1 SPECL FI CATI ON | NSULATI NG ADHESI VE FOR ELECTRONI C PARTS, AND LEAD FRAME
AND SEM CONDUCTOR DEVI CE USI NG THE SAME 5 TECHNI CAL FI ELD The present
invention relates to an insulating adhesive for electronic parts, which is
useful for bonding | ead frames to sem conductor chips (chips) in the
production of 10 sem conductor devices, particularly LOC (Lead On Chip) or
COL (Chip On Lead) sem conductor devices, and also to a lead frane and a
sem conduct or devi ce using the same. SERGKIEIGHPIONRT 15 To neet the
scaling up of sem conductor chips, LOC (Lead On Chip) and COL (Chip On

Lead) structures have recently been enpl oved for aqi ' t
devi ces. | n INSELATING M@Smlﬁ% iWQﬁ@Wq iq‘%ang;aw qﬁ@]&m Ao
adhesi ve | ay e/EMICONDUESIOR DEVICE WWSTNG e Spmds to chips. To 20 produce
such sem conductor devices, first an insulation resin film bearing

I nsul-ati ng adhesive | ayers is produced and punched with netal nolds to
stick it to SEHGRANJAIarRIEL®R sem conduct®or—chi p i s tthen nbunted on the | ead

frame with heat amg PreSSldf iﬂqgélﬁ]iiogls goﬁ @A B4t df s ive

are connected by bondi'ng wres, res, and sealed Wth resins.

Such sem condigdt Grleghnards RALIS + Mhich dsusefdledior Aanding iepd frames
i nsul ating adikedeni donidtor! (difipd r@Rig filmdhd greghoyiduihi ng and the

poor yield factor of_the 30, insulation.resin. fil Cg to the trenely,
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sol der refl owdhip ronMead) tdeamomndudisinr aleadicise, tamd ladlso to a lead
frame and a semiconductor device using the same.

BACKGROUND ART

15 To meet the scaling up of semiconductor chips, LOC (Lead
On Chip) and COL (Chip On Lead) structures have recently been
employed for packaging semiconductor devices. 1In LOC
structures, insulation resin f£film bearing insulating adhesive
layers has been used to bond inner leads to chips. To

20 produce such semiconductor devices, first an insulation resin
film bearing insulating adhesive layers is produced and
punched with metal molds to stick it to a lead frame. A
semiconductor chip is then mounted on the lead frame with
heat and pressure. The chip and the lead frame, in general,

25 are connected by bonding wires, such as gold wires, and
sealed with resins.

Such semiconductor devices using the insulation resin
film bearing insulating adhesive layers suffer from the flash
formed on punching and the poor yield factor of the

30 insulation resin film due to the extremely little area used
actually, and are also subject to package-cracking during
solder reflow for mounting them on substrates due to the
hygroscopicity of the materials of the insulation resin f£ilm.

35 DISCLOSURE OF INVENTION _
The object of the present invention is to provide an
insulating adhesive for electronic parts useful for bonding
semiconductor chips to lead frames in the production of



hygrosc.opl city of the materials of the insul atlon resin film 35 Dl SCLOSURE
©F .l NVENTI ON The obj ect of the present invention is to provide an

i nsul ati ng adhesive for electronic parts useful for bonding sem conduct or
chips to lead frames in the production of 2 sem conduct or packages using
no insulation resin film a lead frane and a semi conductor device usi ng the
I nsul ati ng adhesive for electronic parts. The present invention provides an
i nsul ati ng adbadicoadficitor packages usjag so Hosuladiosr resinp&idBbr & ileasy

to insu'at'g%a@ghgihV%?Eeﬁ@@dﬂ&d&%o&odg%lﬁéegsﬁﬁb kaRdi RGua atdiHgconduct or

chiptoale rane and co I ses resin and a Solvent, wherein the resin
havi ng (A) aaﬂbegnweaﬁéﬁragéW@@&Fapaml%ht (My) of 30,000 to 10

300, 000 based on mevg&@ls%tl rimemlmﬁt Yrere gesd ahB)mauaattmgothghte

average npl ecul ar mel aver e nmol_ec Iar of 5 or
| ess, andP ( C)‘:-°lrh§]1eﬁ§ é)aig'ﬁng Fé:cf“ragm g\lg%? \}_Q#q
viscosity of *3n8tdattdnb0GdbieE ivie )s mmrm‘msattloolbmusbdr’fm: b@nﬂlngora and a

viscosity raLigClgabl P ULY o %10&%?5[ Cahe) abd. Golhp?d dERARLRAH am C

with an E-typg Y , the insulating
adhesi ve foraebedweoﬁhcngmﬁgnoﬁh@hgeﬁﬂég@ﬂNlmSVent|on preferably comes in

contact with thﬁ)l5ageiﬁﬂﬂﬁaéérégéOﬁéﬂééuﬁaﬂ|ﬁeQ hEO ﬁ@)t6f1§@[600]ténd at
an aspect ratio of .0 before d g ter g 8 at an
aspect r¥io o0309: @@3 B?sﬁﬁr@n VﬂﬁﬁeﬁﬁbPPeﬂ ts 891¥§HYF?%ﬁE B%ried and then
forced to (B) a ratio of weight average molecular weight (Mw)/number
average molecular weight (Mn) of 5 or less,
and (C) the insulating adhesive for electronic parts having a

viscosity of 5,000 to 100,000 mPa's at a rotation number of
15 10 rpm and a viscosity ratio (7 1lrpm/710rpm) of 1.0 to 6.0

as measured at 25 C with an E-type viscometer.

When applied to a lead frame, the insulating adhesive
for electronic parts of the present invention preferably
comes in contact with the lead frame at a contact angle of 20

20 to 130" and at an aspect ratio of 0.05 to 2.0 before drying,
and, after drying, at an aspect ratio of 0.005 or more.

When applied to a lead frame, dried and then forced to
absorb moisture, the insulating adhesive for electronic parts

of the present invention preferably foams at 200°C or more.

25 When applied to a lead frame, dried and then forced to
absorb moisture, the insulating adhesive for electronic parts
of the present invention preferably has a glass transition

temperature of 100 to 250 C.

The present invention further provides a lead frame,

30 which bears an adhesive layer formed by applying the
insulating adhesive for electronic parts of the present
invention to the lead frame and then drying.

The present invention further provides a semiconductor
device comprising a lead frame and a semiconductor chip, the

35 lead frame and the semiconductor chip being bonded together



‘absorb i sture, the insulating adhesive for electronic parts of the
present invention preferably foans at 200[err] C or nore. 25 When
applied to a lead frane, dried and then forced to absorb noisture, the

i nsul ati ng adhesive for electronic parts of the present invention
preferably has a glass transition tenperattre of 100 to 250 C. The present
i nvention further provides a |lead frame, 30 which bears an adhesive | ayer
formed by appiitmgthéeinsslatinggadbésive efénrebéetronhc cpputs sobf thee
present invention.to {he. ) frame and then drying. The present invention
further provides a sem conductor device conprising a lead frame and a

semi conduct or chi pIntaebBefexEed f embediment el sthe cepmieoRiueted dRrYHEe

bonded t oget hg&cord®nyi £8 the présérti ﬂﬂv@ﬂhféﬁvecﬁerleé@%f&ﬁe Co®atrs Sanf
the present inyention._In a grefe red enb of . the se on uct or

nmen
devi ce aclor dRPRLFLVE HABPESERTMES\ BR( 7 Y e %%%di??g&ﬁﬁ gskve for
adhesi ve Iayeelé@tn@ﬂibypawpéyt@gthéeleaaufﬁam@gamﬂﬁﬁﬁewedfgmngleandonhe

parts 10 the LERfeoRaIEL AR hIENs ¢ MbRGea 00! 1AE PEIN CPOANE DL R ! S

bonded to the rane w esive T ayer. n ano prefeérred
enbodi nent ofadhﬁsive1b@mdnctor 10 device accordlng to the present

invention, 0.05 tog n@éﬁé@-ﬁ%eﬁefﬂé&aéﬁbfﬁlﬁéﬁt5@@’Eﬂ@d§6ﬁfﬁoﬁﬁﬁ£&6§ in

contact with the |nsdTat| adhesive for ctronic parts. _In anothe
preferred enﬂ%@Y%%ﬂta%ﬁ°¥@%nSeﬁ?thGuEF%?e%Evi%¥PQE%RRd|%g°§ot?h%°p%e§€ﬁ?
invention, ingeralsafsa®é éHethe semiconductor chip is in contact with the

insulating adhesive for electronic parts.

In another preferred embodiment of the semiconductor

device according to the present invention, inner leads of the

15 lead frame are placed over a main circuit surface of the
semiconductor chip and are connected to an electrode pad on
the semiconductor chip with metal wires, the semiconductor
chip, the inner leads and the metal wires are sealed with a
sealing material, and at least two of the inner leads are

20 bonded to the semiconductor chip with the insulating adhesive
for electronic parts.

In another preferred embodiment of the semiconductor
device according to the present invention, inner leads of the
lead frame are placed over a main circuit surface of the

25 semiconductor chip and are connected to an electrode pad on
the semiconductor chip with metal wires, the semiconductor
chip, the inner leads and the metal wires are sealed with a
séaling material, power supply inner leads are bonded to the
semiconductor chip with the insulating adhesive for

30 electronic parts, signal transmission inner leads are not
bonded to but kept apart from the semiconductor chip, and the
signal transmission inner leads are separated from the main
circuit surface of the semiconductor chip farther than the
power supply inner leads are.

35
BRIEF DESCRIPTION OF DRAWINGS
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15 lead frane are placed over a main circuit surface of the sem conductor
chi-p and are connected to an el ectrode pad on the sem conductor chip with
netal wires, the sem conductor chip, the inner |leads and the netal wres
are seal ed mnth a sealing material, and at |east two of the inner |eads are
20 bonded to the sem conduct ar chlp with fhe I nsul ati ng adhesi ve for

el ectronic parts. In another preferred enbodi nent of the sem conduct or

devi ce according Fagtht pseaeplannviewi showingea leadsfoamehantlead frane

are pl aced O¥ghi8 ggp g!rr Eiigb $H' %agsm%ohagcéérsaaweadaﬁt ah Ef&deiﬂlén%fe

connected to on the sem conductor chip with netal wres,
t he semi condaccordingptot khei REeFenEadBvaRgiPRe netal wires are seal ed with

a sealing materiapy Poﬂﬁﬁ)SHBPEYSéBGQBnEQaGEeﬁrSfbﬁﬁdedemﬂcbhductor

senm conductor chip w t he_i nsul at 30 t t
si gnal tﬁhnsﬁﬁgépgn°fnﬁé9 IégﬁgﬂSPegﬂngbgﬁEég % F“Qgtggagg??s E%Lthe

seni conduct ogeglli pnadne¢ikblic ofi ghal semaseniiasion demcel efidBigr elsépkeat ed
fromthe main CIrCiIt sgréace of the sem conductor chip farther than the
power suppl y alRng, 11B8yS5ré. 35 BRIEF DESCRI PTION OF DRAWNGS 4 Fig. 1
is a plan view shBigng3aikeadplannwiawdshowangcandeadoframepand a

Se”‘CO”d“CtOEeﬂixbﬁauBE §ncﬁgﬁoghnﬁnEeﬁieehahﬁgokodébﬁcer3§eahotﬂé%nt'On

Fig. 2(1) a sectlona e sem conduct or device of Fig. 1 taken
al ong |ﬂﬁb Begbod&ngnp,gcchg}ngstg the present invention.

