; vwe3eXW446<T@+H+ COVPOSI TE FI LM AND LEAD FRAME W TH COWVPCSI TE FI LM ATTACHED
BACKGROUND OF THE I NVENTION 1. Field of the invention The present
invention relates to a trilayer conposite filmfor use in sem conductor
packages such as LOC (Lead on Chip), COL (Chip on Lead), conposite |ead
frames wth heat sinks attached, etc., and a |ead frame ﬂm ‘u““
conposite filmis attached by punching. 2. Description (Jmmmm I“ mArt I n
sem conduct or packages such as LOC and COL, a conposite fil numistsh a base
filmattached is used for bonding chips to | ead franmes. Generally, for
application to a lead frane, a conposite filmis punched out and the

bondi ng el ereMEGS ITRIF IO aNDedEADE FRAME SRITRUZOMNEIS e wirted aApeatsepf t he

| ead frames. Upon punching, the conposite fil mundergoes high normal stress

and shear stress, so that burrs or flashes are generated as powders and
threads at the edge of the conposite film punched. These burrs or flashes

cause a decrease in the yi®eK N} SJudHEV iITNYENTI@Ne | ead franmes with
conposite filnms attached, as well as having fatal influence 3%“@”&“‘%%‘“
reliability of the sem conductor package chips. 1 Many att en

made to prevent, the occur e, urrs and flashes. For exanpdosz U. S.
Pat. Nos. 5,5931,7 e%r?f:l%g,r 3@% 6%&‘35?28 ose inprovenents in which the

conposi te fil merelpheysénbashvihl dhayengeaschoan edge faayri Bgpissied ance
defined within a certain range as to suppress the occurrence o urrs and
fl ashes atilfieregdgasel itrhesaamesiuct ol Ipdkdpes RuRehiaRg.L.decardd/  on
attenpts have been nade to |lower the tenperature at which chips are bonded
to | ead fchips, @OLMUcthizs qoskeblip, thmpebytér legdnd ramest warth npgawy enment
inthe reliability of sem conductor devices. In detail, upon bonding at

hi gh t enpeinkarattadeednleiaopacind @2 dged ddae senwbdabuther coepdsiase To
prevent or significantly alleviate the thermal inpact, the bonding

t enper at ufélat iahderached dBhdIdinehi ps are bonded to lead franmes is
reduced by use of a conposite filmconprising an adhesive with a | ow gl ass
transition tenperature. However, upon punching a conposite filmwth an
adhesi ve of |OV\é gl 1SS, tir%n%intiO ntf‘e erapure. the adhesive is nelted and
attached to the p ther o i'ng to Fs T oW d¢fass transition t enper at ur e,

causing the propl e@éﬁl@ontd'{h%tegncﬁﬁékﬂ?%ér neb%arpr & %69”5#@1_ ctganed, The

nolten attachnents on the puncher are owing to the fricfional heat
gener at edcbypbBetér Felnonibet WeBastheipunghesciied 1dHeusodPost tisoddidg upon
punchi ng. An adhesive 2 whose glass transition tenperature is nmuch | ower
t han t hat chfipa hasddad nidasnasel t edrewiaid vt o fiolre dppldidaciah heata gbseed at ed
upon punching, and the nolten adhesive is attached to the puncher.

Ther ef or e frane, cont aimpisddepufither Fmsrubehebeamell @nd ephacedonding ng
rise to a great decrease in the productivity of |ead frames with conposite
films att&éRRENtSUMVARYORFaTREd | AVENTPFEREE@adddNsth FeRubres PR isvadht i on,
t he intens'bve ana t hor ough research into the formation gf, nol t en

at t achment8€ohepEnERBPES up P PURHTY PonsdEi CEMPPEAES EoMAULPLRFFRLS he
present inpnvenptors esulted in,the finding.that dification_pf the

P ehnesshuEh: fBinaloStHeSS di dlfeds MG N30 BndRAbhEes LONRIGldY | e
gl ass transiti at ur e esi an,.ef ti p S the
occur ren.cgét%f f%éé no ﬁanggt ﬁ)fgjﬁjr%%t S. hestr%%gfjg, ”cluff iftglféané/o %eét&} gt;ﬁet'she
present | &‘é&ﬁ_bb@ﬁet Ofﬂrnpvbdﬁcﬁeél()”po‘?hé%f Ildd‘firfsoroklseflébrfe%m egqngdactor
packagi ng, ich are restrained fromgenerating nolten attachnents on
punchers, debheeaby dxi etitk ngithe anehnprghiyerivdd yofopuntberlaands tdmess

i nproving the productivity of punching processes. It is another object of

t he presemtithnveonposite pridwisde aitbehddfrane wall caspobavéngi | fatek ached

to required El)ortions of the lead frame, with which highly reliable 3
influence on the reliability of the semiconductor package

chips.



