.- 1 - SPECI FI CATI ON METHOD FOR MANUFACTURI NG SEM CONDUCTOR DEVI CE Fiel d of
the Invention 5 [0001] The present invention relates to a nethod for

manuf acturi ng a sem conduct or device having a heat- resistant resin film
“formed on a semiconductor el enent and an epoxy resin conpound | ayer

| am nat ed thereon. 10 Specifically, the resent invention relates to a

met hod for manufacturing a sem conductor device with flip-chip connection
structure using a solder bunp or a gold bunp, in which plasma is used to
nodi fy the surface of a heat- resisgEmtrresroNi|l mwhich is used suitably
for a surface 15 protectlve filmor a stress rel axation

| a
seni conduct or el edEnt DHF@%WAQWQ &FM%CQ%DV%Q%V%EV%% adhesi veness

bet ween the heat-resistant resin filmand an epoxy resin conpound | ayer

| am nated thereon, in particul ar, the adhesiveness after exposure to high
20 t enper afiedRRf Hifh HMAREYSA envi ronments, thereby enhancing t he
rellablglt)ﬁdﬁoﬂqhe sem conduct or device. Background Art [0002] 25 Wen
excel l ent electrical property and nechanical property are required as a

surface protectiv&he PRegend swienddmiuddrtdsienta nathed iolyer
nsul ot O B Rl 18 2 SRR REIRIAOS, | GUPLoO AL | ayssagonnection in @

package, heat-resistant"resin filnms such as a e 30 |In1 a pol yam de
film a pomﬁﬂﬁﬂﬂanﬁ(ﬁ?&lnrﬁlkmmermqﬁﬂ@%eﬁﬂ@%@k@¢@d¢¢¢ﬂra¢be@@h§ranﬁy used.

I n recent t t em conduct or
[ dovvn5| Z| rflif‘efé pac{tﬁ“ I{& l {&(La sur U8 R Oon s

devi ces, ace nounting by neans of
sol der1pef Imajrfmﬁpl}t,edtm @memmﬁmn Ielakeadhest vieabkedbEoreen

trrgtee?ieglt ‘rgwﬂrlﬁ*fna{litdﬁ%g}‘ {14 RAVBha P KRE: FRIGI LR £1 5YCOr A5 an underfill

connection structure using a solder bump or a gold bump, in
which plasma is used to modify the surface of a heat-
resistant resin film which is used suitably for a surface

15 protective film or a stress relaxation layer of a
semiconductor element. The present invention is to improve
the adhesiveness between the heat-resistant resin film and
an epoxy resin compound layer laminated thereon, in
particular, the adhesiveness after exposure to high

20 temperature and high humidity environments, thereby

enhancing the reliability of the semiconductor device.

Background Art
[0002] A
25 When excellent electrical property and mechanical
property are required as a surface protective film of a
semiconductor element, an interlayer insulation film or a
stress relaxation layer of multilayer connection in a
package, heat-resistant resin films such as a polyimide
30 film, a polyamide film, a polyamideimide film, and a
polybenzoxazole film are generally used. In recent years,
due to the shift to high integration of semiconductor |
devices, downsizing of packages, and the surface mounting
by means of solder reflow or bump techniques, demands for
35 the adhesiveness between the heat-resistant resin film and

a package material, such as an underfill material, a film



2 material, an adhesive, and a seal ant, have been nore and nore
sophisticated. In particular, the adhesiveness between a heat-resistant
resin filmand an epoxy resin conpound has been required to the sane | evel
as the initial 5 value of the sem conductor device even after exposure to a
heat cycle or high tenperature and high2hwum dity environnents. Since the

I nsuf ficient adhesiveness lowers product |life cycle or yield in production,
a plasma treatnment of the surface filmhas been wi dely conducted 10 using

an oxygen ep%erd 1l UORMHOGANORMRS sedlafd d@sve thdEGlor®ramd i nert
gas such as argon. [0003] Pat ent Reference 1 discloses a t echni que for

enhanci ng M%< &m@&%&%&%&¥Qﬁﬂmé@npérﬁéFVﬂﬁFdetpﬁlﬁ@&ﬁ&%ﬁ?ngﬁ§

ani sot r opi grlthaterP RS- ddildRdt PRI Of i 19X VERD 4 asiBky readfent to the
polyinmde film It is disclosed that the oxygen plasma can renpve organic

cont am nat iCOTPBMG has haeradeBHnatk tRoI5herang jleehis ditnteit kel bond
strength by, f1QfMdi dHNdnBn@inAiAHIS BT @Obvdlita £ 20gekiesd vegess af ter

exposure to a heat cycle or high tenperature and high hunmdity environnments

is not di s@@ée@yc%ﬁmé?lngd%@ﬁeW%rﬁi@ high drwidity f | exi bl e printed
Wi ring subghy inedgh clea'Eh@aE BA£E4 @ & Jdtlels iWedie 1%‘1%% ve
was t 1 ow

conp05|t|on on a pol yi ni de |In1mh|c / plasma-treated a
t enper at ur @rseiuet tlg fentangle on hemld |in iprofwet owed a r@la%m,aa gas type for

I t '
p! asma ref\cg(éﬁgtténeq{t JOUHEME A &5 mﬁe@%ﬁ]@?{&e 7 Scod &fé‘dgas or

car bon gas can be use so that esi ve Ive to the
copper 100i lusimg mmaamcgaa—lo\ﬂev@mom:Mdm¢q/rhm ImFatemired egasce 1,

L ones (IS B SIS I Sudesle el o N o Lemeratire and
Non- Pat ent [R&fGsx]ence 1 di scl oses the
Patent Reference 1 discloses a technique for

enhancing the adhesiveness between a polyimide film and an

15 anisotropically-conductive film by means of oxygen plasma
treatment to the polyimide film. It is disclosed that the
oxygen plasma can remove organic contaminations on the
surface of the polyimide film, and enhance the bond
strength by forming functional groups thereon, but the

20 adhesiveness after exposure to a heat cycle or high
temperature and high humidity environments is not discussed.
Further, Patent Reference 2 discloses a flexible printed
wiring substrate obtained by laminating a copper foil via
an adhesive composition on a polyimide film which was

25 plasma-treated at low temperature so as to integrate them.
It is disclosed that as a gas type for plasma treatment at
low temperature, any of an inert gas, oxygen gas, or carbon
monoxide gas can be used, so that the adhesiveness relative
to the copper foil can be enhanced. However, similarly to

30 Patent Reference 1, the adhesiveness after exposure to a
heat cycle or high temperature and high humidity
environments is not discussed, either.
[0004]