Fig. 4(1) is a sectional view of the semiconductor
device of Fig. 3 taken -along line A-A'; Fig. 4(2) is a
sectional view of the semiconductor device of Fig. 3 taken
along line B-B'; and Fig. 4(3) is a sectional view of the
15 semiconductor device of Fig. 3 taken along line C-C’.

BEST MODE FOR CARRYING OUT THE INVENTION
Hereinafter, the insulating adhesive for electronic
parts of the present invention and the lead frame and
20 semiconductor device using the insulating adhesive will be
described in detail.
The insulating adhesive for electronic parts of the
present invention, which satisfies the requirements (A) and
(B) of the resin and (C) of the insulating adhesive, can be
25 handled easily without protruding or dripping from lead
frames, thereby preventing failure in the production of
semiconductor devices, such as inaccuracy'in sizes, packaging
failure or pollution of production facilities.
Examples of resins usable in the insulating adhesive of
30 the present invention include polyether resin, polyester
resin, polyamide resin, polyimide resin, polyamide-imide
resin, polyetheramide resin, acrylic resin, epoxy resin,
bismaleimide resin, silicone resin and mixtures thereof. It
is possible to use any resin which has the properties (A) and
35 (B) and can endow the insulating adhesive with the property
(C) when used with a solvent.
Among the above-described resins, those containing 1 to
50 % by weight, preferably 10 to 40 % by weight of polar



sectional view of the sem conductor device of Fig. 1 taken along line CGC .
Fig. 3 is a plan view showing a lead frane and a seni conductor chip in a
sem conduct or device of another 10 enbodi nent according to the present
invention. Fig. 4(1) is a sectional vieM/cg t he sem conduct or device of
Fig. 3 taken along Iine A-A'; Fig. 4(2) is a sectional view of the
sem conductor device of Fig. 3 taken along line B-B'; and Fig. 4(3) is a
sectional vi @rapshesudh aseAmsieiuckbidelon @B IRPURS + A& g RI9e
C-C . BEST MF #:R dARDANNG gk thidad tRENT QN d1ariinag tfentdle dutsiilas i ng
adhesive for electronic parts of the present invention and the |ead frame
and 20 seni KWRARTAT KRA%E FRFHRY IhPismateimide a’%ﬁ?éé*’vé’%‘ﬁlncﬂa agents
descri bed i n #ift aidlordifts My dd ngidsthatiate Hetesdaant.roni ¢ parts of the
present ipvention, which.satisfies. the requir nt.s d . 4 he
resin and”(C) of tﬁﬂ'boqgngiﬂeataﬁ?d' eé&eess?]{/ié’,eq%a‘(r?%go% r(e'f?&r%n’eéogé'sﬁjyéé\;\d t hout
prot rudi ng orindrdeppiesin rand |ply imidee Kesirerastyy prefienratilyy Hegduae 9fh t he
product I on of e capdlicldicd o gt ARl AAGHH AndihSikesS, packaging
failure or pgi ution of production facilities. Exanples of resins usable in
t he insul at i RfeRerkies ofidy anomatieRAkyamidaninide Kaside g yigRgtic
resin, pol yegdyingid reilny PHta derliy ftefidbda r esin, pol yan de-ini de
resin, polyetheram de resin, acrylic resi epoxy_ resi.n, bhisnal ei m de
resin, stPicone r &% TaHHILE ReL89tAdbthe tpq%ed’gsﬁrﬁfeélttl(?rh 5% resin
whi ch has t hevgiigipterdveasade’\maliatilar (Waightd ofars e ooy tdhsdhlGtbaged on
adhesive with_the pr.oper.st ed W I odd Y 1
above-descri E@d“rreelgslir?gl, %%oé?ocl%%ﬁlﬁg ‘%41{%&3%%}’%’3,0 1#'000'
Resins of weight average molecular weights of less than

30,000 cause difficulties in coating procedure, and, after

15 bonding, form cured film which is so fragile as to
deteriorate the heat resistance reliability of semiconductor
devices. Resins of weight average molecular weights of more
than 300,000 are less soluble in solvents and are less
adhesive to lead frames.

20 The resin to be used in the present invention has a
ratio of weight average molecular weight (Mw)/number average
molecular weight (Mn) (Mw/Mn) of 5 or less, preferably 1.5 to
3. Resins having a ratio of weight average molecular
ﬁeight/number average molecular weight (Mw/Mn) of more than 5

25 are less wettable against lead frames and cause sagging or
crawling, and deteriorate not only workability but also the
heat resistance of semiconductor devices.

Herein, weight average molecular weight and number
average molecular weight are determined by gel permeation

30 chromatography using a working curve of standard polystyrene.

Examples of coupling agents, which may be added
according to demand, include silane coupling agents, such as

vinyltrimethoxysilane, vinyltriethoxysilane, vinyltris(B8 -
methoxyethoxy)silane, B-(3,4-

35 epoxycyclohexyl)ethyltrimethoxysilane, 7 -
glycidoxypropyltrimethoxysilane, 7 -

glycidoxypropylmethyldiethoxysilane, N-8 -(aminoethyl)-T -



50 % by weight, preferably 10 to 40 % by wei ght of pol ar 5 groups, such
as, am de, imde or epoxy groups, are desirable to inprove bondi ng strength.
Crosslinking agents, such as those for epoxy resin or bisnaleimnmde resin,
coupling agents and col orants may be added_when necessary. 5 Anong

t he above-descri bed various resins, polyamde- imde resin and polyi mde
resin are preferabl e because of their excellence in heat resistance and

i nsul ati ng prapeidpespylinébhpldiméthorpsydande- A de resin and aromatic
polyimde resin particularly preferred. 10 The resin to be used in
the present iamtmopoophatraetboyhsitare ag-pherylt ar- wei ght of 30,000 to
300, 000 based on conversion into polystyrene, preferably 50,000 to 150, 000.
Resi ns of wei AinepnEeRyitEdNethexrysi @gﬁt%néfVPess t han 30, 000 cause

ci 111 cul s hor6B3bIoDr PELUNE Propdy 1 Bhi o' v HPant koL LR MGHREL. | m

which is so fragl eterilor eat resistance re
sen1conduétorah%ml%%§e FRYPHNG  agen thitand et hEeoabratna ke GEP@%%%QOFQQBFE

t han 300, 000 Wﬁ@n'@6§p§ﬂh§bh§ehﬁsSﬂféeaaéeéndtﬁéeahéﬁﬁtadheébﬁﬁliﬂg|dints

f 20 th t t
of “wer gt _avet gk ngPBEErL DoREoHS ERuf | WEnERroBE or BERERERREE! & LukPohb &
(M) (MM M) oy ﬁebghtebaseareﬁethblyeélﬁ to 3. Resins having a ratio of

wei ght aver age ol gl g0 YL BRLL UADOLAGYST A0E. TBHECHE e vED BRE L MY M) 1

nore than 5 25 are SS we e again frames and cauSe saggi ng or
cramﬁ|ngJOandenﬁéalo@aletﬂoﬁooﬁl9Ywm¢k9btl|Pyeﬁ@rab1303th@ 30 % by

weight.

The solvent to be used in the insulating adhesive of the
present invention may be selected from any solvents which
dissolve the resin used, and non-limitative examples include

15 aromatic solvents, such as benzene, toluene and Xylene;
ketone solvents, such as acetone, methyl ethyl ketone, methyl
isobutyl ketone and cyclohexanone; ether solvents, such as
diethyl ether, diisopropyl ether, tetrahydrofuran, dioxane,
ethylene glycol dimethyl ether, ethylene glycol diethyl

20 ether, diethylene glycol dimethyl ether and diethylene glycol
diethyl ether; ester solvents, such as ethyl acetate, n-
propyl acefate, isopropyl acetate, n-butyl acetate, ethylene
glycol monomethyl ether acetate, ethylene glycol monoethyl
ether acetate, ethylene glycol monobutyl ether acetate,

25 .diethylene glycol monomethyl ether acetate, diethylene glycol
monomethyl ether acetate, propylene glycol monomethyl ether
acetate, propylene glycol monomethyl ether acetate, propylene

glycol monoethyl ether acetate and 7 -butyrolactone; and

amide solvents, such as dimethylformamide, dimethylacetamide
30 and N-methylpyrrolidone. These solvents may be used
individually or in combination of two or more. i
Among the solvents described above, the preferred are
amide solvents, such as N-methylpyrrolidone and
dimethylformamide, and ester solvents, such as ethylene
35 glycol monobutyl ether acetate, because of their excellence .
in solubility and availability. '



heat resistance of sem conductor devices. Herein, weight average nol ecul ar
weisght and nunber average nol ecul ar wei ght are determ ned by gel perneation
30 chromatography using a working curve of standard pol ystyrene. Exanples
of coupling agents, which nmay be added acgording to demand, include silane
coupling agents, such as vinyltrinmethoxysi‘l ane, V|nyltr|ethoxysilane,
vinyltris( [err]- nethoxyethoxy)silane, -(3,4- 35
epoxycyclohexyl)eThpIambnathoiyshbaselvpamrFO be used in the insulating

egCIdoxyprogﬁkgg&ggtggxiﬁ se & hvention is preferabl such that the
gl yci doxypr opyl et hyl di et hoxysi ane N-[err] - (am_noethy g |$
an1nopropy|nﬁ?ﬁ}ﬂdﬂﬁeﬁh@?y§°l§n@Y Wed 'aWPFGpP6§§FFPPé¥h ?y§PI§ % by
N-phenyl - ‘wéﬁbﬁ@.prEB&E&%‘I&&QQXW%&QMWIBGEH 25 % by weight, based
nercaptopropﬁ rh Fﬁ i 1l_an ana gbln% agents 5 alumnate
coupl i ng AgefBst oQfutPFate1vs IFH§ Ent§5Mnen coupling agents

are added, the anmonbontrodumhenglagab&irmy poiff gbeeiabulatingo adbeRilye of
i ght, f b t ' I t
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are added t he "afount of enera )y \ei ght,
preferably 3ailymipay, Byjreendt. . tiﬁén§Ghv@ﬁﬂcﬂdmbéaﬁbédatﬁ t RAIRESHIR | ng

adhesive of LhepBnatent m'a@&ﬁ%'%tl'uﬁln oFaMele a&ﬁh%ahego%aem aa»sawzvme\ﬁh Il
di ssolve the resin used, and non-linmtative exanpl es i ncl'ude _15 _aromatic

sol vent st suBAcgs 5@ﬁ%€n§1198F§eﬁ€rHﬁdlﬁyﬁédéerﬁétoﬁHGQOP§eﬁﬂ§°r§ﬁ€h as
acetone, netpgkiathplr kebbee, fiklleys, such as acrylic rubber, butadiene

rubber, nitrile rubber and silicone rubber, may be added.
When fillers are added, the amount of fillers is preferably
10 to 200 % by weight, more preferably 15 to 100 ¥ by weight,
15 based on the amount of the resin.
The insulating adhesive of the present invention has a

viscosity of 5,000 to 100,000 mPa's, preferably 7,000 to
60,000 mPa"s as measured with an E-type viscometer at 25 C at

