &(|kgf ni)f both in the initial stage and after
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EXAMPLE 18

As application examples of the sem1conductor substrate
material of the present invention, which compr:.ses an
aluminum/silicon carbide composite alloy, IC packages shown in
Figs. 3 to 10 are explained below.

The IC package illustrated in Fig. 3 employs an
aluminum/silicon carbide composite alloy according to the present
invention as a substrate 1. The substrate 1 was produced by a
process comprising forming a compact having a predeternmined shape,
sintering the compact, polishing the surface of the resultant
alloy sinter, and then plating the surface with nickel by a known
means. This substrate 1 has been bonded to a main package body
2 with a highly thermally conductive resin 3, e.g., an epoxy resin
filled with a metallic filler.

This main package body 2 has a die attachment part 6 in
the center thereof, and a semiconductor chip 4 has been bonded
to the part 6 with a bonding material 5, e.qg., a resin. One end
of a boﬁding wire 7 has been connected to the pad of the
semiconc}uctor chip 4 mounted on the die attachment part 6 for
establishing an electrical connection of the semiconductor chip
4 to an external circuit. The other end of the wire 7 has been
connected, via a conductive layer formed on themain package body
2, to metallic lead pins 8 attached to the main package body 2
for connection _to an external circuit. After the mounting of the

semiconductor chip 4, a cover 9 is attached to the main package

body 2.
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DR=- %/ & NAP3R 8 3+55513954; #10/ 31 EXAMPT~F. L8 As application exanpl es of
the sem conductor substrate material of the present invention, which
conprises . an alumnunsilicon carbide conposite alloy, |IC packages shown
in Figs. 3to 10 are explained below. The |IC package illustrated in Fig. 3
enpl oys an alum num silicon carbide conposite alloy according to the
present invention as a substrate 1. The substrate 1 was produced by a

B et ng The comsacina 38, EafRebe i1 e %%edo%teﬁiéSéé“m”ffé’msr@aaﬁpayme

i nter, dt h b
e R U A O B
thermal |y Conﬁéwﬁﬁé@oh%'sétﬂb@uré%eglmﬁﬂ £Bgﬁalﬁ§§ﬂa‘%er§.hh|§9u%\’x L aagggac lic

filler. This main package body 2 has a die attachnent part nt er

thereof, and er seresimduCherswrfaredo hamihesibdondadl Kay b@enWéte@ W%ﬂlf' a
bonding material 5, e.g., a resin. One end of a bonding wire 7 has bean

connected to NireAthay dfknowa vewhedndEFbeorashppckagettdyd 20had km dpening
attachnment part .6 for, . establishing an el ecttrical connection of the

sem conduct or'“!:l*ltﬁ bottam HF%)?PGFFF&POEW%FP a fie fraghment partife Wlhe 7

h b duct f d t he Kk bod
R A A
connection tosag, 6 § &IPS S Yhhe e %a&ﬁ%cﬁg%bgggwlfﬁxh&e SgBLeoNduct or

chip 4, a cover 97i's attached to the
1l and that the semiconductor chip 4 directly mounted on the

substrate 1 is housed in the die attachment part 6.

In IC packages containing a semiconductor chip 4 directly
mounted on a substrate 1 as described above,' the substrate 1 is
not particularly _limited in its shape on the side on which the
semiconductor chip 4 is mounted. For example, a substrate 1
having a projedting flat part as shown in Fig. 5 can be used. 1In
the package illustrated in Fig. 5, the other constitution is the
same as in Figs. 3 and 4.

The material of the main package body 2 in Figs. 3 to 5
is not Qafticularly limited. Examples thereof include ceramic
materials such as alumina ceramic multilayer substrates having
an alumina content around 90% » which are generally used currently,
and low-temperature-sintered glass ceramic multilayer substrates
containing a glass ceramic and obtained through sintering at
around 1,000°C, which cope with. high-speed signal processing.
Examples thereof further include plastic materials such as

plastic multilayer substrates comprising an epoxy or polyimide

- 85-
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813+55613954: #11/31 The IC package illustrated in Fig. 4 differs fromthe
package of Fig. 3 in that a semiconductor chip 4 has been directly nounted
on a substrate 1 with a bonding material 5 such as a solder or a resin. The
surface of this substrate 1 has 'been plated with N -Au by a known net hod.
The mai n package body 2 has an opening in its bottompart corresponding to
a die attachnent part 6. The substrate 1 has been bonded to the body 2

with a bonding nmaterjal 5, g., aresin, so that the opening is covered
with the sub er%&ne wt!iahoﬂztmanexnen%m @oddeieitablehifprigetens pyrpomeﬂed on
the substrat is Eoused in the die attachnent part 6. In | C package
containing a gohAB P EPLpgcEos FBEFFﬁat?rd%ﬂﬁ%rd-ad-ﬁ é%%@i—?ﬁtfé’

d i bed ab larly h .
on the side g’\&%\ﬁ/{?h?ﬁ AARERLIGAT thded nAOkalh! é é’ﬁ%w&wﬁg# @
substrate 1 m\kknBrahﬂljﬂéﬁcﬂé‘%%e@fm@@ge %ﬁ o1 cons .@’?%ﬁ‘icg\p be used

In the package illustrated in Fi iS'the sane .

