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1 . ALUM NUM. AND ALUM NUM ALLOY RADI ATOR FOR SEM CONDUCTOR (Poss &ory .
. DEVI CE AND PROCESS FOR PRODUCI NG THE SAME : FI ELD OF
THE I NVENTION 5 The present invention rel g adg a QU Or

al um num al l oy radiator for use in a plastic nold mo 1 6’792 - 7
sem conduct or device | oaded with a sem conductor el enent and

process for producing the sane, and in particular to an al um num

al l oy radiator which has inproved adhesion to 10 a nold resin, does_nOt
cause peeling in Aminher Aaoe pfumIiNuM hReoyvadial (TordrbRe SRMIEONIRICTOR

and, in addition,_] ee fromthe creaf]i f.p ge gracking.
BACKGROUND OF TH@‘%M#}“& I?L%chéso Fé? rF&%mé] %riﬁ’@ f o/o

sem conductor devices, an increase in integration density and speed
i's significant fromthe vi eWQQL;E, 8{, o) | D RoRN 1 ncrease in
‘performance and a reduction in si ze—ané—m—qﬁ&e#gv———' el ectronic

equi pnent . Fackages hdfheng presents ioveotipns pelategvddean prbypobegn pr
order to realize ayddHal | #IMdP Shdfator foRNdskoiaval ?)ll&rs(%ti'ce%lfafed type

i ncreased calorific value and . nhoise_involved in the above tendency.
In particul ar, aSemicondyerqr devieeeinadededity Ak SeRiGERARUGTOTy
on a | ead fariia Pprdorss Fost pirodulddng Bha S&aé, samd i pdrticular to

i ncorporated at the tine of resin ol i i n.the step .of assenhling a
o conduct or e i & IR AT e RrddFthe il R Sorquaa REREAG 4
pl astic. nollded pachkegjad stesinur@oes nohacengegpeelhingt idi dhiepdintexrface of
The nost w dely ysgd I%qﬁl%aa%i ' L P TEREEDDY it q%g r
nol ding. The construction o agb(%hﬁ?l%dfd pl asti g:ealg&e){cklage 'S ?%OV’VI’] Jisil [ gee

1. The plastic pdaemehe creajinn @ rpd@ge GHARRIAIY9chip 3, a die pad 7,

a bondi ng wire 6, alead frame 2, and a nold resin 5. In this
pl asti c package, the sem conductB%rCIé:GrH UN?f) IOSF IT%aEdeId gnN%ﬂ)%
15 In recent years, for semiconductor devices, an

increase in'integration density and speed is significant

from the viewpoint of coping with an increase in .

performance and a reduction in size and weight of

electronic equipment. Packages having various structures

20 have been proposed in order to realize a reduction in size

and to avoid problems of increased calorific value and

noise involved in the above tendency. In particular, a

structure wherein a heat sink is previously mounted on a

lead frame and a structure wherein a heat sink is

25 incorporated at the time of resin molding in the step of

assembling a semiconductor device have been proposed as one

means for realizing a plastic molded .package structure
having good heat dissipation.

The most widely used package is a plastic package

30 prepared by transfer molding. The construction of such a

plastic package is shown in Fig. 1. The plastic package

comprises a semiconductor chip 3, a die pad 7, a bonding

wire 6, a lead frame 2, and a mold resin 5. In this

plastic package, the semiconductor chip 3 is loaded on the

35 . die pad 7 and is electrically connected through the bonding

wire 6 to each lead of the lead frame 2, fdllowed by



35 die pad 7 and is electrically connected through the bondi ng wre
6 to each lead of the lead frane 2, foll owed by o

2 nol ding using a nold resin 5, such as an epoxy resin. _
Thereafter, the exterior of an outer |lead 12 of the | ead frame 2 is
.then plated to forman outer plating 14, and a bent portion 9 as
'shown in the drawing or the like is 5 formed to conplete a plastic
‘package. In the case of low power consunption and

ni croconput ers amwbltking | esingere hbkde resino S,pesuah as anl egbxiermyid or
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function as an inexpensi Ve,
‘hand, in the caskrage 2 is McmbaWrbr‘@ tifnrnp(nmerowtzmsmﬂratmg |]s4,h|ag’fﬂ and

strict reqtsérarreaarfc%nelgecatél gﬁbwﬁhaixfc&%' a}a&anghw defdg g&ka. is
various inprovenents have been nade in astic package, [eadi ng
to the develdpredPTRE pradmRietaa cﬂl%‘iﬂ%éta}cé‘aﬂ? package having | ow
heat resistance and exoel I e:mie el eakei cad;g 10W chgbagger I§(§1I1§‘§mptlon and
I'n particular, r%g%rdl n rg;rov rrenrllérgl di ssipation of a
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plastic package PAVITS %’ﬁ’s?? u&’f’leEﬁ thexR) dfornQ jSpecial
provi ded so as t(;‘ememmidryt 2foxr ebaetri:d:alcchaaat:terﬁ.btac‘seadthﬁsalma&rtl@:

die pad to inpro e
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COI’]dUCtIVIty are _used_as t terial he radi ator 1. I at or
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decorative proper C r artl ularly from 30 th
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used for cri n@a@kagﬁehamagzw heditaresistance and excellent electrical
characteristics.

In particular, regarding an improvement in heat
dissipation of a plastic package having the above
construction, a radiator 1 is provided so as to thermally

20 come into contact with a lead frame or a die pad to improve
the heat dissipation. 1In one case, the radiator is
provided within a resin package 5, and in other case, it
is provided so that part of the radiator is exposed to the
outside of the package. Copper and aluminum materials

25 having high thermal conductivity are used as the material
for the radiator 1. A radiator using aluminum is anodized
to form an anodic oxide film 8 from the viewpoints of
improving the corrosion. resistance and improving the
decorative property and is black colored particuiarly from

30 the viewpoint of improving heat dissipation and the like.

A dye is used for coloring of the anodized radiator.
The anodic oxide film has micropores extending
perpendicularly to the surface thereof, and deposition of
an organic black dye onto the micropores permits the anodic

35 oxide film to be black colored. The organic dye forms a
chelate with a metallic ion centered, thereby forming a
chelate dye. Further, replacement of part of the dye



The ahodi o oxide film has m cr opor es ext endi ng

perpendicularly to the surface thereof, and deposition of ~an organic
bl ack dye onto the micropores pernits the anodic 35 oxide filmto be

bl ack colored. The organic dye fornms a chelate with a netallic ion
.centered, thereby formng a chel at e dye. Further, replacenent of
part of the dye 3 3 .
mol ecule with other ions, for exanple, an alkali netal such as sodi um

or potassium or adDeti08 Wwith Sendr iUHE) #5r exampm WA Ab®aldSubh
pH buffer is perfgrrredto | sol ubi ity, dyeing

o] e
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reason, provisi onb9f Fduptor 1Srdm%ﬁ‘€9r%ﬂi3f:he H§e€orﬁi%9"edtwet hyed
convent i onal radlaat@dizé& fibms bmi tsﬁmél%aipldu‘aanl&ﬂis O&hiﬁdlééﬁbeﬁétélﬁé‘éﬂ
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to cause el uti openen s been, des

Further, in the p# o(rk:lijlartréfEag gyl |9<fZI §g?o Ef)eé“icondu%fr%'%t gdePEMeHrine
radi ator 1 Hd tr@em@px@mcﬁa 5. THEhBa is an pvesedoerehstihgstgagenegutds am
remarkabl y deter |ﬂ{@,_:é,ﬁgsg01n *},eﬁée&“ éﬁbp% ltrfu% g%%oaﬁ%y Qﬁg l.{:(f Ole;/‘lEe)Sd

in brazing at the tinme of nmounting
create cr adi@HRPTING he™RBFYTPES| @gq:@s'q h| the cageneratgnnad I¢é3| deat
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art, however, no s i sfact adhesion is 25 vi ded between t he
al umi num al | oy radt aJtEbtr av g‘ﬂ%ht hgsrﬁ')‘?'apareg W’rggit esCopfentianaldiadigor,
cracking i _515| kelhas cbébtereheett dissipatiche aebiis Lesgoldrbly arlddifsed
deterioration i nd®alion of fgﬁ*%&ﬁﬁéﬁghts has been desired in the art.

Further, in the prior art, a gap is likely to be

created between the radiator 1 and the mold resin 5. The
presence of this gap results in remarkably deteriorated

20 heat'dissipation. Further, heating involved in brazing at
the time of mounting on a printed board is likely to create
cracking in the mold resin. For this reason, high adhesion
is required between the radiator 1 and the mold resin 5.
In the prior art, however, no satisfactory adhesion is

25 provided between the aluminum alloy radiator 1 and the mold
resin 5, and, in addition, cracking is likely to bé created
in the resin, unavoidably causing a deterioration in heat
dissipation.