10 rpm. If the viscosity is less than 5,000 mPa's, the
20 insulating adhesive will drip from lead frames, and if more
than 100,000 mPa's, the insulating adhesive will be difficult

to apply to lead frames, and voids may occur after drying.
The insulating adhesive of the present invention has a

viscosity ratio (7 1lrpm/710rpm) of 1.0 to 6.0, preferably
25 1.0 to 3.0. The viscosity ratio, in general, does not become
less than 1.0, and if it is more than 6.0, the flowability
and coating workability of the insulating adhesive will
decrease.
When applied to lead frames, the insulating adhesive of
30 the present invention preferably comes in contact with lead

frames at a contact angle of 20 to 130 . If the contact

angle is less than 20 , the insulating adhesive may drip

considerably from lead frames, and semiconductor chips may

incline due to the thinner coating of the insulating adhesive
35 and come to contact with lead frames, causing connection

failure. Further, semiconductor devices may be less reliable



I sobutyl ketone and cycl ohexanone; ether solvents, such as diethyl ether,

di | sopropyl ether, tetrahydrofuran, dioxane, ethylene glycol dinethyl

et her, ethylene glycol diethyl 20 ether, diethylene glycol dinethyl ether
and di et hyl ene glycol diethyl ether; ester solvents, such as ethyl acetate,
n- propyl acetate, isopropyl acetate, n- bu?yl acetate, ethylene glycol
nononet hyl et her. acetate, ethylene glycol nonoethyl ether acetate, ethylene
gl ycol nonobthqﬂallﬁ@eﬁe@bmmt@t@&am ecannehegeft yioto rthe mnase ketween

acetate, dietiyd ﬂémcwcaﬂﬁyén&tf@aaaff&@é%uﬁﬂ%ﬂfyglyfplthe
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am de sol vent suc as di n de i h etan de 30 and
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adhesi ve of the ﬁ esent i nvention is preferabl such that_the resin is 5 t
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1eads, to hlnder the wire bonding between inner leads and
semiconductor chips. Herein, "aspect ratio” is the height of
the coating of an adhesive divided by the diameter of the

15 ©base of the coating, and indicates the coating ability of the
adhesive.

When the insulating adhesive of the present invention is
applied to lead frames and then dried, the dried insulating
adhesive preferably has an aspect ratio of 0.005 or more. If

20 the dried insulating adhesive has an aspect ratio of less
than 0.005, it may be too thin to absorb the mechanical
impact at the time of bonding semiconductor chips, and the
bonding strength may be insufficient.

The aspect ratios of the insulating adhesive before and

25 after drying may be adjusted to the above ranges by
controlling the molecular weight of the resin, by the
solvent, or by fillers added optiohally to control
flowability.

When the insulating adhesive of the present invention is

30 applied to lead frames, dried and then forced to absorb
moisture, the moistened insulating adhesive foams preferably

at 200°C or higher, more preferably 230 C or higher. If the

foaming témperature is lower than 200 C, semiconductor
packages may be less tolerable to solder reflow and tend to
35 crack on solder reflow. |
When the insulating adhesive of the present invention is
applied to lead frames, dried and then forced to absorb



alum na, zirconia, titania, calciumcarbonate, nmagnesi um carbonate,
magnesi um oxi de, di anond powder, quartz powder and 10 nica, resin fillers
(organic fillers), such as fluorine resin, or rubber fillers, such as
acrylic rubber, butadiene rubber, nitrile gubber and silicone rubber, may
be added. When fillers are added, the anmount of fillers is preferably 10 to
200 % by weight, nore preferably 15 to 100 % by weight, 15 based on the

. armpunt of t henqiature . THéhe meisenef dnrsiaking adhesive preferaty diahad a

viscosity of 5 000 to 100,000 nPa s refer 7.0 =Q, 60,
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frames, and if nore than 100,Q00 nmPa s, the insul ating adhesive will be
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rati o, in genarsilatdoss adiesieones [leisghdmarhan B500] high tempenracturesn
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connection failure. Further, sem conductor devices nay be | ess reliable
means removing solvents from the insulating adhesive by
heating.

The lead frame of the present invention is obtainable by

15 applying.the insulating adhesive of the present invention to
a lead frame, and drying it to form a precured adhesive
layer. The coating method is not limited, and non-limitative
examples include dispenser coating, printing and stamping.
The drying temperature for the insulating adhesive of the

20 present invention is not particularly limited, and depends on
the kinds and contents of the solvents used. The solvents in
the insulating adhesive need not be removed completely by the
drying. After an adhesive layer is formed on the lead frame
in the above-described manner, the lead frame and a

25 semiconductor chip are laid on top of the other and then
bonded together with heat and pressure.

Any lead frames, which are commonly used in
semiconductor devices, may be used, and non-limitative and
preferred examples include 42-alloy lead frames, Cu-lead

30 frames and metal-plated lead frames.

In the semiconductor device of the pfesent invention, a
semiconductor Chip and a lead frame are bonded together by
the insulating adhesive of the present invention. The
insulating adhesive of the present invention can be used by

35 itself, and may be applied directly to semiconductor chips,
or be applied to lead frames and precured before bonding.



8 becalse sealing materials cannot get into the space between the
sewi'conductor chip and lead frame sufficiently. If the contact angle is
nore than 130 , coating failure may occur due to the crawing of the

i nsul ati ng adhesive. 5 VWhen applied | ead frames, the insulating
adhesive of the present invention, before ying, preferably has an aspect
ratio of 0.05 to 2.0, nore preferably 0.1 to 1.0. If the aspect ratio is

| ess than 0.05 befforsemirgomdpctaor chiqrandfa dead frang ake thapdedtile to

bond sem conduct or. chips with 1 hi,gh hondin e

ratio is nmor &Q9REPer o IR ﬁrﬂfJQF§?@Rﬁé§£ﬁ%§L%§§qg1Jgjf%nfﬁg%ﬁg%iside
of inner | eagsreddurd rsiero 106 t reo bagycinty £oet wepkessnay kimdsond.1 to 3
sem conductor_ chips. Herein, "aspect ratio" is the height of the coating of
an adhesive diSA by the dianeter of the 15 base of the coating, and

i ndi cat es5t he' coatlmgtlsbidenicaidudiomdisssiaee ofiltdre tireserdtul inventiemesive
of the present_i | | | A t,0.1 'frﬁgggﬁﬁygk L Ard ed,
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may be reduced, and the semiconductor chip may slip off on

transportation or connection with bonding wires. If the area
contacting the insulating adhesive is more than 20 % of the

15 surface of the semiconductor chip., packages may crack during
solder reflow.

Controlling the aspect ratios of the applied insulating
adhesive or the foaming temperature and glass transition
temperature of the moistened insulating adhesive also

20 prevents the reduction in bonding strength and the package-
cracking during solder reflow.

In a semiconductor device of a preferred embodiment
according to the present invention, inner leads of a lead
frame are placed over the main circuit surface of a

25 semiconductor chip and are connected to an electrode pad on
the semiconductor chip with metal wires, the semiconductor
chip, the inner leads and the metal wires are sealed with a '
sealing material, and at least two of the inner leads are
bonded to the semiconductor chip with the insulating adhesive

30 for electronic parts of the present invention. When only one
inner lead is bonded to the semiconductor chip with the
insulating adhesive for electronic parts, the semiconductor
chip may become ill-balanced and incline or slip off on
connection of bonding wires or transportation.

35 ' Fig. 1 and Fig. 2 show a semiconductor device of the
above-described embodiment. Fig. 1 is a plan view showing
the inside of the semiconductor device, Fig. 2(1) is a
sectional view of Fig. 1 taken along line B-B', and Fig. 2(2)



30 applied to lead frames, dried and then forced to absorb noisture, the
noi st ened 1 nsul ati ng adhesi ve foans preferably at 200[err] C or higher, nore
preferably 230[err]C or higher. If the foam ng tenperature is |ower than
200 C, semi conductor packages may be |ess {plerable to sol der reflow and
tend to 35 crack on solder reflow. Wen the insulating adhesive of the

present invention is applied to |l ead franes, dried and_then faqr.cedt
absorb 9 ASi & FeStiomalyiiewefdd Filﬂsullattiallfﬁnaﬂﬁ'@é‘igvé’l}?reepé&bl ylﬂgs a
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t enper at ure chiphd nditdx dmesshliartsdmiga miding sdviee fiore eillediingndic pRats2 %0 [oft rihE;
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I npairing wofkabiTity and reltability. Herein, the procedure of "drying an
i nsul ati ng ag§eddicegdurion; Kevicesyahesgiedsythe fdeofrdc FEPASHT. hedmiaated
aspect rati 0gdgn@dNitiGnsAiiReidnUiandtd 1¢aa%S 2! GAAS naligh dietEralsurEadeans
renovi ng sol vents f.rom._the insulating adhesive by heating. The Lead frane
of the presefRf SRFFONGRGTOT, 'néb%é’eﬁy“ﬁ ﬁlrfleﬁra ?%gqcﬁ:s#’ﬁl ng
.adhesi ve of peefpresace ofydhie emicondueadrf davicesnd tetialg wilreiso 7f orm a
on- 11 m 10t 1 fansinfaenal: radtiasa0R, 19hes 1das T co b1 elitode, pad, 5
The drying t empmednucdricyitt suriface 3 iofg seavieonducgprt ghip 4, and
semiconductor chip 4, inner leads (1, 2) and metal wires 7
are sealed with sealing material 8.
In a semiconductor device of another preferred
15 embodiment according to the present invention, inner leads of |
a lead frame are placed over the main circuit surface of a
semiconductor chip and are connected to an electrode pad on
the semiconductor chip with metal wires, the semiconductor
chip, the inner leads and the'metal wires are sealed with a
20 sealing material, power supply inner leads are bonded to the
semiconductor chip with the insulating adhesive for
electronic parts of the present invention, signal
transmission inner leads are not bonded to but kept apart
from the semiconductor chip, and the signal transmission
25 inner leads are separated from the main circuit surface of
the semiconductor chip farther than the power supply inner
leads are. If the space between the signal transmission
inner leads and the semiconductor chip is narrower than that
between the power supply inner leads and the semiconductor |
30 chip, the electric capacity between the signal transmission
inner leads and the main circuit surface of the semiconductor
chip may adversely affect the performance of the
semiconductor device, and the metal wires may contact the
power supply inner leads.
35 Fig. 3 and Fig. 4 show a semiconductor device of the
above-described embodiment. Fig. 3 is a plan view showing
the inside of the semiconductor device, Fig. 4(1) is a
sectional view of Fig. 3 taken along line A-A‘, Fig. 4(2) is