as in Figs. 2xeeedinglpeighiltsdtadiodipdel et RACKWALE udedYirdcomb{idHSiond 1 0
5 is not particularly limted. Exanples thereof include ceramc materials

such as al unmwd&hcplastic rpaakdgey bodyunstenixzks hashiing haweak UldwatHeriiaant
around 90% h are generally used currently, and

| or e- t enper aFGPé“EFhY%%éd"QI e aprahlemerReeERing bassdisedpatéontwiieni ng a
gl ass ceramgl d Qb{ ed through sintering at around 1,000c, which cope
wi t h- hi gh- spee SI gna Pprocesm ng. Exanples thereof further i ncl ude

plastic materials susibRsS alils%SLi'E TRIldakayes RAPELS A 6% rGOERES SINYn3RREPOXY
or polyimde 85- THS 1| |
solder balls 10, in place of metallic lead pins 8, have been

attached to a main package body 2 for connection to an external
circuit, as shown in Figs. 6 and 7. These Ic packages employ as
a substrate 1 an aluminum/silicon carbide composite alloy of a
predetermined shape whose surface has been plated with nickel by
a known means. This substrate 1 has a semiconductor chip 4 bonded
thereto through a bonding materjal 5, e.g., an adhesive resin.
In the IC package illustrated in Fig. 6, the main package
body 2 has a polyimide tape 11 bearing a copper foil circuit wiring
12. The' body 2 has, in the cénter thereof, a semiconduétor chip
4 mounted thereon by TAB (tape auntomated bonding). Further, a
support ring 13 has been bonded to the main package body 2 for
reinforcing the same. On the other hand, the IC packége
1llustrated in Fig. 7 comprises a semiconductor chip 4 bonded to
a substrate 1 and a wiring substrate 14 having solder balls .10
for connection to an external circuit. The semiconductor chip

4 has been mounted by £1ip chip bonding on the substrate 14 through

- B§-
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i nexpensi ve and suitable for general purposes. Anmong the sem conduct or
substrate materials according to the present invention, those having a

t hermal conductivity of 180 WnxK or higher are espectally capabl e of

exhi biting an exceedingly high heat dissipation effect when used in
conbination wth plastic package body materials, which have a | ow t her nal
conductivity and have a probl em concerni ng-heat dissipation when used as

they are. There Isg}fﬁre | C packages having a structure in which solder
bali's 10, in PPLEeF Falda; 4P| Furmeshanpthe mrd Rfy Ehgetemicandugtes cbip 4min

package body 0 ' external circujt shown in Figs. 6
and 7. These | epgéégg&se{tethgpoéy&é%q%es BT PEED ieﬁjne%lw @ Feadn 18P
car bi de conpasidiGc feherpiped s oge_surface has been -
plated with n%:%(% b&ﬂéaeﬁgcv%ﬁneans. E%Psgéu%&%&\tgg ?Sﬁargc"é’?ts’é}ﬂg duct or
chip 4 bondedseniit@natuetbbr o 42 iRopkh NG PRLRALEL D116 N Q0PESL v
resin. In the |IC package illﬁgs]trat ed in F%. 6,b t he nai%a&ac é'gepf%%'d)ef 2 _
has a polyi niatel 7 ape nbt bhiswitiedgt @it hopeehofmiaboel CHur thermbite , the sHiped0dy

2 has, in the center thereof, a sem conductor chip 4 nounted thereon by
TAB (tape auttfrhPeSubstaakg)l iFnathbimited sappblat mlagellanda desstateded
to the main p.acl%%%e body for reinforcing the sane. On the other hand,
the | C packad® H¥FLEPFRI Rt i% Frirg2 F2RoADr dns EdfcoRdnRY dpe Hgst .4

bonded t bst 14 ' .bal I.s 10
For connecton o an B s Ray et e oo bt T4 B8 A Y8hiRGe3. o

nounted by f ItiypeChi 1n bRDSipagkage | Resubsttatat Pry HAS
BFE\ ' REPLAgEY? U 1111110%011‘33% RECEI VED 18%%%“11%: 12 f&%%}?@@%%ll

PAGE 13 (PRI NRECb&¥CEon8Pd to a lead frame 16 through an insulating film 17.

This substrate 1 comprises an aluminum/silicon carbide compogite
alloy whose surface has been plated with Ni-Au by a known means.
A semiconductor chip 4 has been bonded to the substrate 1 through
a bonding material 5, e.g., a silver paste. The lead frame 16
has been connected to the bonding pad of the semiconductor chip
4 with a bonding wire 7. The connected semiconductor chip 4 has
been embedded, together with the bonding wire 7, with a molding
resin 18 by transfer molding.