sem conduct or packages can be produced at high yield and productivity. In
one aspect of the present invention, there is provided a conposite for use
in sem conductor packagi ng, having a structure in which an adhesive is

| am nated on each side of a heat-resistant base film wth thickness of the
conposite filmand the thickness and glass transition tenperature of the
adhesi ve satisfying the following formulas 1 and 2: 0.05 S TA/T _<
0.45-(185-Tg)/500 [1] 135 C < Tg <_ 185 C[2] wherein TAis a thickness of
t he adhesive layer, T is a thickness of the conposite film and Tg is a
glass transition tenperature of the adhesive. In another aspect of the
present invent MeRy BREECEBPLS PRYSI He@namMaegd tor Mrevedtwiiheh qasairesengesi t e
filmis ayéac ed b unchi.n TAlI LED_DESCRI PTI.ON OF THE | NVENT| ON

Suggest ed®} o“psec %eﬁpéo%ﬁg:‘&s'chi BSTi (A Sdenti t iSes, Pah: L&eS-
structur I-Scl dci . Pat_. . 4 ses. a osite film
(insulatﬁ%ﬁ%%*ﬁw? b%?ﬁegh@gya0§b|§§80#5§ﬁ9%£%§%§%§%HF§0ﬁﬁLCYgggﬁh?%et0 bond
themto eaghAtifQr. rIYRsCalhyioyf he cpEBESI fL1f | AGhRSULREL NG | lellel S
conposed of a base filmand a thernoplastic or therndsetting adhesive
attached gshiold sedestahcéhaddmiseed | Withih S Rrirtallp. babh§s, D tefers to
a conposite filmhaving a base film 25-125 Etmthick, wth an adhesive

| ayer rangupmredan the chkoassrerfasonnflObtors80akiinflabises LEC tbapesigeeofi | ns in
current use are 25 or 50 Eun in thickness with an adhesive 18 or 25 Nm

t hick. |rtha cospasite Hdlpsevpan Pwwenin®n pertains to a conposite for use
i n sem conduct or packagi ng, having a structure in which an_adhesive is

| ani nat ed on e&EFEEEAY of 2L TRERES edie¥CantPePase 1395 thar d6YEEi z&8%i n t hat

t he thick f_th ite fil d th hi d gl t iti

L onper at US4 HE Ao dP s SPBPy F RePPBTF Ol LIt AEE™ ea™9eR0. 05 <
TA/ T <_ 0, 45- . / . C< Tg <. 1 in; TA
thicknéésa%fp%%§§g£%és?%%rkége%§a#%%ﬁ%.%ﬁ?%&nggsaﬁéqqﬂgﬁ%ﬁ%gé?tghgi?m
and Tg i s & iAsisi dy ansy timil-enparabyr eqelitbe, adhas] veerlia conpesite

filmof the present invention has a base filmwth an adhesive on both
sides. Tywordidy, atheigh tonposdtherd, | fhésmdl epa adthi§0§prDQe@nt@dheSi ve
on both sides of a base filmand drying it. An adhesive nay be applied to
one si de sdmicdrahetfdd Mdevdrcead afid phewemppdr esligrmoi fimwargtlheraldiedd ack t he
base. Alternatively, an adhesive may be coated on both sides of a base film
si mul t anedus| ytbermal or dwpaghd t hba dboadingl sgempethbpreat adhesihieh may be

applied to both sides of a base film ,
semiconductor chips are bonded to lead frames is reduced by

use of a composite film comprising an adhesive with a low
glass transition temperature. However, upon punching a
composite film with an adhesive of low glass transition
temperature, the adhesive is melted and attached to the
puncher owing to its low glass transition temperature,
causing the problem that the puncher must be more frequently
cleaned.

The molten attachments on the puncher are formed owing
to the frictional heat generated by the friction between the

puncher and the composite film upon punching. An adhesive



Suitable for use in the base filmof the present invention is a

heat -resi stant, engineering plastic, exanples of which include polyimde,
-pol yam de, pol ysul fone, pol yphenyl ene sul fide, polyarylate, and

pol yet her sul fone. The thickness of the base filmis preferably on the order
of 10-125 ~, mand nore preferably on the order of 25-75 dun. Since the
conposite filmis used in a sem conductor packagi ng process which is
typically conducted at as high as or higher than 300 C, the base filmis
required to be high in glass transition tenperature and have a | ow
coefficient of thermal expansion. Preferred is a base filmthat has a gl ass
transi ti orhdssperaddrteraofs i250nCtempbrghere ahsl muclveldwent ertarofthate oifal
expansi on of 30 ppm/ C as neasured according to ASTM D-691-91. To achieve a
hi gh adhesibasst Fehyt hs beekkedh eowindate the nfahet idnaladeadi vaenendtedase
filmmay be subjected to various surface treatnents, which are exenplified
by chem c@PoR r BHRRBARY su@Rdastif kBP1 LR e RCRESE VENd Ssi A ERERSSIpFPndPEgent 6

treatment, and physjcal treatnent such as_sand bl astin l.as t r eat ment
and cor o TS men e IRISES | 1P s CRBEETHIECTS RIEITS T Wb Hatt 6 %o or
nore trea n I ar&; e, mstgsuitabl e f e sdhesives ;and se film
used. O {)/g?i %%%%%?’aceﬁ&rle_ mentsse,S. pﬁt(gsnag t eeaatti{}ent I's ts\r%e r%g)_st e%f ective
in terns gfoder i PP BRIad FrafBesk ofh sésisil tte AQklkkentkaehBique for