20 present invention is not particularly limted, and depends on the kinds
and contents of the solvents used. The solvents in the insulating adhesive
need not be renoved conpletely by the drying. After an adhesive |ayer is
formed on the lead frane in the above-desgsi bed manner, the |ead franme and
a 25 sem conductor chip are laid on top of the other and then bonded
together with heat and pressure. Any |lead franmes, which are commpnly used
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in general, flvehtfSPET PR SHribldh (O 4k bad Lol GSTeE Coftile 05 to 10
kg/cnferr] for a ]'plres& ng time of 0.1 to 3 seconds,

seni conduct d® ¢ Thesmicnfuetre fhip 4 i‘?wjr%QSp‘F%fQ?%\Lq?Jeé‘{’]ﬁa%co. 05
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t he surf ace sH#paratingn sigrakttransmissior innel nteads 2 from main
- circuit surface 3 of semiconductor chip 4 with a space "a”
that is larger than the space "b"” between power supply inner
leads 1 and main circuit surface 3 of semiconductor chip 4.
15 This structure also improves assembling workability because
metal wires 7 are prevented from contacting power supply
inner leads 1 on connecting electrode pad 5 on chip with the
ends of signal transmission inner leads 2.
The modulus of elasticity of the insulating adhesive for
20 electronic parts of the present invention is not particularly
limited, and is preferably 1 MPa or more, more preferably 10

MPa or more at 200 to 270 C. Herein, the terms "modulus of
elasticity” mean the modulus of elasticity of a completely
cured insulating adhesive as measured at 200 to 270 C.

25 The method of applying the insulating adhesive for
electronic parts of the present invention is not particularly
limited, and non-limitative examples include dispenser
coating, printing and stamping. The temperature at which the
insulating adhesive for electronic parts of the present

30 invention is dried is not particularly limited but depends on
the solvent used and concentration.

The method of bonding semiconductor chips with lead
frames by using the insulating adhesive for electronic parts
of the present invention is not particularly limited, and a

35 method most suitable for the objective package may be

selected.



strength between the | ead frame and the sem conductor chip nmay be reduced,
and the sem conductor chip may slip off on transportati on or connection
with bonding wires. If the area contacting the insulating adhesive is nore
than 20 % of the 15 surface of the sem ductor chip, packages may crack
during solder reflow Controlling the aspect ratios of the applied

I nsul ati ng adhesi ve or the foaning tenperature and glass transition

tenperature of tMhemiinsudeddnic sive ferslectyoporanierhttdiq he
reduction i n RoRGNG pidriHM HEVA g S HRA GRS - ddsedivin dddus ol der

reflow. In a sem conductor device of a preferred enbodi t according to

t he present PHRSHEISS qqﬂh%eﬁ(Qiﬂgqﬂlqéﬁﬁ%ﬂ?qqqgﬁ?QQQB43% (ﬂﬁﬁkq mai n
circuit surf@dagiconvidntisomdle dndiudactinehigdtesd v e idonnettiearkiyy an
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material, and at |east two of the inner |eads are=bondedto the
sem conduct @ixagpirkaM th the insulating adhesive 30 for electronic parts of
t he present 1nvention. Wen-only one inner lead is bonded to the

seni conduct or chHerginafter ithe PReseRt disentd gy widile e dascrided i he
sen conduct gior@hide ta REGHErd fid réied e b Ed NDwily Exdpiesf fwitich,

e g, Hontaac e Fo NSRRI Y Bhpi e HE 8 2,
pl an vi ew sHmmwentitdre i nsi de of the sem conductor device, Fig. 2(1) is a
sectional view of Fig. 1 taken along line B-B', and Fig. 2(2)
SYNTHESIS EXAMPLE 1
In a_50 ml four-neck flask equipped with an agitator, a
15 thermometer, a nitrogen gas inlet'and_a calcium chloride
tube, 3.895 g (9.5 . mmoles) of BAPP (2,2-bis[4-(4-
aminophenoxy)phenyl]lpropane) and 0.125 g (0.5 mmoles) of
silicone diamine (1,3-bis(aminopropyl)tetramethyldisiloxane)
were dissolved in 23.0 g of N-methylpyrrolidone (NMP), and
20 then 2.13 g (10 mmoles) of anhydrous trimellitic chloride was

added gradually while cooling to 5 C or lower. After
addition of 2.02 g (20 mmoles) of triethylamine,.the mixture

was allowed to react at 5 C or lower for 5 hours, and then

heated to 180 C for 5 hours, to synthesize a polyamide-imide.

25 : Water was added to the polyamide-imide wvarnish thus
obtained, and the resulting precipitate was separated, ground
and dried, to give polyamide-imide powder. '

SYNTHESIS EXAMPLE 2

30 Polyimide powder was prepared in the same manner as in
Synthesis Example 1, except that the BAPP and silicone
diamine used in Example 1 were repléced by 2.74 g (7.5
mmoles) of IPDDM (4,4'-diamino-3,3'.5,5'-
tetraisopropyldiphenylmethane) and 1.025 g (2.5 mmoles) of

35 BAPP, and the anhydrous trimellitic chloride used in
Synthesis Example 1 was replaced by 5.76 g (10 mmoles) of
BABT (bisphenol A bistrimellitate dianhydride).



Is a sectional viewof Fig. 1 taken along line CGC . Al power supply inner
lleads 1 and signal transnission inner |leads 2 are bonded to main circuit
surface 3 of sem conductor chip 4 with insulating adhesive for electronic
parts 6 of the 5 present invention. This structure is applicable for

sem conduct or devices wherein the electri c“tapam ty between signal

transm ssion inner leads 2 and main circuit surface 3 of sem conductor chip
4 does not adversely af fect the performance of the sem conductor devices.

Metal wires Ww I3 transm ssion inner leads 2 to el ectrode pad
5 on main ci rcw surtace sem conductor chip 4, and sem conductor chip
4, inner |eads (1Polyamiderdmiidespowder sas pregpaged ip $88 iSApenaanes s.
In a sem conguctigy sqeMines iQf @ 10" @hRieprd thia te feped iafiduin tAGFO BAPHY Wb

the present |nvent|on I nner |ea of a lead frame are pl cg_gggver the rral n
circuit sarf&bengeds toed-Edndude’ 0|“““&413|§ JaRdrdy e MRt @
pad on the sqmaﬁam@qthrs-@msqamﬁibpmpqll)mmettmmmmmmmmml P, the

i nner | eads a I are seal,ed with a 20 sealing materia
power supply ?‘Fﬁ‘ %lgg)dzb gge 3 ?'c?s)he sem conductor chip with the

I nsul ati ng adhesive for electronic parts of the present invention, signal
transm ssi on S‘Vﬁﬁ% gﬁmﬁf g'qt bonded to but kept apart fromt he

sem conductor ¢ |§ an e signal transm ssion 25 inner |eads are

separ at €0 f r om t h&od¥efmide-dmides povded wrst prepamecoddudhs: séfmep Meansier
than the powglg Skhpglyhtlﬂé'ﬁrs Imﬁal@rq ekdelpt &m&etta@t %@IﬂtntthﬁfSlBM’E’l was

L;?aszSngné nner ds a d eiﬁgh%% duct_or %ﬁﬁ%%%$g$g8%F an that
el ectric capmmt(mmewwmmmmMeanwme mai n
circuit surfage Yod 1% CPLY (% tlo1es) .

15

In the following Examples and Comparative Examples,
productions of lead frames coated with insulating adhesive
for electronic parts, productions of semiconductor chips, and
measurements of molecular weights, viscosities, contact

20 angles, aspect ratios, foaming temperatures and glass
transition temperatures were carried out as follows.

0.02 ml of an insulating adhesive for electronic parts
prepared using the above resin powder was applied, as shown
in Fig. 1, to inner leads of a lead frame at 50 points by

25 using a dispenser, and then dried by heating to

90°C for 10 minutes and to 250 C for 10 minutes (for 42-alloy

lead frames), or by heating to 170°C for 10 minutes (for Cu

lead frames), to produce a lead frame coated with insulating
adhesive for electronic parts. The adhesive layer on the
30 lead frame was observed to evaluate the state of the dried
coating.
A semiconductor device was produced by mounting a
semiconductor chip of 5.5 mm x 13.5 mm-to the lead frame
coated with insulating adhesive for electronic parts with

35 heat and pressure (temperature: 380 C, pressure: 3 kg/cm?,

pressing time: 3 seconds), conhecting the ends of the inner
leads to the semiconductor chip with bonding wires, and



chip may adversely affect the performance of the sem conductor device, and
the netal wires may contact the power supply inner |eads. 35 Fig. 3
and Fig. 4 show a sem conductor device of the above-descri bed enbodi nent.
Fig. 3 is a plan view show ng the inside fstrmaseniconductor device, Fig.
4(1) is a sectional view of Fig. 3 taken along line A-A", Fig. 4(2) is

12 a sectional view of Fig. 3 taken along line B-B', and Fig. 4(3) is a
sectional vi egading Py Tesimemodiding .| | Fhecsealing yasnsazaied owlpbY i nner

| eads 1 (buspdalsihg Whisedilindy tlateried epndyshbe prlvauctd R9HIWaEM about
center line, 5 are bonded to main circuit_surface 3 of sem conductor chip 4
by i nsul at i nghadtiesilv €ompanyl,edttdoniad 3a5t € Sowf 90heepradenati AP@nkigdid cniThe
probl em of the bad influence on the perfornmance of sem conductor chip 4
owi ng to thea@dethenc coagadg oF B3dBweefoFi §nRPUrPansni ssion inner | eads 2
and main 40 CircCu Is e em bR <4 (MS)S e
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seni conduct oWedight avignagey modeculey wedght { Mwl/gambes, Averaggpaedeqplar
bet ween poveiyesypR! YMNNQE terdabbvendediribeld FeistingUivedee ddtefrmined by
sem conduct or chap 4. 1 This structure al so i nproves a%senbl n

wor kabi ity G&F& §'(99m5‘P§I measyrenents Usdng,fe §efy BRTPSHION ﬁb“%&\ﬁéﬁpg’-‘a‘“

suppl y inner (GPads détectoanRI)t iasg felldowsode 10athgd ofin aclriepini Wast he ends of
si gnal 11 @nS L8514 Jan g 83 a1 INe uRAULYS 00 RIASH & I Qe e ana
I nsul ati'ng adhesirve Tor el ectroni c parts-o he "present 1 nvention 1s
not particul §ilfered to obtain a measuring sample. A working curve was
made by using standard polystyrene.
Column: GL-A-100M (produced by Hitachi Chemical Company,

Ltd.): 2 columns (connected)
15 Column temperature: 25 C
' Eluant: THF

Injection: 500 41 (including 100 K41 of measuring

sample)

20 An insulating adhesive for electronic parts was applied
to a glass plate and dried at 90 C for 10 minutes and at 250

C for 10 minutes to form a sample film, and its glass
transition temperature (Tg) was then determined using a

differential scanning calorimeter (DSC) under the following
25 conditions.