'In the IC packages shown in Figs. 3 to 10, aluminum fins
generally having an anodized surface may be bonded to the substrate
1 comprising an aluminum/silicon carbide compogite alloy for the
purpose of improving heat dissipation properties. For example,
in the case of an IC package of the type shown in Fig. 3, aluminum
fins 19 are bonded to the substrate 1 of this IC package through
a silicone resin 20 or the like as shown in Fig. 10. Purthermore,

the IC packages shown in Figs. 3 to 10, of course, are applicable

- 87-
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on t egpEa osem conductor chi p 4. Theisi desFodR this structioreshmee #14/31
been seal ed W|th aresin 15 to protect the sem conductor chip 4. Methods
for nmounting the sem conductor chip 4 in the IC packages illustrated in

Figs. 6 and 7 are not limted to those shown above. ‘Furthernore, the shape
of the substrate 1 is not limted to-a flat plate, and a substrate in the
formof, e.g., a cap as shown in Fig. 8 my be used. The IC package
|IIustrated in Fig. 9 is of the resin nold. type. In this package, a

substrate 1 haVInTéﬁ Eredeterm ned shape has been bonded to a | ead frarre
16 through an £ FUPAFKAGEY AfFhe MCMT{mylEinchimmeld ) cbype icradadiming two

al um nunt si | i 0S| te aI | oy whose surface has been plated with
Ni -Au by a kn%%oﬁgﬁﬁgcﬁggg ddEor chi p 4 has been bonded to the
substrate | through Taebeamdammteay BloPerfidnacdale) 5t PRS! &ddi ! ead

frame 16 has been connected to the bondi ng pa € Sem Chl p

4 with a bondim@niea for U SQ@%@E@@:&@@‘POWEE 4
enbedded, together with the bonding wire 7, B% 19‘1 cBﬂérﬁP%%
transfer nol dilvpinum/sheiddh pach&ges:c&ip@wnteraﬂcgs nﬁa t1C1t1;Qe @i £FafuHnd i ns
general |y having an anodi zed surface may be bonded to the substrate 1

conpri sing arifal A exXpanseienc spBEfic tentp ositthe sd.llh.apnf fortise jnir pose of
I mprovi ng heat SSi atlon ropertles For exanpl e in the case of an IC
package of tl‘?@'ﬂﬁ ‘F\B%c P?laﬂj‘d wWith ChRmMaker 1Rl A0 generabin ysadmainhe

Shown | n Fi o P 8o oE, PrRE L T Gns ety C e BERLSoN b tyBoeeats 10, of

06/ 11 17 15 "’1"83?“%#"2331%ésgiﬁpf&ﬁfﬁp%?ﬁ%%%k&a?ﬁfa%%’:a iz T

DRPv' d Nt, Fie2ge8s Insradilffeiprodiddtibn processes and IC mounting processes.
Since the semiconductor substrate material of the present
invention has 'high thermal conductivity and excellent heat
dissipation properties, it can be used to fabricate IC packages
having a long service life and excellent reliability.
Furthermore, because the semiconductor substrate material is
lightweight, it is presumed to be effective in stably maintaining
the shape of a remelted solder especially in producing packages
having solder balls for connection to an external circuit.

'The IC packages respectively shown in Figs. 3 to 9, each
having a substrate 1 comprising the semiconductor subgtrate
material of the present invention and containing a semiconductor
chip 4, were aétually subjected to a thermal cycling test (-60°C
~ +150°C; 100 cycles). As a result, no abnormal operation was
observed at all. It was thus ascertained that the substrate was

less apt to suffer a thermal strain, which is caused by a thermal

stress.
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invention for use as a substrate 1, which material conprises an

al um nuni silicon carbide conposite alloy, has little difference in therm
expansi on coefficient with silicon for use in sem conductor chips and with
the materials of generally used nain. package bodi es. consequently, the

sem conductor substrate naterial is less apt to suffez a thernal strain
caused by a thermal stress in package production processes and | C nounting
processes. Since the sem conductor substrate material of the present

i nvention has high thermal conductivity and excellent heat dissipation
properties, it can bgyused to fabrlcgie I C ackages having a | ong service

life and excel |l ent ¥ RA9GRF. 10EGR ST PIAsgs e thERUGR 1 coimAA or :
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packages respectively shown in Figs.

conpri sing t karbide coompostite albs rvﬂii&:h 'Bi&fse&"ﬂilfgoﬁ %rglﬁéea {éﬁ‘t:e%tf' on
and containing a semiconductor chip 4, were actually subjected fo a

thermal cycl £ngmt E@ttq -7@Gbelﬁé£§hﬂ,0(bstppclla&).y 35 o rEsuibly, wae B’@noralml
operation was, observed at all. It was thus ascertained t at tﬁe substrate
was |ess apF gdnatanial hap i thernal eenduatiivinyi of cls HdmbR ar thighe,

R 06/
TS (PR NTED BALE eyt PrPae Ao danikictens. oF1 30kl 0 lqé%%%@gingfgf 31
The present 1@Wg@%t9@i5ﬁ9aBHQM!QSrykﬂ 9q§pfgrﬁknp&ﬁls§hg5% LPE 2593t

substrate material for wonting
is usable in various IC packages and is useful especially for

plastic packages. Therefore we can form a complex shaped

substrate in a fine and near net shape. In aadition, because of
its high thermal conductivity and excellent heat dissipation
properties, the substrate material can be used to fabricate an