Further, Non-Patent Reference 1 discloses the
35 adhesiveness between a polyimide film plasma-treated with

various gases and a metallic film. Unlike the above-



.35 adhesi veness between a polyimde filmplasnma-treated with various gases
and a netallic film Unlike the above 3 nentioned Patent Reference 2,
effects are exhibited only when a nitrogen gas is used for copper film
-whil e the adhesiveness under high tenperature and high humdity is not
conducted. On the other hand, Non-Patent3 Reference 2 5 discloses influence
of a plasma treatnent using various gases on the adhesiveness between
polyimde films. Unlike Patent References 1 and 2, however, it is disclosed

that oxyggRnRlidHEa tPa@inFe e fA3eH RO | @Hﬂé\&&@r‘% téﬁl@l@bd sdhBpgt h at
the initial value and the adhesiveness ‘after an 10 accel eration test (PCT:

pressure cHOES a Sdtrogededas dif WSethdor G@rat HHilgh ni &8 t5he Fur t her,
whil e the ReidsiStdrRRA hirdfert B8 JHitdrifle @R IshBIHIYH i1G@Md ey MPgoved in

nitrogen plasma treatnent, the bond strength is abruptly |owered after
exposur e t 8O gendngs@dat uPe Bhe ALBART1BaRdm HPPyPéﬁ@nﬁoM@t@nfC@r 2rore than

100 hougs Rand, @@%&é | I exposure
to thegen\?;g:é(;%nlnents ?‘t ongﬁ:)te&r ?%(?Iéglfa t@%&ﬂenﬁﬁi@%ﬁ%ﬁ%d only in

a pl asna t I9aSeReen Géi%@dél&ﬁlk’@!l&f@s bt wesry qerl yd eisteh ot ket + afindddiede. 20
[ 0005] Thugpg e R £ ;}%]‘ﬁ%té GI.”falindarzt S HWevdPr O\ NG tci‘fi:hefcg«?h%gc ss of

heat -resi stant resin ms usi ng | asma  t r'eat ment pl asma
t r eat ment |ogcygle§atgl>asnm ftfr@raetdlel!@p mngiotWRﬁP\fﬁatQQﬁl’altshQ domdl am nat ed

25 thereon and g—%e%rhctl%_ Ysadd ci '&&'ﬁﬁg@s érei‘fte%géﬁ has

not yet given cC ear gui ine tor the sop | st cat for t
adhesi w@negs:qa‘lelma:tlorr gsisst aRCT esmesfsuzms qERen etdas@r urme:r emegm

sem conduck e 688 arld A Hhagddy | S TRLELCA KON Lol

dependi ng on Eh e ga ypes ment , eriora ed | ayer
such as a casngtZedt dye imetikel fuelnsd 1s>rs:tg'xamafrm:]a/oimpztreved in

heat-reSiS%ﬁ%&é&%ﬂ'ﬁf&édgitfé§%ﬂédg¥)the bond strength is abruptly
lowered after exposure to high temperature and high

15 humidity environments for more than 100 hours. The bond
strength both at the initial value and after exposure to
the environments for a long period of time is greatly
improved only in a plasma treatment using a mixed gas of
oxygen + carbon tetrafluoride.

20 [0005]

Thus, in the conventional arts for improving the
adhesiveness of heat-resistant resin films using a plasma
treatment, the effect of plasma treatment is greatly
differed depending both on materials to be laminated

25 thereon and on gas types to be used for the plasma
treatment. This has not yet given clear guideline for the
sophisticated demands for the adhesiveness of heat-
resistant resin films required for the recent semiconductor
devices. In addition, it is empirically known that,

30 depending on the gas types for the plasma treatment, a
deteriorated layer such as a carbonized layer may be formed
on the surface of the heat-resistant resin films, resulting
in the deterioration of the wet property on the surface of
the heat-resistant resin films and lowered operability in

35 production and increased deficiency for products in the

next step. Furthermore, the adhesiveness between the heat-



.in the deterioration of the wet property on the surface of the

heat -resistant resin filns and | owered operability in 35 production and
i ncreased deficiency for products in the next step. Furthernore, the
~adhesi veness between the heat 4 resistant resin filnms and adhesive
materials | aminated thereon after exposure to high tenperature and high
hum dity environnments is not discussed at all. Accordingly, the plasnma
treatnment used in the conventional arts cannot 5 be directly applied to
current serpexnihmitorratein ceslmg tdnd adiuegiwé rmect et £a hdubhdetna Pad ent

Ref erence 1:. Japanese Unexam ned Patent Publication No..2003-73862 Patent
not or ence 2P TE e ARG FR0 St o it TRet 1 e 1A SR 5. 163401

Non- Pat ent HRediedefie cerdvi Rohyetet s PLepriott didepasedoht 381 .Noaccdidingly,
3708-3710 (,1989). Non- Patent Reference, 2: The |ElCE (Ins#itute of
El ect r oni csERe B33t b 7R HiRP o i HA T EeRY Ry aREacERBROt G- 1 1,

15 Vol . 5J74&diredNoly GapiPi éd 9 & Sdut 2O ) s dh SEdABRURED ©Fd driEc &AM h O
Probl ens tq be Solvedyb the Invention [0006] 20 An object of the present

i nvent i on iRIMR SETYREUR MPYRteHove- menti oned probl ems involved with the

conventi onapateit Refrdicyi e Fap@idod tRExamiméAChafERNg PuBEIESONEHCT OF
device having a heat-resistant resin filmfrequently used for flip-chip

connection ¥&i P sb61%% bunp or a gold bunp 25 and an epoxy resin conpound

| 'am nat ed ther&on, rd feMdnhEd 1 hesapdhess VenessmiSed "PAO¥RE Pabliextabhy after
exposure to high teggerature and high humdity environnents for a |ong

period18f t¥ore, 2Q@er ®hhancing the reliability of the sem conductor
device, in RauIpLlRY  rEFIBIAOL {0rpbIpRe: NBrepPiRd HRELAYVBY .t BE, Sikf ace.
Means to Sol ve the Probl ens

11, pp 3708-3710 (1989)

Non-Patent Reference 2: The IEICE (Institute of Electronics,

Information and Communication Engineers) Transaction, C-II,

15 Vol. J74-C-II, No. 6, pp 489-497 (1991)

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention
[0006]

20 An object of the present invention is, in light of
the above-mentioned problems involved with the conventional
arts, to provide a method for manufacturing a semiconductor
device having a heat-resistant resin film frequently used
for flip-chip connection using a solder bump or a gold bump

25 and an epoxy resin compound laminated thereon, in which the
adhesiveness is improved particularly after exposure to
high temperature and high humidity environments for a long
period of time, thereby enhancing the reliability of the
semiconductor device, in particular, a method for treating

30 and modifying the surface.