Measuring conditions:

Temperature: 30-330 C

Rate of raising temperature: 10 C/min

Amount of sample: 10 mg
30 Atmosphere: Air 100 ml/min

Glass transition temperatures after moisture absorption
(Tgw) were measured in a high pressure closed vessel in the
coexistence of a sample and 10 wt% water based on the sample.
35 The measurements of the viscosities of the above-
described insulating adhesives for electronic parts were



‘Iim"ted, and is preferably 1 MPa or nore, nore preferably 10 MPa or nore at
200 to 270 C. Herein, the terns "nodulus of elasticity nean the nodul us of
elasticity of a conpletely cured insulating adhesive as neasured at 200 to

270 C. 25 The nethod of applying the ¢nsulating adhesive for

el ectronic parts of the present invention |s not particularly Iim ted and
non-limtative exa es include dispenser coating, prlntlng and sta

The tenperatmﬁiﬁﬁe Qﬁ]4#&99rﬁﬂﬂ$ﬂﬁ¥2ﬁeﬁﬂﬁﬁﬂmﬁ¥QRn RAQyGeshi Ry JhiR

t he present | venti S | ar u ds
on the solve use 61 doﬂgtodnceq{iﬁfl on H?c tl‘g‘on méﬁ'@?‘n 1’élon u?{]or

chips with Ieﬂﬂ1ﬂﬁﬁn£$rﬂnmasnaﬁnu§tedrﬁnﬂkﬂornpmuﬂuﬁmeﬁsdnﬁ Eismsnies
parts of the i nvention is not particularly linmted, and a 35 nethod

t
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t he above-described specific properties enabl es produci ng sem conduct or
devi ces Wi t houitsaessiigy amatviamt+ ondirpmisularpmg adhesive film thereby 5
improving the reliability of sem condugtor devices. EXAMPLES Her ei nafter
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) lead frame at one p01nt by using a dispenser, and the contact
10 angle of the insulating adhesive for electronic parts against
the lead frame was measured with a contact angle meter (CA-D,
produced by Kyowa Kaimen Kagaku Co., Ltd.).
Each insulating adhesive for electronic parts was
- applied to a lead frame at one point by using a dispenser,
15 and the sizes of the coatihg were measured with a contact
angle meter (CA-D, produced by Kyowa Kaimen Kagaku Co., Ltd.)

before and after drying [heating to 90°'C for 10 minutes and
to 250 C for 10 minutes (for 42-alloy lead frames) or by

heating to 170°C for 10 minutes (for Cu lead frames)], to

20 determine the aspect ratios of the insulating adhesive before
' and after the drying. After semiconductor chips were mounted
on the lead frames, the shearing bonding strength of the
semiconductor chips were measured.
Each insulating adhesive for electronic parts was

25 applied to lead frames, and dried [by heating to 90’ C for 10
minutes and to 250 C for 10 minutes (for 42-alloy lead

frames) or by heating to 170°C for 10 minutes (for Cu lead

frames)]. The lead frames were then dipped in water for 24
hours to force the insulating adhesive to absorb moisture,

30 and were placed separately on hot plates adjusted to
different temperatures. The temperatures of the hot plates
on which foaming occurred were read, and the lowest
temperature was defined as the foaming temperature of the
moistened insulating adhesive.
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In a 50 M faour-neck flask equipped wwth an agitator, a 15 thernoneter, a
nifrogen gas inlet and a calciumchloride tube, 3.895 g (9.5 mmol es) of
BAPP (2, 2- bi s[ 4- (4- am nophenoxy) phenyl ] propane) and 0.125 g (0.5 nmol es)
of silicone diamne (1, 3-bis(am nopropyl)t etranethyld|3|loxane) wer e

di ssolved in 23.0 g of N—nethylpyrrolldoné'(NNP) and 20 then 2.13 g (10
mol es) of anhydrous trinmellitic chloride was added gradual |y while cooling
to 5 Cor |ower. Bheesoddenr reflew regisgapgesnesl sepigpnductery devilGes t he

m xture was Cakba‘&%@at Ry %%%gattn@ Goive-AeRtriidedd ingulatiagd adhes ikeal ed
to 180[err]Cfor hours, to nt hesi ze a_pol yam de Wat er
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di am ne used in Exanple 1 were repl aced 2.74 g==7.5 nmmol es) of | PDDM
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powder was prepared in the sane manner as in Synthesis Exanple 1, except

t hat th?uf”DEQBMQEEBAPP was 5 changed to 2.87 g (7 nnDIes) and t he anmount
of the silicone

Polyamide-imide powder was prepared in the manner as
described in Synthesis Example 1. It had a weight average
molecular weight (Mw) of 80,000 and a ratio of weight average
molecular weight/number average molecular weight (Mw/Mn) of

15 1.5. An adhesive was prepared by dissolving the resin in a
solvent mixture of N-methylpyrrolidone (NMP)/ethylene glycol
monobutyl ether acetate (BuCA) to 30 wt% concentration. The
adhesive was diluted with the NMP/BuCA solvent mixture

(weight ratio: 7/3) to a viscosity of 30,000 mPa's (7 10rpm).
20 The diluted adhesive had a resin concentration of 27 wt% and
a viscosity ratio (7 lrpm/710rpm) of 1.0.
The adhesive of 30 wt% resin concentration was applied

to a glass plate and dried by heating to 90°C for 10 minutes
and to 250 C for 10 minutes, to form a film, which had a Tg

25 of 225 C and a Tg in moistened state (Tgw) of 175 C. The

adhesive of 27 wt% resin concentration was applied to a 42-
alloy lead frame with a dispenser, to determine its contact
angle against the lead frame, the appearance of dried
coating, aspect ratios before and after drying, chip-bonding

30 strength and foaming temperature. The results are given in
Table 1. Table 1 also gives the solder reflow resistance of
a package, which was evaluated by examining the presence of
crack.

35 COMPARATIVE EXAMPLE 1



di am ng (1, 3-bis(am nopropyl)tetranethyl disil oxane) was changed to 0.75 g
(3.'mmol es). SYNTHESI S EXAMPLE 4 10 Pol yam de-i m de powder was
prepared in the sane manner as in Synthesis Exanple 1, except that the
anount of BAPP was changed to 2.05 g (5 mpkes) and the amount of the
silicone di am ne (1,3-bis(aninopropyl)tetranethyldisionane) was changed to
1.25 g (5 mmles). 15 In the follow ng | es and Conparative Exa
productions of | edthe rpvecedere élfv@%ﬁ“?%% [H)a‘ﬁ?lgr%km%'%‘?@e $%reRt eEl?nanFl&e
parts, producti r 25k | ar

wei ghts, visc %h |%ég é%%l%cﬂgggégaﬁgP%géi%spedngQflos ?ﬁgr&?géiw

t enper at ures éﬁﬁb@ﬁﬁm&tiamnslz|wt%)enpmmalresnuumwmfcmnasumbmzmtasatalIoms
0.02 m of an Jnsul ?hfSlve for electronic parts prepared using the
above resin s appried, as shown in Fig. 1, to inner |leads of a

| ead framd at 50 p0|nts by 25 using a dispenser, and then dried by heating

to 90[err]C:fé5M§£hg¥fvﬁe§x§m§hﬁ 0 250[errt-C for X® m nutes (for 42-al | oy
| ead frames) eating_ to 170[err]C for 10 mnutes (for e@pat the

frames), to producEr® PEECIVESCk EXIPIR th Y32 UTSRGILP dh%%‘l’%t

el ectroni c paddiesi¥e &£h2siwes | Pa€in 0fotiden BPatiemdpifepdaredabn dbsanyPe 10
evaluate the state_of the dried coating. A sen conductor device was
produced by mﬁna%uat@@nmo%d%%?%w peHf 380 5000, mPaF P AIBL RN | hd

fram coghed gh g nopt a4 ngy SHIES| KeadOTmERSEIFRTAE, ABESSuULA Ny Dohes!

and presSure {tenperature: ressur e: pressi ng
time: 3 secoritrgake Feerei G- th%t%nhsb%$e@h%n|ﬁ%%rr¢%ﬁﬂs t %h%esults of

sem conduct O &l Prafhé it HOREE NGiven efn Pablle 1.

EXAMPLE 2

15 Polyimide powder was prepared according to Synthesis
Example 2. It had a weight average molecular weight (Mw) of
120,000 and a ratio of Weight'average molecular weight/number
average molecular weight (Mw/Mn) of 2.2. An adhesive was
prepared by dissolving the resin in dimethylformamide (DMF)

20 to 30 wt% concentration. The adhesive had a Tg of 250  C and

a Tg in moistened state (Tgw) of 210°C as measured in the

same manner as in Example 1.
When the adhesive was diluted with DMF to a viscosity of

50,000 mPa's (7 10rpm)(resin concentration: 27 wt%), the
25 diluted adhesive had a viscosity ratio (7 lrpm/ 7 10rpm) of

1.0. By using the adhesive of 27 wt% resin concentration,
observation of the appearance of dried coating and
measurements of contact angle against a lead frame, aspect
ratios before and after drying, chip-bonding strength and

30 foaming temperature were carried out. The results are given
in Table 1. Table 1 also gives the solder reflow resistance
of a package evaluated by examining the presence of crack.