i ncreasing the adhesion strength between the base filmand the adhesives is
coextrusion. An adhesive material with a glass transition tenperature of
150300 Cis coextruded, along with the base film to a thickness of 0.5-10
dun on one side or both si d8SMMARY el bR INVEMNTIPNef er abl y, the gl ass
transition tenperature of each of the adhesive layers thus fornmed is | ower
than that of the base film Increasing the adhesion strength between the
base filmand the adhesives may resort to the intercalation of a primner
coating bet weea3EN9askOf TR aRBSSPRT adR¥EPFESN/ | FRehi 4NFERSFBES 215 i ner
with a glass transition tenperature of 200 C or less is coated to a

t hi ckness“B?PL 8 L BrS9%S °prtg’1ee9585fn?gi‘8na°%h?‘%iﬁ%%sa‘btfa%nési Mr | ess
on both sj th as J i of. a i Lan of

adhesi vesi.)g’?l'lélrég% asugjo'?lr aﬁg{‘l!{ﬂp%lrllgte%r?p \r{%{igr%e % Lﬁi’e %%%ﬁ%?%%uast%eﬁ%mr and
is prefergbly.gnd prgieiabky SOr&slovg than thad ofritbgnBasefdd m 4 n
addition, the drying tenperature after the 7 application of the adhesives
and/ or thgo80F Vet idiseslf nede atheeknéde adhesiorombbengeh£iSmi aall eten the
present invention is an adhesive, based on a heat-resistant, thernoplastic
resin, w abhesprass timansicondantenper atwiteh of theb- 18bafs Prefarsiion t he
thernoplastic resin is a polyinmde or polyamde with a weight average

mol ecul ar tempghatwie 19£f00the oadbeshve., T t ef AeChoVsdni gepprrssasddicher ein
means not only polyimde, but also any other resin containing imde bonds,
such as pOF§akTerRFHi e, thrompddesr piFaehBenbdi yet herimide. |If the gl ass
transition te ratuyre of ,the heatresistant hesive is lower t.han 135 C,

i nner | eads na% &d dir ity A vﬁ%JeeG&on%fi ny priocEs % G *SPhér® hand,
a glass t itio re:abho 1 C; requi.k i mer at ur e
or' bondi RSO bakbieorBARER L& 61 B C¥Fr e B T E5na B0l Ba Ol SRS

t her mopl aghi cpadhesi Mestidithed Vet Gt gBNEEAOENGONBEHLAT MRIaGhehesS ddhan
15,000 i s enployed, desired polyner properties cannot be obtained. On the

ot her hangdunanthes mepkashiCeatbraing wheh clewight prrebadge fop@esHers wei ght
greater than 100,000 suffers the problem of being too viscous upon coati ng.
Fi Il ers mapdbehasdiatbtovirte tAdhesiodaect Exatpl ef wminalsiefaulprioidelsees.i ncl ude
inorganic particles such as silica, glass, calciumcarbonate, etc., netal
particles such Hs sid vanotbeppepbiect. ofandher g@viesephrt invertserh tas
acryl, 8 polyimde, gum etc. In order to increase the bonding force

bet ween t REOV#HSE gani%a%aﬁwaﬁf el tghFammeosiést £iéni 3t BAThedneRi TRAVE Sbupl i ng

agent may be al so added.. Exanpl.es_of useful _coupl.ing ents inclu

vi nyl tri nBPRBX§RF a‘hg, t'\}'}e’nyﬁfetaflet FERYSH | dheEh Whichd RIGRLY rSl e

Y- met hacryl oxy- propyl tri met hoxysil ane, titanates, alum num chel ates, and
zi rcoal um nates. 3



An adhesive varnish is prepared by dissolving a thernoplastic resin in an
organi ¢ solvent. For use in applying the adhesive varnish to the base film
-a coater is used, exanples of which include, but are not limted to, a
comma type, a reverse type, and a die type, with preference for a die type
coater in an aspect of preventing the occurrence of external inpurities and
bubbl es. As a drying neans for drying the polyimde varnish after coating

t he adhesive varni sh onto one side or both sides of the base film there is
used a roll carrier in which aroll is noved with the coated fil ml oaded.
In the case of coating the adhesive varnish onto both sides of the base
film thesdbyiggaiEas bakgsqash|oaliBe Gakddied™®aRemigh Wi gt N filmis
carried wthout contact 'with”a roll. A process conprising cdating an
adhesi ve pao8gtbhiwites of a base filmsinultaneously or sequentially and
then drying it is favorable for productivity and workability, but requires
a floating carrirer.ong claepecexaot nathen mfeseati ousveactons | ticerri nigs
initial drying tenperature, wind direction, etc., 9 nust be nmade in order
to definePafvepedned @ePPRiprockss. UREnVAl sMikeadyeiteent Patkadimadhesi ve

varnish fromthe coated filmrequires gradual,K dryjng, at,K 50-250 C over 3-20
mi n. Rapi B2KeR%i AgSFEURFERE y1BptNt el catisAReR Yonkt atd B ehBbICh n the