IC package having a long service life and excellent reliability.
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seni co Lconprisin Sy ahdm, pund silicon carbide
r‘ﬁ%’%“‘qﬁ“g} ?g‘%ﬁ? ‘h has a°& géé%ggggﬂ‘g@g%om:e\rﬁu%mf from 1081565580925 by 16/31

melght espeC|aIIy 35 to 70% by weight. And the material has a thernal
conductivity of 100 WnxR or higher, and a thermal expansion coefficient
of 20x10'6/C or lower and is lightweight and is very easy to form. This
substrate material 1is usable in various |IC packages and is useful
especially for - plastic packages. Therefore we can forma conpl ex shaped
substrate in a fine and near net shape. In.addition, because of its high

thermal conducgti vity excel | ent heat d|55|pat|on properties, the
substrate nat@?ﬁl 1(9arF 1{5‘§é'd k& f abri cat e an | C package having a | ong
service life angbf: cel I reI i abi]i t)é S SHEET HAS, < REPLACE: )

| NFI RM [ RECE! Vi f?iWﬂ%T 853“‘ ngpasemiqend M@_C%) 1

(?)7,%\1-3Sbgtl?atlés material for né&?togﬁ§§§g1§%?é%nsg-i‘ljc)?(]g:lpm\é\g\%lt"es aﬂﬁy ;ﬁuch

al um nunt si |l i [ |

al | oy conposit rﬁgggtﬂgﬁg%o %? gﬂ co#p%sﬁ%%a%a{b?l “ﬁﬁéf?[’b“c‘s‘i‘?ﬁ%
carbide gr anlﬂa&l‘t PRhétéle siaAneod 6R£H s grianalaOpd Pr 06 v r el Sibetdld he
conposite alloy, and silicon carbide is distributed honbgeneous In th

Al -Sic al | oy frompdsto 70A byseeight {Rxh&hempobite alldopptayd @l fown mﬁ&g a
sem conductor, device, as set forth in claim1, fabricated by the sintering
method of  sifft giphglauted homoseaepnaty &8 athe rPd-*ﬁa-lCePﬂ-apremﬂsttamerel n
the fl uctuat Q3+ of the concentration silicon carbide in the Al-SiC alloy
conposition art is within It by weight. (3) The substrate nmaterial for

mounting a sem GORHACH s i Rat &Si 1k of AbbRt LAg Gl Al cbndifRLE dbvilg,

substrate material has a
as set forth in claim 1, fabricated by the sintering method of

sintering a pre-formed mixed starting material powders,
wherein the fluctuation of the concentration silicon carbide
in the Al-siC alloy composition part is within 1% by weight.

(3)The substrate material for mounting a semiconductor device,
as set forth in claim 1, wherein the substrate material has a
thermal conductivity of 100 W/mxK or higher and a thermal expansion
coefficient of 20x10°*/°C or lower.

(4)The substrate material for mounting a semiconductor device
as claimed in claim 1, wherein the silicon carbide granular
particles are dispersed from 35 to 70% by weight.

(5)The substrate material for_mounting a semiconductor device,
as set forth in claim 4, wherein the substrate material has a
thermal conductivity of 180 W/mxK or higher.

(6)The substrate material for mounting a semiconductor device
as claimed in claim 1, wherein the compogite alloy contains

aluminum carbide formed at an interface between aluminum or

"—-—_—_—-———-—-’:\
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thermalll Dconlqugt ivity of 100 W nxK or hi gpelr and a lg)hermal expansi on
cOFFi g | | of '?@giﬁﬂrlc or ISGWE Pe%) The "YURSs nite vt erial for g noLt i9Rg. A7/
sem conductor device as clainmed in claim1l, wherein the silicon carbide
granular particles are dispersed from35 o 70% by wei ght. (5)The
substrate material for nounting a sem conductor device, as set forth in
claim4, wherein the substrate material has a thermal conductivity of 180
W nmxK or higher. (6)The substrate material for nmounting a sem conduct or
device as clainmed in claim1l, wherein the conposite alloy contains

al um num carbi de formed at an interface between alumnumor 90 TH S S

i EGT HAS t 3i Rlyminumppddey) andEcHiven ©orbide7: 14 1997 AT 533- 0694 PAGE 17
(PRI NTED PAGE 17% %a'97JT 6A 119 1800 _35}: DRF'!+t N A F | FR 813+55613954
. #17/31  al umi hONTRE BYPSEARtemategiad £ neunt imgResenteonduataradevice for

mounting a sem conductqr devic s claiped in claimé6, wherein the amount -
of the. al um Ml LarBran ¢LAR fe vharaiisthe pnguns at the atpGuBseathine
mat eri al for {PURLL 89 ﬁbasnerg%cgggggi% .deVI ce as clained in claim?7,

wherein the silicon carblde conposi all oy has a thermal conductivity of

180 W nxK or hi giipthe 68bdtLatelRSteal £) FiChbdht idY a ddi@ P B&AY uct or

device as clained in claim6, wherein alumnumcarbide 1s distribute at

the interfacasbeladmedt ive clidincan ehebetr eyl 4118 CAINUFRREIHET coplpdgifeM
alloy in such _an apount that the ratio of the peak intensity for alum num
carbi de (012p1dgYt ha® 2 ckhermad sordpoboyithorh 18S: H/mxKedrblyighemy anal ysis

with CuK. line j ot nore than 0.025. (10) The substrate material for
nmounting a sem":gcs)) cfabetrafs paterial épﬁfe‘wqr}?%gai’rﬂ%‘tl%#éfdé?:ﬁrtd@é’ice

gfi lh: gﬁgr f:ar RigdE1 SRRRPSIH G1aBh! &) 3% e3n! DELTR uf WAIHGHVEL ydfgtr]i%%t\é\{:lrrKK
at the interface between the silicon carbide and the aluminum or
aluminum alloy in such an amount that the ratio of the peak
intensity for aluminum carbide (012) to that for aluminum (200)
both determined by X-ray analysis with CuK, line is not more than
0.025.