EXAMPLE 3
35 Polyamide-imide powder was prepared according to
Synthesis Example 3. It had a weight average molecular



15 sealing by resin nolding. The sealing was carried out by nolding a
sealing material CEL-9200 produced by Hitachi Chem cal Conpany, Ltd. at 175
C for 90 seconds at 100 kgf/cnierr] and then curing at 175 C for 6 hours. 5
The wei ght average nol ecul ar weights (Mv) _and rati os of wei ght average

nol ecul ar wei ght (Mw)/nunber average nnleégﬂar wei ght (M) of the
above-descri bed resins were determ ned by carrying out nmeasurenents using a
gel pernmeat i eeightortdw)gioEme0GRO0 d@adeat patRo) ofs wedigh$waveragey Mol e£UlEd n

was 10 introgug gﬂt/%ﬂxb%rs%%'rﬁgte“h%le%iw yedght 3 QMGB‘/Mﬁf) TeF1and f il ered

to obtain a nmeasurin curve was n standard
pol yst yr ene. agbb@ﬁwe @@SAP!@@@F@ﬂr@ﬂh@é&sﬁ}vﬂpﬂaGHP EﬁéﬁPC&P §@ﬁb

Ltd.): 2 col y#8S coneen Q%denlénd addigg ltmrbftﬁpﬁloawl%eoﬂﬁ[ @rla]aﬁeEl uant :

THF Injectlon 500 e |nc 100 rr
An i nsul & i nGoX@AdTE, @ %{" s Rﬁﬁ’ﬁe ass%)q %\%
and dried at TOg ls]ﬂlfo@lnel@:om nlll.ttﬂs )aMsaﬁ %Otﬁef*anesiﬁ m m&meesadmsr:mem a

sample film and its glass t t t T h det b ned
Geing a di {1 8RB 29 SEaiAohG aRMoR: et oh ToSEFeuRteELare (SMduPhg 18 &

condi L1 ons. USaSuddiket0is ek Sanke ikt a8 130sRiApIoRaLe of ral'si ng

t enper at ure: err]Cm
When the adhesive was diluted with NMP to a viscosity of

10 8,000 mPa's (7 10rpm)(resin concentration in total of resin
and solvent: 20 wt%), the diluted adhesive had a viscosity
ratio (M lrpm/710rpm) of 1.0. By using the adhesive of 20
wts® resiq concentration, observation of the appearance of
dried coating and measurements of contact angle against a

15 lead frame, aspect ratios before and after drying, chip-
bonding strength and foaming temperature were carried out.
The results are given in Table 1. Table 1 also gives the
solder reflow resistance of package evaluated by examining
the presence of crack.

20
EXAMPLE 4

Polyamide-imide powder was prepared according to
Synthesis Example 1, except that the amount of anhydrous
trimellitic chloride was changed to 2.17 g. It had a weight

25 average molecular weight (Mw) of 110,000 and a ratio of
weight average molecular weight/number average molecular
weight (Mw/Mn) of 1.8. An adhesive was prepared by
dissolving the resin in NMP to 30 wt% concentration and
adding thereto 10 wt% of a silane coupling agent (Trade_name:

30 SH6040, produced by Dow Corning Toray Silicone Co., Ltd.)

based on the resin. The adhesive had a Tg of 230°C and a Tg

in moistened state (Tgw) of 190 C as measured in the same

manner as in Example 1.
When the adhesive was adjusted to a viscosity of 40,000

35 mPa's (7710rpm) by adding 20 wt%¥ of a silicone rubber filler
{Trade name: TOREFIL E-601, produced by Dow Corning Toray



Anmount .of sanple: 10 ng 30 At nosphere: Air 100 m/mn 4d ass
transition tenperatures after noisture absorption (Tgw) were neasured in a
hi gh pressure cl osed vessel in the coexistence of a sanple and 10 wt % wat er
based on the sanple. 35 The rreasurerrz{)ns of the viscosities of the
above- described insul ating-adhesives for ectronic parts were 16
carried out using an E-type visconeter (produced by N ppon Keiki Co., Ltd.)
with 3[err] S::olcxc@me 266 er r}Gl. Heased aon okheurgsin And Hehenrdiliting | withd
to 1.0 rpm tGoyg ﬂlé&?@ﬁtf&i&r rin a1 ¢ f&sﬁﬂi &hd PSoiveqeassse

vi scosities [err] 10rpm 5 Viscosity ratios were cal cul ated by using the
equation, vi mnytmatdblu:teﬁérac]hdsm [lad |a Miseesity aatitan( Ndapmfn25 C
and 60 %RH, 0, 02 o) h i ulat n hesive for_electro rts_was
applied to a % ni %%Tefgf * orfe" pot n h‘%f%&‘i‘%fd“%{“dr%%e‘ﬁssﬁs’g% q% CHht9ct
10 angl e50f thee adm&mérmfamast%/erésnn etenuterorrat o mmtldzmwofead

frame was measyy %%#ﬁl&%o(p% il géfc?af‘ﬂ Tardd sl & KyVact

Kai men Kagaku Co I ng adhesi ve ectronic parts was
appl i ed to a angke fagaingt dnkegdiframg. RSORCH Jan%ms@foqg ang Rf Her
sizes of the &ﬂf’iﬂgﬂ MR- PRGN g‘%ﬂ&éﬁg&%{ﬁaﬁs & @:Eai(tﬁ“e Rrere

ai ne

produced by n Kaga .,. Ltd bef ore, an after I ng
to 90 C for f%ﬂrﬁlrﬁﬂ tnd m@?%ra’i ERR 2 (Y3 1aot al I%?pnf%aﬂ *&s0
frames) 00 bygihess itige tso 1A areflow aredik tanus asf (Javkdge |l dattea®shy, to

20 determ ne :Ean%.z?isrpfcéh Ig O?enéetohf ngékatr ng adhesive before

COMPARATIVE EXAMPLE 3
Polyamide-imide powder was prepared according to
15 Synthesis Example 1, except that the amount of anhydrous
trimellitic chloride was changed to 2.45 g. It had a weight
average molecular weight of 10,000 and a ratio of weight
average molecular weight/number average molecular weight
(Mw/Mn) of 1.4. An adhesive having a viscosity adjusted to

20 3,000 mPa's (7 10rpm)(resin concentration: 20 wt%) with NMP

was prepared and evaluated in the same manner as in Example
1. The results are given in Table 1.

COMPARATIVE EXAMPLE 4

25 Polyamide-imide powder was prepared according to
Synthesis Example 4. It had a weight average molecular
weight (Mw) of 28,000 and a ratio of weight average molecular
weight/number average molecular weight (Mw/Mn) of 1.6. An
adhesive was prepared by dissolving the resin with NMP to 30

30 wt% concentration. The adhesive had a Tg of 140°C and a Tg

in moistened state (Tgw) of 90’ C as measured in the same

manner as in Example 1.
When the adhesive was diluted with NMP to a viscosity of

8,000 mPa's (7 10rpm)(resin concentration: 25 wt%), the

35 diluted adhesive had a viscosity ratio (7 1lrpm/7 10rpm) of
1.0. After the adjustment of viscosity, by using the



and aft'er the drying. After sem conductor chips were nounted on the |ead
franmes, the shearing bonding strength of the sem conductor chips were
nmeasured. Each insul ati ng adhesive for electronic parts was 25 applied to
| ead frames, and dried [by heating to 90 or 10 mnutes and to 250[err]C
for 10 mnutes (for 42-alloy lead franes) Or by heating to 170[err]C for 10
mnutes (for Cu lead frames)]. The |ead frames were then dipped in_ water
for 24 hours adhegsivwe aha2d wEd AeFip fAnesnirablobs Asepiatign oBotheng

vere placed sgparAlalde WE NBtidd ddet Al Usl® hddsulidnaitlof aimetadtir@sgle
The tenperatures of the hot plates on i ch foam.n occurrtﬁdﬁre ‘ié?dﬂ and
the |owest t @AY R 1eRd fFMRd 2Pe%e FHHRS S T (R T

noi st ened i ndH a4 bEh @ Sé tifength lahd hEoami e rt engfd rat ures i weé e czsroied

sem condugt or__devi ges_ produced by usj the ve-describgd 4 sl atd

adhesi vesgf or®% ect i%esplfiiﬁss E\’/\%PT eéjévegrf ua e%igyeerr]gﬁ stcfeanl ng jfhe ¢ gi¥es
sem conduct orthie\sakiemtreSley riesiatBaRE fpackmge @Natuated Y ect i ng
themto sold f | Nt dnkd Sfacddd C, and exam ning the presence
of crack in %xeéngia%%%es ‘%3’ v%su%kf g@ger v%t lon and by an ultrasonic

def ect oscope (HYE-FOCUS, produced by Hitachi Kenki Co., Ltd.). 10 EXAMPLE
1 Pol yam de- igiixgpri®vsler was prepared in the manner as described in

30,000 238 A rati & dedbipma i RN FHm e Ao
nmol ecul ar weitggetidy Mitinfthe adhesive of 27 wt% resin concentration
prepared in Example 1. Then connection with bonding wires
and resin molding were carried out to produce a semiconductor
device as shown in Fig. 1 and Fig. 2. Sealing was carried
15 out using a sealing material CEL-9200 produced by Hitachi

Chemical Company, Ltd. at 175 C for 90 seconds at a pressure

of 100 kgf/cm?, followed by curing at 175 C for 6 hours. The
adhesive was applied to the lead frame so that the total
bonding area was 2 % of the area of a surface of the

20 semiconductor chip. When the lead frame was dropped from a
height of 1 m after bonding the semiconductor chip, the chip
did not separate. This indicates that the adhesive had a
strong bonding strength. The yield factor of wire bonding
was 100 %, showing good workability.

25



15 1.5,

m xture of N-nethyl pyrrolidone (NWP)/ethyl ene glycol

acetate (BuCA) to 30 wt % concentration.