30 SUMMARY OF THE INVENTION
An object of the present invention is to provide an

aluminum and an aluminum alloy radiator possessing high
reliability, excellent heat dissipation, and black color
tone. Another object of the present invention is to
35 provide a process for producing an aluminum alloy radiator
which can improve the adhesion between an alﬁminﬁm alloy

radiator and a mold resin and can prevent cracking in the



30 SUMMARY COF THE | NVENTI ON An obj ect of the

 present invention is to provide an al um num and an al um num al | oy
‘radi at or possessing high reliability, excellent heat dissipation, and
bl ack col or t one. Anot her object of the present invention is to 35

- provide a process for producing an alum numalloy radiator whi ch can
||nprove t he adhesi on between an al um num al | @y radi ator and a nold
resin and can prevent cracking in the

I nol d residld resin. Accordlng to one aspect of the present

E tion, th / d I I di at

lastic ol ded VPR RHRYORAUERS HEUTSE, Clori SPRESSRCadgWEON
“al um numiron al Itmlprrmﬁ.isngravriﬁednanmmnwﬁ a(ll@yt vagié¥%or, forly plmisitiic
or an anodi zed AUy ydd Coln ALY eag "gedice, coltblhECHgCAR! Sodiindl 5

to 3.5% by wei ght. 0 anot hef aspeéct o resent
i nvention, 5 alpaisums- inasy iaddPya Rﬁ‘@étgssaﬁ orasy sandieny &f &-Priteud. 0%

alloy 10  radi atg¥ Jéar r?tmla%ﬁcaﬁehﬂeédt ¥REm$AUCORUYEbAr adiﬁyc?vav1ng a
conprising the s S, of anaodi zi ng_ al um num or an al um_num al I oy; and

subj ecting the afdditAOP gAHeRIMTr GUfihoin>® bY W@iHhF-t o seal ing,
wherein the al um num aaldcmrd:afg alcoangfther aspectt bf wealprugdrst Hewleritien, ed

a3, Lemperat ur e 805! 8481 aed WSlidse sor proauct AR R n A WP

has t he follomnng I cal
use of an @MUni nmddlam,r c;fapatﬁl epbastic mQédeﬂopypg eegne?ndncwbaclde@mqsr

upon anodi zati ong J.%Q.ng ¥RRAs48bs0B £k 0ah8E 1% 8nf eéliurﬁiﬁ&ﬂn (e a&n %1%1mﬁ1

t hi ck radi at or seal ed_into a Sem conductor_package) can offer
radiator, for a SHFInARRE oFURIGEERNIWFPEN W%Wéﬂmw °ﬁeétlum1num

di ssi pation and elgely teaseaDshg AtwHerdi®Rid b@amandm alloy radiator after
the sealing is heat-treated at a temperature of 180 to
15 250°C.
The present invention has the following effects and
advantages.
Specifically, use of an aluminum alloy Capable of
developing a gray or black color upon anodization, and
20 anodization to form a heat slug (heat slug: a thick
radiator sealed into a semiconductor package) can offer a
radiator, for a semiconductor device, which has excellent
heat dissipation and electrical insulating properties and
is less likely to cause ionic contamination and has high
25 reliability. Further, anodization of an aluminum alloy
radiator, for a semiconductor device, and sealing followed
by heating results in the provision of .a radiator, for a
semiconductor dewvice, which has improved adhesion to the
mold resin, can effectively prevent the creation of peel
30 in the interface of the radiator and the mold resin and,
in its turn, does not create any package cracking.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is an explanatory cross-sectional view showing

35 one embodiment of a plastic packaged radiator; and
Fig. 2 is an explanatory enlarged view showing the
construction of an experimental product prepared in



is less likely to cause ionic contam nation and has high 25 reliability.
‘Furt her, anodi zation of an al um num al | oy radi ator, for a

sem conduct or device, and sealing fol |l owed by heating results in the
provision of a radiator, for a sem conduct or device, which has

i nproved adhesion to the nmol d resin, can effectively prevent the
creation of peel 30 inthe interface of thesradiator and the nold resin
-and, inits turn, does not create any package cracking.

‘BRI EF DESCR!I PTI ONe£EmPHESDREWHIGBresent inventign dnd TonipaaidkAbRbNples.
‘cross-sectional view show ng 35 one enbodi nent of a plastic packaged

radi ator; and Fig. 2 is an explanatory enl arged vi ew show ng the
construction of an experi reREERIPEBJDESCRBIEEAONJOFNTHE INVENTION

5 exanpl es _of thenar espahs hﬁwergda)n A0fhinAEPaL i by e AXHMLES.

DETAI LED DESCRI PTI ON OF. THE T NVENT Sl e e and&gl &% nGhe

al l oy radi at3r of PYRESNE 1’b‘f%%1é}ﬁn| gt Pen Hﬁﬁfi‘-ﬁ‘@dpr byucaay bpfangasting,
casting, forgorngmgndaﬁae@&e@@m@ol Orddlg)ﬁfng’ﬂbﬂ@d'&n&ﬁ@eo;zib@ £film

by an alloying copst] cont ai ned in al um nu is utillzed
in the coloring ofY “’Hé %X’rf&ﬁn%ﬁ’f% tueﬂwfe contai rRor”"t 55\?,1‘@ gipmigum alloy
according to an al$oytnyicedstin uegn (sdldfing and shetal&hrn@m(hkmdyuioﬂhéf
the al I oyi ng consghigentoha varle%l Q&Byﬁr%gngoséﬁtglféygrec'gﬂ%ﬁkon ﬁ )

t he aIonln? constitue
devel oped a Q |i ard sty mE splid solution of the alloying constituent in

aluminum, and state of precipitation of the alloying
constituent. Some examples of colors which can be
developed are listed in Table 1.



jqoeTq-4Aead (°tvad) o3eatdrosag uoxI
Txesag (|tvaa) o3e3tdrosag
Noe1q-ZXein s3eq1dTo0ad WRTWOIYD
MOTT2A uoTInNios prios
HoeTq-Avad 93e3TdTo9ad asauebuen
Hutd uoTInNTos pIios
MoeTq-ARIH aje3tdroead UODTTTS
uaaIb-MOTTaX uoTINTOS PTTOS Iaddo)

WTTJ OSPTXO OTpoue JO IOTO0D

JUaN3 T3SUOD
SutfofTe FO 9ouUL3STX® JO 93v3S

(331) Jotre umutumie
ut juanitisuod SutiolTy

T o1qes




[err] 7 As shown in
. Table 1, the col or which devel ops upon anodi zation vari es dependi ng
upon the alloying constituent and the state of presence of the
al I oyi ng constituent, and the depth of the color varies depending
upon the amount of 5 the alloying constituent and el ectrolysis
conditions for anodi zat i on. Further, the present inventors have
made studi-es on heat dissipation of alum numiron, alum num’
‘silicon, and al um numasoshoungdmesiidld ays thel poler whichaldevielops Tson
Eresul ts are Summéﬂ&c?ﬁzé{'igr?l%}aerlzﬁs#% ending upon the alloyin constitJé‘rp'll:e
L 2 nrﬁeglﬂe&Me emsgw?y
Al | oy system arfdythe state of presence of the alloying constituent, and

the depth of the color wvaries depending upon the amount of

5 the alloying constituent and electrolysis conditions for
anodization. Further, the present inventors have made
studies on heat dissipation of aluminum-iron, aluminum-
silicon, and aluminum-iron-manganese alloys and pure
aluminum. The results are summarized in Table 2.

10
Table 2

Infrared integrated emissivity

Alloy system (%)

4.5-8.0 pm 4.5-20.0 pym

Al-Fe 63 80

15 Al-Si 57 80

Al-Fe-Mn 66 81

Pure aluminum (99%) 32 65

Pure aluminum (99%)
+ dying 32 66

20
The results given in Table 2 were obtained as follows.
Specifically, an aluminum plate with an anodic oxide film
formed thereon was held at 100°C, infrared energy radiated
from the plate was measured with FTIR (Fourier transform
25 infrared spectroscopic analyzer), and the integrated wvalue
of the relative intensity determined by taking the
intensity of radiation from a perfect black body as 100%
was expressed as the emissivity of each specimen. For the
alloys other than pure aluminum, an anodic oxide film was
3Q formed on materials capable of developing a black color
upon precipitation of the alloying constituent, followed
by measurement of the emissivity. As a result, for all the
alloys, the infrared emissivity of the anodic oxide film



4.5-8.0 pm 4.5-20.0 pm Al - Fe 63

,80 - 15 Al - Si 57 80 .