(10) The substréte material for mounting a semiconductor device
a8 claimed in claim 9, wherein the /silicon carbide composite
alloy has a thermal conductivity of 180 W/mxK or higher.

(11) The substratematerial for mounting a semiconductor device
as claimed inclaim1, wherein the composite alloy contains silicon

as a component of a solid solution therein or as a precipitéte.

(12) The substratematerial for mounting a semiconductor device
as claimed in glaim 1, wherein the aluminum/silicon carbide
composite alloy contains nitrogen in an amount of from 0.01 to
1% by weight.

(13) The substratematerial for mounting a semiconductor device

as claimed in claim 1, wherein the aluminum/silicon carbide

- 9]1-
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( strat terlal for munt | ongugt or device as clained
%]R)ﬂfE gng?y\lA% ‘%;E%; ne conpdste "ar Ié@/g%ﬁhﬁgg}agﬂggnﬁcon as a gompPeNRNi. @5/3

a soli d solution therein or as a precipitate. (12) The substrate material
for nmounting a sem conductor device as clained in claim1, wherein the

al um nunisilicon carbide conposite alloy contains nitrogen in an anount of
from0.01 to 1%by weight. (13) The.substrate material for nounting a

sem conductor device as clained in claim1, wherein the alum nunisilicon
carbide - 91 TH' S SHEET HAS BEEN REPLACED [ RECEI VED 06/ 11 17:14 1997 AT
533- 0694 PAGE I B (PRI NTED PAGE 10) 1 '974 6Al IR 184(335 ; DR--WL M4F: =R
813+55013954; %mq? 1tecoldns coptainppxyganaimancamaert off from000Rtte0b. §§ om

0.05 to 0.5%.b ht (14) The substrate material for nounting a

sem conduct or dé‘(ﬂ"g *as cl ai rred in claiml, wherein the alum nunisilicon
car bi de conposi el i .C as the silicon carbide. (15 The -
substrate mater ij) ?h? 5*8%% tgﬁh?fgﬁﬁtﬂﬁwlﬂ@\ﬁ genigandyctardevice| ai m

it wherein t hlii 8 r ra have.an average, particle
di anet er of %‘raso% 1 toalgygl é’_ﬂéj&q gyg% tarcjta‘{mz1 F‘iéF ORofFa %b‘:ffﬂl ng a
senmi conduct Ofeoipriite &BLd &idmdiha }é’l-fsﬂ@ &ﬂ +0eE £1 {kd f%a&'ﬂ; on carbide
granul ar particles have an average particle dianeter from 10 to 80

,um (17) The s{ifs)The substravemategisl forimandinl e s seiddifiucMirdevice
corrprlses a substrate made of the substrate material as claimed 1n claim
1, and a coa®fnglpafed Hbstladmod,a whereide the Bhbistnxbsdamjeie Gtanther

subst rate fo 9,2 sem conduct or device, lained in claim17,
wherei n the E’ogggﬁigé?ayae‘?e 88 AVBFAGP RATARNe dl@TQf?He°§u5§‘?’Fa]t & 300

nmounting a sgpgconductor device, as

(16) The substratematerial for mounting a semiconductor device
as claimed in claim 14, wherein the silicon carbide granular
particles have an average particle diameter of from 10 to 80
um,

(17) The substrate for mounting a semiconductor device, which
comprises a substrate made of the substrate material as claimed
inclaim1l,and a coating layer coated on a surface of the substrate.

(18)The substrate for mounting a semiconductor device, as
claimed in claim 17, wherein the coating layer is a plating layer.

(19)Tpe gubstrate for mounting a semiconductor device, as
claimed in claim 17, wherein the coating layer is a chromate £ilm.

(20)The substrate for mounting a semiconductor device, as
claimed in claim 17, wherein the coating layer is a layer of an
oxlide of either aluminum or silicon.

(21)The substrate for mounting a semiconductor device, as
claimed in claim 17, wherein the coating layer is a

multilayer structure film comprising a first metal layer having

- 92
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Cl af®ekoidd, G B M by apther ei n31 B&, GAARL 1,99 pd R%S rakeS @) Ghromate film  (20) The
subst raétfetflor mbi#IBA:Nng a sem conduct or deviFé¥ 2a¥AFieh ai ned in chithaslyged; #19/31

wherein the coating layer is a layer of an. oxide of either aluninum or
silicon. (21) The substrate for nounting a semi conduct or device, as clained
in claim17, wherein the coating layer is a nultilayer structure film '
conprising a first netal |ayer having 92 TH S SHEET HAS REPLACEI -) |

RECEI VED 06/ 11 -17: 14 1997 AT 533-0694 PAGE 19 (PRI NTED PAGE 19) 1 '971T
6x9118 1 WD 35); DRFS & NAF 1--R 813+556139154: #19/31 a Young's nodul us of