adhesive Layers,. resulting i ctives n b i n | ead frames and
fhus poor “FAF1 S5 ¢ oot PR aER Eohate: ot bciia "Satned SRl
order to . £Qat | | a f o] , dgyl t i's
preferablgeﬁﬁggéggedfggmsl%ﬁfy gggpogg?EPQéﬁiti%ﬁgo %y% gthgﬂgﬁ§€%hf?of t he
adhesi ve gembefaOiird her base ddHdBive IRFR%EYinhNtABOEHLIoRSRE Corhlie PPr esent
invention pertains to a lead frane to which the conposite filmis attached.
The conposi &4edf2t m of the present invention is punched out and attached to
a lead franme. The lead frane nmay have any structure. In a typica

structure, a lead frane has a conposite filmattached to a predeterm ned
portion thereof, with inner and outer |ead portions being connected to a
senmi conduct or chiGh enTadBnBetid t18%eNge/B80 cir€llts, respectively. The
effective bonding of the conposite filmto lead franmes is conducted by
repeating a pu n§/ BregsFnkfTy€le in which a | &4 frane is | oaded within
0.3-1.5 sec below the conposite film w th one adhesive |ayer facing the

| ead frame, and punched into strips which are continuously pressed agai nst
pr edet er m ned i f.th o] a ure Qf 0.1 to
10 MPa for O. 1%&5&21201&&%. gTiggl?g}a{fl%%,ge?ﬁeg%?/c%%ﬁ%%lgvea %(fne;ﬁpeqreil% “of
0.8-5 sectnIhRné Qs nsr of hd heorpushed-autn, capposht esf bl BLabEi PeayeiM th the
forms of chips, the locations of chips on |lead franes or the designs of

| ead franmesmpéikathieetofrectof guraiivieg, the | ead frane body is generally
heated to 200 to 350 C. It was experinentally found that when bei ng punched
out, the conposineahbthesabispegingfl hehd oprebest 1 iandnigenerthees alarost no
mol ten attachments on punchers. Having generally described this invention,
a further phadédse andiped chranre tcmtvmwgugtw corppente folBeis apbtapwrd fic
exanpl es which are provided herein for purposes of illustration only and
are not i R¥eRBREPE#RBYIbe |initing unless otherw se specified. In the
foll ow ng exanpl es and conparative exanples, conposite filnms were eval uated
for the occurrence of nolten attachnents on punchers in terns of the
punchi ng cl eani ng perj } at ef ective punched
strips owing to the cgﬁ?%%$€§té%é?%%éﬁq§§eggﬁ?ﬁgrghgﬁyﬁf%glten conposite
films. In'this regard, the clearance of punchers were set to 4 %of the

t hi ckness of the conposite film In a punching/bonding cycle, the tine it
took to load a $eggedta® t® gpalesaded pasiddmiucras sethilps 0.4h Whigh t he
punchi ng and bondi ng processes of conposite filnms was preforned at a
pressure oen3dtMPa, wahhil@CO.strseturdé]l asbExXAbRLEsédEachUsi de cfata pbbyi mi de
film75 Eun thick, having a glass transition tenperature of 300 C or higher
and a coeflf PdBeBt3of usper FalroBrpahteofiidh 12npphd G nawesi boatkstwieh a
pol yi m de adhesi ve (wei ght average nol ecul ar wei ght 50. 000, Mwm Mh=2.1)
having a glass transition tenperature of 170 C, at a thickness of 15.0
~,un, and dried, to produce a trilayer4tonposite film1l05 ~mthick in
total, with a thickness ratio of the adhesive to the conposite film being
0.29. The conposite filmwas placed over a nickel alloy 42 |lead frane
heated to 320 C, and was then punched with the aid of a puncher to give
strips which were then continuously pressed against the lead frane for 0.4
sec at a pressure of 30 MPa, to produce a lead frame with a conposite film
attached.



EXAMPLE 2 The sane procedure as in Exanple 1 were conducted, with the
nodi fi cation that an adhesive was coated to a thickness of 22.5 Eun on each
-side of a polyimde base film to give a trilayer conposite film2115.0 ~. un
thick in total, with a thickness ratio of the adhesive to the total
conposite film 12 bei ng 0.39. COVWPARATI VE EXAMPLE 1 The sane procedure as
in Exanple 1 were conducted, with the nodification that an adhesi ve was
coated to a thickness of 32.5 ~.un on each side of a polyimde base film
to give a trilayer conposite film 140.0 dun thick in total, with a

t hi ckness ratio of the adhesive to the total conposite film being 0. 46.
COVPARATI YVEa&XAWRIne 2arddie asasemijprarohditioar ashipm Ewxarmprel 1themne teonslch ed,
with the nodification that an adhesive was coated to a thickness of 32.5
Eun on eaehherde divpdagddy ., fittha soomposhiekfiln dilneudatinpaydrlmdonposite
film2115.0 dun thick in total, wth a thickness ratio of the adhesjve to

t he total C@B%%%@t@ff Pl RPBE] ﬁdl@. gpd EXAGSLEOBLESEHC s?HetB?rIaO%%‘FEIWH de

(L1M7 EUmELF: PRS2 9aan I LETemetaguis, of, 300, Cogt, i aher
No. 5,583,375 refers to a composite film having a base film
25-125 pum thick, with an adhesive layer ranging, in thickness,
from 10 to 30 pm. Most LOC composite films in current use
are 25 or 50 pm in thickness with an adhesive 18 or 25 um
thick.