Means to Solve the Problems
[0007]
As a result of intensive studies to achieve the
35 above-mentioned object, the inventors have found that (1)

the surface modifying techniques of the conventional plasma



.[0007] As a result of intensive studies to achieve the 35 above-nentioned
obj ect, the inventors have found that (1) the surface nodifying techniques
of the conventional plasma - 5 treatnents, which intend to prevent the
-deteriorated noisture absorption by nodifying the surface of a heat-
resistant resin filmto be hydrophobic-as well as to inprove the

adhesi veness by physically roughing the surface, 5 has alimt to the
adhesi veness of a heat-resistant resin filmafter exposure to high

t enper at ur et et hegbs huwhdlchyinesndr oonprésent hahe(dpteaibyangdout, instead,

an additional | as treatment. usin ni trogen_at n}con ain gas in an
Gopar at us (571 FEWCE atbBr PG SR sk BONAEYEBY HHGI GUTTRFFOPELB RSk ot ep of

| ami nat i ng Béis EpEANt r £65inCONPAUBE Banhydrbphebee aschemncablyostable
substituent, into the hea é- resi st ant resgn fil re%grdkess o& a %g%sna
treatment | HPYREe pFieradeepliveRgsenty PaYstRalikePRIPEDIsERE §UTEBSEIt uent
can exemt Owhseal Bigetetbeche0adhbeivaNESYesENE héltotekhetadhegeveness of

t he heat-regsj st %é resin film af teg e&gosure to high tenggrgp and hi gh
humi dity enbBnehes, eXPABrESi hg PHEPWEEMBRBRERFS 6Pt REIBUPFRIGIGY ¢ he
heat resi sté\@hf@ﬁmentsk nthafd (bpveaeeyphgt 6de| henpeesant ani pYAALIESHa120

[ 0008] That is, the gresent i nyention,1s directed to a ,nethod for,

nanufacturlﬂba%méeﬁ¥ 6FHEEF0PSHBQ|EenEEVPﬂ§n atﬁ@aFoPééFgﬂgﬂtgﬁésﬂﬁ £ m

formed on aysgatrseAdUELST mEhEFBRAtUraAg ANseR¥Y¥nhAstBrcasResad bayexr
| am nated thereon, in 25_which a plasna treatnent is carried out on the

surfacdOf tehd fbap-PEsiaMARALIBE| ANf FPAXYNTRALBHCOMBONPEXFaPesi n  conpound
| aver is | aghpabagcushngnanichl 99°a: 8hO8 sGRBEALIERY SARCPRbANERRS al | cast

one of nitrogen, anmmonia, and hydrazine.

resistant resin film regardless of a plasma treatment in
the prior step; and that (3) the chemically stable
substituent can exert quite large effect on the improvement

15 of the adhesiveness of the heat-resistant resin film after
exposure to high temperature and high humidity environments,
improving the wet property of the surface of the heat-
resistant resin film, and have completed the present
invention.

20 [0008]

That is, the present invention is directed to a
method for manufacturing a semiconductor device having a
heat-resistant resin film formed on a semiconductor element
and an epoxy resin compound layer laminated thereon, in

25 which a plasma treatment is carried out on the surface of
the heat-resistant resin film on which the epoxy resin
compound layer is laminated using a nitrogen atom-
containing gas containing at least one of nitrogen, ammonia,
and hydrazine.

30 [0009]

In the present invention, a plasma treatment can be
carried out in a mixed gas including the above-mentioned
nitrogen atom-containing gas and hydrogen gas or an inert
gas, the percentage of the nitrogen atom-containing gas

35 being 20 to 100% by volume. Further, the heat-resistant

resin film formed on the semiconductor device is preferably



.I'n the present invention, a plasma treatnent can be carried out in a m xed
gas including the above-nentioned nitrogen atom containing gas and hydrogen
gas or an inert gas, the percentage of the nitrogen atom containing gas 35
“"being 20 to 100% by volunme. Further, the heat-resistant resin filmforned
on the sem conductor device is preferabl = 6 a filmincluding at |east one
of the conpounds selected from polyimde, polyam de, polyam dei m de,

pol ybenzoxazol e, pol ybenzoi mi dazol e, benzocycl obutene, or a copol yner

t hereof . Mar emiMen ,irdieadniras ret tesed tremie | of prled ecatppgudsaseiedtedt in a

dry-etchi ng _apparatus used for the rocessing of.the sem.conductor, wth
tha i nt or ndi 2 RLh i iaE.” melyAmEas D hy b SRS b TR S atP e Kept

within theshatgmadintidaifisld o pdrmmsypdibshutiessor ea Eopdbhpgmanre, in the
resent inventio t he epoxy resin_compound | ayer .10 | am nated .on the

IEleat - T esi stti'fﬁrer%‘i nﬂﬂrﬁ%vﬁé'pggﬁepgﬁ%aa%re@%ﬁnfti 1S r%eg?‘?]%ﬁ%lyé film

mat eri ab, aamtitedioe of @ dseadtohindfdgsdratus hesedvesti ohe 15 [ 0010]

pocorl 10, Lo S TELICS 0l T ASLALIDS: (16t eoTgbeL o dvigg,aur oo

materi al, sfidhasdap-evsieiig ldppat£iusl betndiprefetaiblpal kepd adbrshve, 20
and a seal ant consistigg of an ggqg resin conpound, is |amnated on a

heat - r esi st TGH 95 Ihustd & UM FRRET LG BYREF TR - £ AR tdredrore,

senm conductiii tHePrdserdt imiait Bye/ théSepdky oreéih R efpsusdr Bsgetel axation
| ayer of nulti]ayer_  connection in a package, fhe_|am pated and gglned
porti ok 25141%‘@%00%0#66 HEFGEFE L LAMe TRFIRaf 1 VA 4R BEEhRTRPA¥ 2Bood

adhesi venesgnduesi Bf (it &XWBUrL £ 01 i Bdt 6 LIPE] 24T £dh8sev8) gbrhgmi dity
environments, to obtain a sem conductor device with high reliability over a
|l ong peri ofeA13%e. Further, since the wet property of the surface of the
heat v

Effect of the Invention
15 [0010]

According to the method for manufacturing the
semiconductor device (surface modification treatment
method) of the present invention, when a package material,
such as an underfill material, a film material, an adhesive,

20 and a sealant consisting of an epoxy resin compound, is
laminated on a heat-resistant resin film used as a surface
protective film of a semiconductor element, an interlayer
insulation film or a stress relaxation layer of multilayer
connection in a package, the laminated and joined portions

25 have good bond strength at the initial value as well as
good adhesiveness even after exposure to high temperature
and high humidity environments, to obtain a semiconductor
device with high reliability over a long period of time.
Further, since the wet property of the surface of the heat-

30 resistant resin film can also be improved, an epoxy resin
compound can be well coated or laminated on a substrate of
the semiconductor device on which the heat-resistant resin

film is formed, thereby to decrease deficiency of products.