15,000 kg/ mm_ gr. | oyer_a d petal |ayer formed on the first netal
| ayer, and t egs‘elggnﬁ 'Fr%‘?"gluﬁ 8& ﬁg PEE ESHEY £ OB Lowexs angna FReerd etad ed

f kel duc
oo, Ch! 3ReRdfkmed SRNHICCEPEMLIT (e o8l Y, So800 SRS Safors o
structure fikg faaerésing faafstcrspenﬁaeh'@aﬂcﬁav'ﬂgﬂe&«ﬁ ot ' Rl of

600 C or lower and a second netal |ayer forne ont ayer,

and the second (zeahel aubstiFteBEly GoundlinkeaSseRonRicth 58139?.5% J om
ni ckel and gold. (23)The substrate for nmounting a sem con uct or devic as

clainmed in cthaibmdd ,(Aieadim 17 hewberd imrHeayoiatdagpPLages ds aayer of at
| east one organic resin selected froman epoxy resin, a silicone resin, a
pol yi mi de r eBphELLANEY FErprkeredddncepmpr s ing aaf heatametelflayer havingt .

24) The subsj rat ductor_d | d |
3. whor oi n P ABIEAY REEKIGET G ﬁ%’rfo"vgeoq‘i%vé’%eggéééimiélnéa@r”ﬁayé& mmde
f at |east | d on t

of at |east gpayg ?g%‘sﬁ%@ﬁ]ﬁ EEO”%HPA 5 ?ané’ éﬂ%ﬁ dam E\gwﬁyeras

of organl c resin. The su ate nmount i ng a se
clained in cimiledst memetalt@@l@@@d TFomANSEKEL "B Sfgiq.8l um num as the

mai n conponent.

(23)The substrate for mounting a semiconductor device, as
claimed in claim 17, ‘wherein the coating layer comprises a
layer of at least one organic resin selected from an epoxy resin,
a silicone resin, a polyimide resin, and the like each containing
a metallic filler or not.

(24)The substrate for mounting a semiconductor device, as
claimed in claim 23, wherein the coating layer further
comprises a second metal layer made of at least one metal selected
from nickel and gold, formed on the 1éyer of organic resin.

(25)Tt§e substrate for mounting a semiconductor device, as

- ¢claimed in claim 17, wherein the coating layer comprises
aluminum as the main component. |

(26)The substrate for mounting a semiconductor device, és
claimed in claim 25, wherein the coating layer is made up of

crystal grains comprising aluminum and having a diameter of from

0.1 to 10 um.

(27)The m_zbstrate for mounting a 'semiconductor device, as

- 93~




R{Thg sublsltlr ate for_ nounti ng a a sem conducTtEDorAG% 'IaC(?, as clained in claim
5 " Eeha e Tadth. g | ay &P PY" fidttie g BIRRLRYSE R or ai ns_comprisengss; soosal

aI umi num and havi ng a diameter of from 0.1 to 10 "Um (27) The substrate
for nounting a seniconductor device, as 93- THIS SHEET H S EV ~~~~p~CED [
RECEI VED 06/ 11 17:15 1997 AT 533-0694 PAGE 20 (PRI NTED. PAGE 20) 1 '971T 6A
11A 180403A; DREW & NkP 2R 813+55613954; #20/31 clained in clai m 26,
wherein the coating layer is further covered with an oxide | ayer having a
thickness of from10 to 800 A. (28)The substrate for nounting a
semi conductor device, as _claimed in claim25, wherein the substrate has a
surface rouftidaed ofn ¢iaim @ t‘ﬂlemlgnﬁhmc@etm dayer is, furtd@ridwvered
substrate for unt i n sen condugtor device, as clained in claim 28

whorein the S350 AR 8Xide Taver Favdns: sushiiiens ot nop. 10180 e800 b

t f L (30)% nt duct or d ~
CF;ierreg in cl(al end;gh W%g%el %SF %ﬂﬂ%‘“"l}{l giarsrggt}lgon tgagr ﬁ‘%:’-%gv ﬁsdept h
f 100 U bstrate f t

o m or ci%b&riﬁ%im dezté‘ﬁ{ e égﬂﬁgg? U%S t%%“%lfeﬁ{enmun ing

a seni conduct or devi ce, as In clai e

coati ng Iayetohganesapwlﬁmnpfo 99t8°/Q@rum dheterdsd £} _substrate for
nmounting a sem conductor device, as clainmed in claimZ2Z5, wherein the
coating |ayer H&9)Fhehsuketsste dforf monntihg 4Odegivordudkrbiredevhss) aje for
nounting a sem conductor. device, as clainmed in claim32, wherein the
coating | ayeFLhiRed, ihiclaiasd8, ofwharshnl the substyatshas Jemuctadect or

the substrat E2SRHE BT IR T i HE E uiciy téime o S L

(30)The substrate for mounting a semiconductor device, as
claimed inclaim 28, wherein the substrate comprises holes having
a depth of 100 um or smaller on the surface thereof.

(31)The substrate for mounting a semiconductor device, as
claimed in claim 28, wherein the aluminum coating layer has a
purity of 99.9% or higher.

(32)The substrate for mounting a semiconductor device, as
claimed in claim 25, wherein the coating layer has a thickness
of from 1 to 100 km.