‘Al - Fe- Mh 66 81 Pure al um num
(99[err]) 32 65 Pure al um num (99%

+ dyi ng 32 66 20 _ The results
given in Table 2 were obtained as foll ows. 8 Specifically, an al um num
plate with an anodic oxide film formed thereon was held at 100[err]C,

infrared energy nes aumerior td ruatt bg pl aranwaréﬁas@ﬁﬁdlw dX¥idd | R 1im on
(Fourier transf Orﬂﬂ@%u&é ?&é‘ﬂ‘ﬁi& peﬁégs&g)glet%g_as%al %tédf%g?a&‘??@s that

I ntegrated val ue _th _ | ve 1 nt ensi
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as the emssivityRfi&aey pReGEEBe gw‘?ra }ﬂaﬁrer temPkr¥a 8L he]é%é r}bqﬂ:

al um num an_anodi c, oxjide filmwas med on nmaterials
devel opi ng & bl a@®iS5Higrity of LF[S"@ﬂ%‘F@CPﬂPf“&PPGnWGF 1o, aam@ydygmg of the

constituent, fol lpused alumikiumeasgiuered ©h tMEr&M &vdVit Vimowed&sy! tin
for all the %llogv the infrared em ssivity of the anodic oxide film
was superior to FRarC or & transparent anodi ¢ oxide filmon ~ the pure
al umi num That the en®s vpresestl aimeemears hhge then mhade daxsalpﬁﬁoram S

large, permittingqa gf‘a‘?&d R eluteddfi%xﬁe %ﬁlggoi’éabl %ﬁeﬁu% ﬁkip’ow

tenperature. The |nte r em SSI Vi ure al O
and dyei ng 1& th&adiatonyas immersesh iéshﬁ@ﬁﬂdllmlmleuwatemeé@Mun n

em ssivity. to elute ions, and the ultrapure water was then analyzed
by ion chromatography to determine eluted ions. The
results are summarized in Table 3. The results given in
Table 3 show that there is a significant difference in
15 elution of sodium and NH, between the dyed material and the
undyed materials, suggesting that the dyed material has a
fear of causing a deterioration in reliability.

Table 3

20 Eluted ion (ng/cm?)
Material under test

Na | Nm, K | ClinNo,| Po, | so,

Pure aluminum
(dyed) 183 | 32 3 |32] - 1 33 |570

Pure aluminum
25 (not dyed) 21 10 3 24 - - 720

Al-Fe alloy
(not dyed) 25 14 3 |27} - 2 640

Al-Si alloy -
(not dyed) 32 11 2 30 2 - 600

30
The present inventors have made studies on further

detailed conditions. As a result, in the case of an
aluminum-iron-base alloy, the concentration of iron



The present inventors have then nade anal ysis on contami nant ions
eluted fromradiators. Specifically, a 10 radi ator was i mersed in heated
ultrapure water for 15 min to elute ions, and the ultrapure water was
t hen anal yzed by ion chromatography to determ ne eluted ions. The
results are summari zed in Table 3. The results given in ~Table 3 show
that there is a significant difference in 15 g elution of sodium and NH4
bet ween the dyed-material and the undyed materials, suggesting that
the dyed materi al ihfi3uanced theeabololr GEIStHY féé&ifﬁﬂﬁ”éﬁéd&bléklde film,

reliability. Table 3 20
Eluted ion (ng/ Cn%‘d an drom. content . of not moré than 0.5% wagy
NH[ err] K Cl1 uneptipfhetelry $0 the deptrefaguaynemlor of (€hye@dinodic

183 32 3 320x1de f§§m 5@% the ca%% §faEH”EQBK‘%%nﬁ?AqKH d ed)less

gé ig 35 27":h*‘=1n 2%, xhe @R?rosmn rﬁmgtamqeograduallyndecmee@d with

32 11 2 301nc:2eas1ng tl@@&ﬁﬂl content alfhB8u§hes Hied @Yc‘%@t @iim@@ld
made studies on furt l.ed conditions As a result

case of an are ﬂﬁﬁ??ron Ba§b¥ﬁI93Fe¢|ﬂ?(ifﬂﬁﬁﬁ99ﬁ?Qﬁ1Qﬁc??QﬁPQ

9 caused a deterioration in corrosion resistance to such an
- extent as will pose a problem in practical use. Further,
10 addition of manganese or nickel in an amount of 0.2 to 0.8%

to the aluminum-iron alloy was effective in improving the
tone of the colored film, as well as in preventing uneven
colof development, resulting in improved evenness of the
color tone of the anodic oxide film on the aluminum alloy.

15 Presence of silicon as an impurity in a large amount in the
alloy results in the formation of a ternary compound of
aluminum-iron-silicon alloy which consumes iron as an
element for coloring the alloy. This reduces the depth of
the color and is likely to create spot-like uneven color.

20 For this reason, the content of silicon as an impurity is
preferably limited to not more than 0.2%; The addition of
titanium in an amount up to 0.1% and boron in an amount up
to 0.05% has no particular influence and, hence, raises no
problem.

25 In the aluminum-silicon-base alloy, the concentration
of silicon influences the color of the anodic oxide £ilm,
and a silicon concentration of not more. than 0.5% did not
offer any satisfactory gray color. On the other hand, in
the case of a silicon concentration of not less than 2%,

30 the corrosion resistance - gradually decreased with
increasing the silicon concentration although a film having
a deep gray color could be formed. In this case, a silicon
content exceeding 3.5% caused a deterioration in corrosion
‘resistance to such an extent as will pose a problem in

35 practical use. 1In this alloy system, presence of iron as
an impurity in a large amount results in the formation of



i nfluenced the color of the resultant anodic oxide film and an iron

content of not nore than 0.5% was unsatisfactory in the depth of gray
col or of the anodic oxide film In the case of an iron content of
not | ess 5 than 2% the corrosion resistance gradually decreased with

I ncreasing the iron content although a deep gray filmcould be
formed. In this case, an iron content exceedpng 3. 0% caused a
deterioration in corrosion resistance to such an extent as will pose
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other hand, in VoltagR ggde rb’fglét §PFtcon EBRc ARt Bhorigs Q%
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presence of iron as an inpurity in_a large anount results in the
formation of particularly limited. In general, however, an about 10 to

20% sulfuric acid solution is used as the bath.
The bath temperature also is not particularly limited.
20 In general, however, it is suitably O to 20C. When the
bath temperature is excessively low, a hard and strong film
can be formed. In this case, however, the voltage is
increased, necessitating the use of a high-voltage power
source. On the other hand, when the bath temperature is
25 excessively high, the anodic oxide film is soft and, hence,
is iikely to be damaged. Sealing after the anodization is
necessary from the wviewpoint of improwving the corrosion
resistance. A conventional sealing method is to conduct
boiling of the anodized material in boiling pure water.
30 Further, the addition of a sealing assistant based on a
nickel salt to the pure water is also effective for
sealing.
The anodic oxide film should have a thickness of not
less than 8 um in order to ensure color development and the
35 corrosion resistance. The larger the thickness of the
anodic oxide film, the deeper the color and the better the
corrosion resistance. However, when the thickness of the



10 a ternary conpound of alum numiron-silicon alloy which

. consunes silicon as an elenent for coloring the all oy, resulting in
reduced depth of the color. For this reason, the content of silicon
as an inpurity is preferably limted 5 to not nore than 0.2%

In the anodi zation, sulfuric acid, which is |ess likely to influence
the color tone of the anodic oxide filpr is used as an electrolyte.
Oxalic acid may al so be used as the electrolyte. The use of oxalic .
acid as the 10 aglaghii adwids fidleves, eposesiypelyl dasgeuch dstbodwiiigle Hise

of the color ‘ﬁ %%ﬂs éféé@cm&kﬁh WHiH &9.' a&ge_meffe&eieégef%&d

hi gh cost. For ex B oric acid hrom c aci d, various
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1 ncreased cost. Thé concentration of the sulfuric acid bath is not

particul arl yS | mpt“bd In general, however, an about 10 to 20% sul furic
‘acid solution is used 'Hms*.heubet h)f an alum.'l.nu_ﬁheabhtbfl t edyiethat ca& adimpliys
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i ncreased, necessitat 'd}%téﬁb&léﬁméﬁtadﬁ 9thd OL1139¢ 2RYBh of tﬁéu%fi%ml%m
the other hand, when the bath tenperature 1s 25 excessively high, the

1 g
anodi ¢ oxi d& fi | AYLOYs FRAIARPT [Gaaxding tq &he pasFand HEVERTEGR Wléé—albieng
after the anodi zaldsrilbed witH eESESREnCe e rlri"@ V1evvﬁmgnuzhe.h iemwdg\m@@tt he
corrosion resi.s onv t|o eal in thod.i s to condugt
boiling of the ar?odﬁefgacfeﬁﬁ'@r 130y 3‘ e g\punﬁ? FuA FETIRE
addition of a sedl wng:ha$$xesaadt ob‘aaada@lnemve tape ckelfaldlawad byheoyerdng
water is also ef d re51j§qgllng : The anodic oxide film

shoul d have a thic ness o | ess than 8 pm i_n order to ensure color
devel oprment:3and the 35Fhe cRﬁQQ%ﬁsorfql’eQréi%%@g anTRd umdnyay aliew Fediases
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corrosion resist nC%lll-.bwey\%r ar\llg] nctggl e Cé_rless O];.nt h%e aluminum alloy

radiator 1 may be formed by anode electrolytic treatment

in an electrolyte composed mainly of an acid. The anodic

20 oxide film 8 has micropores extending perpendicularly to

the surface of the film. These micropores are causative

of a deterioration in corrosion resistance. Therefore,

sealing treatment is performed for clogging the micropores.