35 BRIEF DESCRIPTION OF THE DRAWINGS
[o011]



.30 resistant resin filmcan al so be inproved, an epoxy resin conpound can
be well coated or |am nated on a substrate of the sem conductor device on
whi ch the heat-resistant resin filmis formed, thereby to decrease
“deficiency of products. 35 BRI EF DESCRI PTI ON OF THE DRAW NGS [0011] 7 Fig.
1 is a view showi ng one exanple of the %ttucture of a sem conductor device
in the present invention. 5 BEST MODE FOR CARRYI NG QUT THE | NVENTI ON

[ 0012] A sem conductor device of the present invention is explained with
reference to a dr &adigng1( Bisga iew mhoviicly ame ep@mplreesifn tthederfill materi al

is applied tq a heat ]tO resi st ant rcetscinnciil.m A setrfilé:}pldu tor device 1 is
a wa a

for med ger?é:rré‘ll 1:3}‘11'Oen A &sHa oenc%)ur ee\fl,cesulc STTT n, by a

publ i cl y- knewentetdrod, and on the surface thereof, a heat-resistant resin
film2 such as polyimde is formed in a single layer or in a nultilayer for
t he purpose of 15 surface protection, stress relaxation, or insulation of
mul til ayer connecti oBESThMODBeRORr CARBYANG OUTI MHE INWVENTA®Nan el ectrode for

suppl yi ng ? al or electrical power, on which a solder bunp 3 is forned
for the conrectdlon with a nounted substrate 5. The production steps upto

this 20 point arepsgalicooneRidtoad daiti den dhe st gire sintwaifrerentorchis i s t hen
separated int i eces of dies when nounti and ,they are joined to the
nmount ed sut?§"t9cﬁaﬁp]é1 W%fll'eo%refllﬁ‘?latc% aafc?%fwﬁb%i H'Ljo?n ny’. / Ti'l%r‘gléﬁlér?nan
underfill opaef imdsih itndddfed tMatePiVel s edppbidd tiyo ancheiop 25

resi stance of the sem conductor device, and then cure treatnent is_carried
out tolPirmMSSL%HaNG (rSFih Wm%?ﬂlCQE%@We.dW%I%% ete

nodi fi cati qedd@al NEMn Usi Adostirdt d roged wd P& Cohlcth Nh$Jda 0881 DEoh hebpr esent
'nvention 1S, SRS ST S5 LD He SlatL ot Blgl atter the

heat-resistant resin film 2 such as polyimide is formed in
a single layer or in a multilayer for the purpose of

15 surface protection, stress relaxation, or insulation of
multilayer connection. This heat-resistant resin film 2
has an electrode for supplying a signal or electrical power,
on which a solder bump 3 is formed for the connection with
a mounted substrate 5. The production steps upto this

20 point are usually carried out in the state of wafer, which
is then separated into pieces of dies when mounting, and
they are joined to the mounted substrate 5 by reflow
furnace after positioning. Thereafter, an underfill
material 4 is filled to improve reliability and drop

25 resistance of the semiconductor device, and then cure
treatment is carried out to firmly join it with the mounted
substrate. The plasma surface modification treatment using
a nitrogen atom-containing gas of the present invention is,
for example, carried out in the state of wafer after the

30 formation of the bump in the above-mentioned production
step.
[0013]

The heat-resistant resin used in the present

invention is, for example, a polyimide compound having a

35 repeating unit represented by the general formula (1):



.30 formation of the bunp in the above-nentioned production step. [0013] The
heat -resi stant resin used in the present invention is, for exanple, a
pol yi m de conpound having a 35 repeating unit represented by the general
"formula (1): 8 00 0 0O n wherein RL and R2 represent an aronmatic cyclic
group, an aliphatic cyclic group or a cdhained group containing the sang,
and 5 exanples of which include polyimde, polyam de, polyam dei m de,

pol ybenzoxazol e, pol ybenzoi mi dazol e, benzocycl obutene, and a copol yner
thereof. Further, a precursor pf at |east one pplyner selected from

pol yam de, polyim de, polyam dei m de, pgl ybgnzoxazole, 10

pol ybenzoi m dazol e, and benzoc bkobutengcgancagso be used. 1In this case,
phot osensitively pretreated po|yi N-dg—8r mﬁ]y engoxazol e can al so be used.
Exanpl es of commercially avai égle heathf eNstant resin conmpounds incl ude
HD 4000 series, HD 8800 series and Pl Q geri s, dlgd of which are 15

manuf actured by Hitachi Chem cal DuPont M croSystens, Ltd. [0015] Wen the
heat -resi stant _r.esin of the present invention is a photosensitive resin,
the resin gﬁ?’ ition is spin-coated on a silicon substrate, for exanple,
by 20 rotatR,0888 Roatépgesént ansatryeatitcscevapeor gkedponaa Adtiphpktake to
obtain a prebaked film For redet.erm ned attern.is

Dl k
orinted. on SHEISHEATR O HHIE ST @A CP e ORI B oS tBE usa Wit b an

ul tra hsgh expngslssy efecidty imsluds polyphhdsousskyanidey der to open a 25
pol ar zone, and thereaffer dle or spra queIo nent .is . carried out

a pud y
usi ng a deRS OIS PALYITZ2%A 1% PO YRR BRI FREChAt t er ned
substrat e iserdwiiyd Icitechd N &d @/ edopolymer thereof. Further, a

precursor of at least one polymer selected from polyamide,
polyimide, polyamideimide, polybenzoxazole,

10 polybenzoimidazole, and benzocyclobutene can also be used.
In this case, photosensitively pretreated polyimide or
polybenzoxazole can also be used. Examples of commercially
available heat-resistant resin compounds include HD 4000
series, HD 8800 series and PIQ series, all of which are

15 manufactured by Hitachi Chemical DuPont MicroSystems, Ltd.
[0015]

When the heat-resistant resin of the present
invention is a photosensitive resin, the resin composition
is spin-coated on a silicon substrate, for example, by

20 rotational coating, and a solvent is evaporated on a hot
plate to obtain a prebaked film. For example, a
predetermined mask pattern is printed on the obtained
prebake film with an exposure apparatus with an ultra high
pressure mercury lamp as a light source, in order to open a

25 polar zone, and thereafter a puddle or spray development is
carried out using a developer to obtain a relief pattern.
The obtained patterned substrate is heat-treated in an oven
or cure furnace under a nitrogen atmosphere, so that a
cyclization reaction is carried out to obtain a heat-

30 resistant rein film. Then, a metallic film to be UBM
(under bump metal) or a rewiring layer is formed on the

obtained heat-resistant resin film by means of sputtering



.or cure furnace under a nitrogen atnosphere, so that a cyclization reaction
Is carried out to obtain a heat 30 resistant rein film Then, a netallic
filmto be UBM (under bunp netal) or a rewiring layer is forned on the
"obtai ned heat-resistant resin filmby neans of sputtering 9 nethod or
plating nmethod. In the case of a multid &er semnm conductor device, a
remring layer is forned, and subsequently the above-nentioned
heat-resistant resin film is repeatedly coated to forma polar zone. A bunp
is thus 5 fetied or thetdmg acthafd.t h@nhehk- rasesbdnt maditd lfaiylen  usi ng

sol der or | d, | reat nent. descr.i later is.carried out, then
t he bunp i%%r?g&r??le%gm%r&a%%gﬁbcts ’r%[e@eo“}f%%lgp-lc |e§: rr%%h%odr.m of aan&sol der bunp,
it is comsmbseguemtigctthe abovehenemirdred] shdest 11l steamk e sibseglent |y