In an aspect, the present invention pertains to a
composite for wuse in semiconductor packaging, having a
structure in which an adhesive is laminated on each side of a
heat-resistant base film, characterized in that the thickness
of the composite film and the thickness and glass transition
temperature of the adhesive satisfy the following formulas 1

and 2:

0.05 < Ta/T < 0.45-(185-Tg) /500 (1]
135 °C < Tg < 185 °C [2]

wherein T, 1is a thickness of the adhesive layer, T is a
thickness of the composite film, and Tg is a glass transition
temperature of the adhesive.

The composite film of the present invention has a base

film with an adhesive on both sides. Typically, the



wi th a polyimde adhesi ve (wei ght average nol ecul ar wei ght 50. 000,

MV Wn=2. 1) having a glass transition tenperature of 150 C, at a thickness
-of 15.0 ~m and dried, to produce a trilayer conmposite film 100 ~. mthick
intotal, with a thickness ratio of the adhesive to the conposite film
being 0.30. The conposite filmwas placed over a nickel alloy 42 |ead frame
heated to 320 C, and was then punched with the aid of a puncher to give
strips which were then continuously pressed against the |lead frame for 0.4
sec at a pressure of 30 MPa, to produce a lead frame with a conposite film
attached. COVPARATI VE EXAMPLE 3 The sane procedure as in Exanple 3 were
conducted th.the i ticat esive vas coaled to i ckness
of 27.5 ~m%$o%5i E?Pe of ﬂ%ﬁgrégiF bgggp mt a véﬁft??lgV%E
conposi t esfdddn 430.0 pafet Im% I&h&%%mzy 4 I}_ a tlél ckm%% iRt iR of plhe
adhesive to the total conposite filmbéing 0.42. COVPARATI VE LE 4 The

same procgshirieeditd prisxaipke o webaseofdlgf edriad tahd hehddigplaadi @s t hat
an adhesi ve was coated to a thickness 14 of 25.0 Nm on each side of a

base fil mix® &umet hstdle 06 ghee baseri | dleercenposiye &nl mdbé6ifanmblyi ck in
total, with a thickness ratio of the adhesive to the total conposite film
bei ng 0. 5% & oY optkashdes defoh ®agel Vildnds imuliasgoEahyt REcknhavi ng

Ehar e te%cgengra x I'@%ﬁof EBe L a0 p%‘i;pfn o BT c o ChEPGHES avagEe.

I I h I t t t t f
IS L 0, AT b A T Lo {Lon Lemerature o
trilayer corrpogutl%ahgmfgro Jsl@ EPI' cg én gé)stéaI %t horﬁetg}{eck ef_% g;l?ftl o of

t he adhesive to the total conposite f| n1be|ng conpos il mwas

pl aced ovekyéhtiidikels a4l ﬁ&#@@f&éﬁ@%ﬁzﬁﬁ{&@ﬁ% %a%s%lcan%x%@lbgen

punched with the aid of a puncher to give strips which were

continuousty piteissed agrilusie t hgolgagifiepne peIydmidsec qjolaya@rl%slér,e of 30
MPa, to produce a lead frane with a conposite filmattached. COVPARATI VE
EXAMPLE Spdhyplsamnd emeoc edifédas | poEyanplatd, wearsd ¢ quollisd teos r smiltfontehe

modi fication that an adhesi ve was coated to a thickness 15 of 18.5 Eun on
each sideThd Bhiggedy |9 the gase £iln |8 @referpddivt onf ithe P3derEad t hi ck

intotal, with a thickness ratio of the adhesive to the total conposite
fil m bei n{00L%4D pm and more preferably on the order of 25-75 um.

Since the composite film is used in a semiconductor
packaging process which is typically conducted at as high as
or higher than 300 °C, the base film is required to be high
in glass transition temperature and have a low coefficient of
thermal expansion. Preferred is a base film that has a glass
transition temperature of 250 °C or higher and a coefficient

of thermal expansion of 30 ppm/°C as measured according to

ASTM D-691-91.

To achieve a high adhesion strength between the base
film and the adhesives, the base film may be subjected to
various surface treatments, which are exemplified by chemical

treatment such as alkali treatment and silane coupling agent



COVPARATI VE EXAMPLE 5 The sane procedure as in Exanple 4 were conduct ed,
wi tth the nodification that an adhesive was coated to a thickness of 19.0
. Eimon each side of a base film25 fun thick, to give a trilayer conposite
filme65.0 ~mthick in total, with a thickness ratio of the adhesive to the
total conposite filmbeing 0.60. Wien the conposite filns prepared in the

above exanpl es and conparative exanples were attached to | ead franes by use
of punchers, the cleaning periods of the punchers were neasured, and the
results are sunmarized in Table 1, below TABLE 1 Exnp. No. T (unm)Base Film
Thick. (umTA (,um) TACTCritical Thick. RatioTg ( C)C eaning Period

(hr) 110575030, 00,2015231540, 945,100, 390, 4217 0%3,11975, 998 09,408,215

065. 00. 57

C. 313075. 37?5&59:% 4.%%&%%@6Q-n‘&il%@%n%({-z%%gﬁ\%%é%ﬁéo92gt09s4§&%%91’éié3'3-

. 00. 490. 951845C. 66325. 038. 00. 603.5 As evident fromthe

ata o

Tabl e 1,

conposite

td |uee,0fird heonl @feilon, N\teRt Iodh ndre exeltientsi phiennaref thhe

50.