Regarding the sealing treatment, the present inventors

25 have made detailed studies on method, conditions, post-

treatment after sealing with a wview to improving the

adhesion of the mold resin 5 to the aluminum alloy radiator

1. As a result, they have found that heating of the anodic

oxide film after the sealing treatment can improve the

30 adhesion between the radiator 1 and the resin used for the
packaging.

' In the process according to the present invention,
after the anodization, the material is subjected to sealing
in a bath of pure water or a bath of pure water containing

35 a sealing assistant, such as a nickel salt, at a
temperature of 85°C or above, subjected to conventional
washing with water and then washing with pure water, and



anodic oxide filmis excessively large, alot of tinme is required for

.the treatnment, which is cost-ineffective. For this reason, the
t hi ckness of the anodic oxide filmis suitably not nore than 40 pm
preferably not nore than 30 5 pm Thus, use of an al um num
al l oy, which can sinply devel op a gray or black color by anodi zation
al one, could of fer high thermal em ssiypty and [ ow ionic _
cont am nati on. One enbodi ment of the utilization of the al um num

10 alloy radi awamm&tiemg ino at hetpaeseﬂtyiﬂgemémn WHe dimnosphere may
described with refere etoF thi s enbodi aleadfrarre
2 and an I C chi p%? ?Iél oﬁ’lghrog&l 2 () e gnyl er%efrhe al 8 Syegn

adhesi ve tape 4, doamaam bytmosphéng is unsuiteklepbdcegsen i3 16ads to
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present inventi on w | An_ano
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The anodi c 20 oxi.de film8 has ni cropores ext ndi %per ;pen
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the surface of tReHINRT PRYGE air has)fthe Jeect
deterioration inocforregaimingsdsfaots. of Meﬂﬂm resultieal iing imperaiveent
is perfornmed for gl Qggis or es. Regar di ng the sealing
treatnment, the prg)sent %vte’:}r%t%o?s " have made detail ed studies on nethod,
condi ti ons,1&ost - The cheabhng aftegiperadiuneg showld bped 8’ G nﬁroxﬁhqi(yet,he
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result, they have found that heating he ano oxide filmafter
the sealing treafmtRMPEIR IS, apgvgth%C capREfeh mrewed ahesihmt olm
and the resin usethifsokakske howevpB¢kAgi 8fignificant effddit tdwn WeD@RIBined,
according to the set |nvent|o after th jzatjion,  th
material is subj e(%t moun‘@ ot enerzgyb at hun?a‘%ﬁ?%bi'/z'\%téeé)n%‘?m%gbatwﬁle&
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salt, at a 8 Ab EeQ% Biafr 95 ABRY Gorotli 01 Pl Si€ Oy G ONh
an pure Wwater,

vvashl ng with vvater en was
the case of heatlng at a temperature above 180°C, a shorter

heating time suffices for satisfactory results.
Sulfuric acid is usually employed in the formation of
20 the anedic oxide film 8. Further, oxalic acid or other
organic acids may also be used. Anodic oxide films 8 may
be classified into common films having a Vickers hardness
of about 250 to 400 and hard films having higher hardness
according to electrolysis conditions. Further, in any
25 anodic oxide film of the radiator according to the present
invention, heating can improve the adhesion of the film to
the resin. The thickness of the anodic axide film 8 should
be not less than 8 ym in the radiator, preferably not less
than 10 pm, more preferably not less than 15 pm. The
30 larger the thickness of the anodic oxide film, the better
the effect of improving the adhesion attained by heating.

DESCRIPTION OF PREFERRED EMBODIMENTS
EXAMPLE 1 |
35 A 1.5 mm-thick aluminum-0.7% iron alloy sheet was cut
into a size of 24 mm square and joggled by pressing,
followed by anodic oxidation in a 16% sulfuric acid bath



12 heat-treated in a hot-air drying oven. The atnosphere may

, be-at nospheric w thout posing any problem However, a corrosive

at nosphere i s unsuitabl e because it teads to corrosion of the
radiator. Further, it is also possible 5 to use an inert atnosphere,
such as nitrogen or carbon di oxi de gas, or a vacuum atnosphere. An
at nosphere havi ng a hi gher oxygen concegtration than the air has the
ceffect of repairing defects of the film resulting in inproved

. corrosion resistarstieng 1@ lead eldethedei rast enpecanter shiedtirdde under
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DESCRI PTI ONSOF PREFERRED ENMBCDI MENTS
Further, the anodized material was boiled in 100 cc
of distilled water for 5 min, and the distilled water was
then analyzed by ion chromatography to gquantitatively
determine ion components which had been eluted from the
20 heat slug material. The results are also summarized in
Table 4.
EXAMPLE 2
A 1.5 mm-thick aluminum-1.5% iron alloy sheet was cut
into a size of 24 mm square and joggled by pressing,
25 followed by anodic oxidation in a 16% sulfuric acid bath
using a lead electrode as a counter electrode under

electrolysis conditions of bath temperature 15°C, current

density 1.5 A/dm?, and treatment time 30 min to form an
about 15 pm-thick oxide film. In order to ensure corrosion
30 resistance, the film was then boiled in pure water
containing a sealing assistant based on a nickel salt for
about 30 min. The film was deep gray in color. The
specimen thus obtained was kept at 100°C, and the radiant
intensity of an infrared radiation having a long'wavelength
35 of 4.5 to 20 pm radiated from the specimen was measured.
The extreme infrared integrated emissivity was then



EXAMPLE 1 35 A 1.5 mMmthick alum numO.7% iron all oy sheet was cut

into a size of 24 nmsquare and joggl ed by pressing, fol | owed by

anodi c oxidation in a 16% sul furic acid bath

13 using a |l ead el ectrode as a counter el ectrode under _
electrolysis conditions of bath tenperature 15[ err]C, current density
1.5 AVdnferr], and treatnent tinme 30 min to fiarm an about 15 pmthick

oxide film 1In order to ensure corrosion 5 resi stance, the. filmwas
‘then boiled in prakcwkesd basedcari aa ncogparieahi G ashé S bdolved arask orbd
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distilled water wWeterming h&on againperenby whicbhhadmtlogsmpéyuteéd from the
guantitatively neatlSlfagl pcbplatomPaagnlaulieh Dad Beed glihed bram ihe

20 heat sl ug material. results are also summari ze

EXAMPLE 2 10 Tablen4: 5 nmthick alumnum1.5%iron alloy sheet was cut
into a size of 2&xammmi@ e and j oggl ed by pressing, 25 fol | owed by

2 count or el ectrode uftidr-S - EhERE refyRlA R {FORbloBaEheBEERa e
15[err] C, currentinto adeviziet yof. 24A win] esgulareandnd r gaiggRid t bye p2@e@ihgt, 0
form an abou 1 hud Y U Y e 1ddRid D L1987 159 ENTULESOLI9S .y
15 .using a lead electrode as a counter electrode under
electrolysis conditions of bath temperature 15°C, current

density 1.5 A/dm?, and treatment time 30 min to form an
about 15 pm-thick oxide film. In order to ensure corrosion
resistance, the film was then boiled in pure water

20 containing a sealing assistant based on a nickel salt for
about 30 min. The film was deep gray in color. The
specimen was kept at 100°C, and the radiant intensity of
an infrared radiation having a long wavelength of 4.5 to
20 ym radiated from the specimen was measured. The extreme

25 - infrared integrated emissivity was then calculated based
on a comparison of the above measured radiant intensity
with the radiant intensity of the infrared radiation
radiated from a perfect black body. The results are
summarized in Table 4.