(33)The subsﬁrate for mounting a semiconductor device, as
¢laimed in claim 32, wherein the coating layer has a thickness
of from 1 to 20um.

(34)A semiconductor device, which comprises the substrate

material as claimed in claim ] or the substrate as claimed in

claim 17,and

emiconductor chip wmounted on the substrate.
(35)A method of producing a substrate material of an
aluminum/silicon carbide composite alloy by the sintering

method, wherein the method comprises steps of:

- 94~
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¢ Fepetven BEMh QYYE 9@Vl Chi p ggyﬂﬁfgmgnzIb&x&%@%&ﬁakﬁ-](35)A nmet hod of
producimgsfalsubs#oate material of an al umiREMRSiAFiExON car bi de TIOREESIEE: #21/31

alloy by the sintering nethod, wherein the nmethod conprises steps of: 94-
'C[-1TS SHEET HAS CsF. E® REPLACED [ RECEI VED 06/ 11 17:15 1997 AT S33-0694
PAGE 21 (PRINTED PAGE 21) 3 '9JT 6At i a 1884035}; DFL N AF = ER
813+55613954: #21/31 m xi ng an al um num powder and silicon carbi de powder
to forman alum num silicon carbide starting powder m xed honbgeneously;
conpacting the alum num silicon carbide starting powder having a silicon
carbide content of from 10 to 70% by weight to forma conpact; and
sintering the &J¥HAg: antakininwgepavdes and @dddcon haghikde powder to form

non-oxidizin? a%. spherz %g t hereby obtain an alum num silicon carbide
conposite al fBy %f"‘l”ﬂ s hEFERRY d@EPRYLRO RAYAeTmdXed: eri al as

clainmed in ' erein the sintering step is conducted at the
t enperat ure §$@#ﬁ%ﬁ%§q§a de of from600 to 750C. (37) The nethod of producing

a substrate nmagki i ' . aj rein_the sintering step is
conduct ed in ahﬁ?Pﬁgégﬁg%ggﬁgggﬁng’ﬁ%@#ﬁﬁggaﬁ§€$%&§ﬁr%aﬂgé%¥#¥ﬁﬁQﬁ%&ﬂg 99%
by vol ume ora digloein. c&Bblddedmtiehedoe! s PAUCLB07 do UPYIHE FB Al 25
claimed in claim35, wherein the sintering step is conducted I n an

at nospher e RRRB#FtEn oxygen concentration of 200 ppmor |ower. (39)The

met hod of produg%nq a substrate material as clainmed in claim35, wherein

the sintering ¥1eFNEerindiiedompagh akanrbspheratire iofy680dcvondiivhenf

-20C or | oveg, %4&@&{ thod, of ﬁ&od%%iqg a substrate for nmounting a

seni conduct of chip as clained PhPCFRIThSS0 fOPTRRY ebWi? thg
aluminum/silicon carbide composite alloy.

(36)The method of producing a substrate material as claimed
in claim 35, wherein the sintering etep is conducted at the
temperature within a range of from 600 to 750°C.

(37)The method of producing a substrate material as claimed
inclaim 35, wherein the sintering step is conducted in anitrogen
atmosphere having a nifrogen concentration of 99% by volume or
higher.

(38)The method of producing a substrate material ag claimed
in claim 35, wherein the sintering step 1s conducted in an
atmosphere having an oxygen concentration of 200 ppm or lower.

(39)The method of producing a substrate material as Claimed
in claim 35, wherein the sintering step is conducted in an
atmosphere having a dew point of -20°C or lower.

(40)A method of producing a substrate for mounting a
semiconductor chip as claimed in claim 35, further comprising
the step of repressing the aluminum/silicon carbide composite

alloyobtainedbysinteringthealuminum/siliCOncarbideatarting
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beRé[fEhgﬁ repre55| ng the alum num silicon car de onposite alloy
obt

B ety t he alPthPRbA S 19 ¢BH R & arting 953755 SHEED2/ 31
HAS PEEN REPLACED C RECEI VED 06/ 11 17:16 1997 AT 533 0694 PAGE 22 (PRI NTED
PAGE 27) ] '974 61118 1884034; DR2V! & 1JAFi =R 813+55613954; #22/ 31 powder,
or repressing themand then heating in a non-oxidizing atnosphere so as to
prevent fromoxidizing alumnum (41) A nethod of producing a substrate
made of an alum nunisilicon carbide conposite alloy by the sintering
nmet hod, conprising the steps of: nixing an.al un num powder and silicon
car bi de powder to form an alumnunisilicon carbide starting powder having
a silicon c&OWAEE cORLARrespingothem and viven theakdinght in @onpaeoibdl 2 irey
alum num' silicon carbide starting powder to forma conpact; sintering the
conpact at a¥ E‘HﬁBﬁQFﬁr@ s é’(ﬁ)@rﬁ?’eﬁFgﬁé‘Pml‘W‘l‘%ﬂ-m eiiumawng at ospher e

for alumnumto er.eb bt,al substrat e nmade of '
al uni num' si | i coﬁhgs %&gegnﬁgsﬁ’{% '%ﬁilrt?ya 5?‘]53?:5?5? n&a&ec8§t Fﬁg | ayer on a
surface of t Qbt ai n t.he substrate

(42) The met hggua?ﬁpr oduc onsalgg?h a%r a%ﬁ? éﬁe{c ey 'al?‘?'cﬁ'lé?rﬁ 3‘? Tiffer ei n
the step of meERbAY Cofiridihg kﬁﬁ&étéﬁg seating the substrate in an

oxi di zi ng at nosphere; or exposing the substrate to a steam at nosphere.