037
t he

occurrence of nolten attachnents on punchers such that the cleaning period
of the puncisr ssaleabkignifidrcahbéy ddrgtivesedand héaelky fiakn ngsadgr eadf
contribution to the productivity of sem conductor packages.

various surface treatments, plasma treatment is the most
effective in terms of the improvement in adhesion strength.

Another technique for increasing the adhesion strength
between the base film and the adhesives is coextrusion. An
adhesive material with a glass transition temperature of 150-
300 °C is coextruded, along with the base film, to a
thickness of 0.5-10 um on one side or both sides of the base
film. Preferably, the glass transition temperature of each
of the adhesive layers thus formed is lower than that of the
base film.

Increasing the adhesion strength between the base film
and the adhesives may resort to the intercalation of a primer
coating between the base film and the adhesives. In this
regard, a primer with a glass transition temperature of 200
°C or less is coated to a thickness of 5 pum or less and
preferably to a thickness of 0.5 pm or less on both sides of
the base film, in advance of the application of the adhesives.
The glass transition temperature of the primer must be lower
and is preferably and preferably 50 °C lower than that of the
base film.

In addition, the drying temperature after the
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is to be understood that the term nology used is intended to be in the
-nature of description rather than of limtation. Many nodifications and
variations of the present invention are possible in [ight of the above
teachings. Therefore, it is to be understood that within the scope of the
appended clains, the invention nay be practiced otherw se than as
specifically described. 17 CLAIMS 1. A conposite for use in sem conductor
packagi ng, having a structure in which an adhesive is |am nated on each
side of aahebicateidrst afit tHrase abihkslvekst harddyioarkners ofolntconpesi eyl il m
and the thickness and glass transition tenperature of the adhesive

sati sfyi ngfteet fidid adhegifoor stiresgthand 2: 0,05 < TA/ T <_
0.45-(185-Tg)/500 [1] 135 C <_ Tg _< 185 C[2] wherein TA is a thickness of
t he adhesive | ayditabtej dng the PERESEL oL NYRART LOMPDSi 3 FFNeS1i%hd PRFES a
glass transition tenperatyre of the adhesive. 2. The conpgsite film as set
Porth i n Biaif DEShean ks ad iOSTREBTARDES | FoTiias TEes CIM5 ase
transitiopn ienperatur nd. f.r 15,000 0,100,000 in ight .avera

nmol ecul argﬁ%ﬁl% l.oaré. %@ecroartr:ﬁ%g téjf?i Iq‘r%sas}jeget {’)brt h %!\]ﬁe C raa}b%yl’, \%Vi‘caer ein
the base fhémhbisEast i ass ity aRsiat ipen mﬁrasrakugslyémj?&@ Wit Divghightand a
coefficient of thermal expansion of go ppn C. 18 4. The conposite film as
set forthavérggai molecwhereiveidre base 1f5,l0m0i stard®0qD0RQ! Yi Thée t@rm

pol yam de. 5 The conposite filmas set forth in claim1, wherein the base
filmis nipel pimidglblasmerseskelhegtedd fieanst het goolp pohgistdayg oft Rdlsp m de,
pol yam de, polysul fone, polyphenyul ene sulfide, polyetheretherketone,

pol yaryl agey andthenbi nzgsighs deatadning. Allnedd frerdsvi t h Sudonpesite
filmattached, said conposite filmc¢aonprisi a base film each side of

whi ch is EBaY@8 S tH &ﬁﬂé@ﬁ&&Flthﬁp?ErP? e dHESs of the conposi te
(L1 mand the {hEkses, and SRl CROsLAl OB SIBEEANT o f Sl s ve
{iie}?STc%gs%g%%ﬁck%gg §%§§1%§h éﬁ%%sgﬁeh?ﬂ?ﬁfbgﬁ§9$§3rgﬁgggga§%95 g%iition
tenperat ups,0f Hei8gheSiWere bonding process. On the other hand, a
glass transition temperature above 185 °C requires too high a
temperature for bonding.leads or chips and too long a bonding
time. When a thermoplastic adhesive with a weight average
molecular weight less than 15,000 is employed, desired
polymer properties cannot be obtained. On the other hand, a
thermoplastic adhesive with a weight average molecular weight
greater than 100,000 suffers the problem of being too viscous
upon coating.
Fillers may be added to the adhesive. Examples of
useful fillers include inorganic particles such as silica,
glass, calcium carbonate, etc., metal particles such as

silver, copper, etc., and organic particles such as acryl,
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applying the adhesive varnish to the base film, a coater is

used, examples of which include, but are not limited to, a
comma type, a reverse type, and a die type, with preference
for a die type coater in an aspect of preventing the
occurrence of external impurities and bubbles.

As a drying means for drying the polyimide varnish
after coating the adhesive varnish onto one side or both
sides of the base film, there is used a roll carrier in which
a roll is moved with the coated film loaded. In the case of
coating the adhesive varnish onto both sides of the base film,
the drying means takes a floating carrier manner in which the
film is carried without contact with a roll. A process
comprising coating an adhesive on both sides of a base film
simultaneously or sequentially and then drying it is
favorable for productivity and workability, but requires a
floating carrier. A close examination of various factors

including initial drying temperature, wind direction, etc.,
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must be made in order to define an optimal drying process.