fill an underfill terial into.th ap,_to be cured. For _stud or

N A burtp SR ARG SRRt U5 TP oot A s A SmEhs PR e
out, andl susegdeni the tsurs ddee ra adrgp riessed-agi dtentmoted fdl Blbstrate via
an adhesive . filmar, a paste.. 15 [0016] _Jn th resent _invention, when a
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| am nated on.the heat-resi.stant, resin fil a conpqund 20 havi,ng .two or nore
oxirane fri &?%tﬁagﬁb&ﬁbl ¥§%¥B1Qﬁﬁh8ﬁ” FE?Fnacﬁﬁﬁ dP% ge dSed wit hout
parti cul ar domicratico eonrecmlte oft leoneirtiead | ulsaatd od) eapoxy resin
conmpounds include U-8400 series nuf act ured b mcs corporation . and
o 5800 BB SRR dor An By et TRt LSS G5 gem:  T00HS] The
package malRiredl. NMEyrbetud dul@r srolNia Al Guingh, 0k f t@ rpasiee f drimadtEyalso be

used in a formof a saqlid such as filmor a powder, ich can be
| ani nat ed l?ybﬁmﬂ'i a >polasma treaatmenat is carrlecP out, and subsequently

it is thermocompressed on the mounted substrate via an
adhesive film or a paste.
15 [0016]

In the present invention, when a package material,
such as an underfill material, a film material, an adhesive,
and a sealant consisting of an epoxy resin compound, is
laminated on the heat-resistant resin film, a compound

20 having two or more oxirane rings in one molecule (an epoxy
resin compound) can be used without particular limitation.
Examples of commercially available epoxy resin compounds
include U-8400 series manufactured by Namics corporation
and CEL-C-3700 series manufactured by Hitachi Chemical, Co.

25 Ltd.

[0017]

The package material may be in a form of a liquid or
a paste. It may also be used in a form of a solid such as
a film or a powder, which can be laminated by publicly-

30 known methods such as coating, patching and sealing.

[o018]

The epoxy resin compound is firmly joined to the
heat-resistant resin film (i) by filling it into the gap
between the mounted substrate and the flip chip and

35 subsequently subjected to heat curing treatment for an

underfill material, or (ii) by pressure-bonding to the



.30 known net hods such as coating, patching and sealing. [0018] The epoxy
resin conmpound is firmy joined to the heat-resistant resin film(i) by
filling it into the gap between the nounted substrate and the flip chip and

"35 subsequently subjected to heat curing treatnment for an underfil
material, or (ii) by pressure-bonding-té0the 10 heat-resistant resin film
and subsequently subjected to heat curing treatnent for a filmmaterial. In
particular, in the case of the underfill material, if the wet property of
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property of the surface of the heat-resistant resin film
and the adhesiveness between the heat-resistant resin film

15 and the epoxy resin compound are very important propeties.
[0019]

As an apparatus to be used for a plasma treatment, a
common plasma device provided with gas supply and gas
discharge portions used for the reaction can be used. A

20 dry-etching apparatus used for the processing of a
semiconductor is preferably used. The use of the dry-
etching apparatus for the semiconductor processing makes
possible consistent treatment with the substrate as it is
in the semiconductor device production line without

25 separating the semiconductor device into each piece. A
substrate on which the heat-resistant resin film is formed
is placed at the inside of a plasma treatment reaction
chamber, an electric field is applied from the inside or
the outside of the reaction chamber, and a supplied gas is

30 activated at low temperature, to carry out surface
treatment.

[0020]

The gas used for the plasma treatment includes at
least one nitrogen atom-containing gas type selected from

35 the group consisting of nitrogen, ammonia, and hydrazine,

and nitrogen or ammonia is more preferable. In addition,



.chanber, an electric field is applied fromthe inside or the outside of the
reacti on chanber, and a supplied gas is 30 activated at | ow tenperature, to
carry out surface treatnent. [0020] The gas used for the plasma treatnent
“includes at |east one nitrogen atom containing gas type selected from 35
the group consisting of nitrogen, amdnfa, ~and hydrazi ne, and nitrogen or
anmonia is more preferable. In addition, - 11 the nitrogen atom containing
gas type can conprise an inert gas such as helium or argon, or hydrogen,

but the p@hﬁmﬂkﬂﬁ@gﬁnt&ﬁ@Wﬂqanﬁﬂn¥R§Hﬁﬁﬁnﬁ¥P¢u¢@Pg%%mpyp%elﬁnth@ergas

used in a gais%éﬂ%%rfﬁﬂnﬂrf dN & RSNy | VSRS, 115uP Pheferably 20 to

100's by volune. Further, the nitrogen atontcon alnlng gas type preferably
does not cERmentBgy@f tde Midoredfirajcah terntaining edas obYRe ningthehe

percentage o Qf QI o &é‘?ﬁa‘)@fg DO, £ Stﬁgt%fé’s&?t SO oht 16851 [0021]
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oxi r ane 25 rrngs theep poOXy resim’co I S cons
heat-resistant resin film (Non Patent Reference 1). The

functional group, in the case of laminating heat-resistant
15 resin films on top of the other, cannot accomplish the
improvement of adhesiveness after exposure to high
temperature and high humidity environments (Non-Patent
Reference 1). However, in the case of laminating an epoxy
resin compound on the heat-resistant resin film, they
20 remarkably improve the adhesiveness after exposure thereto.
It is considered that this is because the functional group
such as amide(-NH-) or amine (-NH;) formed on the surface of
the heat-resistant resin film by the plasma treatment forms
firm chemical bond with the repeating structure of oxirane
25 rings of the epoxy resin compound. It is considered that
this is the reason why, in the case of laminating the epoxy
resin compound on the heat-resistant resin film, the
improved adhesiveness after exposure to high temperature
and high humidity environments, which can not be obtained
30 Dby hydrogen bond, can be secured in addition to excellent
bond strength at the initial wvalue.
[0022]
In the plasma treatment, subsequent to introduction
of the above-mentioned nitrogen atom-containing gas, or a
35 mixed gas of the nitrogen atom-containing gas and an inert

gas or a hydrogen gas, high frequency plasma treatment is



.this is the reason why, in the case of |am nating the epoxy resin conpound
on the heat-resistant resin film the inproved adhesiveness after exposure
to high tenperature and high humdity environnents, which can not be
"obt ai ned 30 by hydrogen bond, can be secured in addition to excellent bond
strength at the initial value. [0022] -I A2t he plasma treatnent, subsequent to
i ntroduction of the above-nentioned nitrogen atomcontaining gas, or a 35
m xed gas of the nitrogen atom containing gas and an inert gas or a hydrogen
gas, high fapgduentwigilasile (precsismerd mairdt2aiegpplceusvant tbegpnesatee

mai nt ai ned _const.ani. t enerat P i . for set__per.i of tine.
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sheet - f ed tggeespp@dhanhushel presseate ng dhe Eystem iy deptabbit LD e 5
m nutes. Far__ ot her .conditions such as elictrica power
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auto-bias voltage is s to.- 200 V.or S nd .t he substrate tenperature
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other conditions such as electrical power applied, bias
voltage, and substrate temperature, publicly-known methods

15 can be used, but in order to maintain good surface,
preferably substrate bias or auto-bias voltage is set to -
200 V or less, and the substrate temperature is set to
200°C or less.