30 Further, the anodized material was boiled in 100 cc
of distilled water for 5 min, and the distilled water was
then analyzed by ion chromatography to quantitatively
determine ion components which had been eluted from the
heat slug material. The results are also summarj:zed in

35 Table 4.



30 resistance, the filmwas then boiled in pure water cont ai ni ng

‘a sealing assistant based on a nickel salt for about 30 mn. The
filmwas deep gray in color. The speci men thus obtained was kept at
100[err]C, and the radiant intensity of an infrared radiation having a
| ong wavel ength 35 of 4.5 to 20 pmradi ated fromthe specinen was

nmeasur ed. The extrenme infrared integratgd em ssivity was then

14 cal cul ated based-on a conparison of the above neasured

radiant intensity with the radiant intensity of the i nfrared
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15 20 um rad:.ated from the specimen was measured. The extreme
infrared integrated emissivity was then calculated based
on a comparison of the above measured radiant intensity
with the radiant intensity of the infrared radiation
radiated from a perfect black body. The results are
20 summarized in Table 4. |
Further, the anodized material was boiled in 100 cc
of distilled water for 5 min, and the distilled water was
then analyzed by ion chromatography to guantitatively
determine ion components which had been eluted from the
25 heat slug material. The results are also summarized in
Table 4. |
EXAMPLE 5
A 0.8 mm-thick aluminum-2% iron-0.5% manganese alloy
sheet was pressed into a circular form having a diameter
30 of 22 mm and joggled by pressing, followed by anodic
oxidation in a 16% sulfuric acid bath using a lead
electrode as a counter electrode under electrolysis
conditions of bath temperature 10°C, current density 2
A/dm?, and treatment time 37 min to form an about 25 um-
35 thick oxide film. Subsequently, sealing of the oxide film
was performed in pure water. The film was deep gray in



with the radiant intensity of the infrared radiation radi ated froma

rperfect black body. The results are summarized in Table 4. 30
Further, the anodized material was boiled in 100 cc of distilled water
for 5 mn, and the distilled water was then anal yzed by ion

chromat ography to quantitatively determ ne ion conponents which had
been eluted fromthe heat slug material .16 The results are al so

summari zed in 35 Tabl e 4. 15
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Tabl e 4. rthe ized material was boiled in 100 cc
of distilled wateér lrrl(:ﬁJ 5‘% E ?‘ﬁ x Rtid5 ed WEPUPTRAs electredp under

anal yzed by ion (ﬂiﬁmm@glm)cqruimamg, teft ibedlly temperature 18°C, current
density 2 A/dm?, and treatment time 20 min to form an about
15 12 pm-thick oxide film. The film was then boiled in pure
water containing a sealing assistant based on a nickel salt
for about 30 min. The film was gray in color.

The procedure of Example 1 was repeated to measure the
radiant intensity of an infrared radiation radiated from

20 the specimen and to calculate the infrared integrated
emissivity. The results are summarized in Table 4.
Further, ion components, which had been eluted from the
anodized material, were quantitatively determined. The
results are also summarized in Table 4.

25 EXAMPLE 7 _

A 1.5 mm-thick aluminum-0.7% silicon alloy sheet was
cut into a size of 24 mm square and joggled by pressing,
followed by anodic oxidation in a 16% sulfuric acid bath
using a lead electrode as a counter electrode under

30 electrolysis conditions of bath temperaturé 15°C, current

density 1.5 A/dm?, and treatment time 30 min to form an
about 15 pm-thick oxide film. In order to ensure corrosion
resistance, the film was +then boiled in pure water
containing a sealing assistant based on a nickel éalt for
35 about 30 min. The film was gray in color. The specimen
was kept at 100°C, and the radiant intensity of an infrared



determ ne ion conponents which had been eluted fromthe 25 heat sl ug
material. The results are also summarized in Tabl e 4. EXAMPLE
'5 A 0.8 mmthick alum num 2% i ron-0. 5% manganese al | oy

‘sheet was pressed into a circular form having a dianeter 30 of 22 mm and
.joggled by pressing, followed by anodic oxidation in a 16%sulfuric
"acid bath using a |ead el ectrode as ai7counter electrode under
‘electrolysis conditions of bath tenperature 10[err]C, current density
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results are sumf@3iA&F iiptepfidy of fhe dignaned rediadhooh& ﬁpsla"\ﬁﬁﬁ cf'l’r'oﬁ‘ad

been el uted fromd erfect LK ZRAYAIRE Aesultise attearstuntnﬁnl\t@dy in Table
det er m ned. Th% results are also sumari zed in Table 4.

EXAMPLE 6 A 0.5 mMmmthick alum num 2% iron alloy sheet was cut 10
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The procedure of Tabdeplde 1 was repeated to measure the
EXAMPLE 8 '

15 A 1.5 mm-thick aluminum-1.5% silicon alloy sheet was
cut into a size of 24 mm square and joggled by pressing,
followed by anodic oxidation in a 16% sulfuric acid bath
using a lead electrode as a counter electrode under

electrolysis conditions of bath temperature 15°C, current

20 density 1.5 A/dm?, and treatment time 30 min to form an
about 15 pm-thick oxide film. 1In order to ensure corrosion
resistance, the film was then boiled in pure water
containing a sealihg assistant based on a nickel salt for
about 30 min. The film was gray in color. The specimen

25 was kept at 100°C, and the radiant intensity of an infrared
radiation having a long wavelength of 4.5 to 20 pym radiated
from the specimen was measured. The. extreme infrared
integrated emissivity was then calculated based on a
comparison of the above measured radiant intensity with the

30 radiant intensity of the infrared radiation radiated from
a perfect black bodj. The results are summarized in Table
4.

Further, the anodized material was boiled in 100 cc
of distilled water for 5 min, and the distilled water was

35 then analyzed by ion chromatography to quantitatively
determine the ion component which had been eluted from the



radiant intensity of an infrared radiation radiated from20 the specinen
rand to calculate the infrared integrated em ssivity. The results
are summari zed in Table 4. Further, ion conponents, which had been
eluted fromthe anodi zed material, were quantitatively determ ned.
The results are also sunmarized in Table 4. 25 EXAMPLE 7 _
Al 5 mthick alumnumO.7%silicon alloy sheet was cut into a size
of 24 mm square and joggl ed by pressing, fol |l owed by anodi ¢ oxidation
in a 16% sul furi e osbag hmateriajysi nghe | eeshktecéredalas summantided in
el ectrode under 3pireelgectrol ysis conditions of bath tenperature 15[err]C,
current density 1.5 A/dnferr], and treatment time 30 mn to forman
about 15 pmthi clﬂﬂf{&&tﬂl m In order to ensure corrosion  resistance,
the filmwas then boilzd jm W@M & luminuntONisH MG cbrs @AY Al LY

based ckel salt for 30 mn. The filmwas gray 1 n color.
Tﬁzespggl ﬁenrg "‘%s"r}(‘éﬁ)t att “_’L%O‘Fg %fd’““aﬁ&“?ﬁ@ PRdi dRO9LRCe kY Preassing,

infrared followed by anodic oxidation in a 16% sulfurlbaébﬁh|%%th

having a | ong wayglsepgth o 5 radi at ed eci nen
was mgasured \1(’1? ?%gt ?errjé féﬁf réair)(:’(‘a%lgr&5g ad 3gr%?'é‘at%]ﬁ1 S%T%ﬁ %
cal cul ated based SdecfFrolysis aqniditiomsofof rh@takbdmalmsnmed lﬁdm amurrent

t t frar radi atio
dtated from | density B e S rShchdfy B850 WfH oo Sdgrm,an

Tabl e 10y about 5 umgthhek, oxh@eamaueannaréerato \eEsUIE loed riog 1 30
cc of di stiddsadteMR, fehed Film aRdst h‘@hgﬁStfrchéh V\@.tr?rtp\é\.{‘r}% ﬁglattﬁe

t hen anal yzed by ion chronato raphy to quantitative
i on corrpo%ent V\%I COR % g AGRistent baseﬁeﬁ’P 3 ngchedesipdlt. foThe

results are al soabom‘l:arff&em.nn The Tkt Wwas deep B¥NLENBcolor. The

specimen was kept at 100°C, and the radiant intensity of

15 an infrared radiation having a long wavelength of 4.5 to

20 pm radiated from the specimen was measured. The extreme

infraréd integrated emissivity was then calculated based

on a comparison of the above measured radiant intensity

with the radiant intensity of the infrared radiation

20 radiated from a perfect black body. The results are

summarized in Table 4. '

Further, the anodized material was boiled in 100 cc

of distilled water for 5 min, and the distilled water was

then analyzed by ion chromatography to quantitatively

25 determine the ion component which had been eluted from the

heat slug material. The results are also summarized in

Table 4.

EXAMPLE 10

A 1.5 mm-thick aluminum-3.3% silicon alloy sheet was

30 ~cut into a size of 24 mm square and joggled by pressing,
followed by anodic oxidation in a 16% sulfuric acid bath
using a lead electrode as a counter electrode under
electrolysis conditions of bath temperature 15°C_, current
density 1.5 A/dm?, and treatment time 30 min to form an

35 about 15 pm-thick oxide film. In order to ensure corrosion
resistance, the film was then boiled in pure water



15 A 1.5 mMmthick alumnum1.5%silicon alloy sheet was cut

into a size of 24 nmm square and joggl ed by pressing, fol | owed by
anodic oxidation in a 16% sul furic acid bath using a |l ead el ectrode
as a counter el ectrode under el ectrolysis conditions of bath
tenperature 15[err]C, current 20 density 1.5 A/ldnferr], and treatnent
time 30 mn to form an about 15 pmthixk oxide film In order to
ensure corrosion resi stance, the filmwas then boiled in pure water

contai ning a seakpnfadsdingt antselaé,sim assd siriapite basgldt ohoa nickelasedt FOr
min. The Tilm vaspghdy 46 A2hOT- FhE FAH "Pds 28eep! i diPinalol@Ler Mifie

;and the radiant intensity o an infrare tion“havin g
'wavel engt h of 4.spPeeipgnpmasadiaRtett 10031GompndethpcEpddantaintensitedof