(43) The net hodmixkiny @dlualmguazmpbsrtieatm&&iﬂ.li&bﬁ%tbﬂ.dﬂ ?bm:leﬂ']to Waemei N

the step of formng a coating |ayer conprises steps orm ng a |layer of
a metal havidly a&%@ﬁg“&%lwhﬁdewmee@ngkmmr dzawmwea ohliden

metal ayer GAtian PEEERE AR S0 to 1Y Dy Jelplt, ! N0 e polished
compacting the aluminum/silicon carbide starting powder to
form a compact;
sintering the compact at a temperature of 600°C or higher in
a non-oxidizing atmosphere for aluminum to théreby obtain a formed
substrate made of an aluminum/silicon carbide composite alloy;
and forming a coating layer on a surface of the pre-formed
substrate to thereby obtain the substrate .
(42)The method of producing a substrate as claimed in claim
41, wherein the step of forming a coating layer is:
heating the substrate in an oxidizing atmosphere;
or exposing the substrate to a steam atmosphere.
(43) The method of producing a substrate as claimed in claim
41, wherein the step of forming a coating layer comprises steps
of:
forming a layer of a metal having a Young's modulus of 15,000
kg/mm’ or lower on the substrate material;
polishing the metal layer;

and plating the polished metal layer with at least one metal
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dl "s+55613954; #23/ 31 selected from nickel _.and gold. (44) The net hod of
produci ng a substrate as clained in claim 41, wherein the step of form ng
a coating |layer conprises steps of: formng a |ayer of a netal having a
melting point of 600c or |lower on the substrate surface; heating the netal
| ayer to a tenperature not higher than 600C, and plating the netal |ayer
with at | east one netal selected fromnickel and gold. (45)The nethod of

produci ng a substrate as clained in_claim 41, wherein the step of form ng
a coating Iay%?f%%?ﬁﬂié@@ é‘i@bgl M4 9%94ring a | ayer of at |east one

organic resin sel fro n oxy resin, a sjlicone resin, . g polyimde
resin, and the Ii E‘g fﬂhfcﬁ‘%hﬂ?a‘fﬁ%ﬁﬁ‘é“%?@ PPBB#F??%PSOF?'H%TQ%‘H ﬁ{,le
substrate surfac T, 0 Qduci S trate as clainpd’in °
claim 45, mhéaf’e?’r? e%: %g'}lsf‘g%r%;egf gjrsﬂéor{:g{ lggcga{]i%r%‘ q&é?éyquﬁqn’peq,isggngfgg%s
steps of: plaggng a netal |ayer nade of at | east one netal selected from
ni ckel and gold on the layer of organic resin. (47)The nethod of producing .
a substrate as clfommithg a Lhpéinof) abmetahaiaiing BeméDt T GoEintPoef 6o i@yer
of a netal having a Young' s nodulus of 15,000. kg/nm= or |ower on the
substrate i s YoAQWETe@n gpebambveﬂrqmea@pwéacens) The net hod of producing a
substrate as claijred,in claim_ 47, whrein the barrel plati n%,is conduct ed

i

in a contai ner wieaFingstag RetqfppY9RstaEartemperature not higher than
600°C; and plating themetal layer with at least one metal selected

96- . N REPLAC | 064k1,17;16 1997 AT S33-0694
= é@%@(@ﬁ%ﬁégﬁﬁg 23), E%C&gﬁﬁdgg%i%ﬁ%&u TTOBER L | : ~| aPi WBIRM55613354;#23/31

from nickel and gold.
(45)The method of producing a substrate as claimed in claim
.41' wherein the step of forming a coating layer comprises steps
of: '
forming a layer of at least one organic resin selected from
an epoxy resin, a silicone resin, a polyimide resin, and the like
each containing ametallic filler or not on the substrate surface.
(46)The method of producing a substrate as claimed in claim
45, wherein the step of forming a coating layer further comprises
steps of:
plat'ing a metal layer made of at least one metal selected from
nickel and gold on the layer of organic resin.
(47)The method of producing a substrate as claimed in claim
46, wherein the forming step of a layer of a metal having a Young's
modulus of 15,000 kg/mm’ or lower on the éubstrate is conducted
by barrel plating.
(48)The method of producing a substrate as claimed in claim

47, whrein the barrel plating is conducted in a container which
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contains netal spheres having a particle diameter of from0.1 to 10 nm and _
havi ng the sane conposition as the deposit to be formed. (49)The net hod of
produci ng a substrate as clained in claim 48, wherein the spheres
contained in the container for use i.n barrel plating have a surface area
which is at least two tines that of the corresponding true spheres. 98-
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contains metal spheres having a particle diameter of from 0.1 to
10 mm and having the same composition as the deposit to be formed.

(43)The method of producing a substrate as clair;led in clail.n
48, wherein the spheres contained in the contdiner for use in
barrel plating have a surface area which is at least two times

that of the corresponding true spheras.
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