[0023]

20 Further, the present invention is directed to
forming on the surface of the heat-resistant resin film
functional group which contributes the improvement of
adhesiveness, by carrying out a plasma treatment usihg a
nitrogen atom-containing gas. At this time, for the

25 purpose of removing contaminations and deteriorated layers
on the heat-resistant resin film and the improvement of
surface roughness, a plasma treatment is first carried out
using, for example, oxygen or a mixed gas of oxygen/carbon
tetrafluoride, and then, for the purpose of introducing

30 functional group effective for the improvement of
adhesiveness, a plasma treatment can be carried out
continuously or discontinuously using the nitrogen atom-
containing gas of the present invention. It is very
important at this time is that the final plasma treatment

35 should be carried out using the nitrogen atom-containing

gas.



.nitrogen atomcontaining gas. At this time, for the 25 purpose of renoving
contam nations and deteriorated |ayers on the heat-resistant resin filmand
the i mprovenent of surface roughness, a plasna treatnent is first carried
"out using, for exanple, oxygen or a m xed gas of oxygen/carbon
tetrafluoride, and then, for the purpos®3of introducing 30 functional group
effective for the i nprovenent of adhesiveness, a plasma treatnent can be
carried out continuously or discontinuously using the nitrogen atom

contai ning ¢a824] the present invention. It is very inportant at this tine

is that the final pEéﬁ%ohhﬁ@EB‘%n%}éﬁsggZFh 508 &3 rti(cj)e%qu‘fta sing the
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it is, preferably, the nitrogen atom-containing plasma
treatment can be repeated again in advance, or a heat
15 treatment to discharge adsorbed moisture can also be
carried out. However, if the plasma treatment is carried
out without using the nitrogen atom-containing gas, the
functional group formed on the surface of the heat-
resistant resin film in accordance with the present
20 invention is disappeared.
[0025]
The package material may be used in a form of a
liquid or a paste. It may be also used in a form of a
solid such as a film or a powder, which can be laminate-
25 treated by publicly-known methods such as coating, patching
and sealing.
[0026]
In the method for manufacturing a semiconductor
device of the present invention, general production methods
30 for semiconductor devices can be used for steps other than
the step of laminate-treating the package material on the

surface subjected to plasma surface modification treatment.

Examples
35 [0027]

Hereinbelow, the present invention will be described



. The package material may be used in a formof a liquid or a paste. It may
be also used in a formof a solid such as a filmor a powder, which can be
| am nate 25 treated by publicly-known nethods such as coating, patching and

"sealing. [0026] In the nmethod for manufacturing a sem conductor device of
the present invention, general producti d4 nmethods 30 for sem conductor
devi ces can be used for steps other than the step of |am nate-treating the
package material on the surface subjected to plasma surface nodification
t r eat ment . wikthamelfes edlvd @2 Exahgrlesnbalmivexdgianateisad imveandhon will be

described 14 _ w.th reference tq,Exanpl es, and expl anatiaons.in such, anpl es
illustrate gp&ggséﬁthsﬁ\?gﬁtei %ﬁ{e dn%)esc%ithc}tmﬁri‘ﬁho Ol 4 I‘}%u c%%en%? fﬂg%r esent
i nvention. the tshepe iof tthe pfreldeow ngivetaires, Fartéeanplie whd be shown, in
which 5 after .cur.e treatnent of _a polyim de precursor resin, . surface

nodi fi cat i 5r?ltl|9é"&ﬂger?txai“$€asr'r &Y egiﬁ r?é]agﬁsei%% S}Ovﬁf'gh”? rEthcy plasma
treat nent iaftidre quresaneatofersr ofi ta quely iaticle qeré@irgag Pasinand t hen an
epoxy resin derfill., aterial s |lamnated thereon. 10 .[0028 (Exanple 1)
Aout 3 g GRAE ARG Hre TR R TSR P FRTARS HBb0%

manuf act ur ed gby frlidcardiicyClrdiseal  txddamentM iar adystmssernidal. 9f vas added
dropwi se to .5-inch silicon 15 .substrate, %gﬂ Wﬁgls I n-coated for 30 seconds
at 3800 r pMLtEREESAYEGIF % B witth & p%fﬁl?ﬁ’}@é Drethrsor resin
varni sh wasirelzatfed was deasitad iand dedkect ah diadmai es  nai nt ai ned
respectively at 80C and 90C for 100 seconds to evaporate a solvent, so that

t
a poly?ﬂide[ﬁpééﬁrsor coating 20 having a filmthickness of 10 mwas forned.
The substr atBxample 1)

About 3 g of self-priming polyimide precursor resin
varnish (HD 4000, manufactured by Hitachi Chemical DuPont
MicroSystems, Ltd.) was added dropwise to 5-inch silicon

15 substrate, and was spin-coated for 30 seconds at 3800 rpm.
The silicon substrate on which the polyimide precursor
resin varnish was coated was heated and baked on hotplates
maintained respectively at 80°C and 90°C for 100 seconds to
evaporate a solvent, so that a polyimide precursor coating

20 having a film thickness of 10 um was formed. The substrate

was heated in a furnace under a nitrogen gas at 375°C for
60 minutes to perform dehydration condensation reaction, so
that a polyimide resin film-attached substrate having a
film thickness of about 5 um was obtained. In the surface

25 modification treatment, the obtained polyimide resin film-
attached substrate was first degassed to remove residues in
the actual steps, using a plasma etching apparatus (CSE-
1110) manufactured by Nippon Shinku Co., Ltd.), and
subsequently plasma-treated for 2 minutes at internal

30 pressure of 10 Pa and high frequency power of 100 W while
flowing a mixed gas of oxygen/tetrafluoromethane at the
ratio of 85%/15% by volume at a flow rate of 25 cc/min.
After plasma treatment, the mixed gas was discharged to be
returned to the atmospheric pressure. Then, degassing was

35 carried out using the same apparatus, and subsequently a

plasma treatment was carried out for 2 minutes at internal



-was heated in a furnace under a nitrogen gas at 375C for 60 mnutes to
perform dehydrati on condensation reaction, so that a polyimde resin
filmattached substrate having a filmthickness of about 5 gm was obtai ned.
“I'n the surface 25 nodification treatnent, the obtained polyimde resin film
attached substrate was first degassed-té>renove residues in the actual
steps, using a plasma etching apparatus (CSE- 1110) manufactured by Ni ppon
Shinku Co., Ltd.), and subsequently plasma-treated for 2 m nutes at
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vol une at arE ]’ﬁqgw Zﬂg{lotg%qggaﬁﬁt nafg %Alﬁ rp asrrﬂga%r%g?l n%%?,ﬁf)h\gé%g‘ﬁ%/d gas
was di scharfedhittordgen ragt @ rfdlbw aratiee eff ks phefmin pr s puinesaIfitgn,ofegassi ng
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plurality yimde resin filnratt ate were provided, 5
and a hal f sofbjdmradverce trse g famma Herestasentenent of the wet  property of the
surface Oftiya%yﬂyinide filmafter subjected to the plasma treatnent.