NVP/ BUCA sol vent m xture (wei ght

( [err] 10rpm. 20 The diluted adhesive

rati o:

Ry

nonobut yl

An adhesive was prepared by dissolving the resin in a sol vent

et her

The adhesive was diluted with the

7/

to a viscosity of 30,000 nPa.s
a resin concentrati on of 27

W% and a viscosity ratio ( [err] 1lrpm[err] 10rpm of 1.0. The adhesive of
30 wt% resin concentratlon was appl i ed t'IB\BiaFgllass pl ate and dried by

heati ng to $—€cFor—to—mnufes—and—to250—Cfor—10—m nuéeb toJforma ftm
which had a|Tg 25 of 225 Cjangkamplg1i nj noi gf’ PRed state df Exbdplerd C.
The adhesiveg of 27 wt % resip concentrat|orfEXampleabpl i edxpeple 402-| al | oy | ead
frame with g dispenser, to (etgivamide-i t 5 polyamide—angl polagraidest it he | ead
frame, the afgslrance of dried GoRfei Y, | aSPGhige" atijos bghigse arnd Folimide
dl'yl ng, chi I botreh Ny 36 St SO e fpam 1 crpe at T arl
gi ven in Talyl 1 Tahle.1 also Jb-g@ Lk 0 2 0 p,g_z&gao___
package, whil&w/AMrs eval uat el by d¥ami ni hg t hd.Spreseince oldcrack. 35 22
COVPARATI VE | F¥AMBILE 1 18{The pp®cedufe _()fz{@(arrp e 1 veps repdat ed,258xcept
Dt e Oy, ol Io o0 [ ydr VISPOSTTYReT SO0 Moy (Teq 210
COVPARATI VE | BIKMPIEmPars: pl oced®P®0 of Exanpd® 1 uals r aPEAPEH oy 00 o
t he 7 1rpm/ N 10rpm _I.O 1.0 1.5 1.0

Solvent NMP/BuCA NMP/BuCA NMP/BuCA DMF

Contact angle/lead | 4 /45 alloy | & /a2-alloy | 70" /42-alloy | 45" /42-alloy

frame

Aspect ratio

. ; 1.2 0.7
(before drying) 0.5 0.03
Aspect ratio
. X 4 0.2
(after drying) 01 0.003 0
) Thin,
Appe.arance of dried Good Overflow to Many voids Good
coating .
sides and back

Chip bonding

strength 15 0.1 0.7 1.2

(kef/chip)

Foaming . 930 cbuld nc::t be could nc?t be 240

temperature (C C) determined determined

Presence of crack Inapplicable Inapplicable

in package after None for package for package None

solder reflow production production

continued on the next page



‘adhesi ve of 27 wt % resin concentration prepared in Exanple 1 was adjusted
to.a viscosity of 300,000 nPa s by addition of 10 20 wt%silica filler

(trade nane: FB-35, produced by Denki
The results of neasurenents are given in Table 1. EXAMPLE 2 15

resin.

Pol yi m de powder was prepared accordi ng t &
wei ght average nol ecul ar wei ght (Mvy) of 120,000 and a ratio of wei

Kagaku Kogyo Co.,

3Synt hesi

s Exanple 2.

Ltd.) based on the

It had a
ght

aver age nol ecul ar wei ght/nunber average'mB[LEClll ar wei ght (MN/ M) of 2.2. An

adhesi ve wag PF Cpa:’Cd b_y ehpsoet nye) tHherrest—in—ch IIr;LI H-ornami UB LJIVF_)_Z'C
to 30 wt % cpncentration. The athgle/s hlad Eahgledf 250 CUMRY a Tg i r¢°mp
noi stened sfate (Tgw) of 21p C as neasured in the sanﬁxﬁfaﬂﬁ@r ds Framiafp|
1. Wen thefadhesive was di [ upgfaidd®> DM-PbRamidé-SJosPélyarfiide50,| 0Rblydraide—
([err] 10rp BIBSi n concentfati (?rﬂrdg27 w9, ir{;igﬁ 25 dil M‘h@éj adkeS| Vﬁ,,g@d a
viscosity r@tt-o—~ter—trprteri—torpm—ot 0 By—tsi- fre—gdtres; of
27 wt % resi pMoncent ration | abs | o of- 116006, rar]rbﬁmh di ]
and rreasure /stf cont act | angl é.7agai net a K8ad friane, hépect rati ok6
bef ore and iﬁ-%c@rcyir ying, ch p- boggp Nng st renggjm and {30 fmrri ng |t enpgyet ur e
were carriefzouts—The Tesults arg, gr vefr 71T @t e 1. 'aDI'G‘ﬁl also grggs tn
sol der refl ¢ VET RS ,,Ql ed—byexamHrg—tHe—presence
of crack. EXanvtrpmdnd-s) PolB98i de- | ni KO, erl was380@par dd ac®090) ng
to Synthesi $ 7EkprPI7R1Gpml t had afeei ght| aver #ge nolfecul at.0 19 1.0
Solvent NMP .NMP NMP NMP
. : . id not b .
Contact angle/lead 30" /Cu 50° /42-alloy could not be 40" /Cu
frame measured
Aspect ratio could not be
. . 0.3
(before drying) 0.3 08 measured
Aspect rat.lo 0.07 0.3 could not be 0.05
(after drying) measured
) Coating was
Appearance of dried Good Good too fragile to Good
coating
form film.
Chip bonding
| tb
strength 13 15 °:‘e:s"u°re de 05
(kgf/chip)
Foaming could not be
. . 150
temperature (' C) 200 260 determined
Presence of crack ~ Inapplicable
in package after None None for package Many
solder reflow production '




wej ght .(Mnv) of 60,000 and a ratio of weight average nol ecul ar wei ght/ nunber
aver age nol ecul ar wei ght (Mv Mh) of 1.7. An adhesive was prepared by

di ssolving the resin in NWP to 30 wt % concentration and adding thereto 10
wt % of a silane 5 coupling agent (Trade n . SH6040, produced by Dow
Corning Toray Silicone Co., Ltd.) based o he resin. The adhesive had a Tg
of 180[err]C and a Tg in noistened state (Tgw) of 130 C as neasured in the
sanme manner ANDUSTRIAIDAPPLICARIAIMYe adhesive was diluted with NVP to a

vi scosity of 10 0 : [ I I QN of al of
resin and sol vent: qur\l't’%?.,a tlﬁyaqhg%ggg%gg&gcﬁggﬁg%ﬁg?gg anrtgftéito
([err] 1rpn paesentodmyention enaplessithe predugideon ofolesd fErmmessi n
concentrati Oiéufin&%qrevyéﬁridlﬁflatﬁlg_ me%reﬁﬁ%lrx@hcciﬁ]piredleﬁrﬁ.@ieisn@famﬂm (Lead
measur enents _of caqntact ai nst _a ead.frame, pect ratiqs
before amd aPPerC%dﬂ)i 55, %2% S-C%g'é’ng)r'hé‘e?#ﬁeﬁ&? C&HEGT'O%%ﬁSﬁFé’nﬁ&% e
were carri edthet profdmotdon tof dighdiyv eeliimbleblsemircohsdvictor d@leyd.cgiswes t he
sol der reflow resi stance of package eval uated by exam ning the presence of
crack. 20 EXAMPLE 4 Pol yam de-i m de powder was prepared according to

Synt hesi s Exanple 1, except that the anount of anhydrous trinellitic
chloride was changed to 2.17 g. It had a weight 25 average nol ecul ar

wei ght (Mwv) of 110,000 and a ratio of weight average nol ecul ar

wei ght / nunber average nol ecul ar wei ght (Mv M1) of 1.8. An adhesive was
prepared by dissolving the resin in NMP to 30 w % concentrati on and addi ng
thereto 10 wt % of a silane coupling agent (Trade nane: 30 SH6040, produced
by Dow Corning Toray Silicone Co., Ltd.) based on the resin. The adhesive
had a Tg-of 230[err]C and a Tg




I n. noi stened state (Tgw) of 190 C as neasured in the sane manner as in
Exanpl e 1. When the adhesive was adjusted to a viscosity of 40,000 35 nPa
s ([err] 10rpm by adding 20 wt % of a silicone rubber filler (Trade nane:
TOREFI L E-601, produced by Dow Corning Tor ?%\//p ne Co.. Lt
based on the resin and then diluting with (re5| n cont‘mmm&mﬂ“lm mlal
of resin and solvent: 23 W%, the diluted adhesive had
([err] 1rpm [err] 10rpm of 1.5. After t RBAIMBust nent of viscosity,
using 5 the adhesive of 23 w% resin concentration, observation of the
appear ance of dri ed coating and neasurenents of cont act _angl e agai nst a
| ead frame, aspectlrati o@heiidalihghadiesivg f§ 1&5‘%& q‘s
and foam ng twHHREH alsir€o IS cused ricx wondindea rmmwmmrcetcgr Ve p ntd'adnl e 1.

Table 1 alLso 10 Ves the.sol der. refl ow resi st ance of "ka ed by
exam i ng®t hdHb AT (i SIS AT S S TS ane T i
powder was pﬂupanan according to 15 Synthesis Exarple 17 except that the
anount of anhy u [ d vy I a

S ey §ﬂ€ é&éiagg!§%h%%%la%aﬁgﬁﬁﬂﬁ ( OR 245 3%, oofo @A

wei ght aver age I ecula ratio wei ght’ aver age

ol ecul ar wei R0 @0 Pagns meque@mlﬁn WEteh POdMRtMEener ahds.  An
adhesi ve havi nqpj W $&@3id brasigightd atv%r%@e f0dQuTRe welilghitr J(MW)/mt(beasi n

trat 20 w th lLuat ed th
manner a40) n ERXREAIS MOMRE AR ML e (Be R ¥ PROMECE. CCNPARATI VE.

EXAMPLE 4 and (C) the insulating adhesive for an electronic part having

a viscosity of 5,000 to 100,000 mPa's at a rotation number of
10 rpm and a viscosity ratio (mlrpm/710rpm) of 1.0 to 6.0

as measured at 25 C with an E-type viscometer.

15
2. The insulating adhesive for an electronic part as
claimed in claim 1, which when it is applied to a lead frame,
comes in contact with the lead frame at a contact angle of

20" to 130" and at an aspect ratio of 0.05 to 2.0 before

20 drying and, after drying, at an aspect ratio of 0.005 or
more.

_ 3. The insulating adhesive for an electronic part as
claimed in claim 1, which when it is applied to a lead frame,

25 dried and then forced to absorb moisture, foams at 200 C or

more.

4. The insulating adhesive for an electronic part as
claimed in claim 1, which when it is applied to a lead frame,
30 dried and then forced to absorb moisture, has a glass

transition temperature of 100 .to 250 C.

5. The insulating adhesive for an electronic part as
claimed in claim 1, wherein the resin is a polyimide resin or

35 a polyamide-imide resin.