The extreme infranednfrarddtrRGltEbrEMEHinNYg ty/ VEsg t heveLahgthabedabssed
on a canparL,son of he a %50 1_§1sured r.adi ant |nten5|t(¥ WITS‘I tr?l‘g 30

radi ant i nt nsit? o™t H +?ﬁ‘? & SPEFIMER WPE eI TS S EFFEENe
bl ack body. The iafmbredammtﬂgnameduﬂMﬂssi&ﬂﬂyawas tHen calculate@ubtbed,

the anodi zed ”Bt (#%@E&%Hééﬁ ég %gg(aﬁove mégcﬁgéﬁ iégg M@tgbtgggiﬁy

mn, and the d|S|IIe I'on chr omat ograp
to quantitativel yith thetaradiant hent@msemypoﬂénttml dnfiraraseenadiatadn

fromthe radiated from a perfect black bo_r}8 The reRatesS| Hoe
material. _The results are also summrized in ) EXAMPLE

9 10 o 1symmarigedk 18 JAPten?2. 5% silicon all oy sheet was 5 cut
into a size of 24 mm mmxenetne)w{cﬁmmd Rt 19l was boibDéd 0¥®d109 cc

di dat d.bat.h t d
2 a count er el Bty SaETaNAER WateT 3BECs Bty ando R ROREI3ISRatRTSE oS
temperature 15[ ethpq@ awalyped by idenschyomatog¥apher o dndntitathieely
time 30 mn to f QLgLafihd thébE?Hh ééﬂﬁ&;\é\%%% 4ead 'tJe!En (#l%t%rdj%lfo}nothe

ensure corrosion resi st ance, m was then boi | ure water
1 heat slug material. The results are also summarized in
Table 4.

COMPARATIVE 1
' A 1.5 mm-thick A6061 alloy (comprising 1.0% of
magnesium, 0.65% of silicon, 0.3% of iron, 0.21% of copper,
20 and 0.15% of chromium with the balance consisting of

aluminum) sheet was cut into a size of 24 mm square and

joggled by pressing, followed by anodic oxidation in a 16%

sulfuric acid bath using a lead electrode as a counter

electrode under electrolysis donditions of bath temperature

25 15°C, current density 1.2 A/dm?, and treatment time 30 min

to form an about 10 pm-thick oxide film. The film was then

dyed in a dyeing solution containing 6 g/i anodizing dye,

Deep Black MLW manufactured by Sandoz K.K., for 15 min.

In order to stabilize the dye and ensure the corrosion

30 resistance, the film was then boiled in pure water

containing a sealing assistant based on a nickel salt for
about 30 min. The film was jet-black in color.

The procedure of Example 1 was then repeated to

measure the radiant intensity of an infrared radiation

35 radiated from the specimen and to calculate the infrared

integrated emissivity. The results are summarized in Table



containing a sealing assistant based on a nickel salt for about 30

- mn. The fil mwas deep gray in color. The speci nen was kept at
100[err]C, and the radiant intensity of 15 an infrared radi ati on having a
| ong wavel ength of 4.5 to 20 pmradi ated fromthe specinen was
measured. The extrene infrared integrated em ssivity was then
cal cul at ed based on a conparison of thgpabove neasured radi ant
intensity with the radiant intensity of the infrared radiation 20

radiated from d.peFhetheb| abdn hmshyponelites r egiildhs hatiebeen elwstedafrcne dhien
Tabl e 4. e no d Jdeal, . 0j j 0c

of distilled waté&r ofiglrye? rﬁatépl dfl th ggégst%%g& t\%&tl\éyréﬁaésdéte&'hﬂ%%gh The
anal yzed by ion @ﬁﬁ@#ﬁﬁb@#@ph}spoSmmmﬂﬂﬁ%%i¢é19?®58 4determine the ion
conponent whi ch paghpagan igutred from t he heat slug material. The
results are al so—stmmartzed— EXAMPLE 10

1.5 mmt hi cl al um num?s. @9§sFW?@@ﬁQHIQ%JQ%eéﬂlﬂﬁsaﬁ?et (ﬁoma¥bsans|?e%ﬁ
24 mm square andsjlczgg:loeq hy. 48€ssikB8, and 0094 owedpby a.mshcmél Balaokel N
a 16% sul furic acid ead electroea

ath
el ectrode under conSlsalélgt P )?lS{Iugug‘éIMI #i51%s PS5, ltneﬁpgr gtlﬁrcéllfg[ &PFfc
current dehsvtingl .&6 dlamgeer | ofadd mmeanenthen nsuBjeatadt tof anmdic

35 ~ about 15 pm BKP.ld%I%J.% dEnf'émlséns‘?Il‘i@Irltco SEEW eo5Ph" My a 1lead

resi stance, the mwas then boiled in pure

19 déht ai RleFTEOSER iy asspﬂmerbagé-@c@ﬁoéem gReéprsgedergrolysis
about 30 mn. EoadiitiBnaas ogeepatihaytéfp&Patlire 207, curr®hACi dRASWRY
kept at 100[err]C, and the radi ant intensity of an infrared radi ation

having a | ong wakeBeRdER’ ofand stxeatment Aguem20aaiat t8 £0BM am@bgyde Onim-

was measured. Tk&mektr@aade £ilnlf ' r efhd Nt £OIRt 6fagM RENI t HyBES §HENa
cal cul at ed based a conpari son of tg g?bove asured radi ant
f

i ntensity SYEATEN EOLEHLON CORFENDNg Gr 9L heAnorTatag v BachBLack

15 MLW manufactured by Sandoz K.K., for 15 min. In order to
stabilize dye and ensure the corrosion resistance, the film
was then boiled in pure water containing a sealing
assistant based on a nickel salt for about 30 min. The
£film was jet-black in color.

20 The procedure of Example 1 was repeated to measure the
radiant intensity of an infrared radiation radiated from
the specimen and to calculate the infrared integrated
emissivity. The results are summarized in Table 4.
‘Further, ion components, which had been eluted from the

25 anodized material, were quantitatively determined. The

results are also summarized in Table 4.



radi ated froma perfect black body. The results are 10
t he anodi zed materi al

‘Tabl e 4.

Furt her,

summari zed in

was boiled in 100 cc

of distilled water for 5 mn, and the distilled water was t hen
anal yzed by ion chromat ography to quantita%hyely determ ne the ion
conmponent whi ch had be fromthe 1] heat slyg material. The
iresults are al so sunmmagi zed | n Tabl e} 4. COMPARATI JE 1
A 1.5 nmthick A6061 all oy SERPISR9S £ 0@f 3| S| BrPeGlud| 0. 65% of
'silicon, 0.3%of iron, |0. P10} of| eqppdre~|26| vhry &|165%ref vfhedni um with t he
‘bal ance consi sting of 5; al UM rum)| shee s cuf ipto| a|sigze of 24 mm
‘'square and j oggl ¢dGpy prgssiing,| T oI Tpwed Qy qno@li cf odi ddtion in a 16%
sul furic acid bath usi eciirodle ‘Bs | dount e -l <4l ectrode
under el ectrolysis conli Hat'h TenPe e™25' | 1BRYrN|C, current
density 1.2 Aldnferr], 1 nt [tige BO jm - jto fgrmjan about 10
pmthick oxide film T t hén ei g qol ution
containing 6 g/l anodi gi" tyned by Sandoz
KK, for 15 mn. a swje t he
corrosion 30 resi sta il pute water
containing a sealing a et about 30
mn. The filmwas jet- or. o] edLrg of Exanple 1
was then repeated to tH am|infrared
radiation 35 radiate pegi tﬁT i nfrared
integrated em ssivity. al
20 4. Further, i S; fregmthe
anodi zed material, wer vel results are
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silicon, 0.48%iron, and 0.09% copper with the bal ance ~consi sting of

al um num) were pressed into a circular form having a diameter of 22 nm
and then subjected to anodic oxidation.in a 16%sulfuric acid bath
‘using a lead 10 electrode as a counter electrode wunder electrolysis
‘conditions of bath tenperature 20[err]C, current density 1.5
Aldnferr], and treatment time 20 mn to formpgn about 9 pm thi ck
oxide film The film was then dyed in a dyei ng sol ution

containing 6 g/l anodi&snys dyspafeep Hidaekhkb resM1\BENBAVEACIH! PaLDY Sandgz

K. K, for 15 mn. er_to stabiljze dye and ensure the corrosion
resi stance, the f?*%ﬁbfﬁg ﬁ%% {H% REFI T n kRﬁéPE%RQH Toht FHRHG-AE . 10
seal i ng assieniggivicyd oh axtircnd dalftratred abad?.aﬁﬁ)omln.i.lé'hﬁ heat
[ | et - bl i d Lk 2 T e 0 e S

peras 1o poeactitgititn, 2o she LIRS ® Slofpll) ® | Miber.