[ 0029] For € eval uation of the wet property, a contact 10 angle was
determ ned usi ng GarDthenteaatl uartglom reft erhe vertufracipaedy bya Kyavsadmt er f ace

Sci ence . Co. td.. by. .addi.n ur.e. wat r 1se to the polyimde resin
film ipt ac%neqlal%d%asﬁr %teelﬂréjirg%&auséﬁlr\%gn(g%gl%g%ﬁa etf ?%gir]r%as%{; Y the bond
strengt h r elaatufieectturead nderdwd | Imegeface ,Seienas AS. cubtdnf obg- cm square
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manuf act ur exk tacidadn b storgior atsiong avesyfihdged, Iro queleorin measure

the bond strength relative to an underfill material, it was

15 cut into 1l-cm square by a dicer with a diamond cutter, and
the same 1-cm square mold was placed on the substrate, into
which a thermoset epoxy underfill material (8439-1,
manufactured by Namics corporation) was filled, to perform
prebaking on a hotplate at 80°C, with subsequent cure

20 treatment being carried out in an oven at 150°C for 60
minutes, followed by removing the mold to obtain a sample
piece. A plurality of the sample pieces were provided, and
a half of them were loaded into a heating/humidifying
tester at 131°C and 85 RH% for 168 hours, to perform

25 comparative evaluation of the bond strength and the failure
mode with untreated samples using a bond strength tester.
Series 4000 bond strength tester manufactured by Dage, Ltd.
was used for the measurement of the bond strength (shear
fracture strength) at room temperature. The failure mode

30 was observed by visual inspection using a magnifying glass.
The results are shown in Table 1. |
[0030]
(Example 2)

The polyimide resin film-attached substrate finished
35 with a plasma treatment produced in the same manner as

Example 1 was left to stand in the atmosphere at room



-prebaki ng on a hotplate at 80C, with subsequent cure 20 treatnent being
carried out in an oven at 150C for 60 mnutes, followed by renoving the
nold to obtain a sanple piece. A plurality of the sanple pieces were
"provided, and a half of themwere |oaded into a heating/hunidifying tester
at 131C and 85 RH% for 168 hours, to peRform 25 comparative eval uation of
the bond strength and the failure node with untreated sanples using a bond
strength tester. Series 4000 bond strength tester manufactured by Dage,
Ltd. was usmpdmature fosasurmondtths of Semp lieopd estasewgde (psd*mdarced rigcture

strengt h) eNRE! [ nq@gslg] r I sual
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[ 0030] (Bearﬂ)lteo Dbsphrevedihg nfatel yesimode | mTiet agvad tsuleste fhovn mrshed 35
with a pla ejflt ment produced in the sanme nmanner as Exanple 1 was |eft
to stand in a rmsphere at room 16 tenperature for 6 nonths. Sanple
pi eces Wwere Mﬂﬁﬂdced in the same manner as Exanple 1 to neasure the bond
strength a _Q%’ %Brve the failure node. The results are shown in Table
1. 5 [0031] anple 3) A plasma treatnent was carried out in the sanme
nmanner as Exanpl e Al plesreptt femtmegimgras gasrated et piox ciene aggmedf  100% by
vol ume  of J é‘%”é’s%’:?a%ﬁ“i&hl e&%q? e, 9854 %@p%fggee pand 3 to 10% by
vol une of hy rogen a %rogen gas? Sampl e pi écés were produced
to measur epetEeiitagk 3 e h ydvebune ablicd efoimifai gas ewhibde iana t he wet
proper S r | I 3 ( | Exanpl e
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in place of a nitrogen gas. Sample pieces were produced to

measure the bond strength and to evaluate the failure mode
and the wet property. The results are shown in Table 1.
[0032]
15 (Comparative Example 1)

A plasma treatment was not carried out either for
treating residues or in a nitrogen atom-containing gas on
the polyimide resin film-attached substrate having a film
thickness of about 5 um produced in the same manner as

20 Example 1. Sample pieces were produced in the same manner
as Example 1 to measure the bond strength and to evaluate
the failure mode and the wet property. The results are
shown in Table 1.

[0033]

25 (Comparative Example 2)

A plasma treatment was carried out for treating
residues but not carried out the subsequent treatment with
a nitrogen atom-containing gas on the polyimide resin film-
attached substrate having a film thickness of about 5 um

30 produced in the same manner as Example 1. Sample pieces
were produced in the same manner as Example 1 to measure
the bond strength and to evaluate the failure mode and the
wet property. The results are shown in Table 1.

[0034]
35 (Comparative Example 3)

A plasma treatment was carried out in the same



-treating residues or in a nitrogen atomcontaining gas on the polyimde
resin filmattached substrate having a film thickness of about 5 sm
produced in the sane manner as 20 Exanple 1. Sanple pieces were produced in
“the sane manner as Exanple 1 to neasure the bond strength and to eval uate
the failure node and the wet property- FHAe-results are shown in Table 1.
[0033] 25 (Conparative Exanple 2) A plasnma treatnment was carried out for
treating residues but not carried out the subsequent treatnment with a
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the failure mode and the wet property. The results are
shown in Table 1.
[0035]
(Comparative Example 4)
15 A plasma treatment was carried out in the same
manner as Example 1, except for using 100% by volume of a
tetrafluoromethane gas in place of a nitrogen gas after
plasma treatment for removing residues on the polyimide
resin film-attached substrate having a film thickness of
20 about 5 um. Sample pieces were produced to measure the
bond strength and to evaluate the failure mode and the wet
property. The results are shown in Table 1.
[0036]
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As shown in Table 1, when a plasma treatment was
carried out in a nitrogen gas (Example 1), even after
humidifying/heating acceleration test at 131°C and 85 RH%,
the decrease in the bond strength was small, and the
failure mode was a cohesive failure of the laminated epoxy
underfill materials. Further, also in the case of using a
forming gas with a mixed gas of nitrogen and hydrogen
(Example 3), the failure mode after the humidifying/heating
acceleration test was a cohesive failure of epoxy underfill
materials. With regard to the wet property of the surface
of the polyimide film, plasma treated example with a
nitrogen gas (Example 1) shows a wet property equal to or
more than plasma-treated example with oxygen (comparative
Example 3), which is frequently used generally for a
hydrophilic treatment. In particular, when the epoxy resin
compound is laminated in a form of a liquid or a paste, a
processing time can be shortened, and it can also be
expected that the occurrence of voids is controlled so as
to remarkably enhance the yield and reliability, together
with the enhancement of adhesiveness. Further, also in the
case where a plasma treatment was carried out in a nitrogen
gas followed by being left to stand for 6 months (Example
2), the decrease in the bond strength at the initial wvalue
was small, so that the plasma treatment of the present
invention is understood to maintain its effect for a long
period of time.