25 . Pol m s prepared according to Synthesis Exanple
4.1t hadawelg m |l ar weight (Mv) of 28,000 and a ratio of
melght aver age ﬁmm“ nber average nol ecul ar wei ght (Mw M) of

. 6. An adhesive was=pr\spa"f by di ssol vi the resin with NMP to 30 30
wt%concentratlon The adhesive had a Tg 140[err]C and a Tg in

noi stened state- (Tgw) of 90 C as neasured in the sane nanner as in Exanple
1. WWen the adhesifre was Tie dnsglatipaedhesiyey iforogn: glectronds marts a(s

[err] 1t0r pm {dl%?l.nié&qriﬁ?ﬁa{na?ﬁ ion: wlﬁ‘b%ﬁ"’tf’@rtﬂé}.e com f:;idé% ﬁﬂ cadhesiae $
viscosity ratio ([err rp r rp : er e a men

vi scosity, byedd (hn‘gq @ sik d-JfRé&l(Fé" fagﬂ‘%%ﬁf@slod‘ c,td’r?céfféjrgz'{‘?d?# 8’3
observati on &edilte appearance of dried coating and nmeasurenents of contact
angl e aga'#nst a lead frane, aspect ratios before and after drying,

chi p-bondrng strength and foam ng tenperature were carried 5 out. The
results are givenﬂ .n TabMhel intallad ihgtlasihegiives fome agoledectromigypart as

resi stance- 0 RAGKANA A 9 W RIATE b RORRASRIC A POl AR 3 BRYAVPLE

5 10 A Iea rame and a sem conduct or i p were bonded together 'with
t he adhesive V{ﬁlgﬁ: Wibed ashildcant awbhar fldespdased eretigeightnp, the
connecti on widdgikonding wires and resin nolding were carried out to produce
a sen1cog€uctor device as shown in Fig. 1 and Fig.- 2. Sealing was carried
out ing a sealing material CEL-9200 produced by Hitachi Chem cal
Corrpany, Ltd. at BZ5[ err pClead ¥ramecomticht beamsesauadhesive layer

formed by applying the insulating adhesive for an electronic
part as claimed in claim 1 to the lead frame and then drying.

15 ' 9. A semiconductor device comprising a lead frame
and a semiconductor chip, the lead frame and the
semiconductor chip being bonded together with the insulating
adhesive for an electronic part of claim 1.

20 10. The semiconductor device as claimed in claim 9,
wherein the lead frame bears an adhesive layer formed by
applying the insulating adhesive for an electronic part of
claim 1 to the lead frame and then drying, and the
semiconductor is bonded to.the lead frame with the adhesive

25 layer.

11. The semiconductor device as claimed in claim 9,
wherein 0.05 to 20 % area of é surface of the semiconductor
chip is in contact with the insulating adhesive for an

30 electronic part.

12. The semiconductor device as claimed in claim 9,
wherein inner leads of the lead frame are placed over a main
circuit surface of the semiconductor chip and are connected

35 to an electrode pad on the semiconductor chip with metal
wires, the semiconductor chip, the inner leads and the metal
wires are sealed with a sealing material, and at least two of



‘of.'l‘OO.'kgf/cn{ err], followed by curing at 175 C‘for 6 hours. The adhesive
was applied to the lead frane so that the total bondi t he
area of a surface of the 20 sem conductor chip. mmunﬂﬂumnﬂlm{m
dropped froma height of 1 mafter bondin he sem cond’uct°or chtp,’tHe chip
did not separate. This indicates that the "adhesive had a strong bond| ng

strength. The yield factor of wire bonding was 100 % show ng g
wor kabi | ity. the inmer TaRids B hquded to the ggfpiconductor @ﬁﬁ) “ith the

Exanple 2 Exgihfidting datfdPivw ¥d€ Y electronic part.pol yam de-

pol yam de- pol yam de- pol yi m de i m de i m de i m de
Mv 80, 000 80, 000 80, 000 120, 000
Mv/ Mh 13. Theb semiconductbib device as clhifmed in claim 3.2 Tg

([err] O

Tgw ([ er r?C) wherein inner %.Se% of the 12e2a5dl7ﬁsrame are I%?a%% over a meb?

210 [err] 10rpmduifta ssirface of3(LlGemiconductzgy chip ard @, qmglected

iooog& \[/g;r[] £d A [ﬂédtgﬁé)rﬂad on thel: &mlcocr:lpc\iuctor Jcl'l%.lg gici;:pl\l metall. 5

DV
Cont act angl &ires theiEemicopdugtor chipy the jipner Aeade apd fhe metal
[42-alloy franr-APRASd dedlied with a sealihd material, pbwdk supply inre?

0 7 (bef]?re ql.eyaéig) Asfngq%%cgt O the semiconduoc'tlor chip wit(}i Qt%se
insulating adhesive for an electronic part, signal
transmission inner leads are not bonded to but kept apart
from the semiconductor chip, and the signal transmission
inner leads are separated from the main circuit surface of

15 the semiconductor chip farther than the power supply inner
leads are.



tAppéérance of dried _ | Thi n, Gbod | Overflow to Many

voi ds Good coati ng i sides and back Chip
bondi ng strength 1.5 0.1 0.7

1.2 (kgf/chip) Foam ng ZM%B could not be could not
be. 240 tenperature ([err] O determ ned

determ ned Presence of crack | nappl i cabl e | nappl i cabl e
i n package after None ' ABSTRAGT QECRHEeDISCLOSURBCckage None
sol der refl ow production production continued on
t he next page 23 TABLE 1 nple 3

. anple 4
Exanpl e 3 Exadyt eimsqi@tyad}g @@hesi%|%q;@ctrorp@ mqfe, whlch is to
Po!éanlde- Reyd fised for bondlng a|d€m¥bonductorldﬂﬂ#3to a lead ififai®e and
|23r3n OSOMI\A//lA?I\/h comprises a resin df\dc;a solvent, ]1'%198 resin ha%roir%og

1.6 Tg ([err] CRA) a weight averag&8fiolecular weigh® (Mw)-of 302200 to

140 Tgw CO) 0 6Qna 90
[err] 10rpm (mgoo 000 bas ég conversiZB 6&%9 polysty:gelaé n 8 000
[err] 1 rpm [éBﬂ]algaﬁﬁp of weight average mglgcular weight @MW)/number

1.0 Solvent  ayerage molecUMBr welght ﬁMn')"VBf 5 or less,NWP NIVP
Cont act angle/lead 3 Cu allo coul d not be 40 / Cu
frame 10 d (C) the insulating adhesive for elqm.é:d rts having a

viscosity of 5,000 to 100,000 mPa‘s at a rotation number of
10 rpm and a viscosity ratio (7 1lrpm/7” 10rpm) of 1.0 to 6.0

as measured at 25 C with an E-type viscometer.



‘Aspect . ratio 0.3 0.8 " could not be 0.3
(‘bef ore drying) S nmeasured Aspect ratio

0. 07 ' 0.3 coul d not be '0.05 (after drying)

measur ed Coating was Appearance of dried Good Good t oo
fragile to Good coati ng : form
film Chip bonding coul d not be
strength 1.3 1.5 coul d not be 0.5
(kgf / chi p) 1/4 measur ed Foani ng

could not be tenperature ([err] C 200 260

determ ned 150 Presence of crack

| nappl i cabl e i n package after None None for package
Many sol der refl ow B producti on 24

| NDUSTRI AL APPLI CABI LI TY The insulatihg adhesive for electronic parts of
the present invention enables the productton of |eed franes suitable
particularly for semiconductor devices ¥f LOC (Lead 5 On Chip) or COL (Chip

On Lead) structure, and al so enables thg production of highly reliable
sem conduct or devi ces. 25 ~CLAIVB-2y- - -~AT-i-ns trng--adhesi ve for an
el ectronic part, Q-
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whi‘th is to be used for bonding a sem conductor chip to a 5 |l ead frane and
cofiprises a resin and a solvent, the resin having (A) a weight average

nol ecul ar wei ght (Ma) of 30,000 to 300,000 based on conversion into

pol ystyrene and (B) a ratio of weight average nol ecul ar wei ght (Mn)/ nunber
10 - average nol ecular weight (M) of 5 or less, and (C) the insul ating
adhesive for an electronic part having a viscosity of 5 000 to 100,000 nPa
s at a rotation nunber of 10 rpmand a yfgcosity ratio ([err] 1lrpm [err]
10rpm) of 1.0 to 6.0 as neasured at 25 Cwith an E-type visconeter. 15 2.
The insul ati ng adhesive for an electronic part as clained in claim1, which
when it is applied to a lead frame, cones in contact wwth the | ead franme at
a contact angle of 20 to 130 and at an aspect ratio of 0.05 to 2.0 before
20 drying and, after drying, at an aspect ratlo of 0.005 or nore. 3.

The insul ating adhesive for an electrzET s claimed in claim1, which
when it is applied to a lead frame, 2 nd“?hen forced to absorb

noi sture, foans at 200[err]C or nore. 4. The insul ating adhesive for an
el ectronic part as clained in claiml, mhlch when it is applied to a | ead
frame, 30 dried and then forced to absorb noisture, has a glass transition
tenperature of 100 to 250[err]C. 5. he i nsul ating adhesive for an

el ectronic part as clainedqin cPaiml, ereip the resin is a polyimde
resin or 35 a polyanide-injde rasin. )\ \ '
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26. 6. . The insul ati ng adhesive for an electronic part as clainmed in
cld4im1, which further conprises 0.01 to 20 % by wei ght of a silane
coupl i ng agent based on the weight of the resin. 5 7. The insul ating
adhesive for an electronic part as clainmed in claim11, which further
conprises 10 to 200 % by weight of a silicone rubber filler based on the

wei ght of the resin. 10 8. A |l ead frame, which bears an adhesive | ayer
formed by applying the insulating adhesive for an electronic part as
clainmed in claiml to the | ead frame and/#hen drying. 15 9. A

sem conductor device conprising a | ead frame and a sem conductor chip, the
| ead frame and the sem conductor chip being bonded together with the

i nsul ati ng adhesive for an electronic part of claim1. 20 10. The
sem conductor device as clainmed in claim9, wherein the |ead frame bears an
adhesive |l ayer formed by applying the insulating adhesive for an el ectronic
part of claiml1l to the |lead frane and en -dryi ng,™and the sem conductor is
bonded to the lead franme with the adhesive 25 | ayer. 11. The

sem conductor device as claimed in cgai |Q"Q_Q§_jo 20 % area of a
surface of the sem~conductg [ )sul at i ng

adhesi ve for an 30 ©&ectro \ i - ' r device as
clainmed in claim9, whereiF AWK _ re placed over a

mai n




ci.rcuit surface of the sem conductor chip and are connected 35 to an
electrode pad on the sem conductor chip with netal wires, the seniconductor
chip, the inner | eads and the netal wires are sealed with a sealing
material, and at |east two of 27 the inner |eads are bonded to the

sem conductor chip with the-insul ating 4dhesi ve for an electronic part. 13. -
The sem conductor device as clainmed in claim9, 5 wherein inner |eads of
the lead frame are placed over a maia_gircuit, surface of the sem conductor
chip and are connected to an el ectr d the semi conductor chip with
nmetal wires, the sem conductor chip, I nner | eads and the netal wres
are sealed with a sealing material, power supply inner 10 | eads are bonded
to the sem conductor chip with the insul a1ti ng adhesive for an electronic
part, signal transm ssion iqiner | gads are' not 7bonded 1o but kept apart from
t he senm conductor chip, andthe siqnal transmi'ssion ihner |eads are
separated fromthe nmain gt f — - pconduty or chip
farther than the power
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