the .
repeated to measure the, radiant Tntensity of ar ed’ radi
ragi ated froin Tegapdicithen amgues @f celluted: honsf causd tiivieegost ebn

em ssivity. Thezdresdinirfat 85re, SthePd | sl 4 NLahafd feferencd Uid Nle m%n?:ﬁmt

conponents, which had . been el.uted fromthe 25 anodi zed material,
qugﬁt itatively dqugrrﬁlﬁﬁféﬁl 1Ane Dbetween, they,exapplesurhr ihel inreRsite

4. 21 invention and the comparative examples. That is, the
amount of the alkali ions eluted from the anodized
10 materials according to the present invention was much
smaller than that eluted from the comparative anodized
materials. Thus, according to the present'invention, a
marked improvement over the prior art can be attained.
The process for producing an aluminum alloy radiator
15 according to the present invention will be .described in
more detail with reference to Examples 11 to 13 and
Comparative Examples 3 and 4.
In short, the process according to the present
invention aims to provide a radiator, for a semiconductor
20 . device, which is not peeled off from a mold resin. This
aim is irrespective of a lead frame 2 and a semiconductor
chip 3, a die pad 7, or a bonding wire 6. Therefore, an
experiment was carried out using a radiator 1 and a mold
resin 5 only. As a result, it was confirmed that all the
25 samples of the present invention created no peeling and had
good adhesion, whereas comparative samples suffered from
peeling.
EXAMPLE 11
A 1.5 mm-thick aluminum-2% iron alloy sheet was cut

30 into a size of 24 mm square and pressed to form a joggled
section 16 as shown in Fig. 2, followed by anodic oxidation
in a 16% sulfuric acid bath using a lead electrode as a
counter electrode under electrolysis conditions of bath
temperature 15°C, current density 2 A/dm?, and treatment
35 time 38 min to form an about 25 pm-thick oxide film. In
order to ensure corrosion resistance, the film was then
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subjected to sealing in pure water containing a sealing
assistant based on a nickel salt at 90°C for 25 min. The
film was deep gray in color.

A peel acceleration test was performed wherein
specimens were heat-treated in a circulating type hot-air
drying oven at a temperature of 225°C for 5 min, subjected
to molding using an epoxy resin, MD-190M manufactured by
Nitto Denko Corp., and then heated at 175°C for 3 weeks.
The specimens were observed under an ultrasonic microscope.
As a result, it was found that none of the 20 tested
specimens caused peeling.

EXAMPLE 12

A 0.8 mm-thick aluminum-2% iron-0.5% manganese alloy
sheét was pressed into a circular form having a diameter
of 22 mm and joggled by pressing, followed by anodic
oxidation in a 16% sulfuric acid bath wusing a lead
electrode as a counter electrode under electrolysis
conditions of bath <temperature 10°C, current density
1.5 A/dm?, and treatment time 30 min to form an about 15
pm~-thick oxide £ilm. The film was then subjected to
sealing -in boiling pure water for 20 min. The film was
deep gray in color. _

A peel acceleration test was performed wherein
specimens were heat-treated in a circulating type hot-air
drying oven at a temperature of 200°C for 5 min, subjected
to molding using an epoxy resin, MD-7400 manufactured by
Nitto Denko Corp., and then heated at 175°C for 3 weeks.
As a result, it was found that, as with the specimens

- tested in Example 11, none of the 20 tested specimens

caused peeling.
EXAMPLE 13

A 0.5 mm-thick A6061 alloy sheet was cut into a size

- of 28 mm square and joggled by pressing, followed by anodic

oxidation in a 18% sulfuric acid bath using a lead
electrode as a counter electrode under electrolysis
conditions of bath temperature 18°C, current density



22 As is apparent fromthe results given in Table 4, the

exanples of the present invention are superior, in em ssivity of
‘extrene infrared radiation, i.e., heat di ssipation, to the
Econparatlve exanpl es. Further, 5 regarding the amount of el uted
iions causative of ion contam nation, there was a large difference in
t he anpunt of alkali ions between the exanpl es of the present

i nvention and the conparative exanples. That is, the anount of the

al kali ions eluted. ﬁrmmafnhe @ﬂikﬂ)dtﬁéﬂtﬂ@nt RBRA' 30l SRy dfdhgntéhté?sout 10
present invention |l er than that eluted fromthe

conparative anodllﬂlgd%hlc}% ?rﬁ‘%‘?l B ThudPeacEdili MPf o RN pdessht in a
i nvention, a dyeangedolupioneaentamnerxgtGleg,pr iafodIdimadyes abbpi Bedck

e process !or dUGAGan AL BUahiy k3812 gor 1oy gR6co O, LTS

present 1nvention nor &
Exanpl es 11 Po 13she@t was Cohpreeughly Seshedes Cam?ndﬂhe film was |then

short, the processuB§&etéangot @da18ny eSeNbure waté?v%%ﬂﬂ@lniﬁgg ??8§f¥%$a

a rad| ator, for a sem conductor _ 20 deV| ce, which is not

mol d resin. Thi s2SSistagf based on & auigkal Lt Iaé'a(?Of"Paﬁ@rZaHﬁHtazo min.
seni conduct or The Chi pm3wag §iée-PRECK, 1ﬁrc@lbﬁndlQﬁbﬂédiﬂeﬁtlf}_hefﬁéoéﬁeeén

experinment was c t,usi radi.at or and resin
oy A resul (7t Regt e PRat b AR Ssthen & A 7Culnring, Yo% paot-air
present invEdti ordxying edvan peelthey s dada tempegetdradioEsil@o ° O\hEseabs
conparative sanplgsysuffered from. peel i ng. EXAMPLE 11
A 1.5 mmthick alum num2%iron alloy sheet was cut 30 into a size of 24
nm square and pressed Y8Ff 5Pf RTPOYGIEd thus oli@ined, 16 @esharcelergion,

fol | owed by anodite®Kiwesi Ipélrforq[ted (rjwsﬁ%% Stl:xé Lgts:té‘d@étéi ‘ﬁ%%]%l stﬂ?%ns 1?)?& gggh
| ectrod nter, el ectrode under el ectrolysis
1(:a e(rarge; gt 3r Zslg[ er rﬁllffl%rutsé"rﬂg B8nSPPYY X AF M @'{Dr'j'; Qé%HaPPééFH’EHFdSBY Nitte

38 mn to f» m aPaxridomtC@5p pm éhd ckheri Heatelimat LM5°C forr defwdek<sLNSWHEL a
corrosion resistgngg,; ¢ e {18 ESudd'®hat none of the 20 tested specimens
caused peeling, indicating that, as with the products
prepared in Examples 11 and 12, the products prepared in
this'example had excellent adhesion to the mold resin.
20 COMPARATIVE 3
A 1.5 mm-thick A6061 alloy sheet was cut into a size

of 24 mm square and joggled by pressing, followed by anodic
oxidation in a 16% sulfuric acid bath using a lead
electrode as a counter electrode under electrolysis
25 conditions of bath temperature 15°C, current density

1.2 A/dm?, and treatment time 30 min to form an about 10
pm-thick oxide film. The film was- then dyed in a
dyeing solution containing 6 g/l anodizing dye, Deep Black
MLW manufactured by Sandoz K.K., for 15 min. In order to
30 stabilize dye and ensure the corrosion resistance, the film
was then subjected to sealing in pure water containing a
sealing assistant based on a nickel salt at 90°C for 30

min. Thg film was jet-black in color.
In the same manner as in Example 11, the specimens
35 thus obtained were subjected to a peel acceleration test
wherein the specimens were subjected to molding using an



23 subjected to sealing in pure water containing a sealing

-assi stant based on a nickel salt at 90[err]C for 25 mn. The filmwas
deep gray in color. A peel acceleration test was perfornmed
wherein 5  specinmens were heat-treated in a circulating type hot-air
drying oven at a tenperature of 225[err]C for 5 mn, subjected to

nol di ng using an epoxy resin, NMD190M manuf agsured by Nitto Denko
Corp., and then heated at 175[err]C for 3 weeks. The speci nens were
observed under arepdzy asemin; MDelSSvOpanutbctubedaby ettt Diehk‘dﬁsofpumhnd

t hat none of the e a peel ] ng.
A 0.8 mmthick alﬁ%é]u%gg/e?rgﬁ- nanﬁgrzsanésg’%?ﬁs A% §ﬁ58t1t\lvasll\ép was
pressed into a cifupdrthat npeaking ua§| gmeasedlsin 50f0\122 afimthel 2Qgpetedy

pressing, foll ovesbdimaedi C oxidation in a 16% sul furic acid bath
using a |l ea el ectrode as a counter el ectrode under electrolysis
conditions of ba 10[err]C, current density