[0038]

On the other hand, when a plasma treatment was not
carried out at all (Comparative Example 1), when only a
plasma treatment with a mixed gas of carbon tetrafluoride
and oxygen for the purpose of removing residues was carried
out (Comparative Example 2), or when a plasma treatment was
carried out with oxygen or carbon tetrafluoride even after
the removal of residues (Comparative Examples 3 and 4), the

bond strength at the initial value was maintained at a high

uw



.carried out in a nitrogen gas (Exanple 1), even after hum difying/heating
acceleration test at 131C and 85 RH% 5 the decrease in the bond strength
was small, and the failure node was a cohesive failure of the | am nated
"epoxy underfill materials. Further, also in the case of using a formng
gas with a mixed gas of nitrogen and hydPogen (Exanple 3), the failure node
after the hum difying/heating 10 accel eration test was a cohesive failure of
epoxy underfill wmaterials. Wth regard to the wet property of the surface

of the pol yieviede hidwavesl.adie thaaut et menghil evag treearkillygeeweeed (Exanpl e
1) shows aa\ﬁterprt@)%emm%}iﬁgﬁatifﬂq]%ééaréxpi@%@-ééé%@r eGfafE e with
oxygen (conparative 15 Exanple"3), which is frequently used generally for a
hydr ophi | i ¢egegsiimentthe fqidune made, iernintrrfopexyfakbire E®nmpound i s

| am nated i | QU : - [ j an be
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the removalb ool il Wity P A A LB Rl °f B Fength
at the initThais vathen waplesma di reakegnta vagmAO carried out with a
nitrogen atom-containing gas even after residues removal
15 treatment, the adhesiveness and the wet property after the
humidifying/heating acceleration test could not be

compatible.



| evel , however, the bond strength was remarkably |l owered after the
hum di fyi ng/ heating acceleration test. Further, regarding the
failure node, an interface failure is occurred between the polyimde
filmand the underfill 5 material, which verifies | owered bond
strength. The oxygen plasma treatnent (Conparative Exanple 3)
denonstrated al nost equal wet property oi0-that of Exanple 1, but the
bond strength after the hum di fying/ heating acceleration test was

| owered greatly. Further, it was observed in the 10 plasma treat nent
with tetrafl uoronethane (Conparative dpgampl e 4) that the contact
angle was |l arge, and the wet property was extrenely bad conpared
with Exanples 1 and 3. Thus, when a plasnma treatnent was not carried
out with a nitrogen atom contai ning gas even after residues renoval

15 treatnment ;;{he adheshwaness ghdatbendel duoR&duAer the
hunldlfylng/heatlng accel eration test could not be conpatible. - 21

- CLAINBES[Iﬁeﬁaqeth@dlﬂgraph@@btr&ﬁpStanannﬁ@n@uéﬂdm Sogaefcenhavi ng
a heat -resi st ant aln fil sen conduct or elen%naaand an

epoxy resin ESWbSBﬂ uFB@Ergl?%%?Eé?EgEFhé%@@W TEOTPY ICSTRG Ear YT ng

out a high frgauaReya 9hé§@@ntr@6ﬁﬁﬁﬁﬁ @ siic ewef at Regh frequency
heat -resi stant resin 10 fil mon which the epoxy resin conpound | ayer

is Ianlnatedplasmagtaeﬂtmﬁoge@naﬁommtiﬂﬂauqﬁ ﬁ@mg@§a¢0ﬁﬁ@ﬂﬁ¢ﬁgtaF981n
| east one of |tro e
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bias or autogphiag ¥ohtageqeh a28R-dbfalesty apt cEntalirdnkOWt least
substrate tenperature of gOOC or less, and introducing functional

group of am deeopfanihzopent hammewid acndfhydin Hgw - s Sigm fregpaucy
film 20 [2] ep%? Qg%ﬁ%ghthOdUCIHQEfg euzOQQﬁftggl%%%ﬁ%% a gas at

accordlng tO erern e prasnma trea
substrate bias or auto-bias voltage of -200 V or less and

- at a low substrate temperature of 200°C or less, and

introducing functional group of amide or amine to the

surface of the heat-resistant resin film.

20 [2] The method for producing a semiconductor device
according to Claim 1, wherein the plasma treatment is
carried out in a mixed gas including the nitrogen atom-
containing gas containing at least one of nitrogen, ammonia
and hydrazine, and hydrogen or an inert gas.

25
(3] The method for producing a semiconductor device
according to Claim 1 or 2, wherein the plasma treatment is
carried out in a gas of 20 to 100% by volume of the
nitrogen atom-containing gas containing at least one of

30 nitrogen, ammonia and hydrazine.

[4] The method for producing a semiconductor device

according to any one of Claims 1 to 3, wherein the heat-

resistant resin film formed on the semiconductor element is
35 a film including at least one of the compounds selected

from polyimide, polyamide, polyamideimide, polybenzoxazole,



carried out in a mxed gas including the nitrogen atom containing
gas containing at |east one of nitrogen, ammonia and hydrazine, and
hydrogen or an inert gas. 25 [31 The nethod for producing a

sem conductor device according to Claim1l or 2, wherein the plasm
treatnment is carried out in a gas of 20 to 1009; by volunme of the
nitrogen atom contai ni ng gas contai ning at Least one of 30 nitrogen,
ammoni a and hydrazine. [4] The nmethod for producing a sem conduct or
device according to any one of Clains 1 to 3, wherein the heat-

resi stant resedybehavinidetblon tHezeeyictohduere®r et eneripdlym@r a film
including at {heastrone of the conpounds sel ected from polyim de,

pol yam de, polyanlgelnide, pol ybenzoxazol e, - 22 -

pol ybenzoi mi dazol e, benzocycl obutene, or a copol yner thereof. [5]

The nethod fqm5yprodpied %@ﬁf@&%@%&heing%ﬂ%&mtwaewcé“y _
one of Clains 1 to 4, mhaelntheg)amm.tremnem is carried out in

a dry- et chi nGCEPPELRY UEC (ABA %ok [fd 3pPEcesER ndy: orheFRin the plasma

sem conduct orreh@hedbei seddoi dDrouy asuel Bﬂyaetfé@lm&j)%ﬁﬁtﬁews@@ 10
according to Cla%g%S wherejn an_internal pressure of th

dry- et chi ng dppaFatuBTPSSREY itk HitF CRELFGRERCEPT 0. 5 Pa to

at onospheric pressure. [7] The nethod for prodUC|ng a sem conduct or

devi 15 d 6., t.h
rgg:ﬁeconpoﬁﬁ {a;ggh%an1né¥93? n 5 alns? ?e%?@ﬁ %ﬂé%€§§} degﬁg oxy

an under Pl | aggpzdiaf, ta ¢l¢xmrﬁm(ﬁhaﬂe;naanadMEGINE& pIHSSMrEeaﬁamhe
dry-etching apparatus is kept within the range of 0.5 Pa to
atomospheric pressure.

7 The method for producing a semiconductor device

15 according to any one of Claims 1 to 6, wherein the epoxy
resin compound layer laminated on the heat-resistant resin
film is an underfill material, a film material, an adhesive,
or a sealant.