Removal of the solvent of the adhesive varnish from the
coated film requires gradual drying at 50-250 °C over 3-20
min. Rapid heating is highly apt to cause the generation of
bubbles in the adhesive layers, resulting in defectives upon
bonding to 1lead frames and thus poor reliability of the
semiconductor packages obtained. Thus, in order to form a
coating layer free of bubbles, the drying temperature is
preferably increased as slowly as possible until 90 % of the
solvent of the adhesive coated on the base film is removed.

In another aspect, the present invention pertains to a
lead frame to which the composite film is attached.

The composite film of the present invention is punched
out and attached to a lead frame. The lead frame may have
any structure. In a typical structure, a lead frame has a
composite film attached to a predetermined portion thereof,
with inner and outer lead portions being connected to a
semiconductor chip and connected to external circuits,
respectively.

The effective bonding of the composite film to lead
frames is conducted by repeating a punching/pressing cycle in
which a lead frame is loaded within 0.3-1.5 sec below the
composite film, with one adhesive layer facing the lead frame,
and punched into strips which are continuously pressed

against predetermined portions of the lead frame body at a
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pressure of 0.1 to 10 MPa for 0.1 to 5 seconds. Typically,
the cycle has a time period of 0.8-5 sec. The forms of the
punched-out composite film strips vary with the forms of
chips, the locations of chips on lead frames or the designs
of lead frames. At the time of punching, the lead frame body
is generally heated to 200 to 350 °C.

It was experimentally found that when being punched out,
the composite film satisfying the formulas 1 and 2 generates
almost no molten attachments on punchers.

Having generally described this invention, a further
understanding can be obtained by reference to certain
specific examples which are provided herein for purposes of
illustration only and are not intended to be limiting unless
otherwise specified.

In the following examples and comparative examples,
composite films were evaluated for the occurrence of molten
attachments on punchers in terms of the punching cleaning
period, the time to the generation of defective punched
strips owing to the contamination of the punchers with molten
composite films. In this regard, the clearance of punchers
were set to 4 % of the thickness of the composite film. In a
punching/bonding cycle, the time it took to load a lead frame
to a desired position was set to 0.6 while the punching and

bonding processes of composite films was preformed at a

pressure of 30 MPa within 0.4 sec.
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EXAMPLE 1

Each side of a polyimide film 75 um thick, having a
glass transition temperature of 300 °C or higher and a
coefficient of thermal expansion of 12 ppm/°C, was coated
with a polyimide adhesive (weight average molecular weight
50.000, Mw/Mn=2.1) having a glass transition temperature of
170 °C, at a thickness of 15.0 pm, and dried, to produce a
trilayer composite film 105 pm thick in total, with a
thickness ratio of the adhesive to the composite film being
0.29. The composite film was placed over a nickel alloy 42
lead frame heated to 320 °C, and was then punched with the
aid of a puncher to give strips which were then continuously
pressed against the lead frame for 0.4 sec at a pressure of
30 MPa, to produce a lead frame. with a composite film

attached.
EXAMPLE 2

The same procedure as in Example 1 were conducted, with
the modification that an adhesive was coated to a thickness
of 22.5 pm on each side of a polyimide base film, to give a
trilayer composite film 115.0 pm thick in total, with a

thickness ratio of the adhesive to the total composite film

12
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COMPARATIVE EXAMPLE 1

The same procedure as in Example 1 were conducted, with
the modification that an adhesive was coated to a thickness
of 32.5 pum on each side of a polyimide base film, to give a
trilayer composite film 140.0 pm thick in total, with a
thickness ratio of the adhesive to the total composite film

being 0.46.
COMPARATIVE EXAMPLE 2

The same procedure as in Example 1 were conducted, with
the modification that an adhesive was coated to a thickness
of 32.5 pm on each side of a base film 50 pm thick, to give a

trilayer composite film 115.0 pm thick in total, with a

thickness ratio of the adhesive to the total composite film

being 0.57.
EXAMPLE 3

Each side of a polyimide film 75 um thick, having a
glass transition temperature of 300 °C or higher and a

coefficient of thermal expansion of 12 ppm/°C, was coated

13
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with a polyimide adhesive (weight average molecular weight
50.000, Mw/Mn=2.l1) having a glass transition temperature of
150 °C, at a thickness of 15.0 um, and dried, to produce a
trilayer composite film 100 pm thick in total, with a
thickness ratio of the adhesive to the composite film being
0.30. The composite film was placed over a nickel alloy 42
lead frame heated to 320 °C, and was then punched with the
aid of a puncher to give strips which were then continuously
pressed against the lead frame for 0.4 sec at a pressure of
30 MPa, to produce a lead frame with a composite film

attached.

COMPARATIVE EXAMPLE 3

The same procedure as in Example 3 were conducted, with
the modification that an adhesive was coated to a thickness
of 27.5 pum on each side of a polyimide base film, to give a

trilayer composite film 130.0 upm thick in total, with a

thickness ratio of the adhesive to the total composite film

being 0.42.