A dg{ e][ _r} , and treat nemtos mﬁn%i%la é%:fémmém% abesHi - df‘SS?Qnan%{Ref,sﬁE 1oy
oxide film en, subj ect e i i ng ure
water for 20 m n%’gérh@é@?e Hato Jcﬂiﬁgﬁlai"—afofrﬁ' i‘&%&lﬂg a 'diameter, Cﬁg
accel eration testmw\/a@'KbeJCbmhe@ h&lepeessa.ng, Spddiomeds byerandibat -dxiabd teitbr n
a circulating typg, hotiggr s&ifur%&y'aféﬂ.d)‘ﬁ‘aﬂ:lﬁtuél g”@eiéﬁxﬁr %&%ﬁ;}%g,%er 4G

for 5 mn, subjected usi ng an epo
manuf act ur &P by countgx t%1%15142@‘1%0deerarﬁ:llﬁmlkm%dcgﬂdi¥§?e$r pE€ fhatls

weeks. é@ﬂfatdzte icootel Og%'ﬂ't o e e%%e\gyt h. Bhgééﬂec'éﬁd‘ reatment

tested in Exa none of thé ‘caused peel'l ng.
EXAMPLE 13 tine A minhe Hqme gsoebant 65}5 gieehivgis Quuiide fiidm siThe

of 28 nm square @idn G cehdly @tﬁBjiécb'BQd sl bewﬂngylan@%qmg pude QRN
in a 18% sul furi (‘f aci d%c?at h, usi ng ?31 el ectrode as count er
ec nd‘11t ibns

el ectrode under ol Pif's Akl b%?‘?\pteﬂﬁéi’at de color.
18[err] C (iﬁrenﬁuha&qugptly, the sheet was heat-treated in a circulating

type hot-air drying oven at a temperature of 150°C for 30
min. |
For the products thus obtained, a peel acceleration
test was performed wherein the products were subjected to
20 molding using an epoxy resin, MD-7400 manufactured by Nitto
Denko Corp., and then heated at 175°C. As a result, it was

found that peeling was created in 3 out of the 20 tested
specimens.



24 1.2 AVdnferr], and treatnment time 30 mn to forman about 10
pmthick oxide film The filmwas then dyed in a dyei ng
solution containing 6 g/l anodi zi ng dye, Deep Bl ack M_W manuf act ur ed
by Sandoz K. K., for 15 min. The treated 5 sheet was thoroughly
washed, and the film was then subj ected to sealing in pure water
‘contai ning a sealing assi stant based opga nickel salt at 90[err]C for
about 20 nmin. The filmwas jet-black in color. Subsequently, the
Sheet was hesdttisabPdimeédaig: using a circulating type hot-air 10
drying oven in the air at a tenperature of 180[err]C for 15 m n.

'For the products thus obtai ned, a peel acceleration test was
per f ormed wherei n the prollncedumdénemsaljleyt eddiator, forwlaipipstsidgndlded

epoxy resin, MD-7, fcﬁﬁ'{d{{%lbhégltéeo ll]:l%tmpr%riv\gsgﬁrgn :?%g? E::;%%lrblfm

heated at 175C for weeks r€s oun
the 20 tested sp&?%@hs caused peeling, indicating that, as with the

product s prepar ez, I%&@I@hﬁ&mﬂ%ﬁi@ylﬁadi%ﬁr%&&% SRATEChi 1
this exanpl e had ceIJIPeq%h adhesi.on to the nold resin ARATI VE 3’

A 1.5 nmthick A e &llohcomprdses 0.5 togs. 9% by weiahe
and j oggl ed by prceszm:tgm fwlﬂthweﬁhéy balghce consi@tidat i off | Al@mdRim and
sul furic acid bat}, %?‘g% r:.ti gl ectrode as a counter el ectrode
under el ectrol yS|s cond bath tenperature 15C, current
density 1.2 A dderfhe m“lmwtmymaﬁblésmrnacqordmgnm@mm 11,0

pmthick oxide .vfﬁéﬁéin t-HE alumiMuP S 1Y @:oﬂlé%‘isebnOaS to 3 6y %l#gﬁl ht

sol ution cont ai nlfqr}_;r; ,65(9 anodl zi ng d(i/

by Sandoz K. K. ¥x0n; and | - g For -(5;%30"1’ %?ja%li‘h o€ B?égéﬁésénﬂ#@ t‘ﬂ’he

corrosion resist afaﬂmndé'l@d:ﬁéﬂﬁtlng ofaa luReAuRUSNHE Glresh,d LaSSEd | ifhurl 1L

wat er containing a |sta]rch£) based on a ni cke], salt at. 90C for
SIei}eet"“ it

30 min. The film%m (radiator acconging, & Ghaithdner
as in Exanpl e 11 whereigpdhen@dsminum alloy comprises 0.5 to 3.0% by weight

of iron and 0.2 to 0.8% by weight of nickel with the
balance consisting of aluminum and unavoidable impurities.

5. The aluminum alloy radiator according to claim 1,
wherein the aluminum alloy comprises 0.5 to 3.5% by weight
of silicon with the balance consisting of aluminum and
unavoidable impurities.

6. A process for producihg an aluminum alloy radiator
for a resin molded type semiconductor device, comprising
the steps of: anodizing aluminum or an aluminum alloy; and
subjecting the anodized aluminum or aluminum alloy to
sealing, wherein the aluminum alioy radiator after the
sealing is heat-treated at a temperature of 180 to 250°C.

7. The process according to claim 6, wherein the heat

- treatment is performed at a temperature of 180 to 225°C for
10 to 15 min.
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35 t hus obtai ned were subjected to a peel accel eration test wherein
the speci mens were subjected to mol di g Usi'ng an

25 epoxy resin, MD-190M manufactured by Nitto Denko Corp., and

t hen heated at 175[err]C for 3 weeks. As a result, it was found that
peeling was created in 5 out of the 20 tested specinmens. 5
COVPARATI VE 4 A 0.8 mmthick al um num 2% iron-0. 5% nmanganese

al | oy was pressed into a circular formhaving a dianeter of 22

nm and j oggl ed by preSS|ng, fol |l owed by anddi ¢ oxi dation ina 16%

sul furic acid bat count er el ectrode under

h usin | ead electrode as_a 10 €
electrol ysis condﬁ%@ m L’t‘%@% TOR FOR PR RDUCIOR, Y Censi t v
1.5 Aldnferr], an Hx?#ﬁe to forman about 15 pmthick

oxide film The - filmwas then subj edbattragtseal ing in boiling pure
wat er for 20 mn. The film was deep gray in color. 15
Subsequently, the sheet was heat-treated in a circulating type

hot-air drying oven atAR alapgaun grecadpmipsoncal}ay rdidkor possessing high
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wherein the groducts were subjected to 20 di ng using an epo resin
MD- 7400 manufact uf RF BYCFF t§F Prodqﬁﬁﬂ&)qanﬁéum%aﬂw gAdpYhEadéater is also

175[err]C. As a rpsovidedtwish has iﬁpﬂdvébaéd@@@i@ﬂgb@eﬁeéﬁe@ﬁédra@1§t8¥t
of the 20 tested and th8%% J?HEEe51n and can prevent cracking in a resin
molded portion.
The aluminum alloy radiator, for a plastic molded type
10 semiconductor device, comprising an anodized aluminum-iron
alloy having an iron content of 0.5 to 3.0% by weight'or
an anodized alumiqum—silicon alloy having a silicon content
of 0.5 to 3.5% by weight. The process for producing an
aluminum alloy radiator for a plastic molded type
15 semiconductor device, comprising the steps of: anodizing
an aluminum alloy; and subjecting the anodized aluminum
alloy to sealing, wherein the aluminum alloy radiator after
the sealing is heat-treated at a temperéture of 180 to
250°C.
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(Fig. 1)
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26 VWhat is clained is: 1. An alum.numalloy radiator, for a plastic
nmol ded type sem conductor device, corpri'sing an anodi zed al uni num al | oy.

2. The alum num all oy radi ator according to claim1, wherein the al um num
all oy conprises 0.5 to 3.0% by weight of iron with the bal ance consi sting
of al um num and unavoi dabl e i nmpuriti es. 3. The al um num al | oy radi at or
according to claim1, wherein the alum gus All oy conprises 0.5 to 3.0% by
wei ght of iron and 0.2 to 0.8% by wei ght of nmanganese with the bal ance
consi sting of alum num and unavoi dable inpurities. 4. The al um num
all oy radiator according to claim11, wherein the alum num alloy conprises
0.5to 3.0% by weight of iron and 0.2 to 0.8% by wei ght of nickel wth the
bal ance consi sting of alum num and unavoi dabl e inpurities. 5. The

al umi num al |l oy radi ator according to claim1l, wherein the alum num all oy
conprises 0.5 to 3.5% by weight of silicon with the bal ance consi sting of
al um num and unavoi dable inpurities. 6. A process for producing an

al umi num al l oy radiator for a resin nolded type sem conductor device,
conprising the steps of: anodizing alum numor an alum numalloy; and
subj ecting the anodi zed aluninun1q4 alqpingp1agloy 0 seating, wherein the
alum num al l oy radiator after the gsealjng s hgat-tnheated at a tenperature
of 180 to 250[err]C.2 7—_The d{ ng ' jRrein the
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