COMPARATIVE EXAMPLE 4

The same procedure as in Example 3 were conducted, with

the modification that an adhesive was coated to a thickness

14
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of 25.0 pm on each side of a base film 50 um thick, to give a
trilayer composite film 100 pm thick in total, with a
thickness ratio of the adhesive to the total composite film

being 0.50.

EXAMPLE 4

On each side of a polyimide film 38 pm thick having a
glass transition temperature of 300 °C or higher and a
coefficient of thermal expansion of 12 ppm/°C, a polyimide
adhesive (weight average molecular weight 50,000, Mw/Mn=2.1)
with a glass transition temperature of 184 °C was coated to a
thickness of 12.5 pupm, and dried to produce a trilayer

composite film 63.0 pm thick in total, with a thickness ratio

of the adhesive to the total composite film being 0.40. The
composite film was placed over a nickel alloy 42 lead frame
heated to 320 °C, and was then punched with the aid of a
puncher to give strips which were then continuously pressed
against the lead frame for 0.4 sec at a pressure of 30 MPa,

to produce a lead frame with a composite film attached.

COMPARATIVE EXAMPLE 5

The same procedure as in Example 4 were conducted, with

the modification that an adhesive was coated to a thickness

15
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of 18.5 um on each side of a base film, to give a trilayer
composite film 75.0 pm thick in total, with a thickness ratio

of the adhesive to the total composite film being 0.49.

COMPARATIVE EXAMPLE 5

The same procedure as in Example 4 were conducted, with
the modification that an adhesive was coated to a thickness
of 19.0 pm on each side of a base film 25 um thick, to give a
trilayer composite film 65.0 pum thick in total, with a
thickness ratio of the adhesive to the total composite film
being 0.60.

When the composite films prepared in the above examples
and comparative examples were attached to lead frames by use
of punchers, the cleaning periods of the punchers were

measured, and the results are summarized in Table 1, below.

TABLE 1
Exmp. T Base Film Ta Critical Thick. | Tg Cleaning
No. (¢m) | Thick. ((m) | (m) | Ta/T Ratio (T) | Period (hr)
1 105 75.0 30.010.29 15
2 115 70.0 45.0( 0.39 0.42 170 13
C.1 140 75.0 65.0 | 0.46 5
C.2 115 50.0 65.01 0.57 3
3 100 70.0 30.0(0.30 13

16



# 8d. h109®! & ()-.. h109%R! & ()-.. h109%R! & ()-. NNNNNNNGGF. h109%®! & ()-. .
h109@! & ()-.. h10%! & ()-.. h10%!' & ()-.. h10%!' & ()-.. h10%! & ()-..
*h109%®! & ()-. NNNNNNNhH(F. h109%@! & ()-.. h10%®! & ()-.. h10%®! & ()-. .
h109%@! & ()-.. h10%®!1 & ()-.;ct # SANNNNNNN POF. h109%®! & ()-.. h109%®! & ()-.:
ct #

c.3 | 130 75.0 55.0(0.42 0.38 150 6
c.4 | 100 50.0 50.0(0.50 3.5
4 63 38.0 25.010.40 12
c.5 | 75 38.0 37.0(0.49 0.45 184 5
C.6 | 63 25.0 38.0(0.60 3.5

As evident from the data of Table 1, the composite
films of the present invention are excellent in terms of the
occurrence of molten attachments on punchers such that the
cleaning period of the punchers are significantly lengthened,
thereby making a great contribution to the productivity of
semiconductor packages.

The present invention has been described in an
illustrative manner, and it is to be understood that the
terminology used is intended to be in the nature of
description rather than of limitation. Many modifications
and variations of the present invention are possible in light
of the above teachings. Therefore, it is to be understood
that within the scope of the appended claims, the invention

may be practiced otherwise than as specifically described.
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CLAIMS

1. A composite for wuse in semiconductor packaging,
having a structure in which an adhesive is laminated on each
side of a heat-resistant base film, with thickness of the
composite film and the thickness and glass transition
temperature of the adhesive satisfying the following formulas

1 and 2:

0.05 £ Ta/T < 0.45-(185-Tg) /500 (1]
135 °C £ Tg

IA

185 °C [2]

wherein Tp is a thickness of the adhesive layer, T is a
thickness of the composite film, and Tg is a glass transition

temperature of the adhesive.

2. The composite film as set forth in claim 1, wherein

the adhesive ranges from 135 to 185 °C in glass transition
temperature and from 15,000 to 100,000 in weight average

molecular weight.
3. The composite film as set forth in claim 1, wherein

the base film has a glass transition temperature of 250 °C or

higher and a coefficient of thermal expansion of 30 ppm/°C.
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the base film is made of a polymer selected from the group
consisting of polyimide, polyamide, polysulfone,
polyphenyulene sulfide, polyetheretherketone, polyarylate,

and combinations thereof.

6. A lead frame with a composite film attached, said
composite film comprising a base film, each side of which is
coated with an adhesive, in which the thickness of the
composite film and the thickness and glass transition
temperature of the adhesive satisfy the following formulas 1

and 2:

0.05 < TA/T £ 0.45-(185-Tqg) /500 [1]
135 °C < Tg

IA

185 °C [2}

wherein T,p is a thickness of the adhesive layer, T is a

thickness of the composite film, and Tg is a glass transition

temperature of the adhesive.
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